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ABSTRACT: Polyurethane foams with different formula-
tions were synthesized and characterized for use as support-
ing matrices of granular solid adsorbents. The open cell
content, specific gravity, thermal stability, and hydrophobic-
ity were determined and related to the formulation compo-
sition. The synthesized foams had open cell contents of
88.1-98.5% and specific gravity values of 120-28 kg m 2.
The thermal stability of the prepared foams was influenced
mainly by the water content and the type of isocyanate used.
The hydrophobicity was assessed by an analysis of the water
adsorption isotherms determined on selected foams, and a

correlation between these results and the formulation of the
foams was attempted. Two types of activated carbons were
supported in a polyurethane matrix. The adsorption charac-
teristics evaluated before and after the supporting proce-
dure, by nitrogen adsorption, revealed that there was only a
moderate surface area reduction of 15-20%. © 2004 Wiley
Periodicals, Inc. ] Appl Polym Sci 92: 2045-2053, 2004
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INTRODUCTION

The main objective of this study is the development of
new polyurethane-based matrices to be used as sup-
ports for granular solid adsorbents. The more com-
monly used adsorbent materials, such as activated
carbons and zeolites, are usually obtained as powders
or pellets. These are not always the best forms for their
uses in, for example, filters for the purification of air
streams.

Besides other physical properties, such as the specific
gravity, open cell content, and thermal stability, one
important property of polymeric matrices used as sup-
ports for adsorbents is the hydrophobicity. These adsor-
bent-matrix compositions may be potentially useful for
the gas-phase adsorption of various volatile organic
compounds (VOCs) in different systems. However, hu-
midity is also usually present in the medium to be pu-
rified, and so it is important to ensure that the adsorption
capacity is used in the adsorption of the VOC molecules
rather than be saturated by moisture. In this respect, the
more hydrophobic matrices are to be preferred in prin-
ciple. This is of special importance because large
amounts of adsorbed water will enhance the possibility
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of fungi or bacteria developing, which should be
avoided. The method used in this work to obtain infor-
mation on the hydrophobic-hydrophilic nature of poly-
urethane foams is based on the analysis of water adsorp-
tion isotherms on solid materials.!™ Usually, these anal-
yses are applied to the characterization of adsorbent
materials, but the determination and analysis of water
adsorption isotherms in polyurethane, to characterize
the hydrophilic-hydrophobic nature of polyurethane
materials, constitute an innovative approach, as far as we
know. Some other methods proposed in the literature for
the evaluation of hydrophobicity are based on the mea-
surement of the water loss at different temperatures by
thermogravimetry® or on data from thermogravimetry
and nitrogen adsorption.” However, for applications in
composite adsorbent—polymer materials, the use of ther-
mogravimetric methods present the disadvantage of the
possible decomposition of the polymer. Moreover, at
high temperatures and in the presence of water, there is
also the possibility of hydrolysis of the polymeric matrix.
In industrial applications, a method is currently used for
the determination of water absorption on rigid cellular
plastics'™" that measures the change in the buoyant
force resulting from immersion in water for several
hours, and other authors have reported measurements
of water absorption in the liquid phase by polyurethane
foams."*™"° These methods are used in cases in which the
foams are in direct contact with liquid water; such con-
ditions are quite distinct from those observed in a gas
filter.
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Another important question is the regeneration of
adsorbents, to recover their original adsorption capac-
ity (which can be achieved in many cases), through
heating in a controlled environment, usually in a flux
of an inert gas. It would be desirable that the polyure-
thane foam used to support the adsorbent materials
would be stable in such an environment; this would
allow the composite adsorbent-matrix filters to be
regenerated by similar methods. To investigate this
possibility, we used a thermogravimetry/differential
scanning calorimetry (TG-DSC) method to evaluate
the thermal stability and decomposition temperature
(T;) of the prepared polyurethane matrices.

