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alcium carbonate is used as a
c filler in sealants in the form of

both ground limestone (GCC)
and precipitated calcium carbonate.
Calcium carbonate (CaCOg) exists in
three crystal structures — calcite,
aragonite and vaterite. Calcite is the
most widely occurring form of the
mineral and the form predominately
used in sealant and adhesive applica-
tions. As a filler for sealants, calcium
carbonate functions as an inert exten-
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for CaCO4 with enhanced purity, con-
trolled particle morphology and, most
importantly for sealant applications,
controlled particle size.

Filler properties that have the great-
est impact on sealant rheology are
particle morphology and particle size.
Calcite exists in scalenohedral, pris-
matic and rhombic morphologies.
Prismatic and rhombic morphologies
typically coexist. They are the mor-
phologies most commonly used for
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der to reduce formulation costs, a rhe-
ological modifier, a reinforcing agent
and an opacifier. Ground limestone
serves solely as an extender in that it
primarily occupies space and reduces
formulation costs. Precipitated calci-
um carbonate (PCC), particularly the
ultrafine particle size grades, is a
functional filler. It functions as a
thixotrope in sealant and adhesive for-
mulations in addition to being an
extender. PCC is a synthetic form of
calcium carbonate derived from lime-
stone. The synthetic process provides
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sealant applications because they are
closest to the theoretical spherical
shape required to permit retention of
anisotropic properties and achieve
effective particle packing. Rhombic
and prismatic morphologies also have
lower oil absorption than the scaleno-
hedral or “rosette” form. Lower oil
absorption accommodates higher
filler loading levels.

Effective utilization of filler
requires that the filler be well dis-
persed in the polymer matrix that
includes plasticizer. CaCOj; is

hydrophilic. As a result, it has a ten-
dency to agglomerate in organic poly-
mers and plasticizers. Ultrafine parti-
cle size PCC (<0.20 pm), in particular,
has a greater propensity for agglomer-
ation because of its small size. Ultra-
fine particle size PCCs are surface
treated to render them hydrophobic
and improve their dispersibility in
hydrophobic systems. Surface treat-
ment also improves polymer matrix
compatibility, thus improving interfa-
cial adhesion between filler and poly-
mer. The combination of particle size
and surface treatment is a critical ele-
ment in the selection of functional
fillers for sealants to obtain desired
properties. This article explores the
effect of PCC particle size and surface
treatment variations on sealant prop-
erties in predominant sealant systems
with a focus on sealant rheology.

Experimental

Filler Characterization. The
fillers used to investigate particle size
effects are described in Table I. All
the fillers are surface treated with the
same compound. Specific surface area
is related to particle size as well as
particle shape. It is an important com-
plement to particle size data in that it
compensates for the emphasis of par-
ticle size data on the coarse fraction
by taking porosity into consideration.
It is difficult to accurately measure
discrete particle size below submi-
cron levels by any means other than
high magnification or electron
microscopy. Specific surface area
(SSA) is often used as a means of
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describing particle size of submicron
particle size fillers. BET gas sorption
is the predominate technique for sur-
face area measurement and was used
to measure the SSA of the fillers in
this study.

Table II describes the fillers used to
study the effects of surface treatment
on sealant rheology. Calcium carbon-
ate readily reacts with carboxylic acids
by chemisorption to form calcium
salts. Conventional treatment of CaCOs4
is with fatty acids. While the main pur-
pose of surface treatment is to make
CaCO4 hydrophobie, the employment
of different types of acids yields subtle
vet effective differences in filler wetta-
bility and polymer compatibility.
The identities of the coatings used on
the commercial and developmental
fillers in this study are proprietary.
For the purposes of this study, the
fillers are distinguished by their sur-
face energies. Surface energies were
derived from contact angles measured
with the Kruss K12 tensiometer using
the Wilhemy plate technique. Samples
were made using the “powder on plate”
technique. This sample preparation
method results in a rough surface that
affects contact angle value. As a result,
the surface energies shown are not
comparable to surface energies deter-
mined on flat surfaces by similar or
other contact angle technigues.
Surface energies were calculated from
the receding contact angle measured
using ethylene glycol.

Sealant Formulations. Three
model sealant formulations based on
polyvinyl chloride (PVC), polyure-
thane and polysulfide polymers,
respectively, were used to investigate
filler particle size and surface treat-
ment effects. Formulation details are
given in Table I11. All sealants were
compounded in a laboratory scale
Ross double planetary mixer under
vacuum. The PVC plastisols are first
blended in the planetary mixer and
then put through a two-roll mill for
one pass to ensure adequate disper-
sion of resin and filler. The milled
compound is returned to the planetary
mixer for deaeration and final plasti-
cizer adjustments. For the base por-
fion of the polyurethane secalants, pre-
polymer and plasticizer were blended
first. PCC and GCC fillers were incor-
porated in separate addition sequence.

Test Procedures. Rheology and
sag resistance tests were carried out.

Sealant Rheology. Sealant viscosities
were measured using a Contraves
Rheomat 30 viscometer. The measuring
system and run conditions used for
each particular sealant formulation
were dependent upon sealant viscosity
range. Stress relaxation experiments
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were performed using a Carri-Med
CSL500 rheometer equipped with a 4
cm stainless steel parallel plate.

Sag Resistance Tests. Bead sag for
PVC plastisols: A 7 mm bead of plasti-
sol was drawn down onto an electro-
coated panel cleaned with isopropyl
alcohol. The panel was placed in a
holder for 20 min at 25°C with the bead
in horizontal position. The panel holder
and sample were placed in an oven pre-
heated to 135°C for 15 min. The dis-
tance that the sealant sags down the
panel is measured in millimeters.

Boeing Sag measurement for polysul-
fide sealants was performed according
to ASTM D2202-84 test procedure.

Channel sag for polyurethane
sealants was performed according to
ASTM C639-90 test procedure.

Results and Discussion

Particle Size Effects. The correla-
tion between filler particle size and
sealant rheology as defined by Einstein
and Mooney equations for dispersed
systems is well covered in the literature
(1,2). In general, as particle size
decreases, sealant viscosity and
thixotropic flow behavior will increase.
This axiom is clearly evident when
comparing particles that differ in size
by orders of magnitude. The work done
in this study approaches the practical
aspects of this theory by exploring the
behavior of fine particle size fillers in
the presence of extender fillers. In
addition, limits of distinction are
defined as all the particles in the study
are of submicron particle size.

The effect of filler average particle
size (APS) on the plastic viscosity of
PV(C plastisol sealants made with the
PCC fillers deseribed in Table [ is
depicted in Figure 1. Fillers with APS of
0.15 pm and lower provide essentially
the same viscosity. The 0.7 pm filler
imparts substantially lower viscosity
than the other three fillers. The 0.15 pm
APS filler is twice as large as the 0.07
pm APS filler, yet it yields slightly high-
er viscosity, due to the effect of particle
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size distribution. The 0.15 pm APS filler
has narrower particle size distribution
than the other fillers. Viscosity increas-
es as particle size distribution narrows
because interparticular voids are larger
due to inefficient packing. More plasti-
cizer and polymer are absorbed into the
voids, reducing their availability to the
bulk continuous phase of the sealant.
The result is increased viscosity.
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