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ABSTRACT

The objective of this research project is the manufacture and testing of continuous fiber
ceramic composites (CFCCs) produced using vacuum assisted resin transfer molding and
polymer pyrolysis. In manufacturing the CFCCs, examination of the varying effects of vacuum
assistance on process performance will be explored in hopes of gaining a better understanding of
the infiltration process. Finally, mechanical properties and quality of the manufactured CFCCs
will be determined using destructive testing techniques and scanning electron microscopy.

INTRODUCTION

Ceramic Matrix Composites (CMCs) are being developed for applications that require light-
weight structural materials, oxidation resistance, and high temperature resistance capabilities
[1-2]. These applications include advanced aircraft, space vehicles that re-enter the earth’s
atmosphere, spacecraft high temperature engine parts, and high temperature nozzles and ducts.
Ceramic materials have advantages over metallic systems for high temperature applications since
ceramics have lower density, high temperature strength, and corrosion and oxidation resistance
capabilities. An important type of ceramic matrix composite that is currently being investigated
is the continuous fiber-reinforced ceramic matrix composite (CFCC). These composites are
attractive alternatives to monolithic ceramics and whisker-fiber CMCs because CFCCs with a
fiber coating fail with a tough, high strain and strength mode, whereas conventional ceramics fail
with a rather brittle mode [2]. It is the fiber reinforcement in the ceramic matrix that prevents
catastrophic brittle failure, by providing various energy dissipation processes during the crack
propagation in the matrix. In addition, the interfacial properties between the fiber and the matrix
play an important role in toughening a composite by fiber debonding and pull-out [3].

The purpose of this research is to produce samples of CFCCs using a technique known as
resin transfer molding (RTM). In this three-step manufacturing process, continuous fibers, in the
form of woven cloths of textile preforms, are placed inside the mold. The mold is then closed
and clamped to secure the preform. Resin is then injected into the mold, through the sprue, to
infiltrate the preform. The drain of the mold can either be open to the atmosphere to allow gases
to escape as the resin enters, or it can be placed under a vacuum [4]. When the mold cavity is
held under vacuum conditions, the technique is called “vacuum assisted resin transfer molding,
VARTM.” Vacuum Assisted Resin Transfer Molding (VARTM) refers to the use of a vacuum
pump to generate a vacuum in the flow front to expedite the infiltration process, enhance fiber
wet-out, and minimize the formation of voids in the part, thereby enhancing the part quality over
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conventional RTM [5]. The main limitation of RTM is that the use of resins with very high
viscosity (e.g. over 20,000,cps) is not possible. Voids are caused by incomplete wetting-out of
the fibers by resin flow. This results in air being entrapped in the fiber interstices [6]. Voids are
most likely to occur in systems where the dry fibers are closely packed together and when the
viscosity of the resin is relatively high. The advantages of VARTM over conventional RTM
include increased part quality, use of a wider variety of polymers, lower tooling costs, use of
thicker preforms, and shorter mold fill times.

The pyrolysis of organometallic polymers was found to be a novel method to manufacture
ceramics in early 60's and 70's. This extremely useful technique is widely applicable to include
silicon carbide, silicon nitride, and boron nitride ceramics [7]. Instead of using carbon polymers,
silicon-based polymers are used to produce ceramics with high yield.

Since a polymer is used as a precursor, conventional polymer manufacturing techniques, such
as resin transfer molding, filament winding, and compression molding, can be utilized to
fabricate ceramics and ceramic matrix composites. The part is shaped in the polymer condition
using conventional manufacturing techniques, then cured to stabilize the shape of the part and
finally is pyrolyzed to partially convert the polymer into a ceramic. The conversion from a low
density polymer to a high density ceramic results in gaseous decomposition products, that must
be extracted from the furnace, and a volumetric reduction. This leaves the part with some
porosity that must be overcome with subsequent reinfiltration/pyrolysis iterations until a weight
or density convergence is achieved [8]. The use of preceramic polymers overcomes many
problems in processing conventional binders, including high part rejection rates and low part
reliability. This technology has the advantage of fabricating and forming fiber-reinforced
ceramic matrix composites that were difficult, time consuming, and costly to make via
conventional binder techniques. It also provides improvements in the CFCCs processing
technique such as lower processing temperature [9]. Preceramic polymer technology in
conjunction with VARTM opens the possibility of manufacturing complex-shaped CFCCs which
are tougher and stronger than their short fiber CMC counterparts.

METHODS

Experimental Setup

The RTM equipment to be used for this research was manufactured by Liquid Control
Corporation, of Canton, Ohio. The Compact Multiflow is a machine that has the capability to
accurately meter, mix, and dispense liquid materials with a wide range of viscosity and mix
ratios. The machine uses air-driven agitators, heated tanks and hoses, and volumetric
displacement pumps to dispense material of the desired volume and viscosity.

A 6061-T6 Aluminum mold for the VARTM manufacturing of the CFCC parts will be
fabricated locally. Aluminum is chosen for the mold for a variety of reasons. The ease of
fabrication in machining an aluminum mold was greater than for steel. Also, aluminum is lighter
and its durability was suitable for the small quantities of samples being manufactured for this
study. It should be noted that the parts will be cured and formed at 150°C inside the mold, then
taken out of the mold prior to placing them into the high temperature furnace for pyrolysis at
1000°C.
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