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[57] ABSTRACT

A method and apparatus are provided for nondestruc-
tively evaluating physical properties of materials, and
particularly semi-conductive or electrically conductive
fibers, e.g., carbonaceous fibrous materials containing
at least about 90 per cent carbon by weight. The ma-
terial is disposed in spaced relationship to a test elec-
trode in an electrolytic solution and the physical prop-
erty of the fiber is evaluated by evaluating the capaci-
tance of the material. This capacitance evaluation may
then be compared to the capacitance evaluation of a
reference material having predetermined physical
properties with the results of the comparison indicat-
ing the properties of the tested material. This indica-
tion may be utilized in the quality control of manufac-

- tured fibers by manual or automatic adjustment of the

manufacturing process conditions. In fiber experimen-
tation, this indication may be utilized to provide an
cvaluation of the effectiveness of an experimental pro-
cess.

21 Claims, 3 Drawing Figures
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1

METHOD AND APPARATUS FOR EVALUATING
PROPERTIES OF MATERIALS

BACKGROUND OF THE INVENTION

The invention relates to a method and apparatus for
evaluating physical properties of materials and, more
particularly, for determining a physical property of a
semi-conductive or electrically conductive material,
such as a carbonaceous or other fiber, as a function of
the relative capacitance of the material.

In the search for high performance materials, consid-
erable interest has been focused upon carbon fibers.
The term “carbon fibers” is used herein in its generic
sense and includes graphite fibers as well as amorphous
carbon fibers. Such carbonaceous fibers are electrically
conductive and preferably contain at least about 90 per
cent carbon by weight, and most preferably contain at
least about 95 per cent carbon by weight. Graphite fi-
bers exhibit a predominant x-ray diffraction pattern
characteristic of graphite. Amorphous carbon fibers,
on the other hand, are defined as fibers in which the
bulk of the fiber weight can be attributed to carbon and
which exhibit an essentially amorphous x-ray diffrac-
tion pattern. Graphite fibers generally have a higher
Young’s modulus than do amorphous carbon fibers and
in addition are more highly electrically and thermally
conductive.

Industrial high performance materials of the future
are projected to make substantial utilization of fiber re-
inforced composites, and carbon fibers theoretically
have among the best properties of any fiber for use as

high strength reinforcement. Among these desirable
properties are corrosion and high temperature resis-
tance, low density, high tensile strength, and high mod-
ulus. Graphite is one of the very few known materials
whose tensile strength increases with temperature.
Uses for carbon fiber reinforced composites include
recreational equipment such as golf club shafts, aero-
space structural components, rocket motor casings,
deep-submergence vessels, ablative materials for heat
shields on re-entry vehicles, etc. '

Carbon fibers, for optimum service, are required to
meet predetermined criteria with respect to surface ac-
tivity, bonding characteristics, and the like. For exam-
ple, carbon fibers preferably exhibit a surface activity
sufficient to form a strong bond with a resinous matrix
material and thereby form a composite article exhibit-
ing optimum physical properties, i.e., interlaminar
shear strength.

In the past, the physical properties of carbon fibers
have ordinarily been evaluated through the use of test-
ing techniques which destroy or at least alter the fiber
being tested and are extremely time consuming. For ex-
ample, the bonding ability of a carbon fiber has been
investigated by the evaluation of the horizontal short-
beam shear strength of a test bar which incorporates
the same within a matrix. This process is extremely la-
borious and time consuming, requires a skilled tester,
and results in the destruction of the fiber. Likewise, the
evaluation of a fiber surface area by the conventional
BET (Brunauer-Emmet-Teller) method may require an
average of about four hours of work by a skilled opera-
tor for each sample.

In addition to consuming great amounts of time of
skilled personnel, these known testing methods are not
readily adaptable to automation. Of course, the time
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requirements prevent the evaluation of fiber samples
on a relatively continuing basis as the fiber is being
manufactured. Moreover, the physical set-up required
for these known tests makes these testing techniques
impractical for use in relatively frequent quality control
testing in a large scale carbon fiber manufacturing
plant.

It is accordingly an object of the present invention to
provide a novel method and apparatus for non-
destructively evaluating a physical property of a mate-
rial.

