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Capillary-Channeled Polymer (G-GP)
Fibers: A Novel Platform for Liquid-
Phase Separations

by Dwella M. Nelson, Rayman D. Stanelle, Phil Brown,

In spite of its relative maturity as a group of @

analytical methods, the field of liquid chro-
matography continues to evolve with regard
to the development of new stationary
phases that may provide certain advantages
over existing materials. Stationary phases in
the form of inorganic or polymeric fibers
have been a curiosity of separation scientists
for many decades in the hopes of providing
highly directional mobile-phase flow with
rinimal resistance.

In principle, fibers can be extruded from
silica-based melts so that subsequent
derivatization chemistries can be per-
formed on the surface. Likewise, polymer
blends having specific functionality can
be employed as well. While the chemical
aspects of using micron-diameter fibers
have been realized in terms of performing
reversed-phase, ion-exchange, and capil-
lary electrochromatography separations,
the performance-to-cost ratios have never
been such that there has been serious
commercial interest in developing fibrous
stationary phases. In particular, poor
repeatability and control of the packing
process, unexpectedly high flow resis-
tance, and relatively low specific surface
areas are the shortcomings typically cited.

A novel polymer fiber format is being
developed in the authors’ laboratory in an
effort to take advantage of the expected
benefits of fibrous stationary phases.®’
Capillary-channeled polymer (C-CP)
fibers possess a very unique geometry (see
Figure la) that includes eight channels
that extend the entire fiber length (which
can be miles on a spool). The fibers are
nominally an oblong shape with diameters

ranging from 35 to 50 pm, with the indi- -

vidual channels ranging in size from 5 to
20 pm. This class of materials was devel-
oped for commercial applications wherein
spontaneous fluid movement (wicking) is
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Figure 1

Table1 Characteristics of C-CP
fiber stationary phases

e Wide range of polymer/surface

chemistries (without derivatization)

e Chemically robust materials

e Increased surface area relative to stan-

dard, circular cross-section fibers
¢ Significantly lower backpressure
(~70%) than packed-bed columns

* Spontaneous wicking as a means of

loading or performing separation

o Negligible stationary and mobile phase

mass transfer (C-term) contributions
to broadening

Very inexpensive base fiber materials
Applicable for separations from the

single-fiber to preparative scales

desired (e.g., disposable diapers, sanitary
napkins and tampons, and sportswear).”
For example, 1 g of polyester C-CP fiber
can wick 100 mL of water in 1 hr.

These fibers have another very important
attribute. Depending on drawing condi-
tions, C-CP fibers have surface areas that
are 2.4-3.0 times those of conventional
circular cross-section fibers. The combi-

and R. Kenneth Marcus

Micrograph of C-CP fibers. a) Scanning electron micrograph of a polypropylene fiber.6
(Reprinted with permission from Elsevier) b) Optical micrograph of a polyester fiber bundle.

nation of enhanced fluid mobility
and increased surface area is critical
to the potential use of C-CP fibers
as chromatographic stationary
phases. At this point in their devel-
opment as chromatographic sta-
tionary phases, a few definitive
qualities have been identified and
are listed in Table 1. This paper pre-
sents some basic properties and
examples of the use of the C-CP
fiber columns for chromatographic
separations as well as projected
areas of practical application.

Experimental

To date, three base polymer types

have been employed for chromaro-

graphic separations: polypropylene

(PP), polyethylene terephthalate
(polyester, PET), and nylon. As seen in
the structures below,
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