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A. Research Goals

The objective of the project is to examine the conversion of poly p-
phenylenebenzobisoxazole (PBO) to carbon fiber. The aromatic, rigid-rod backbone
of the polymer enables the carbonized fiber to develop a three-dimensionally
ordered structure without stabilization. Because of this structure, PBO fibers
appear capable of developing relatively high thermal conductivities when
carbonized.

B. Significant Results

The production of polymer-based carbon fibers usually involves heating the
precursor fiber to approximately 300°C in air to crosslink the polymeric
structure, rendering it infusible, and then heating the crosslinked fiber to much
higher temperatures (from 2000 to 3000°C) to drive off most non-carbon elements.
During this first year of the project, studies of the various stages of this
conversion process for PBO precursor fibers were initiated. Developing a
fundamental understanding of the PBO-carbon fiber conversion process is the goal
of this effort.

Because stabilization occurs as a separate step in the conversion process,
establishing its impact on the structure and properties of the final carbon fiber
is relatively straightforward. Thus, study during first year focused on
determining the effect of this initial process step. High temperature heat
treatment involves three distinct stages (precarbonization, carbonization, and
graphitization). The effect of these three stages on the conversion of PBO to
carbon fiber will be investigated during the next two years of the project.

During oxidative stabilization, oxygen creates crosslinks between the
polymer chains within the PBO fiber. ' This oxygen must come from either the
precursor and/or the surrounding air. Therefore, fiber mass gain is used as a
measure of the effectiveness of fiber stabilization in air. To test the oxygen
uptake of PBO fibers, 2.5 milligrams of PBO fiber were heated in a TGA pan under
air from room temperature to 800 °C. As Figure 1 indicates, no detectable mass
gain occurred. This indicates that the oxygen from the air is not retained by the
PBO fiber. Thus, stabilization in air would not result in the increased oxygen
crosslinking commonly observed in other polymers such as PAN.

A series of three stabilization trials were performed. Each of the three
samples was heated at a rate of 5 °C per minute to 310 °C and held at that
temperature for 30, 60, and 120 minutes, respectively. Finally, all three
stabilized fiber samples were subsequently heated to 2000 °C at a rate of 20 °C
per minute. A length of as-received PBO fiber also was carbonized and served as
a control.

Final results showed that stabilization did not enhance the tensile
properties of the final carbon fiber. Neither tensile strength nor modulus
improved with stabilization, regardless of the stabilization dwell time. This
indicates that the expensive and time-consuming stabilization step may be
completely eliminated from the carbonization process without adversely influencing
the properties of the fiber.

In Dow’s pilot-scale PBO process, the fiber is heat treated to a temperature
of 550 °C for 10-30 seconds in order to enhance its crystallinity and modulus.
However, our initial research indicates that the balance of properties can be
altered substantially by additional heating below 540 °C. The fiber was heated
under argon to a temperature of 530 °C and maintained for fifteen minutes, before



the fiber was allowed to cool to room temperature. As Table 1 shows, this
additional heat treatment reduced the fiber’s tensile strength and increased its

modulus. More importantly, the additional low temperature treatment substantially
increased the fiber’s compressive strength.

C. Future Research

The precarbonized heat-treated PBO fibers will be carbonized and their
thermal conductivity will be measured. The crystallinity and orientation of the
carbonized fibers will also be examined to determine the graphitizability of PBRBO.
In addition, the kinetics of the carbonization process will be modeled.
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Figure 1. Thermogravimetric analysis profile of PBO fibers in air.

Table 1. Mechanical Properties of PBO Fibers Before and After Heating.
Property As-~Received Heat Treated

Tensile Strength (MPa) 4130 2700

Tensile Modulus (GPa) 146 211

Compressive Strength (MPa) 380 620

Color . . Yellow Red

Crystallite Size (nm) 32 36
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