It is a more specific object of the present invention
to provide a novel method and apparatus for non-
destructively evaluating the surface characterisitics of
semi-conductive or electrically conductive fibers.

It is another object of the present invention to pro-
vide a novel method and apparatus for rapidly and ac-
curately evaluating a physical property of a carbon
fiber in relation to a corresponding physical property of
a reference carbon fiber.

It is yet another object of the present invention to
provide a novel method and apparatus for determining
the relative capacitance of electrically conductive fi-
bers to thereby provide an evaluation of relative physi-
cal characteristics of the fibers.

These and other objects and advantages are accom-
plished in accordance with the present invention as will
become apparent to those skilled in the art from the
following detailed description when read in conjunc-
tion with the attached drawings.

THE DRAWINGS

FIG. 1 is a schematic circuit diagram, partially in
functional block form, of one embodiment of the appa-
ratus of the present invention.

FIG. 2 is a schematic illustration in elevation of one
embodiment of the apparatus of the present invention
utilized in a continuous on-line fiber treating process.

FIG. 3 is a schematic illustration in plan view of the
apparatus of FIG. 2. :

DETAILED DESCRIPTION

The materials evaluated may be semi-conductive or
electrically conductive, and are preferably fibrous in
nature. Such materials preferably possess a volume re-
sistivity of less than 1,000,000 chm cm. measured at

- 25°C., and most preferably a volume resistivity of less
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than 100,000 ohm cm. measured at 25°C. For instance,
the fibrous materials may be carbonaceous and contain
at least about 90 per cent carbon by weight, and most
preferably contain at least about 95 per cent carbon by
weight. '

Referring to FIG. 1, an input signal, preferably a
square wave, from a suitable conventiona! signal gener-

ator 10, such as the Hewlett Packard model 3300A

function' generator, may be applied to a potentiometer
12. A desired portion of the input signal may be sélec-
tively applied from the positionable arm of the potenti-
ometer 12 to a d.c. biasing network generally indicated
at 14, where for example, a potentiometer 16 con-
nected in parallel with a d.c. source 18 has been illus-
trated. A pulse or a square wave signal from the genera-
tor 10 may be superimposed on a desired d.c. bias volt-
age and may be applied to the positive input terminal
20 of a suitable conventional operational amplifier 22.
For example, the operational amplifier 22 may be a
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Philbrick/Nexus 1009 variable gain, differential d.c.
amplifier biased as illustrated.

The output signal from the output terminal 24 of the
amplifier 22 may be applied through a coupling capaci-
tor 26 to an output terminal 28 and the output terminal
28 may be connected to one input terminal of a suitable
conventional peak voltage indicating or measuring de-
vice 30 such as a Tektronix Type 536 differential input
oscilloscope. The output terminal 24 of the operational
amplifier 22 may also be connected through a parallel
RC network including a resistor 32 and a reference ca-
pacitor 34 to a terminal 36, and the terminal 36 may be
connected through a coupling capacitor 38 to a second
output terminal 40. The output terminal 40 may be
connected to a second input terminal of the voltage
measuring device 30.

The terminal 36 also may be connected to a measur-
ing electrode 42 of an electrolytic cell 44 of which a
second measuring electrode 46 may be grounded. A
reference electrode 48 of the electrolytic cell 44 may
be connected to the negative input terminal 50 of the
amplifier 22.

The electrolytic cell 44 also preferably includes an
electrically non-conductive container or enclosure 52
filled with an aqueous strong electrolyte, e.g., one
molar LiClQ,, K;CO;, NaOH or HCIO, solution. The
electrolyte may be an acid, a base, or a salt, as will be
apparent to those skilled in the art. An electrolyte is
preferably selected which has no substantial detrimen-
tal influence on the material undergoing testing. The
molarity of the electrolyte may be varied widely so long
as the resistance of the electrolyte does not become so
high as to distort the signal being sensed, e.g., greater
than about 100,000 ohms. The temperature of the elec-
trolyte may be varied so long as the material being
tested is not deleteriously influenced.

