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Mechanism for compression set of TDI polyurethane foams
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Abstract

A model is presented in which compression set of TDI foams is a result of thermal and stress-induced relative flow of the hard and soft phase
following hydrogen bond disruption. The majority of the soft segment consists of a mobile phase that exhibits liquid-like dynamics. However,
a significant fraction of the soft segment is immobilized due to hydrogen bond interactions with the phase-separated polyurea hard segment. As
temperature is increased, the hydrogen bonding between the soft and hard segment progressively weakens until there is little or no interaction
and the phases are free under stress to flow past each other. FTIR data do not indicate that changes in the hardesoft phase interactions are
accompanied by changes in intra-hard segment hydrogen bonding. Upon cooling, the hardesoft segment hydrogen bond interactions can
re-establish themselves in a new compressed geometry if the phase separated, co-continuous hard segment does not provide sufficient restorative
force to regain the initial dimensions. This model is based on data obtained by DSC, SEM, temperature-dependent FTIR, solid state NMR,
SAXS and compression set measurements.
� 2006 Elsevier Ltd. All rights reserved.
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1. Introduction

Polyurethane foams are ubiquitous in our day-to-day lives.
Their structure and properties have been extensively explored
by many workers [1,2] and the field has developed a significant
amount of conventional wisdom [3]. One fundamental
property of polyurethane foam is the tendency to undergo
non-recoverable deformation under a defined compressive
load, exacerbated by temperature and humidity. This phenom-
enon is commonly referred to as compression set. Compres-
sion set is so crucial that many individual manufacturers and
end users have established specific tests and criteria to qualify
the acceptability of specific foam samples. Fundamentally,
compression set has been shown to result from stress-induced
deformation of the polyurethane co-continuous hard phase [4],
decomposition of the urethane bond [5], and hard segment
slippage through the co-continuous soft phase [5]. In humid
environments, compression set has been ascribed to
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plastization [6] and disruption of the hard segment [7] or
soft segment hydrogen bonding [8,9]. Certainly, all of these
phenomena can occur and under some circumstances will
occur, however, it has previously been shown that compression
set is a strongly temperature-dependent process with clear and
dramatic threshold behavior [10]. Thus, two foams that may be
in most respects quite similar can in a specific test yield very
different compression set values simply resulting from the sen-
sitivity of the phenomenon to the test conditions. The purpose
of this paper is to provide additional insight into the molecular
level phase interactions that occur below, at and above the typ-
ical compression set test temperatures. Employing analytical
methods including microscopy, differential scanning calori-
metry (DSC), Fourier transform infrared spectroscopy (FTIR),
solid state nuclear magnetic resonance (NMR) spectroscopy,
and X-ray crystallography, we propose a mechanism for com-
pression set in these foams in which the dynamics are con-
trolled by an immobile soft segment phase which is strongly
interacting with the hard segment phase through hydrogen
bonds [11,12]. These bonds weaken as temperature is in-
creased [4,13,14] and at a sample-dependent temperature,
the hard segment phase can move relative to the soft segment
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phase. When the temperature is reduced, the hard and soft seg-
ment phases will resume their hydrogen bonding interactions
in the new deformed geometry. These forces may be weak rel-
ative to the overall strength of the hard segment’s restoring
force [14e19] and foams with better hard segment segregation
[20,21] are observed to recover their original dimensions.
However, at low enough temperatures all foams evidence
very low compression set and at high enough temperatures
all foams have poor compression set values.

The concept of a foam’s ‘‘restoring force’’ is not usually
invoked because the stress or modulus is usually substituted.
However, the anisotropy of forces in foam compression as
evidenced in Fig. 1 indicate that an area normalized parameter
such as modulus may not be satisfactory to describe the state
of a material with finite dimensions. Fig. 1 unambiguously
demonstrates that the stresses at the edges of samples may
be significantly different than those at the center, especially
at high strains, and may also be a function of the gross geom-
etry of the sample. In this case, the restoring force is expressed
simply as Eq. (1) where E is the strain-dependent Young’s
modulus, 3 is the strain and A is the cross-sectional area of
a given volume element.

