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Out of Thin Air, Aerogels Emerge
B y P a t r i c k A . To e n s m e i e r

The material is aerogel, a wispy, foam
structure that is more than 99% air.
Known to science since 1931, and for
years difficult to fabricate and expen-
sive to use, aerogel has since the mid-
1990s received a second look from
researchers, formulators, and product
developers seeking ways to capitalize
on its properties. These properties
include outstanding insulation and
acoustic dampening; hydrophobic or
hydrophilic performance, depending
on formulation; absorption, which
can be used to enhance filtration sys-
tems; additive and reinforcement
benefits in polymers; and low dielec-
tric constant.

Aerogels are also extremely light—
their average density is 1 mil-
ligram/cc, near that of air. Particle
size is less than 100 nanometers
(nm), so they can be used in parts
that require transparency or purity;
and while the material is friable in its
monolithic form, it has a dendritic
microstructure that provides strength
in some applications, especially
hybrid compositions.

Demand for aerogels has soared in
recent years, primarily because of
developments in process technology
that increase output and lower cost.
The end-use leader by far is thermal
insulation, which accounted for
57.6% of market value in 2006,
according to a study from BCC
Research, Norwalk, Conn., USA. But
experts say trials are under way by a
number of companies, each looking
for design and performance break-
throughs that will dramatically
change the function of different
products.

“Development cycles are just begin-
ning where the true value of the
material will be found,” says George
Gould, R&D director at Aspen
Aerogels, Northborough, Mass.,
USA, a supplier of insulation.

Potential Applications

Companies testing aerogels are reluc-
tant to reveal details of their work.
Gould says, however, that many
potential applications are in the con-
sumer market, particularly small
appliances or thermal containers,
where key properties like insulation
can substantially enhance a product’s
performance and lead to major

redesigns. He also sees benefits for
aerogels in automotive as heat-insu-
lating, sound-dampening, and vibra-
tion-dampening materials, though
their high price compared with those
of current technologies may initially
be a problem.

Plastics reinforcement is another
area with potential, according to Bart
Kalkstein, general manager of Cabot
Aerogels, Boston, Mass., USA.
Cabot, whose parent Cabot Corp.
specializes in masterbatches and car-
bon black, produces an aerogel called
Nanogel. Made with a proprietary
process, it has a surface area of 750
meters per gram, which Kalkstein
says creates “almost infinite bonding
sites for resins in liquid form.” A
small loading of Nanogel, no more
than 1%–3% in most resins, can
replace much higher loadings of the
fillers that compounders add for
strength, especially in parts that
require resins with high purity or
clarity.

Other experts foresee aerogels spec-
ified for uses as diverse as food pack-
aging, synthetic textiles including
shoes and boots, acoustic panels, and
as dispersants or opacifiers in poly-
mers. As a result, the global market
for aerogels, which BCC analyst and
study author Margareth Gagliardi
says was US$62 million in 2006, is
projected to grow at an average annu-
al rate of 72.5% through 2011, when
it will be worth $951 million.
Aerogel production, which totaled
706 tonnes (1.56 million lb) in 2006,
should reach 12,500 tonnes in 2011,
according to Gagliardi—a 1670%
increase.

One application in which aerogels
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provide a unique benefit is “daylight-
ing”—translucent window and roof
systems that let filtered light into a
room with no increase in heating or
cooling costs. Cabot’s Nanogel is used
as an insulating layer between double
windows from Centerpoint
Translucent Systems, Knoxville,
Tenn., USA. The windows are made
of Lexan polycarbonate from Sabic
Innovative Plastics (formerly GE
Plastics), Pittsfield, Mass., USA. The
nanosize structure of the aerogel pro-
vides insulation while also letting
light through the windows. Kalkstein
claims that properties are equivalent
to those of glass-fiber insulation.
Experts say this type of application,
where aerogels not only enhance the
performance of a product but also
permit it to be redesigned for more
efficient use, will drive growth and,
possibly, offset the material’s relatively
high price.

Many aerogels are made of silica.
Conventional formulation techniques
involve extracting the liquid from a
silica gel through a supercritical dry-
ing process—one utilizing high heat
and pressure—and replacing it with a
gas. This transforms the gel into an
extremely light microporous structure
comprising nanosize particles. The
microstructure is what gives an aero-
gel its outstanding insulating proper-
ties, preventing heat transfer of any
type—convection, conduction, or
radiation. The microstructure also
provides the material with its sound-
dampening and vibration-dampening
characteristics.