The electrodes 42, 46 and 48 may be immersed in the
electrolyte, or at least in contact therewith, to provide
a low resistance electrical path (on the order of a few
thousand ohms) between the various electrodes of the
cell. One of the measuring electrodes 42 and 46, for ex-
ample the electrode 42, preferably is the counter-
electrode and may be, for example, a platinum wire,
and is usually negative with respect to the other mea-
suring electrode 46, which is the electrode made of the
test material, such as a carbon fiber to be tested.

The reference electrode 48 maintains a constant po-
tential between the electrode 46 and the electrolyte in
the container 52. A saturated calomel electrode may be
utilized as the reference electrode 48 to accomplish
this purpose.

Typical component values which may be utilized in
the above described circuit for testing carbon fibers are
as follows:

Component Value
Potentiometer 12 50 K ohms
Potentiometer 16 50 K ohms
Resistor 17 10 K ohms
Resistor 32 90 K ohms
Reference Capacitor 34 12 millifarads
Coupling Capacitors 26 and 38 1 microfarad

In operation, a desired portion of the amplitude of
the output signal from the signal generator 10 may be
selected by adjusting the arm of a potentiometer 12 and
this signal of selected amplitude may be superimposed
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on a desired d.c. level selected by adjusting the arm of
the potentiometer 16. When the relative fiber capaci-
tance of a graphite fiber is being tested, this signal may
be, for example, a low frequency squarewave signal
having a frequency of at least 10 pulses per minute, and
preferably 10 and 100 pulses per minute. The ampli-
tude of the signal is preferably at least 30 millivolts and
is preferably between 30 and 50 millivolts. The d.c. bias
upon which a squarewave signal is superimposed keeps
the reference electrode 48 negative with respect to the
test electrode 46 and may be, for example, sufficient to
keep the reference electrode 48 at —0.1 volt with re-
spect to the test electrode 46 when testing carbon fi-
bers.

With continued reference to FIG. 1, the output signal
from the amplifier 22 is applied across the paraliel
combination of the resistor 32 and the reference capac-
itor 34 in series with the electrolytic cell 44. The ampli-
tude of the voltage developed across the reference ca-
pacitor 34 may be measured by the voltage measuring
device 30 and this measured amplitude may then be
utilized to compute the capacitance attributable to the
electrolytic cell or capacitor 44 through the use of the
following equation:

C=K (V/(V1)
(1)

where

C is the capacitance attributable to the electrolytic

cell;

K is the capacitance of the reference capacitor 34;

V; is the peak amplitude of the output voltage be-

tween the terminals 28 and 40, and,

V, is the peak amplitude of the input signal applied

to the terminal 20 of the amplifier 22.

It should be noted in connection with equation (1)
that several constants have been ignored in obtaining
the capacitance attributable to the test electrode 46
and that the resulting capacitance figure thus may not
be an exact quantitative result. For example, the gain
of the amplifier 22 and the effect of the reference elec-
trode 48 may be ignored in obtaining the capacitance
value C. However, the resulting capacitance value C
attributable to, and thus related to, the capacitance of
the only variable, i.e., the test electrode 46, may be uti-
lized to evaluate relative properties of various fibers.

In this respect it should be noted that the spacing be-
tween the electrodes is maintained the same for a par-
ticular test run involving the testing of a group of fibers
thereby eliminating any variables which might other-
wise occur due to varying electrode spacing. Moreover,
each fiber sample may be wetted by immersing the
fiber in a bath containing a suitable wetting solution
such as r-butanol. This wetting apparently eliminates or
at least minimizes distortion of the double layer be-
tween the electrolyte and the fiber surface, the double
layer apparently being responsible for the observed ca-
pacitance, as well as permits a complete access of the
electrolyte to all the available surface of the test mate-
rial.

The capacitance value C obtained for each test fiber
may be divided by the weight W of that fiber for which
the value C was obtained or by the length of the fiber
where all of the fibers utilized as the test electrode 46
have a constant denier to thereby provide a “normal-
ized” capacitance value. In this manner capacitance
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values attributable to each fiber relative to the capaci-
tance value attributable to each of the other fibers
tested (i.e., the relative fiber capacitance RFC of each
fiber, which may be expressed in millifarads per gram)
may be calculated by the following equation:

RFC=KV,/WV,=CIW
(2)

The relative fiber capacitance values RFC for a
group of fibers may be compared and used for various
purposes. For example, the RFC values may be used for
quality control to determine the relative quality of fi-
bers prepared in the same manner, or may be used to
evaluate the effectiveness of various surface treatment
techniques which are conducted subsequent to fiber
preparation.