F¼ Eð3Þ3A ð1Þ

2. Experimental

2.1. Materials

All polyols and toluene diisocyanate (an 80/20 mixture of
the 2,4 and 2,6 isomers) (TDI) were obtained from Dow
Chemical, Freeport, Texas. The structural information is in

Fig. 1. (A) Foams exhibiting different amounts of compression set following

testing according to ASTM D3574 Test D and SEM of deformed areas such

as indicated by the arrows. (B) SEM of the foam in a section exhibiting

high compression set.
Table 1. DABCO 33LV catalyst was obtained from Air
Products (Allentown, PA). Diethanolamine (DEOA) was
obtained from Aldrich (Milwaukee, WI). NIAX A-1 catalyst,
Niax A-300 catalyst and NIAX Y-10184 silicone surfactant
were obtained from OSi Specialties Witco (Now GE Silicones,
Wilton, CT). Distilled or deionized water was used as a reac-
tant to produce CO2 in the foaming process.

2.2. Foam formulation and preparation

Polyol master batches (typically 34 kg, formulations listed
in Table 2) were prepared in a 20 gallon phenolic-coated steel
kettle. The master batch containing polyols, surfactant, cross-
linker, catalyst, and water was stirred for 30 min at approxi-
mately 600 rpm. After mixing was completed, the master
batch was transferred to the polyol tank of a Canon A-40
foaming machine. The polyol master batch was allowed to cir-
culate for an additional 30 min to allow it to come to thermal
equilibrium (25 �C). The polyol master batch and the toluene
diisocyanate (TDI) streams were mixed at a high speed im-
pingement mixing head prior to being dispensed into a heated
in a mold (38.1 cm� 38.1 cm� 11.4 cm). The molar ratio of
isocyanate to active hydrogen (from polyol and water) was
1.05 in all cases except one where it was 0.90. Nominal
throughput of the machine was 155 g/s at the component ratios

Table 1

Relevant structural information on polyols and isocyanates used in these

experiments

Polyol or TDI Equivalent weight %EO Functionality

VORANOL VORACTIV�a 1700 17.5 4

SPECFLEX� NC630 polyol 1810 15.5 3

XSS 84804.01 polyol 1810 17 3

VORACTIV 6340 polyolb 1750 17.2 3.6

VORANATE� T-80 TDI 87 2

a This polyol is initiated with 30-diamino-N-methyldipropylamine giving

it intrinsic catalytic properties within the foaming process. This polyol is

currently available from Dow under the tradename VORACTIV polyol.
b A 60/40 (w/w) blend of VORACTIV and XSS 84804.01 polyols.

Table 2

Foam formulations for experiments in this work

Component Description CNTR VOR VOR/A-300

NC630 See Table 1 62.5 0.00 0.00

VORACTIV 6340 See Table 1 0.00 62.5 62.5

SPECFLEX NC700 Copolymer polyol

(40% solids)

37.5 37.5 37.5

Niax Y-10184 Silicone surfactant 1.2 1.0 1.0

Diethanolamine Crosslinker 1.6 1.6 1.6

Dabco 33LV Catalyst for urethane

formation (gelation)

0.35 0.3 0.00

Niax A-300 Time delayed

gelation catalyst

0.00 0.00 0.30

Niax A-1 Catalyst for urea

formation (blowing)

