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A model of a CFRP was used to study moisture ingress in these composite systems.

Coating experimentation involved taking ideal electrode, Pt wire, and look at three
different coating systems to try and characterize interfacial changes caused by

moisture.
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Research Findings for Period
January 1, 1989 through December 31, 1989

(includes 6 month extension)

Graphite Fiber Experimentation

The purpose of this phase of the research was to determine

if moisture ingress down the fiber/epoxy interface could be

detected as an increase in the double layer capacitance Cdl. To

do this, the specific double layer capacitance Csp (pF/cm2 was

determined for individual pitch fibers having an average diameter

of 10p. Individual unsized fibers were electrically contacted to

the end of a wire enclosed in a glass pipette support frame. The

free end of this fiber was then secured to the end of the pipette

with paraffin and Ddl measurements were made employing an

Electrochemical Impedance technique. By measuring the exposed

area of each fiber tested, the Csp could then be calculated and

was found to have an average value of 8.27 + 9.4 pF/cm2 .

A model of a CFRP was used to study moisture ingress in

these composite systems. Individual unsized fibers were

electrically connected to a wire and set vertically in Epon 828

epoxy. These samples were then cured and polished to lp alumina

to expose the cross section of the fiber flush with the surface

of the epoxy. These samples were then placed in an oven at 900C

for 10 minutes (causing the interface to debond) and immediately

placed in solution for Cdl measurements. Upon cooling in

solution, air within the interface contracts and draws solution

down into the interface. An increase in the Cdl was measured

over a period of one hour for three samples and corresponded to a

final penetration distance of approximately 20p.



This proves to be a significant capability showing that very

small capacitance measurements can be made on individual graphite

fibers mounted in a polymer matrix. This leaves work to be done

on arrays of fibers mounted in a polymer matrix as the next step

in this fundamental study.

Coating Experimentation

The final work on this phase of the project was to take an

ideal electrode, Pt wire, and look at three different coating

systems to try and characterize interfacial changes caused by

moisture. The following three Pt wire electrode configurations

were tested. No coating, paraffin coating, and a polyester and

paraffin coating. In all cases, no metal-coating interface was

exposed to solution as in the graphite fiber work. All moisture

ingress would have to diffuse through the polymer in order to get

at the interface. Therefore, the impact of moisture diffusion in

the coating material would be measured electrochemically. At

least three samples from each coating configuration were exposed

to 3.5 weight percent sodium sulfate for close to 60 hours.

Nyquist plots for the polyester/paraffin coated samples show time

constant multiplicity. All Bode angle plots showed depressed

circles at early exposure times (0.3 hrs.). At later times (40

hrs.), resolution of the formerly hidden time constants begin to

emerge and can be seen from both they Nyquist and Bode plots. A

computer program was written to selectively extract phase angle

data at a given frequency from each EIS scan taken over the

duration of the experiment. Phase angle data for the

polyester/paraffin samples show a considerable increase in phase



angle at early times (< 1 hr). Angle data was extracted at 5.163

Hz from each sample. 5.163 Hz was chosen because on all samples,

the depressed Bode angle curve had a very similar curvature at

this frequency. Therefore, comparisons between angle and time

could be made consistently for all samples. Comparisons of angle

data show the development or resolution of another time constant

from the initial depressed arc. The angle curves for samples

with no coating and a paraffin coating changed less than one

degree for exposure times less than an hour. However, the

polyester/paraffin/ coated sample showed a 5 1/2 to 8 degree

change at early times. Sharp increases in capacitance at early

times were seen in earlier work done using pencil leads coated

with polyester. The polyester/paraffin coated samples show an

angle increase of 11-19 degrees over a 60 hour period while the

maximum angle increase for either the paraffin coated or bare Pt

samples was no more than 8 degrees. Qualitatively, we can say

that the addition of a polyester/Pt interface causes different

electrochemical activity than in the case of a bare Pt electrode

or paraffin coated sample.

Correlation between phase angle and capacitance data is

being done as well as trying to tie this work to other work being

done in this contract. Comparisons between R.C. Glass' results

and these is also being done.
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