Alternatively, the relative fiber capacitance value
RFC for a reference or standard fiber having known
physical characteristics may be obtained and the rela-
tive fiber capacitance values may be utilized to evalu-
ate certain physical characteristics of the test fibers rel-
ative to the reference fiber.

For example, the relative fiber capacitance of a car-
bon fiber, as measured in the manner described above,
is related to the actual fiber surface area. Moreover,
the introduction of chemically active groups on the sur-
faces of carbon fibers may be accompanied by a large
increase ‘in the relative fiber capacitance values ob-
tained as described above.

Thus, with an indication of surface area and surface
activity due to surface atoms or to functional atom
groups deposited on the surface of the fiber, the rela-
tive fiber capacitance values may be utilized to provide
an indication of the adhesion, catalytic activity, dye ab-
sorption and various other fiber properties relative to
the corresponding properties of a standard or reference
fiber or merely relative to each other. Moreover, if the
specific surface areas S of the test fibers are known, a
new relative measure of specific fiber surface activity,
S.A., may be provided by dividing the RFC value by the
specific surface area S, i.e.,

S.A.= RFCIS = KV,/WSV, .
3)

Certain of these properties, in particular the adhesion
properties of fibers, are particularly important when
the fibers are fabricated into a fiber-resin composite. If
the fibers adhere strongly to the resin matrix, the com-
" posite has certain desirable mechanical properties such
as a high shear strength. The relative fiber capacitance
values therefore become an extremely important tool
in the quality control of fibers utilized in the production
of a fiber-resin composite and in the quality control of
the composites themselves. Additionally, these relative
fiber capacitance values provide an extremely useful
tool for rapidly evaluating the results of various meth-
ods utilized for the surface treatment of fibers.

In this respect, it should be noted that the measure-
ment of actual fiber surface area by the conventional
BET (Brunauer-Emmet-Teller) method requires an av-
erage of about four hours whereas the relative fiber ca-
pacitance measurement may be obtained in only a few
minutes and may provide equally useful data. Likewise,
as was mentioned previously, the relative fiber capaci-
tance values provide a good indication of the attainable
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shear strength of a composite article - made from the fi-
bers for a given surface treatment and a given fiber
type. This indication of shear strength through the use
of relative fiber capacitance values again requires only
a few minutes whereas many hours of expert effort may
be required by the conventional horizontal short-beam
shear strength test (ASTM D-2344) including the fab-
rication of a test bar, and its subsequent testing.

The significance of the use of RFC values as a quality
control and experimentation tool may be more readily
appreciated with reference to a specific example.

The conditions for achieving different shear strengths
by surface treatment of carbon fibers were explored
systematically using several lots of carbonaceous fibers
exhibiting a predominantly graphitic carbon x-ray dif-
fraction pattern and containing in excess of 95 per cent
carbon be weight. A number of identical samples from
one lot of a 25 end carbon yarn having a single filament
Young’s modulus of about 50,000,000 psi made in one
continuous run were surface treated at temperatures
ranging from 750° to 850°C. in various mixtures of oxy-
gen and nitrogen under such conditions that the fiber
surface was progressively more activated. The RFC val-
ues of samples before surface treatment and after sur-
face treatment, together with the short-beam shear
strength values obtained from composites which incor-
porate the surface treated samples, are given in the fol-
lowing Table L.

TABLE 1
Short-Beam Shear
Sample No. RFC (millifarads/gram)  Strength (psi)
1* 13 not available
2 18 3,200
3 62 5,500
4 55 12,900
5 66 12,900
6 71 12,200
7 71 12,200
8 15 2,900
9* 6 not available

*Received no surface treatment in mixture of oxygen and nitrogen.

It can be seen from the above Table I that, with the
exception of Sample No. 3, there is a good correlation
between the RFC value and the short-beam shear
strength value. Moreover, the RFC data show that the
properties of the control yarns prior to surface treat-
ment (Sample Nos. 1 and 9) may vary considerably
even though they come from the same lot, i.e., from the
end and the beginning of the lot, respectively.