0.08 0.00 0.00

Water Blowing agent 4.2 4.2 4.05

Total 107.43 107.1 106.95

Niax A-300 contains 50% water, thus the VOR/A-300 formulations contain

4.2 parts water.
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necessary to maintain an isocyanate to hydroxyl ratio of 1.05.
All foams were subsequently cured at 155 �C for 6.5 min. Af-
ter the foam was removed from the mold (aided by a silicone
mold release) the foam was crushed to 5, 3.75 and 2.5 cm.
Foam properties were measured on 38 cm� 38 cm� 11.5 cm
pads cut from the center of the resulting pad following 7 days
of room temperature aging. Each sample is the result of 3e6
foam specimens. Qualitatively, there was no visual difference
among the foams and all foams had similar vent times (25e
27 s), the time at which the rising foam escapes through the
mold vents after completely filling the mold. One foam is des-
ignated as a control foam because it does not possess a mixed
polyol system. The use of A-300, a delayed gelation catalyst,
is used to probe the effects of enhanced phase separation on
the resulting set properties.

2.3. Test methods

Dry aged compression set at 75% compression was
obtained in accordance with ASTM D3574 Test D [22]. This
test was also altered and run at different temperatures. Each
test was done in triplicate. In addition, air flow and density
were measured on each foam specimen. Compression set
samples were measured by the following procedure. Three
5� 5� 2.5 cm samples of foam, cut from the same 1x test
pad were compressed 75% at various temperatures for 22 h.
Compression was uniformly applied in a jig designed to
uniformly and precisely compress the foam across its entirety.
After the 22 h compression, the foams were allowed to recover
for 30 min at ambient conditions. The recovered height was
then measured and the deflected compression value (Cd) was
calculated as

Cd ¼
Ho�Hf

Ho�Hs

� 100 ð2Þ

where Ho is the original height of the sample, Hf is the final
height of the sample and Hs is the compressed height (75%
of Ho).

Small angle X-ray scattering (SAXS) analyses for d-spac-
ing were performed using the following procedure. Foam sam-
ples were cut to a width of 5 mm and placed in the Kratky
camera under vacuum. The Kratky camera was aligned
with a vertical X-ray tube stand where Cu Kavg radiation
l¼ 1.54184 Å was transmitted through the sample. SAXS
from the sample traveled down the waveguide 72 cm where
data were collected with a position sensitive detector. SAXS
data were collected for 30 min through a q ranging from
0.01 Å�1 to 0.138 Å�1 which corresponds in d-space from
628 Å to 45.6 Å. SAXS data were analyzed using JADE
XRD pattern processing software. Profile fit analyses were
performed on the intensity spectra and Lorentz (Iq2) corrected
data. Both methods yielded comparable trends with d-spacings
from the Lorentz corrected data giving somewhat smaller
absolute but generally more precisely determined values.
Although the Lorentz correction is primarily reserved for
lamellar crystalline structures, some have reported the
polyurethane hard segment phase in slab stock foams to be
‘‘lamellar like’’ [15].

Foam extractions were performed on samples weighing ap-
proximately 0.5 g. Samples were placed in extraction thimbles
and continuously Soxhlet extracted with either THF or DMF
for a minimum of 8 h. Swollen samples were subsequently
allowed to evaporate solvent for at least 24 h or until the
weight change was less than 0.001 g. Weight change was
then calculated by inserting initial and final foam sample
weights into the equation.

1�wf

wi

ð3Þ

Samples extracted with DMF were occasionally more diffi-
cult to analyze due to the very strong swelling and subsequent
softening that occurred. All foams lost 8� 0.5% of their initial
weight indicating that compression set was not a result of
differences in component conversion to polymer.

DSC was performed using a TS DSC 2920. Foam speci-
mens (10e15 mg) were enveloped in aluminum pans under
dry N2. The scanning rate was 10 �C/min from �120 to
200 �C. To insure that no water was present in the foam, three
temperature cycles were executed.

Temperature-dependent infrared spectroscopy of foams was
performed using a PerkineElmer Paragon 1000 FTIR spec-
trometer. Spectra were collected in transmission using very
thin slices (w1 mm thickness) of the dry foam held between
KBr (Aldrich) circular plates. The foam assembly was fixtured
in a homemade resistively heated insulated brass cell held in
the film sample holder under a continuous dry N2 purge.
Foams were allowed to achieve the specified temperature
and equilibrated for 15 min before taking the spectrum. Spec-
tra represent the average of 16 scans.