Many applications of carbon in polyurethane for-
mulations can be found in the literature, and often the
small carbon particles or dispersed fibers are used in
the polyurethane matrix to modify some properties,
including mechanical, thermal, electric, and magnetic
properties, to improve the fire resistance, to change
the permeability to vapor or liquid solvents, and to
enhance the chemical stability of the polymer.'*™®
However, in most of these applications, the carbon is
carbon black, graphite, or fiber, with a surface area
lower than 100 m® g '. These materials have low
adsorption capacities and are not suitable for air-
stream purification. Activated carbons normally have
surface areas greater than 1000 m? g !, mainly because
of the high microporosity rather than the external
surface area (A,,,),> and they are currently applied to
the purification of air streams in pellets or granules.
Some filters are made of polyurethane foams with a
layer of activated carbon on their surface; they are
usually produced by the immersion of a polyurethane
foam in a slurry of powdered activated carbon and a
polymeric binder.**?! In this work, a different ap-
proach is used because the activated carbon is in-
cluded in the form of pellets in the formulation for the
polyurethane synthesis. This allows the production of
polyurethane foams with activated carbon in a one-
step method, but we can expect some decrease in the
adsorption capacity of the adsorbent due to the im-
pregnation and/or reaction of the polyurethane-syn-
thesizing components, namely, diisocyanate, with the
surface of the adsorbent. This decrease has to be min-
imized.

The polyurethane foams produced and character-
ized in this work were synthesized from toluene di-
isocyanate (TDI) and polymeric methylene bisphenyl
diisocyanate (MDI), these two isocyanates being the
most widely used in the polyurethane industry.

EXPERIMENTAL
Polyurethane synthesis

The required quantities of polyol, distilled water, sil-
icone oil, and catalyst were added to a polyethylene
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TABLE 1
Composite of the Two Series of Formulations

Formulation series®

A, TDI B, MDI
Polyol (g) 20.00 20.00
DBTL (g) 0.23 0.23
Silicone Oil (g) 0.40 0.40
Water content (%) 1-55 34

2 NCO index = 105%.

flask and mixed vigorously for 1 min with a mechan-
ical stirrer to obtain the formulated polyol. The iso-
cyanate was then added to the same flask, and strong
stirring was applied for 15 * 2 s. The resulting mixture
was left undisturbed for 1 min; this allowed the for-
mation and growth of the foam, which was immedi-
ately added and kept in an oven at 70 = 1 °C for 1 h.
Several formulation series were tested, but for clarity,
only two representative series are discussed. The com-
positions of these series are given in Table I, except for
the water and isocyanate concentrations, which were
varied with the compositions of the formulations to
maintain the NCO index for each formulation series.
To maintain foams with a density of less than 60 kg
m 3, water was varied between about 1 and 6% (mass
of water/mass of polyol). To maintain the NCO index
for each formulation series, we changed the amount of
isocyanate accordingly.

1,2,3-Tris(polyoxypropylene ether)propane (Al-
drich, Milwaukee, WI; number-average molecular
weight ~ 3600, 41 mg of KOH g~ ') was used as a triol,
dibutyltin dilaurate (DBTL; Merck, Darmstadt, Ger-
many; >97%) was used as a catalyst, and silicone oil
(193 surfactant, Dow Corning, Midland, MI) was used
as a foam stabilizer. The isocyanates used were TDI
(Aldrich; 80% 24-isomer and 20% 2,6-isomer) and
MDI (Lupanat M 50, BASF, Lemférde, Germany).

Specific gravity

Cylindrical samples of the foams were obtained, with
special care for the perpendicularity between the base
and height of the cylinder. The dimensions of the foam
cylinders (the diameter and height) were determined
with a vernier caliper with 0.05-mm precision, and the
volumes were then calculated. The masses of the sam-
ples were determined with a Mettler AE 240 analytical
balance with 0.1-mg precision (Greifensee, Switzer-
land). The specific gravity, determined by the volume
of the external geometrical shape and the mass of the
sample, is often called the apparent density; it does
not measure the specific gravity of the polymeric ma-
trix of the foam.*>*?