Another set of identical carbon fiber samples taken
from a lot of carbonized yarn having a single filament
Young's modulus of about 60,000,000 psi was treated
at 780° to 820°C. with a mixture of oxygen-carbon di-
oxide-nitrogen gases under progressively more effec-
tive surface treatment conditions. The relationship be-
tween the. RFC and the horizontal composite short-
beam shear strength is shown in Table II.

TABLE 11
Sample RFC Short-Beam B.E.T.
No. (millifarads/ Shear Strength (psi) Surface Area
gram) (m?gram)
I* 11.6 2600 0.38
2 24.0 6300 0.48
3 29.6 7700 0.53
4 40.0 10,200 0.60
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TABLE Il-Continued
Sample RFC Short-Beam B.E.T.
No. (millifarads/ Shear Strength (pst) Surface Area
gram) (m?*/gram)
5 35.6 10,400 0.58

*Sample treated with N, only, which shouid not affect the original surface.

It is seen that the RFC increases nearly linearly with
increasing short-beam shear strength. Table Il also
shows that in this particular case, the increase in the
RFC with increasing treatment is closely proportioned
to the increase at the specific fiber surface area, ie.,
* the fiber surface activity per unit area remains un-
changed.

In other cases, the surface activity may predominate
and the RFC of a treated fiber may increase without a
corresponding increase in the surface area.

Another illustrative example utilized a lot of high
modulus, carbon fiber, having a single filament
Young’s modulus of about 80,000,000 psi. After a pro-
gressively more effective liquid phase surface treat-
ment with a liquid acidic oxidant at temperatures rang-
ing from 90° to 95°C., cooling down to room tempera-
ture and measuring the RFC of the treated fiber and the
shear strength of unidirectional fiber-epoxy composites
made with this fiber, the following data were obtained
as reported in Table 1L

TABLE IlI
RFC Short-Beam
Sample No. (millifarads/gram) Shear Strength (psi)
i-L* 8 2800
2-L 71 5700
3L 86 6900
4-L 97 10,500
*Untreated,

It is seen that the liquid phase surface treatment

greatly increases the fiber surface activity, whereas the
composite short-beam shear strength in this and the
previous instances reaches a limiting value, determined
by the intrinsic fiber tensile strength, rather than the
composite shear strength. At this limit the type of fail-
ure changes from fracture in shear (parallel to the long
axis of the test specimen) to fracture in tension (per-
pendicular to the long axis of the test specimen). It is
seen, therefore, that the RFC measurement is a much
more sensitive indicator of the state of the treated or
untreated fiber surface than any mechanical property
of an interacting fiber-resin composite assembly.
. It can readily be seen that the RFC data provide a
rapid and reliable measure of the effectiveness of vari-
ous surface treatments. The RFC data also indicate that
there is probably a variance in the surface characteris-
tics of carbon fibers produced in a single graphitization
run. This variance may also exist over the span of a sin-
gle surface treatment run. Thus, as a quality control
tool, the RFC data may be utilized during a run to peri-
odically or continuously monitor the relative surface
capacitance along the length of the graphitized fiber
and to adjust the treatment conditions accordingly.

One way in which the surface capacitance (and
thereby the physical properties) of continuous lengths
of fibrous materials can be contiruously monitored is
illustrated in FIGS. 2 and 3.
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Referring now to FIGS. 2 and 3 wherein the numeri-
cal designations previously utilized in connection with
FIG. 1 have been utilized to designate like elements,
the test electrode 46 comprising a continuous length of
fibrous material may pass over a plurality of suitable
electrically insulated guides 54 such as the illustrated
rollers and may be directed through an electrolytic cell
44 such as the previously described electrolytic cell
comprising the container 52 and the liquid electrolyte.

Electrical contact between the test electrode 46 and
the external circuit previously described may be ef-
fected in any suitable conventional manner, for exam-
ple, by directing the test electrode 46 through a liquid
mercury bath 56 and making electrical contact be-
tween the mercury bath and the external circuit. The
platinum counter electrode 42 and the saturated calo-
mel reference electrode 48 may be positioned in the
electrolyte on opposite sides of the test electrode 46 or
in any other suitable location.