The inherent hydrophobic proper-
ties of aerogel suit it for use as a des-
iccant. Changing the formulation,
however, will make it hydrophilic, a
feature that benefits materials or
products where moisture retention is
necessary.

Using aerogels in composite struc-
tures with fibers or in a compound
with plastics will greatly increase the
mechanical properties of the other-
wise brittle and fragile material.

Though aerogels were used prior to
the 1990s, their formulation was
slow—sometimes taking days—and
expensive. At one time, monolithic

aerogels cost US$30 to $90 per cubic
inch. However, process developments
that increased the formulation speed
and reduced the cost of aerogels, cou-
pled with new chemistries that don’t
rely entirely on silica as a raw materi-
al, have attracted researchers, and
explain the surge of interest in end-
use applications.

Three Types of
Aerogels
Gagliardi says three types of aerogels
have emerged from recent develop-
ment work: inorganics, which are
mostly silica, still the most common
aerogel material, and some alumina;
organics, which include polymers and
carbon, the latter showing promise as
a material for battery electrodes and
capacitors; and hybrids, which are
based on gels formulated from organ-
ic and inorganic materials, or which
include composite structures like
fibers.

Aerogels are supplied in various
forms. Aspen, whose specialty is insu-
lation, fabricates them mainly in
fibrous sheets and blankets, which are
installed on products like gas and oil
pipelines, used in defense and aero-
space applications, or added to cold-
weather gear. Other companies like
Cabot produce granular products that
can be mixed with resins or made
into various products.

The formulation processes that
Aspen and Cabot use are examples of
how suppliers have been fine-tuning
aerogel production to meet growing
demand. Aspen relies on a supercriti-
cal drying process, which it has scaled
up to commercial production. The
company makes catalyzed silica salt
from silicate and combines it with a
fibrous, nonwoven material for insu-
lation. “Infiltrating the nonwoven
with a catalyzed silica salt produces a
gel,” says Aspen’s Gould. Subsequent
process steps toughen the silica and
make it durable. The solvent is then
removed in the drying process, and a
final step purges excess moisture and
volatiles.

In the finished piece of insulation,
the nonwoven fibers are securely

adhered within the aerogel matrix.
The aerogel, in turn, acquires flexibil-
ity from the nonwoven padding that
it wouldn’t have otherwise. Gould
says the aerogel has a high affinity for
most fibers. As a result, even with
fiber loadings of 50% or more, insu-
lation quality is outstanding.

Aspen manufactures three insula-
tion product lines—Cryogel,
Spaceloft, and Pyrogel—that are
effective over a temperature range of
194°F–1200°F. Gould doesn’t reveal
prices for Aspen’s insulation, but
Gagliardi says that on average, the
company probably charges US$0.08
to $0.50 per cubic inch. That’s pricey,
but on the low end, it approaches the
cost of glass-fiber insulation, which is
about US$0.03 per cubic inch. This
indicates that Aspen at least is achiev-
ing the economies of scale necessary
to reduce the cost of aerogels, she
notes. “Our costs are coming down as
we grow,” says Gould.

Cabot Aerogels has developed a
three-step formulation process that
utilizes what Kalkstein terms “subcrit-
ical drying” to extract a granular
material. The technique starts with
silica that undergoes a sol-gel process,
which transforms it into a hydrogel.
The hydrogel is treated with an
undisclosed organic fluid that silylates
it into an organogel. This can be
extracted at ambient temperature,
Kalkstein says, which explains the
term “subcritical.” The process is con-
tinuous and claimed to use less ener-
gy than supercritical drying.

One advantage of the process is
that Cabot can produce granules in a
range of sizes, from 0.5 to 3.5 mm in
diameter, thus giving the aerogel
greater flexibility of use in com-
pounds and other applications.
Kalkstein says the Nanogel granules
are sold by volume, usually in a box
containing a cubic meter of material.
Prices average US$2 to $5 per liter, a
price he believes is “not very expen-
sive,” considering the unique proper-
ties and innovative applications that
aerogels can provide.
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Out of Thin Air, Aerogels Emerge continued
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