All solid state NMR spectra were collected on a Varian
Chemagnetics CMX-360 spectrometer using a Doty 5 mm
double resonance MAS probe. The 1H and 13C resonance
frequencies were 360.24 and 90.598 MHz, respectively. The
magic angle spinning rates were 8.5 kHz unless otherwise
specified. High-power proton de-coupling (56 KHz) was
employed during the detection period for 13C CP/MAS
experiments.

3. Results and discussion

In the past, there had been speculation that macroscopic
properties of foams such as air flow were directly related to
foam compression set [10,23]. However, it has since been
recognized that molecular structure is the relevant size scale
for understanding compression set, and variables such as
closed cell content are just symptomatic of the underlying
polymer structure resulting from the polymerization reactions
that occur during foaming [5e7,24]. Thus, we need first to
identify foams with differential compression set properties,
and subsequently detect the polymer structural properties
intimately associated with the phenomena. In fact there is
no problem identifying foams with substantially different
compression set properties. The foams exhibited in Fig. 1
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illustrate different extents of compression set with one show-
ing little or no compression set, the middle one with deforma-
tion of an edge, and a severely deformed foam on the right.
SEM (Fig. 1B) shows that high compression set foams have
a distorted cell structure, but does not suggest that there is
any adhesive interaction between the struts as might occur if
there was substantial molecular weight loss.

Numerous workers have empirically determined that
formulation modification can result in large differences in
compression set values [2,5e8,10]. Since the compression
set test is performed under specific conditions, it might be
a mistake to assume that compression set is an intrinsic prop-
erty of the polymer rather than a value which may be very sen-
sitive to small systematic variations in the test. Thus we find
data for compression set for foams in Fig. 2 consistent with
that found previously [10], albeit for different compositions.
Our work also confirms previous observations that variables
such as isocyanate index ([NCO]/[OH]) [7], annealing
[10,25,26], and differences in catalyst [10] can substantially
affect compression set at 70 �C. However, it is just as revealing
that compression set measurements made at other tempera-
tures evidence much more similarity among these foams.
For instance, if instead of 75 �C or 80 �C, the measurements
were made at 90 �C or 65 �C we would be led to judge these
foams as insignificantly different. Furthermore, in many
instances, physically manipulating compressed foams such
as in Fig. 1 will restore the foam to its initial shape. Thus,
we are interested in identifying polymer dynamics that have
a similar thermal profile, and perhaps even activation energy
as that suggested in Fig. 2, and design structures that may
systematically alter the measured performance quantified
in Fig. 2.

DSC provides an alternative view of the process [4,26e28].
Fig. 3 is the DSC data for the three foams specified in Table 2
and Fig. 2. It is clear that these foams are quite similar in many
respects based on the similar soft segment glass transition tem-
perature at ca. �55 �C and the similar change in heat capacity
at this transition. The DSC scans also show that for three
foams with different compression set properties, the polymer
is expressing a change in heat capacity in the relevant tem-
perature range defined in Fig. 2. However, all three foams
are describing behavior with some change beginning at about
30 �C and finishing at about 100 �C. While this measurement
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Fig. 2. Temperature-dependent compression set of the three foams described in

Table 2.
does not exhibit the same temperature dependence as the com-
pression set values in Fig. 2, it does suggest that there is some
enthalpic alteration of the polymer structure occurring in these
foams with a maximum rate at about 70 �C. The obvious
possibility that we are observing water evaporation is negated
by our observation that the thermal profile and its intensity is
unaffected by drying the foams at 100 �C in a vacuum oven for
24 h or by running consecutive DSC scans.

