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Abstract

We have investigated the use of solid epoxy resins in composite manufacturing. Solid epoxy resins are
mainly used as protective coatings e.g. in marine applications, and have had limited use as composite
matrices. Solid epoxy formulations are typically much cheaper than liquid epoxy resins commonly used
in composite production. The development of a novel manufacturing method with solid epoxies could
therefore lower the overall cost of high performance composites.

Different resins were formulated by mixing solid epoxies, hardeners and accelerators at elevated
temperatures. These mixtures were then ground into uncured, resin powders. The resin powders were
applied directly onto carbon fibers, which were then heated, infused with the melted resin system and
cured (curing times of <10 min were achieved by using accelerators). The laminates manufactured
without accelerator had competitive mechanical properties (flexural modulus, 80 GPa; flexural strength,
1270 MPa) when compared against other high-performance composites. However, the addition of
accelerator led to higher void content in the matrix, which affected the mechanical composite properties.
In order to prevent a high void content flow media was successfully introduced into the process.

1. Introduction

The reduction of costs during manufacturing is attracting increased interest [1-3]. The range of low-cost
composites could be large, however, in the past cost and feasibility have restricted their production.
Present ways to reduce costs focus on automation of the manufacturing process [4-6]. Technologies such
as Automated Tape Laying (ATL) and Automated Fibre Placement (AFP) are efficient and low-cost.
These processes are used in the aerospace industry due to their advantages [7, 8]. An alternative could
be Resin Transfer Moulding (RTM) [9], however, it is limited due to the high cost of the preforming
stage.

Here we describe a method to lower the cost of composites by using solid epoxy formulations. In the
past, solid epoxies have been used to manufacture composites [10-13]. It was possible to manufacture
hierarchical composites, which contained carbon nanotubes by using a filament winding and
compression moulding [10-13]. Continuous carbon fibres were pulled through a power suspension. This
suspension contained solid epoxy resin powders loaded with carbon nanotubes. A more practical method
of manufacturing composites is described in this work. No suspension bath is used, meaning no drying
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step is required. The solid epoxy powder is dispersed over carbon fibre layers. The layers are then cured
in a simple, low-cost press-claving step.

2. Experimental details
2.1. Materials

Huntsman (Duxford, UK) supplied the solid epoxy resin and powdered accelerator. The solid hardener
was supplied by AlzChem (Trostberg, Germany). Unidriectional carbon fibre preforms were kindly
provided by Formax (Narborough, UK). EpoxiCure 2 resin and hardener were purchased from Buehler
(Disseldorf, Germany), which were used for the preparation of the composite microsections.

2.2. Formulation of solid epoxy resins

The solid epoxy resin and hardener were weighted and pre-mixed in a sealed container. This mixture
was blended at a temperature of 80°C for 5 min by kneading (Plastograph, Brabender, Duisburg,
Germany), which was equipped with a mixing unit (W50EHT). The resins containing accelerator were
prepared using a lower blending temperature in order to prevent pre-curing of the resins. The resins were
milled into a powder and sieved to ensure a uniform particle size. In order to avoid unwanted curing of
the solid epoxy resin it was stored at 4°C.

2.3 Differential Scanning Calorimetry analysis of resins

Differential Scanning Calorimetry (DSC, Discovery DSC, TA Instruments, Eschborn, Germany) was
used to analyse the thermal properties of the uncured and cured resin. The samples were heated and
cooled at 10°C/min in nitrogen atmosphere. All samples were heated from 0°C to 300°C, then cooled
back to 0°C and re-heated to 300°C.

2.4 Manufacturing of composites

The surface of a hotplate was coated with release agent (Frekote 700-NC, Henkel, Germany). A
polyimide release film placed above the coated area. This area was outlined with masking tape. Then
three layer of resin coated fibres were prepared. The dispersion of the resin powder was performed by a
vibrating nozzle. A CNC model-making machine (Stepcraft 420, Stepcraft GmbH, Iserlohn, Germany)
was equipped with the vibrating nozzle, which was previously fabricated at the workshop of the
University of Vienna. The first layer of this three carbon fibre layers was covered with the powdered
resin on both sides and placed directly on the polyimide release film. The next two layer were only
coated on one side and placed on top of each other. A second polyimide release film was placed on the
three carbon fibre layers. In order to obtain a sealed vacuum, vacuum bagging film (Easy Composites,
UK) was used. This film was pressed against the sealant tape. A valve and hosetail barb fitting (Easy
Composites, UK) were attached to a vacuum pump (Composites Vacuum Pump, Easy Composites, UK)
through the vacuum bag in order to degas. After applying vacuum, the hotplate was switched on and
slowly heated to the curing temperature. At this temperature the sample was remaining for 8 h in case
no accelerator was used. If accelerator was present in the matrix of the resin the sample remained 10
min at the curing temperature before the hotplate was switched off.
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3. Results and Discussion

The neat epoxy resin had a glass transition temperature (Tg) of 37°C. The uncured Tg of the resin
containing hardener remained constant, i.e. no pre-curing happened during the mixing process of the
solid epoxy resin and hardener at a temperature of 80°C (Figure 1). At 150°C the curing onset can be
observed as seen in the heating curve.
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Figure 1. DSC curves of uncured resins containing Owt.%, 1wt.% and 2wt.% accelerator.

Similar thermal properties were observed for the resins containing 1wt.% and 2wt.% accelerator. Resins
containing accelerator had an uncured Tg of 35°C. At 125°C the onset of curing was observed. The early
onset temperature was expected since the resin was containing accelerator.

4. Conclusions

A low-cost carbon fiber composite solid epoxy resin has been developed. The resin formulations were
performed by mixing solid epoxy resin and hardener at a certain temperature. The addition of an
accelerator reduced the curing time of the resins form 8h (without accelerator) to less than 10 mins (with
1 wt% accelerator). The carbon fibers were coated with the powdered resins using a printer. A low-cost
and simple press-claving technique was used to cure the composites. Flexural properties of the
manufactured composites without accelerator were competitive compared with composites
manufactured with liquid epoxy resins. The flexural strength of the composites produced without
accelerator were 1270 + 127 MPa and flexural strength of those produced with accelerator were
1223 + 3 MPa. The amount and the type of accelerator and the use of flow media made it
possible to reduce the void content of the composites. Composites manufactured with this
method will be more affordable and could be used for many applications.
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