Open cell content

The volumes of the foam cylinders were determined
in an automatic gas pycnometer (AccuPyc 1330, Mi-
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crometrics, Norcross, GA) with helium (Gasin, Ma-
tosinhos, Portugal; 99.995%). Ten purges at 68.97 kPa,
followed by 10 measurements with expansions at
68.97 kPa, with a 0.0345 kPa min ! rate of change as
the equilibrium criterion, were made for each sample.

The open cell content was calculated from the ex-
ternal geometrical volume of the cylinder (V,) and
from the volume measured with gas (V). The fraction
of the open volume, called the open cell content, was
calculated as a percentage as follows: (V, — V,)/V,
X 100%. The volume of the cells opened by the cylin-
der cutting operation was small in comparison with
the high open volume of these foams, and in this way,
a possible correction could be neglected.***

TG-DSC

The TG-DSC experiments were performed in a Set-
aram TG-DSC 111 apparatus (Lyon, France) with
0.001-mg and 0.05-mW precision between 30 and
350°C. Foam samples of 12-22 mg in aluminum cru-
cibles were used at a heating rate of 5°C min' in a
nitrogen atmosphere (Air Liquid, Paris, France;
99.995%) with a flux of 0.5 cm® s~! (Brooks Instru-
ments N.V., Hatfield, PA; R-2-15-AA tube size).

Water adsorption

The water adsorption isotherms were determined
in a Coulter Omnisorp 100cx automatic apparatus
(Hialeah, FL). Samples of 150-200 mg, determined
with an analytical balance with 0.1-mg precision, were
placed in a specially handmade glass cell. The degas-
ification of the samples was made, in a vacuum better
than 1072 Pa, at 50°C for 2.5 h. The mass loss was
corrected by weighing after degasification, and so the
results are expressed per gram of the outgassed sam-
ple. The adsorption experiments were carried at 30.0
*+ 0.1 °C with vapor doses of 3.33 kPa until a maxi-
mum of 0.98 p/p°® was attained (P is the equilibrium
pressure and P° is the saturation pressure). A blank
experiment, with an empty cell, was performed, and
the values were used to correct the values of the
adsorbed amounts in the polyurethane foams.

Nitrogen adsorption

The nitrogen adsorption isotherms at —196°C were
determined in a Micromeritics ASAP 2010 automatic
apparatus. The samples were outgassed, in a vacuum
better than 1072 Pa, at 100°C for 2.5 h. The mass loss
was corrected by weighing after degasification, and so
the results are expressed per gram of the outgassed
sample.
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Figure 1 Foam specific gravity of the different formulation
series (see Table I) of polyurethane foams as a function of the
water content. The symbols represent the different formula-
tion series: ((J) series A and (X) series B.

RESULTS AND DISCUSSION
Specific gravity

A plot of the specific gravity as a function of the water
content in the formulations of the synthesized foams is
presented in Figure 1. Analyzing this figure, we must
remember that the uncertainty of the method used is
+2.5 kg m 2 and that differences below this value
must be interpreted with care. Generally, the specific
gravity falls as the water content increases. In fact, the
CO, formed by the reaction of water with the isocya-
nate originates and expands the cells, allowing, for
each formulation series, some control over the specific
gravity of the foam through variations in the water
content. However, major differences, particularly in
the way in which the specific gravity changes with the
water content, were detected for the two formulation
series, which, as shown in Table I, differ mainly in the
type of isocyanate.

In series A (with TDI), the specific gravity of the
foams decreases monotonically with increasing water
content (Fig. 1) to an almost constant value near 30 kg
m > for water concentrations in the formulation of
greater than 4%. This could be a result of CO, escaping
from the mixture, which was observed before the
foam started to grow for water concentrations in the
formulation of greater than 3.5%. The increase in the
viscosity of the polymer during the synthesis of the
foams is probably the reason for the main difference
between these two series (the use of different isocya-
nates) and can be related to the differences in the
expansion p1rocess.36'3‘7 However, the surface tension
can also play a significant role.>**® Most likely, the
minimum point of series B (with MDI) corresponds to
the start of the foam collapsing, and the increase in the
water content from this value increases this process;
consequently, the specific gravity of the foam in-
creases. The values of the specific gravity and their
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Figure2 Open cell content of the foams, determined by gas
pycnometry, as a function of the water content in the for-
mulation. The symbols represent the different formulation
series: ([J) series A and (X) series B.