Infrared spectroscopy has been used in the past to probe
polyurethane structure because many of the vibrational reso-
nances are well known and are sensitive to structural variations
[29e31]. When polyurethane foams of the current experi-
ments are interrogated over the temperature range 25e85 �C
only one band is observed to exhibit significant temperature
sensitivity, that being the NeH band, particularly that part
of the resonance extending from 3450 to 3650 cm�1 (the
bidentate urea peak at 1645 cm�1 shows a slight increase
that is not reversible). Like the DSC data, the FTIR data
show qualitatively similar behavior for two foams that have
significantly different compression sets measured at 70 �C.
However, this result suggests that the NeH bond of polyurea
isolated in the soft segment and polyurea in the hard segment
is involved in a thermal transition. The high resonance energy
of the affected population indicates that it is minimally stabi-
lized in the ground state by hydrogen bonding. This region of
the resonance has sometimes been identified with an isolated
NeH stretch [32,33]; however, recent work in cold gas expan-
sions puts the isolated NeH stretch at about 3550 cm�1 [34e
37]. In the present case, the affected resonance extends out to
3650 cm�1 and overlaps the OH resonance from the dry polyol
(not shown). However, this NeH resonance has been observed
in other studies [26,30,38] in which no OH is structurally
available [25,32,39], and has also evidenced the same temper-
ature dependence as observed in the present experiments [26].
Furthermore, while temperature-dependent FTIR spectroscopy
of the polyols over the same temperature range does show a
reduction and blue shifting of intensity, the result is in no
way as dramatic as that seen in Fig. 4.

In the present case, it seems likely that the temperature-
dependent IR resonance in question is a result of hydrogen
bond interactions of hard segment NeH with the soft segment
ether linkages and any possible remaining hydroxyl from un-
reacted soft segment at the highest frequencies. Furthermore,

Fig. 3. DSC scans of the foams described in Table 2.
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Fig. 4. FTIR of (A) CNTR foam at 25 �C and 95 �C; (B) temperature step study of the CNTR foam NeH resonance from 25 �C to 85 �C; (C) temperature step

study of the VOR foam NeH resonance from 25 �C to 85 �C.
the FTIR data, like the DSC data, reveal a continuous process
occurring in the foams that does not have the same functional
dependence as the compression set of the foams shown in
Fig. 2. Also, like the DSC, the FTIR data reveals a process
that is finished or nearly so by the temperature at which all
foams show uniformly high compression set values. Lastly,
there does not appear to be a substantial alteration in the in-
tra-hard segment hydrogen bonding in this temperature range
as reported by the NeH resonance between 3100 and
3450 cm�1 [28].

An additional way to probe the chain dynamics of PU sys-
tems is to employ solid state NMR techniques [9,25,40e42].
In particular, the magnitude of the proton dipolar coupling is
very sensitive to relatively slow molecular motions in solids.
This method combined with the Hahn spin-echo technique
was used to quantify the molecular mobility of the soft seg-
ments. A stacked plot of the 1H MAS NMR spectra of the
VOR foam acquired with varying 1H dipolar-dephasing time
is shown in Fig. 5 as well as an example of the curve fitting
used to derive the dephasing components. The dipolar-dephas-
ing time constants were determined from the least-square fit of
the NMR peak intensity versus dipolar-dephasing time. The
dipolar-dephasing curve was fit with two exponential compo-
nents. This indicates that the soft segments consist of two
components with significantly different molecular mobility.
The terms ‘‘fast’’ and ‘‘slow’’ were used to describe multiple
dipolar-dephasing components as shown in Table 3. It is hy-
pothesized that the two phases of the soft segment consist of
0
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Table 3

Proton dipolar-dephasing time constants determined for (A) CNTR, (B) VOR and (C) VOR/A-300 foams

Temp. (�C) 3.8 ppm 3.6 ppm 1.4 ppm

Pf (%) Tdf (ms) Ps (%) Tds (ms) Pf (%) Tdf (ms) Ps (%) Tds (ms) Pf (%) Tdf (ms) Ps (%) Tds (ms)