In operation, the fibrous material forming the test
electrode 46, e.g., a continuous length of a carbona-
ceous fibrous material such as a yarn, tow, or other
fiber assemblage, may be passed either continuously or
intermittently through the electrolytic cell 44. The ca-
pacitance attributable to the test electrode may be
monitored either continuously or periodically and con-
verted to an RFC value.

The RFC values thus obtained then may be utilized,
by the operator or through the use of an automatic
servo system, to adjust the treatment conditions of the
treatment process. For example, temperatures and/or
gas constituency may be varied responsively to the
RFC data to provide a continuous length of treated fi-
brous material having more consistent physical proper-
ties along the length thereof.

ADVANTAGES AND SCOPE OF THE INVENTION

It can be seen from the foregoing description that the
present invention greatly facilitates the non-destructive
evaluation of the physical properties of fibers. Fiber
properties such as surface area and surface activity may
be evaluated in a fraction of the time required by prior
methods with a high degree of accuracy by a relatively
unskilled operator.

In addition, the system of the present invention may
be easily adapted to an automatic fiber manufacturing
process for quality control and/or automatic process
control. For example, fibers may be evaluated continu-
ously and an alarm may be sounded or the process con-
ditions may be altered in response to the evaluation.

The present invention may be embodied in other spe-
cific forms without departing from the spirit or essen-
tial characteristics thereof. The presently disclosed em-
bodiments are therefore to be considered in all respects
as illustrative and not restrictive, the scope of the in-
vention being indicated by the appended claims rather
than by the foregoing description, and all changes
which come within the meaning and range of equiva-
lency of the claims are therefore intended to be em-
braced therein.

We claim:

1. A method for evaluating a physical property of a
carbonaceous fibrous material containing at least about
90 per cent carbon by weight comprising the steps of:

a. providing an electrolyte and a counter electrode in

contact with the electrolyte;
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b. disposing the carbonaceous fibrous material to be
evaluated in contact with the electrolyte at a prede-
termined distance from the counter electrode;

c. applying an electrical potential of known ampli-
tude between the counter electrode and the carbo-
naceous fibrous material through a reference ca-
pacitor having a known value;

d. sensing the amplitude of an output potential across
the reference capacitor; and

e. evaluating a physical property of the carbonaceous
fibrous material as a function of the sensed ampli-
tude.

2. The method of claim 1 wherein said carbonaceous
fibrous material exhibits a predominantly graphitic
x-ray diffraction pattern.

3. The method of claim 1 including the further step
of wetting the carbonaceous fibrous material in a wet-
ting solution prior to disposing the carbonaceous fi-
brous material in contact with the electrolyte.

4. The method of claim 3 including the steps of:

a. disposing a reference electrode in contact with the
electrolyte and spaced from the counter electrode
and the carbonaceous fibrous material; and

b. applying a predetermined bias potential between
the reference electrode and the counter electrode.

5. The method of claim 4 wherein the electrical po-
tential is applied between the carbonaceous fibrous
material and the counter electrode periodically at a
rate of at least 10 pulses per minute.

6. The method of claim 1 including:

a. dividing the sensed amplitude by a property of the
carbonaceous fiber related to the fiber weight or
size to obtain a normalized evaluation; and

b. comparing the normalized evaluation with a nor-
malized evaluation of a reference fiber to obtain a
relative evaluation.

7. A method for evaluating a relative physical prop-
erty of a carbonaceous fibrous material containing at
least about 90 per cent carbon by weight comprising
the steps of:

a. disposing a predetermined portion of the carbona-
ceous fibrous material in spaced relation to an elec-
trode; o

b. immersing the spaced carbonaceous fibrous mate-
rial and electrode in an electrolytic solution to
form an electrolytic cell having spaced electrodes;

c. sensing the capacitance between the carbonaceous
fibrous material and the electrode in the electro-
lytic cell; and .

d. evaluating a physical property of the carbonaceous
fibrous material as a function of the sensed capaci-
tance.
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a carbonaceous fibrous material containing at least
about 90 per cent carbon by weight comprising the
steps-of:
a. providing an elongated electrode;
b. disposing the carbonaceous fibrous material in a
spaced relation to the electrode;
c. applying an unidirectional current pulse to either
one of the fibrous material and the electrode;
d. sensing the current on the other of the carbona-
ceous fibrous material and the electrode; and
e. evaluating the current sensed as the surface char-
acteristic of the fibrous material.
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9. The method of claim 8 wherein the carbonaceous
fibrous material exhibits a predominantly graphitic
x-ray diffraction pattern.