variation with the water content are comparable to
those normally obtained in the synthesis of flexible
polyurethane foams without the use of organic sol-
vents. >

Open cell content

The open cell content of the synthesized foams is
presented in Figure 2 as a function of the water con-
tent. Similar behaviors for the dependence of the open
cell content on the water content were observed for the
two formulation series. The differences between some
of the values are too small to be considered because
they are below the 0.5% uncertainty of the method,
which was estimated from the repeatability of the
measurements. Also, the values of the open cell con-
tent are indistinguishable for foams with more than
3%. Figure 2 clearly demonstrates that the formula-
tions with more than 3.5% water produce foams with
an open cell content of more than 96% (except for one
case in series A). Another interesting detail of the
series is the asymptotical approach to an open cell
content of 98% at high water contents in the formula-
tions, which, in the limit, could be related to the vol-
ume occupied by the polymeric matrix, or it indicates
the importance of other adjustments in the formula-
tions.

TG-DSC

The TG-DSC experiments were performed with foams
synthesized from different isocyanates (series A and
B) to correlate the thermal properties with the chemi-
cal nature of the foams. The mass loss was calculated
with the mass of the sample at 100°C as a reference. It
was assumed that the mass loss at this temperature
(always <0.5% in relation to the values at the ambient
temperature) was from water or other vapors that
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Figure 3 TG-DSC analysis of series A foams (TDI) with
4.50% water in the formulation. The mass loss is represented

by the solid line, and the heat flow is represented by the
dashed line.

could be absorbed by the polymeric matrix. The
shapes of the curves for the mass loss and heat flux,
obtained for all foams from series A and B (see Fig. 3
for an example), as well as the black residue obtained
at the end of each experiment, indicate that thermal
decomposition of the polyurethane occurred with the
loss of volatile substances. In Figure 4, the mass losses
at two temperatures, T; and 250°C, for the foams of
series A (synthesized with TDI) as a function of the
water content in the formulation are given. A similar
graph for the mass loss from the samples from series B
(synthesized with MDI) is presented in Figure 5. In
both figures, the mass losses at 250°C are minimal,
always being lower than 4% for foams synthesized
with TDI (Fig. 4) and lower than 2% for foams syn-
thesized with MDI (Fig. 5). A comparison of Figures 4
and 5 shows better thermal stability for the foams
formulated with MDI than for those formulated with
TDI. The results of the mass losses, obtained at 250°C,
do not show any clear relationship to the water con-
tent.
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Figure 4 Mass losses of series A foams at different temper-
atures obtained by TG-DSC. The symbols represent the
different temperatures: (O) T, and (A) 250°C. The solid line
represents the linear fitting of the points obtained at T,.
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Figure 5 Mass losses of series B foams at different temper-
atures obtained by TG-DSC (see Fig. 4 for the notation).

The mass losses of the foams synthesized with MDI
(Fig. 5) at T; are much lower than the mass losses of
the foams synthesized with TDI (Fig. 4), despite the T,
values being very close (Fig. 6). Another difference
that can be observed in Figures 4 and 5 is that the mass
losses of MDI foams at T, decrease with increasing
water content, whereas the mass losses of the TDI
foams increase with increasing water content.

The dependence of T, on the water content is shown
in Figure 6 for both series. The foams obtained with
MDI present slightly higher T,’s than those prepared
with TDI, although the differences never exceed 5°C
for similar water contents. Figure 6 also shows an
increase in T,; with increasing water content in the
formulation for both series. These values are compa-
rable to those obtained by other authors using similar
polyurethane foams.*'~* Some authors reported that,
for polyether polyurethanes, the initial thermal de-
composition occurred around 250-275°C, and the
main decomposition process occurred between 300
and 325°C.*> The information presented in Figures
4-6 allows us to conclude that the synthesized foams
are thermally stable up to 250°C in a flux of an inert
gas. This is an important aspect concerning the possi-
bility of the thermal regeneration of adsorbent mate-
rials that could be supported on these polymeric ma-
trices.