A: CNTR foam

38 15.8 1.76 84.2 11.5 28.7 1.76 71.3 11.8 15.7 2.55 84.3 15.3

68 14.0 0.50 86.0 17.1 19.4 0.50 80.6 17.7 16.0 0.50 84.0 25.4

87 5.8 0.20 94.2 20.0 3.8 0.22 96.2 21.2 5.0 0.18 95.0 31.8

B: VOR foam

38 26.4 1.78 73.6 12.0 36.7 1.75 63.3 12.8 25.9 2.55 74.1 15.5

68 3.4 0.50 96.6 15.9 6.9 0.50 93.1 15.9 4.4 0.50 95.6 22.7

87 e e 100.0 18.5 e e 100.0 18.5 0.8 0.20 99.2 27.8

C: VOR/A-300 foam

38 31 1.76 69.0 11.8 39.7 1.76 60.3 12.0 26.2 2.55 73.8 14.7

68 8.3 0.50 91.7 15.2 8.3 0.50 91.7 15.2 5.4 0.50 94.6 21.3

87 6.3 0.2 93.7 18.1 12.6 0.22 87.4 18.2 4.7 0.18 95.3 27.2

Chemical shift designations refer to peaks shown in Fig. 5.
(1) a true mobile phase (slow segment) and (2) a restricted soft
segment phase that is at the interface of the hard and soft seg-
ments. It is considered that these two components are spatially
separated since 1H spin diffusion cannot effectively average
the different dynamical behaviors of protons in different
spatial domains on the time scale of Td. The minimal domain
size is estimated to be in the order of 1 nm. The data show that
the percentage of the ‘‘slow’’ (truly mobile phase) segment
(Ps) and the slow segment dipolar-dephasing time constant
(Tds) increased when the temperature was raised (Table 3).
This is expected since increasing temperature promotes
polymer chain motion. However, the dipolar-dephasing time
constant of the fast dephasing component (Tdf) actually
decreased with rising temperature. This can be explained by
the fact that Tdf is an average value of the dipolar-dephasing
time constants of protons in a small domain via the proton
spin diffusion process. At higher temperature, the spin diffu-
sion process is less efficient averaging out the Td differences
so it is easier to detect the less mobile slow segment
dipolar-dephasing time constant (Tds) when the temperature
is raised (Table 3). As mentioned earlier, it is likely that the
fast dephasing component detected above 68 �C is the soft
segment component that is at or close to the interface of the
hard and soft segments, thus its mobility is restricted by
the adjacent hard segment. The major difference between the
foam samples in Table 3 is the percentage of the fast dephas-
ing (Pf) component at various temperatures. The VOR and
VOR/A-300 have higher Pf than the CNTR at 38 �C (immobi-
lized soft segment). However, at 87 �C the CNTR and VOR/
A-300 have higher Pf than the VOR foam. In fact, solid state
NMR did not detect any restricted phase soft segment (Pf) in
the VOR foam at 87 �C. In other words, the soft segment in the
VOR foam is more mobile than the CNTR and VOR/A-300
foams at 87 �C and also exhibits poorer compression set pro-
prieties at 70 �C. The data suggest that the soft segment of all
these foams obtains additional motional degrees of freedom at
temperatures above 60 �C, and that the affected soft segment is
associated with the polyurea hard segment. Due to this hard
segmentesoft segment interaction, the temperature at which
this motion proceeds is a function of hard segment features
such as volume fraction and degree of phase separation from
soft segment [4,6,7,20,21,43,44].

