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Abstract
Fluid transport behavior inside polymer foams (polyHIPEs) templated from high-internal-phase emulsions (HIPEs) has 
been studied. Morphological properties of the foams were controlled through shearing their precursor emulsions for 
varying durations. Two types of flow, Darcy flow through the filled foam, and capillary imbibition into unfilled foams, 
have been studied. From permeability measurement, the size of the interconnections (windows) between the voids of 
the polyHIPE was found to provide the appropriate characteristic length to describe Darcy flow. For capillary imbibition, 
liquid/foam interaction effects were studied under two wetting conditions: silicone oil in which the oil readily spreads 
(at a vanishing contact angle) on the struts within the foam; and, using water and foams coated with various amount of 
surfactant where the liquid only partially wets the surface. For capillary imbibition, the dominant morphological feature 
was also the window size when the internal surfaces of the foam have a macroscopically uniform wettability for the liq-
uid. The Lucas–Washburn analysis was found to well describe imbibition rates in this case. However, when the internal 
surfaces of the foam have a non-uniform wettability (due to a non-uniform deposition of surfactants), the concentration 
and distribution of surfactants plays a large role in determining imbibition kinetics.
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1 Introduction

PolyHIPEs are open-cell polymeric foams fabricated by 
polymerizing the continuous phase of high internal phase 
emulsions (HIPEs). Because the dispersed phase within 
HIPEs exceeds 74% by volume, polyHIPE foams not only 
have high porosity but also have good interconnectivity 
(via windows) between neighboring voids. Recent stud-
ies have demonstrated the potential of polyHIPEs as scaf-
folds in tissue engineering [18, 19, 23], for oil-spill recovery 
[31], and as supports or membranes in separations and 
absorption [21]. Typical applications of polyHIPEs involve 
the transport of fluid within the porous structure, which 
depends on two families of parameters. One relates to the 

morphological properties of polyHIPEs (i.e., porosity, void 
size and interconnect/window size and size distribution) 
while the other relates to the interaction of polyHIPE mate-
rial with the fluid (the wetting of the material by the fluid) 
[13, 20, 25]. For separations-related applications, morpho-
logical properties are usually more important than inter-
facial interactions and wettability because the polyHIPE 
is typically saturated with fluid, and the flow will be one 
phase. However, for applications that involve two-phase 
flow such as in oil recovery and absorbing where there 
may be multiple fluid phases, both the polyHIPE morphol-
ogy and polymer-fluid interactions matter.

It has been shown that the morphological properties of 
the polyHIPEs can be controlled by the HIPE emulsification 
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process [5]. For example, in a water-in-oil emulsion, the 
effect of water-to-oil phase ratio [16], emulsifier content [28] 
and shearing conditions on the final polyHIPE foam have 
been investigated in various studies. The polyHIPE struc-
ture can be further tuned after polymerization by methods 
like hyper-crosslinking [24]. Although polyHIPEs with vari-
ous structures have been fabricated, only a few studies [30] 
investigated fluid transport in the Darcy flow regime and 
therefore understanding of the influence of polyHIPE mor-
phological properties on fluid transport behavior in other 
than Darcy flow (e.g., in capillary imbibition) is incomplete. 
Furthermore, to our best knowledge the effect of polyHIPE 
surface wettability on fluid transport behavior has not been 
reported. Elucidating these fundamental aspects of the 
transport behavior within polyHIPEs forms the objectives 
of this study.

Through controlling morphological parameters of poly-
HIPEs, this paper provides fundamental understanding of 
the fluid flow behavior in polyHIPEs in Darcy flow and cap-
illary imbibition in which the Washburn–Lucas analysis is 
typically applied to investigate the fine structure of porous 
medium [14]. In addition, the interaction of the polyHIPE 
with infiltrating liquids was controlled through the use of 
emulsifiers and thus capillary imbibition under wetting or 
partial wetting conditions were investigated.