The decomposition enthalpies of foams from series
A and B increase linearly as the water content in the
formulation increases, corresponding to more endo-
thermic reactions. The foams synthesized with TDI
(series A) have more positive enthalpies of decompo-
sition (between 80 and 260 J gfl) than those synthe-
sized with MDI (between 50 and 100 ] gfl). This
indicates that the decomposition of the matrix is more
endothermic with foams produced with TDI than with
MDL

The TG-DSC data clearly show that the series A and
B polyurethane foams are good candidates for sup-
ports of adsorbent materials, particularly if the com-
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posite materials to be obtained are to be regenerated
by a temperature increase. The most favorable situa-
tion, in terms of thermal stability, is obtained with a
foam synthesized with MDI.

Hydrophobicity

In a previous stage of the hydrophobicity studies, the
adsorption of nitrogen at —196°C in selected samples
of the synthesized foams was made. Because of the
very low amounts adsorbed, it can only be stated that
the surface areas of the foams are less than 2 m* g~ .
This implies that gases and vapors can be physically
absorbed on the foams only to a very limited extent.
However, this information is important for analyzing
the adsorption data of water in foams. In fact, the
adsorbed amounts of the isotherms of water in various
samples of the synthesized foams, presented in Figure
7, are not negligible and can only be attributed to a
relatively strong interaction between the polymer ma-
trix and the water molecules. The reversibility of the
adsorption isotherms was also confirmed. The differ-
ences between the isotherms obtained in the different
series of foams are very small and for some samples,
particularly at low relative pressures, are within the
uncertainty of the method. However, these differences
show a trend that is in line with the relative content of
urea bonds in the polymer because the foams with
higher water contents in the formulation have more
urea bonds in the matrix of the polymer. At a molec-
ular level, the matrix has groups with urethane and
urea bonds that are more hydrophilic (because of the
polar carbonyl) than the more hydrophobic polyether
chains that constitute the remaining structure of the
polymer. The number of urethane bonds in the two
series (A and B) of foams is probably almost constant
because the same NCO index is maintained and the
polyol is the same. Some differences could exist be-
tween the two series because of the different reactivi-
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Figure 6 T,'s of series A and B foams obtained by TG-DSC.
The symbols represent the different formulation series: ()
series A and (X) series B.
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Figure 7 Water adsorption isotherms at 30°C for different foams: (<) series A with 5% water, (A) series A with 2.5% water,
(X) series B with 3% water, and (OJ) series B with 4% water. The solid lines represent the fittings of the DA equation to the

adsorption data (see the text).

ties of MDI and TDI, and thus the differences between
series A and B are more difficult to interpret. An
increase in the content of urea groups in the matrix,
due to the increase in the water content in the formu-
lations, makes the polymer less hydrophobic. The iso-
therms in Figure 7 reflect this behavior, but not in a
pronounced way. In series A, the isotherm corre-
sponding to the foam with the highest water content
(5%) presents higher adsorbed amounts than the iso-
therm corresponding to the foam with the lowest wa-
ter content (2.5%). For the foams of series B, the same
observation applies; that is, the isotherm correspond-
ing to the foam with 4% water in the formulation is
above the isotherm corresponding to the foam with
3% water.

To quantify these differences, we fitted two equa-
tions to the adsorption data. First, the Henry equation,
which allows the determination of the Henry constant
(K"),** was fitted between 0 and 0.6 p/p°; within this
range, the isotherms are relatively linear. These con-
stants are presented in Table II. High values of K’
mean high affinity between the solid and the adsor-

TABLE 1I
Fitted Parameters of DA and Henry Models to the
Adsorption Data of Water at 30 °C, in
Polyurethane Foams