10. A method for determining a relative physical
property of a fiber comprising the steps of:

a. sensing the capacitance of a capacitive cell having
two electrodes and having a reference fiber of
known physical properties as one of the electrodes;

b. sensing the capacitance of said capacitive cell hav-
ing a second fiber of unknown physical properties
as said one of the electrodes; and

c. evaluating an unknown physical property of the
second fiber relative to a known physical property
of the reference fiber as a function of the two
sensed capacitances.

11. A method for evaluating a physical property of a
continuous length of a carbonaceous fibrous material
containing at least about 90 per cent carbon by weight
comprising the steps of:

a. providing an enclosure containing an electrolyte

and a counter electrode in contact therewith;

b. passing the continuous length of carbonaceous fi-
brous material as a continuous test electrode in
contact with the electrolyte present in said enclo-
sure at a predetermined distance from the counter
electrode; and

c. sensing the capacitance between the counter elec-
trode and the fibrous material as the fibrous mate-
rial passes through the electrolyte.

12. The method of claim 11 including the steps of:

a. disposing a reference electrode in contact with the
electrolyte and spaced from the counter electrode
and the carbonaceous fibrous material; and

b. applying a predetermined bias potential between
the reference electrode and the counter electrode.

13. The method of claim 12 including the further step
of wetting the carbonaceous fibrous material in a wet-
ting solution prior to disposing the fibrous material in
contact with the electrolyte.

14. The method of claim 11 including the further step
of wetting the carbonaceous fibrous material in a wet-
ting solution prior to disposing the fibrous material in
contact with the electrolyte.

15. Apparatus for evaluating a physical property of
a fiber having an electrically conductive outer surface -
comprising: :

a test electrode disposed in spaced relation to the

fiber being evaluated;

an electrolyte intermediate the test electrode and the
fiber and in contact with both the test electrode
and the electrically conductive surface of the fiber
to thereby form an electrolytic cell; and

means for sensing the capacitance of the electrolytic
cell to thereby evaluate a physical property of the
fiber.

16. The apparatus of claim 15 wherein said sensing

means comprises:

a reference capacitor;

means for periodically applying an electrical poten-
tial through the reference capacitor to one of the
test electrodes and the fiber;

means for sensing the potential across the reference
capacitor; and

means for providing an indication of the capacitance
of the cell in response to the applied electrical po-
tential and the sensed potential.

17, The apparatus of claim 16 including:
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a reference electrode; and

means for applying a bias potential between the ref-

erence electrode and the test electrode.

18. The apparatus of claim 16 wherein the fiber com-
prises a carbonaceous fibrous material containing at
least 90 per cent carbon by weight and means for mov-
ing the fibrous material through the electrolyte in
contact therewith and in spaced relation to the test
electrode.

19. The apparatus of claim 18 including a wetting so-
lution for wetting the fibrous material prior to contact-
ing the electrolyte.

20. Apparatus for evaluating a physical property of
a carbonaceous fibrous material containing at least
about 90 per cent carbon by weight comprising:

a container provided with an electrolytic solution;

a test electrode disposed within said container in

contact with the electrolyte;

a carbonaceous fibrous material disposed within said

container in spaced relation to the test electrode,
at least a portion of said carbonaceous fibrous ma-
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terial being in contact with the electrolyte;

a reference capacitor;

means for periodically applying an electrical poten-
tial through said reference capacitor to one of said
test electrodes and said carbonaceous fibrous ma-
terial;

means for sensing one of the potential developed be-
tween said test electrode and said carbonaceous
fibrous material and the potential across said refer-
ence capacitor; and

means for evaluating a surface property of the carbo-
naceous fibrous material in response to the magni-
tudes of the applied potential and the sensed poten-
tial.

21. The apparatus of claim 20 including:

a reference electrode disposed within said container
in contact with the electrolyte; and

means for applying a bias potential between said ref-

erence electrode and said test electrode.
* * * * *



