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Field flow fractionation (FFF) repre-
sents a series of high-resolution
chromatographic techniques used

to separate high-molecular-weight par-
ticulates based predominantly on their
size (roughly 1 nm–100 µm). An alter-
native to techniques such as analytical
ultracentrifugation and size exclusion
chromatography, FFF has been
used increasingly to separate
and characterize particulate
matter from solutions such as
river water, adhesive-produc-
tion flow streams, and bio-
medical samples.

The basic FFF unit, avail-
able commercially from compa-
nies such as postnova analyt-
ics (Munich, www.postnova.
com) and Tecan (Mannedorf,
Germany, www.tecan.com),
comprises two plates separat-
ed by a spacer that forms a thin flow
channel (Figure 1). Because the channel
is much wider than it is high, the buffer
flow through the system is laminar,
which is critical to its function. When
sample is added to one end of the cham-
ber, the particles are evenly distributed
through the sample (Figure 2). A force
such as gravity or electricity, which runs
perpendicular to the channel flow direc-
tion, is then applied to the system. This
initiates the separation of the particu-
lates as the external force is counteract-
ed by the natural diffusivity of the
components in the sample. In most FFF
systems, small particles don’t respond to
the perpendicular force as strongly as
large particles and, therefore, are farther
from the bottom of the channel.

With the establishment of equilibri-
um between the two forces, the external
force is removed and the channel flow is
initiated. The laminar buffer flow means
that the linear fluid velocity at the

chamber walls is zero and increases with
distance from the walls. Thus, particles
furthest from the channel wall meet the
oncoming buffer stream first and evacu-
ate the chamber earliest.

The precise nature of the particulates
being studied dictates the nature of the
perpendicular force, and several varia-

tions on the FFF theme have been devel-
oped to study different problems.

Sedimentation FFF
In the case of sedimentation FFF, the
external force is applied through
centrifugation, which directs the parti-
cles toward the bottom of the channel.
Because of the nature of the sedimenta-
tion forces, this method is typically used
to separate particles larger than 1 µm.

Recently, Dai Woon Lee and col-
leagues at Yonsei University (Seoul,
Korea) and Hannam University (Taejon,
Korea) used FFF to study the size distri-
bution of fly ash particulates from
municipal solid-waste incinerators (1).
The size of these particulates is a critical
factor in the distribution of pollutants
such as polychlorinated biphenyls, poly-
cyclic aromatic hydrocarbons, and heavy
metals and the degree to which the ash
penetrates the human respiratory sys-
tem. Because the researchers were inter-

ested in particle size rather than densi-
ty, they first had to separate the parti-
cles on the basis of density to eliminate
the influence of this factor on fractiona-
tion. They then had to ensure disaggre-
gation using sonication and dispersing
agents such as the detergent Tween.
After optimization, however, sedimenta-
tion FFF proved reliable and the re-
searchers were hopeful about its poten-
tial use in characterizing the ash.

Electrical FFF
Combining the benefits of electrophore-

sis with those of FFF, electri-
cal FFF uses an electric field
generated between two graph-
ite plates as the perpendicu-
lar force acting on the partic-
ulates, such that they are
separated not only on the
basis of size but also by their
electrostatic nature (zeta po-
tential). These factors make
the technique ideal for col-
loidal stability studies.

Relying on advances in
establishing dielectrophoretic

fields using interdigitated electrodes on
a single chamber surface, Jun Yang and
colleagues at the University of Texas M.
D. Anderson Cancer Center (Houston)
recently used dielectrophoresis–FFF to
separate living human cells (2). This
separation is based on the principle that
cell polarizability depends largely on
cell composition, morphology, and type.
Thus, under carefully chosen conditions,
certain cell types will levitate within an
electrical field and other cell types will
move to the bottom surface of a cham-
ber. By examining the elution behavior
of cells at various frequencies, Yang’s
group was able to separate a mixture of
four leukocyte subgroups (T cells, B
cells, monocytes, and granulocytes)
according to their size, density, and
membrane properties, while maintaining
cell viability. This, they suggested,
opened the door to developing the tech-
nique for a variety of clinical and
research applications.