Water  Open cell
content  content wy E K’
Series (%) (%) (mmol/g) (J/mol) (mmol/g)
A 2.50 95.3 1.55 1.28 0.90
A 5.00 97.5 1.79 1.18 1.00
B 3.00 97.2 1.19 1.55 0.79
B 4.00 97.0 1.39 1.72 1.01

bate. Therefore, in this case, high values of K' corre-
spond to less hydrophobic foams. The Dubinin—-Asta-
khov (DA) method* was also fitted to the water ad-
sorption results. Briefly, the DA expression is w = w
exp[—(A/E)"], where the adsorption space w is related
to the limiting adsorption value w,. A is the adsorption
potential [A = — RT In(p/p°)], and E (the characteristic
energy of adsorption) and n are temperature-invariant
parameters. R is the perfect gas constant and T is the
absolute temperature. E could be related to parame-
ters that are closely dependent on the energetics of
adsorption, such as the heat of adsorption.*® The fit of
the DA model was made by the nonlinear least-
squares method: the coefficients of determination of
DA fits were between 0.9997 and 0.9994, and x* was
between 3 X 107° and 8 X 10 °. The solid lines in
Figure 7 represent the fitted curves. The trends for
E, wy, and K’ (Table II) agree with what has already
been stated. In fact, comparing the foams of the
same series, we find that the values of the parame-
ters corresponding to high water contents are gen-
erally high, except for the E values for the foams of
series A. The low values of K’ for all the samples
indicates the hydrophobic nature of all the synthe-
sized polyurethane foams, and the differences
among the values are significant and can also be
correlated to the water content in the formulation.
These observations are most likely related to the fact
that foams with high water contents in their formu-
lation are less hydrophobic, if all the other compo-
nents remain unchanged, except that the amounts of
isocyanate, as mentioned previously, have to be
adjusted to obtain the same NCO index in all the
formulations.
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Figure 8 Nitrogen adsorption isotherms at —196°C in samples of two activated carbons: (CJ,l) RB3, (A,A) supported RB3,
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and CarbonTech, respectively. The filled symbols are adsorption points, and the open symbols are desorption points.

Supported adsorbents

Two commercial activated carbons, CarbonTech and
Norit RB3, were supported in a polyurethane matrix
to evaluate the influence of the supporting process on
the surface characteristics of the adsorbents. The poly-
urethane matrix was synthesized with MDI and 3.85%
water with a formulation analogous to those described
previously. This formulation was chosen because of
the high open cell content, low apparent density, good
thermal stability, and moderate collapse of the cellular
structure, as previously discussed. The only modifica-
tion was the addition of activated carbon (ca. 10% in
polyol weight), which was mixed at the same time as
the two components of the polyurethane formulation
(formulated polyol and isocyanate). A possible correc-
tion in the formulation, to account for the water ad-
sorbed on the activated carbons, could be neglected
because of the highly hydrophobic nature of the sam-
ples used.”” The two activated carbons used were
cylindrical pellets, with a diameter of about 3 mm,
which maintained their shape after the mixing, foam-
ing, and curing of the foam. Their effectiveness for the
retention of VOCs and a more detailed characteriza-
tion are discussed elsewhere.*®

Nitrogen adsorption isotherms in the activated car-
bons, presented in Figure 8, were determined before
and after they were supported on the polyurethane
foam. For that purpose, samples of the supported
pellets were collected from the polyurethane matrix.
Figure 8 shows that none of the isotherms exhibit a
significant hysteresis loop and that they are almost
parallel to the pressure axis above 0.2 p/p°, showing
that these materials have low mesopore volume. How-

ever, the large adsorbed quantities at small values of
p/p° are characteristic of microporous materials. Fig-
ure 8 also shows that the shapes of the adsorption
isotherms of the two activated carbons, before and
after being supported, are similar, but a decrease in
the adsorbed quantities can be noted. This decrease in
the adsorption capacity can be attributed to the cov-
ering of the activated carbon with polyurethane dur-
ing the reaction and foaming process. The possibility
of that fraction being only blocked externally to nitro-
gen access, by the polyurethane film that covers the
surfaces of the pellets, was tested by the determination
of nitrogen adsorption isotherms in pellets that were
broken after being supported in the polyurethane ma-
trix. The resulting isotherms were indistinguishable
from those determined for the supported pellets that
were not broken, as confirmed by Figure 8. This allows
the conclusion that the decrease in the adsorption
capacity is not related to the hindrance of nitrogen
transport to the interior of the pellets but is probably
more related to the impregnation of the small fraction
of the activated carbon on the surfaces of the pellets.