Consistent with this observation is the relatively strong
correlation between compression set and small angle X-ray
(SAXS) determined d-spacing (Fig. 6); a measure of the
distance between hard segment domains and degree of phase
separation for foams with equal volumes of hard segment. In
these experiments, the hard segment volume (the volume of
water and isocyanate to the overall volume of the solid
mass) was maintained constant so that an increase in d-spacing
correlates directly to enhanced phase separation and increased
hard segment size. The d-space data indicate that foams with
more complete phase separation, and phase separation into
larger domains, are optimized to minimize compression set.
This picture is consistent with polyurethane models in which
hard segments form a co-continuous phase with the soft
segment which is certainly the case in the present foams
having approximately 33% hard segment volume. This co-
continuous hard segment phase not only increases the polymer
modulus but increases the foam’s restoring force to recover its
initial shape. The use of a third phase crystalline component in
thermoplastic polyurethanes has been shown to result in a
similar effect [24,44].

The accumulated data suggest a unique model for molecu-
lar level processes occurring to PU foam under deformation.
The foam at room temperature is conventionally described
as low Tg soft segment and high Tg phase-separated hard
segment. However, the NMR data presented indicate that there
is a third phase of immobilized polyol possessing dynamics at
room temperature more similar to the hard segment. The FTIR
data suggest that this interaction is mediated through hydrogen
bond interactions primarily between the NeH provided by the
urea hard segment, and the non-bonded electrons of the soft
segment ether groups [45]. At elevated temperature and
sufficient deformation, the hardesoft segment interactions
are weakened to the point that large scale flow is initiated
between the phases (Fig. 2). These hardesoft interactions
are enthalpic in nature and their destruction requires a net
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d-spacing from uncorrected spectra (all foams have the same isocyanate index and the same hard segment volume).
input of energy as seen by DSC. If the co-continuous hard
phase does not provide adequate restoring force, the foam
will maintain its new conformation and as the temperature
of the foam decreases new hardesoft segment interactions
may form as shown by the FTIR data. However, if the hard
segment does provide adequate restoring force by such means
as by improved phase separation (as evidenced by larger d-
spacing) then the new hardesoft segment interactions may
be overcome and the foam can resume most or all of its pre-
vious geometry. This compression set model is consistent
with dynamic aspects previously suggested by Koberstein
et al. [4], Wilkes et al. [6,8,21] and Palmer et al. [31], but pro-
vides a more specific physical/structural model, and also pro-
vides evidence of a sensitive threshold behavior for the
processes occurring in a compression set experiment. Initial
deformations occur at the edge because of the two-dimen-
sional restoring forces experienced at the edges as opposed
to the three-dimensional isotropic forces at the center. Further-
more, due to the decreasing restoring force away from the cen-
ter of the sample, it may be that simply changing the geometry
(to thicker sample sizes for instance) may influence the onset
of compression set behavior. In the present case; all the foams
perform in a qualitatively similar manner and accurate mea-
surement of these systems can be extremely sensitive to sys-
tematic errors in temperature and in applied load. The data
from the experiments are consistent with this model, but the
NMR, DSC and FTIR suggest that there is a continuous pro-
cess of weakening hardesoft segment interaction that occurs
before the foams ever evidence their fundamental differences
with respect to the compression set test. The sudden onset
for change in measured compression set suggests however,
that there is a threshold level of hardesoft segment interaction
that must be disrupted before the large-scale motions can com-
mence. Alternatively, it may be that the gross phase structure
that results in compression set changes is most influenced by
the most strongly interacting hard and soft segments interac-
tions that are disrupted at the highest temperatures.

4. Conclusions

The physical phenomena accompanying PU foam compres-
sion reflects the threshold temperature at which interactions at
the hardesoft segment interface are weakened sufficiently to
allow large-scale flow under deformation. These interactions
involve hydrogen bonds between NeH of the hard segment
urea phase with the polyol ether or hydroxyl oxygens.
Changes in the hydrogen bond strength can be followed by
numerous analytical methods, but compression set exhibits
highly nonlinear thermal dependence reflecting a critical de-
crease in phase interaction that must be achieved to result in
permanent deformation. Better hard segment phase separation
allows the foam to re-establish its initial geometry due to the
increased restoring force that thicker hard segment can
provide.
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