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Surface properties of liquid and
solid materials can be measured by
many different techniques. Among
those surface properties, surface
tension of liquid, surface free energy
of solid, liquid-liquid and solid-
liquid interaction characteristics
are of most interest.

Thermo Scientific Dynamic Contact
Angle analyzers (DCA) are instru-
ments that are using the Wilhelmy
plate theory to obtain the above
information about solid, liquid,
and solid-liquid characteristics.
With the highly integrated and so-
phisticated hardware and software,
Thermo Scientific DCAs offers a
powerful, and versatile approach
to the comprehensive understanding
of the complex interactions at liquid-
liquid and liquid-solid surfaces.

As the application of fiber materials
expands, the need to understand the
surface properties of the fiber mate-
rials is increasing. Equipped with
the well-known Thermo Scientific
high-sensitivity balance, DCA 322
has the capability of handling
single-fiber samples, down to 1 mm
in diameter, for measuring its surface
properties. However, there are oc-
casions that the customer would
like to obtain the surface properties
of a bundle of fibers.

No matter what kind of techniques
will be used to handle bundle of fi-
bers, the Wilhelmy plate theory can
no longer be applied. Due to the
inter-fiber structure and possible
pore structure among the fiber, a
bundle of fibers is best described and
studied by Washburn theory. 1-6 It
will then be used to obtain the con-
tact angle between the bundle of fi-
bers and the liquid. The Washburn
theory can be expressed in the fol-
lowing equation:

Where θ is the liquid-solid-vapor
contact angle, w is the weight of the
liquid absorbed by sample, t is time,
and η, γ , and ρ are the viscosity, sur-
face tension and density of the liquid,
respectively. C is the dimension con-
stant which is related to the packing
and structure of the samples.

From the above equation, it can be
seen that the sample’s weight change
as a function of time needs to be
measured. This wicking information
can be easily performed on Thermo
Scientific DCA systems. Under the
wicking experiments, the sample’s
weight change was monitored as a
function of time right after the sam-
ple touched the liquid’s surface.

From this, the w
t

2

 can be obtained.

With w
t

2

 value, in order to find out

the contact angle, θ, it is then neces-
sary to obtain the value of C first.
Therefore, it is necessary to use a
standard liquid, which has a known
contact angle against the sample. In
most cases, a liquid with low surface
tension will be used, assuming it will
result in a 0° contact angle, or
cosθ = 1.

Therefore, for each fiber bundle sam-
ple, at least two DCA wicking ex-
periments are necessary in order to
use the Washburn equation to obtain
the contact angle value for a given
liquid. One run should be made
using a standard liquid, which will
result in 0° contact angle between

the fiber bundle sample and the liq-
uid. This will result in the dimension
constant value, C. Another run
should be performed against the
test liquid. Analysis of this data, by
using the Washburn equation, will
produce the contact angle value of
the sample against the test liquid.

It’s necessary to mention that all of
the physical constants of the liquids,
η, γ , and ρ, should be known. Fol-
lowing is just a small list of the liquids
that are commonly used:

To measure the surface properties
of a bundle of fibers, there are two
different sample handling techniques.
One is called “Tube“ method to han-
dle flexible fibers that are continuous
for longer than 2 inches. For shorter
and non-continuous fibers, the fibers
can be considered as powder samples
and the Thermo Scientific Powder
Accessory 7 can then be applied.

The “Tube“ method is discussed
here. Figure 1 shows the procedure
to prepare the bundle fiber samples.
Full description is as follow:

1.  Run a thin flexible wire through
      a small piece of thin-wall tubing
     (the “Tube“) to form a loop. Lay
     a bundle of fibers through the
     loop and underneath the “Tube“.
2.  Pull the wire so that the fibers
      are forced into the tube.  Make
     sure the fiber entered the “Tube“
     fully, and seen on the top. Correct
     amount of fibers and internal
     diameter of the “Tube“ should

Liquid name Viscosity
(mPs)

Density
(g/cm3)

Surface Tension
(mN/m)

Hexane

Acetone

Toluene

Ethylene glycol

Distilled water

Ethanol

0.3 0.6594 18.4

0.306 0.792 23.7

0.56 0.866 28.4

16.1 1.1088 48.3

1.002 0.998 72.8

1.41 0.816 22.3
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     be used to ensure good packing.
      Trim the fibers evenly at the bot-
      tom end of the “Tube“. Leave
     less than 1 mm of fibers exposed.
3.  Cut the extra thin flexible wire
     and make it into a hook to put
     the prepared bundle fiber sample
      to the DCA.

With DCA equipment and software,
the wicking experiments can be
performed on the bundle of fibers.
The wicking data can then be
treated by the available applications
software, which uses the Washburn
theory, to obtain the wettability of
bundle of fibers against a certain
liquid.

While the “Tube“ method can pro-
vide the contact angle information
between a bundle of fibers and a
liquid, there are a few things that
need to be noted:

1.  90° Limitation
     The Washburn theory is based
     up on the assumption that the
      liquid will be absorbed into the
      solid sample matrix. In other
     words, the liquid has to wet the
      solid, or the contact angle be-
      tween the solid and the liquid has
     to be less than 90°.

2.  Advancing contact angle only
      Since the liquid will advance into
     the dry solid surfaces, and that
     process can be reversed, the con-
     tact angle obtained is advancing
      contact angle only.

It’s also worthwhile to mention that
Thermo Scientific DCA RADIAN
322 can perform contact angle
measurement not only on single
fiber, but also on the bundle of
fibers. Such a method of measuring
the surface properties of fibers can
also be utilized on a Thermo Scientific
DCA RADIAN 315.

Figure 1: Steps in using the Tube fiber bundling method.
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