The Brunnauer-Emmet-Teller (BET) equation was
used, between 0.01 and 0.15 p/p° to calculate the
apparent surface area (Aggy) of all the samples from
the nitrogen adsorption data.*” The micropore volume
(V,) and A, values were calculated from the iso-
therms with the t-method.* These results are pre-
sented in Table III. The relative changes in these pa-
rameters (8Aggy, 8V, and J8A.,,) of the supported
adsorbents, in relation to the original ones, are also
presented in this table. From these results, it can be
confirmed that the differences between the broken and
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TABLE III
Adsorbent Parameters Calculated from the Nitrogen Adsorption Data

AgET 8Appr V# A2ext oV, 0A s

(m”/g) (%) (em/g) (m*/g) (%) (%)
RB3 1344 = 16 — 0.532 65 — —
Supported RB3 1148 = 13 15 0.453 55 15 15
Supported RB3: broken pellets 1139 + 13 15 0.450 54 16 17
CarbonTech 1065 *+ 10 — 0.413 79 — —
Supported CarbonTech 859 £ 10 19 0.338 52 18 34
Supported CarbonTech: broken pellets 854 + 10 20 0.336 51 19 35

Apparent surface area Ay calculated by the BET equation, and their relative change (8Apz7) in relation to the unsupported
values. Micropore volume (V,) and external surface area (A,,;) calculated by the t-method, and their respective relative

change (8V,,84,,,) in relation to the unsupported values.

unbroken pellets are within the uncertainty of the
method for the two activated carbons used. Compar-
ing the relative changes between the supported and
original adsorbents for RB3 and CarbonTech, respec-
tively, we find that Agpr and V, decrease about 15 and
19%, and the decreases in A, are about 16 and 35%.
These values are comparable to others reported with a
different supporting procedure.’ It is clear that the
significant change introduced by the supporting pro-
cess is in A, of the CarbonTech sample and that the
two adsorbents maintain their high surface areas and
high V, values, which are characteristic of micro-
porous materials. One factor that probably contributes
markedly to this is the rapid rise in the viscosity of the
polyurethane reaction mixture that avoids strong im-
pregnation of the microporous fraction of the adsor-
bent pellets. Thus, the procedure used for supporting
pellets of activated carbon does not introduce a sig-
nificant change in their adsorbent nature and can
probably be applied with success to other types of
adsorbent materials.

CONCLUSIONS

Various types of polyurethane foams, prepared from
two different isocyanates, were obtained. Physical
properties, such as the specific gravity, open cell con-
tent, thermal stability, and hydrophobicity, were stud-
ied and related to the compositions of the foams. The
results showed that the type of isocyanate and the
water content in the formulation were the major fac-
tors influencing the thermal stability of the prepared
foams. However, as for the specific gravity, open cell
content, and hydrophobicity, similar properties were
obtained with different formulations. It was confirmed
that, with respect to the studied properties, the poly-
urethane-based foams presented appropriate charac-
teristics for potential consideration as supports of
granular solid adsorbents. The results obtained with
two microporous activated carbons that were sup-
ported in a polyurethane matrix, with respect to their
adsorption capacity evaluated by nitrogen adsorption,

revealed that only a fraction (between 15 and 20%)
was lost with the supporting procedure used. It was
concluded that this decrease in the adsorption capac-
ity was probably related to the thin polyurethane film
that impregnated the surfaces of the pellets and that
the microporous characteristics of the two activated
carbons were maintained. Therefore, further studies of
these composite materials, adsorbent-polymer matri-
ces, are very promising when, for instance, the prep-
aration of new gas filter devices is envisaged.

One of the authors (M.L.P.) thanks Fundagao para a Ciéncia
e Tecnologia for a Ph.D. grant.
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