Researchers are using field flow fractionation 
to determine the size of everything from colloids
to polymers to human cells.
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FIGURE 1: Schematic of a field flow fractionation unit.
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Thermal FFF
As might be expected, in thermal FFF, a
temperature gradient is established by
heating the plate on one side of the
channel and cooling the other. Then the
particles migrate by thermal diffusion to
the cooler plate. One of its key benefits
is that it is one of the few methods that
allows researchers to directly determine
the thermal diffusion coefficient of a
polymer. Generally, thermal FFF is

preferred for analyzing synthetic poly-
mers dissolved in organic solvents. 

Anthony R. Plepys and colleagues at
3M (St. Paul, MN), the Korean Institute of
Geology (Taejon), and Hannam Universi-
ty (Korea) explored the behavior of natu-
ral rubber as it is processed to form adhe-
sives (3). In part, thermal FFF was chosen
because its open-channel construction
minimizes the chance that the polymers
will shear or adsorb to the channel

surface. To prepare adhesives, natural
rubber is broken down by thermochemi-
cal mastication and then a tackifying
resin is added. Using thermal FFF, Plepys’s
group was able to follow the rubber
through each of the steps of adhesive
preparation, noting along the way how
the polymer size decreased after initial
breakdown and through interaction with
the resin, as well as the different behav-
iors of different rubber sources in the
process. Also, the researchers found that
although the irradiation did cross-link
the chains, there was no appreciable
chain elongation.

Flow FFF
In flow FFF, one of the most common
forms of FFF, the perpendicular force is
supplied by a cross-flow of buffer that
enters through a port on the top of the
chamber and exits through a membrane
on the bottom. The field strength, there-
fore, depends on the cross-flow rate. This
method is typically used to separate
particles in the range of <1 nm to 10 µm,
making it ideal for studying colloidal
suspensions in natural water samples.

Along these lines, Martin Hassellöv
and his colleagues at Göteborg Universi-
ty (Sweden) and the Swedish National
Testing and Research Institute (Borås)
coupled flow FFF to inductively coupled
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FIGURE 2: Field flow fractionation. (A)
Sample is injected into the FFF unit as a
diffuse mixture. (B) A perpendicular field
is established, and the sample particulates
distribute on the basis of diffusion rates
versus field strength. (C) The external
field is removed, the samples are flushed
from the system, and particles farther
from the chamber floor elute faster.
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plasma mass spectrometry to determine
the colloidal size and elemental distri-
bution of 28 elements in creek water
(4). Flow FFF allowed the researchers to
avoid problems with imprecise mem-
brane molecular weight cutoff values
and the risk of aggregation or adsorp-
tion during sample preconcentration
that had been encountered using cross-
flow ultrafiltration. Hassellöv’s group
found a distinct correlation between the
size of the colloids and their elemental
content. This result could prove critical
because the form in which an element
appears is linked to its function in the
environment.

A relatively recent variation on flow
FFF is asymmetric flow FFF, in which the
sample is focused between two buffer
flows—one coming from the inlet and
one from the outlet—and the excess
buffer passes through a single membrane
on the bottom of the chamber. This
focusing step lessens the sample broad-
ening and therefore improves the final
resolution of the peaks. The focusing step
also allows for on-line sample concen-

tration because only its suspension
buffer is carried through the membrane. 

One of the inherent limits to the use
of flow FFF is the poor resistance of the
membranes to many organic solvents.
Several membranes have been tested,
but few offer the reproducibility of the
membranes used under aqueous condi-
tions. Recently, however, M. van Bruijns-
voort and colleagues at the University of
Amsterdam applied hollow-fiber ultrafil-
tration membranes made of modified
polyacrylonitrile to flow FFF (5). In this
case, rather than using a standard flow
FFF apparatus, van Bruijnsvoort’s group
inserted the hollow-fiber membrane
into a standard liquid chromatography
column and tested their new system on
the fractionation of the protein ferritin
in aqueous buffer and of synthetic poly-
mers in a variety of organic solvents.
The researchers were able to separate
monomeric ferritin from its various ag-
gregated forms and fractionate various
polymers in solvents ranging from
dichloromethane to tetrahydrofuran to
ethyl acetate.

Although there is still much work to
be done to optimize the technology for
specific applications, FFF is beginning to
show inroads into various chemical and
biomedical analytical streams. With fur-
ther development on both the academic
and industrial sides, the use of FFF is
sure to expand in the future.
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