2  Experimental

2.1  Materials

The oil phase for the emulsions was prepared from a mix-
ture of 2-ethylhexyl acrylate (2-EHA), 2-ethylhexyl meth-
acrylate (2-EHMA) and ethylene glycol dimethacrylate 
(EGDMA) (which acts as the crosslinker) in a ratio of 2:2:1. 
The monomers were purchased from Sigma-Aldrich and 
used as received. A 7:1 mixture of nonionic (polyglycerol 
succinate, PGS) and ionic (ditallow dimethyl ammonium 
sulfate, DTDMAMS) surfactants was used at a total con-
centration of 7 wt%. Deionized water, purified to a con-
ductivity below 15 µS/m was used for the aqueous phase. 
Sodium chloride (NaCl, 2 wt%) was added to the aque-
ous phase, as was the initiator sodium persulfate (NaPS, 
0.33 wt%). The initiator was purchased from Sigma-Aldrich 
and used as received. Silicone oils for the imbibition 
tests were kindly supplied by Dow-Corning and used as 
received.

2.2  Methods

2.2.1  Emulsion preparation

The emulsification process was described in detail in a pre-
vious work [10]. In brief, emulsions were prepared using a 

bench-top batch process in which the temperature of the 
system was maintained at 50 °C using a heating jacket. The 
aqueous phase, preheated to 50 °C, was added into the oil 
phase dropwise by hand and mixed utilizing an overhead 
mixer. Emulsion samples were collected into centrifuge 
tubes and polymerized at 85 °C for 4 h. With the aim of 
varying the emulsion droplet size, the shearing time was 
varied from 5 to 30 min. Since both the shearing time 
and aqueous-to-oil-phase ratio were varied, the samples 
were coded in the format RxxMxx where R indicates the 
aqueous-to-oil-phase ratio and M gives the mixing time in 
minutes. For example, R19M10 represents the emulsion/
foam having an aqueous-to-oil-phase ratio of 19 prepared 
by mixing for 10 min.

2.2.2  Foam morphology

Foam morphologies were observed using a JEOL JSM-
6510LV scanning electron microscope (SEM). The voltage 
was adjusted between 15 and 30 kV to get proper images 
for the window sizes and the void sizes separately. The 
samples were previously washed with deionized water-
isopropanol-deionized water by Soxhlet extraction for 
24 h each, and subsequently freeze-dried in order to avoid 
any deformation of the foam morphology. The samples 
were cut with a razor blade and were subsequently coated 
by depositing a thin layer of gold using a Hummer 6.2 
Anatech Ltd. sputter system in a nitrogen atmosphere. 
To obtain information on the void and interconnecting 
window diameters, three SEM micrographs with differ-
ent magnifications were used for each foam sample and 
the image processed using ImageJ software. At least 300 
voids/windows were sampled for each micrograph. The 
void diameter was characterized in terms of both the 
number-average diameter (D10) and Sauter-mean diam-
eter (D32) according to:

where di are the individual void/window diameters inter-
preted from the SEM micrographs and ni is the number of 
that specific void or window size in the micrograph. The 
Sauter-mean diameter gives more weight to the larger 
voids within the polyHIPE foams, and this measure is com-
monly used to characterize emulsions. The breadth of the 
distribution of void or window sizes in the polyHIPE is 
characterized by the polydispersity index (PDI) defined by:
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In order to interpret SEM micrographs properly, it is nec-
essary to employ a statistical correction because the two-
dimensional images of the voids being analyzed may show 
a cross-section at a random position relative to the center of 
the void. As shown in Fig. 1a, assuming a random cut with 
a distance ri from the center of the “sperical” void, the corre-
sponding radius seen in the image is rs . The assumption of 
a random cut through the radius promises the equal prob-
ability of ri between 0 and R0 , thus the expectation of the 
average radius from a random cut is given by:

 
Thus, the most likely diameter of a void that appears in 

the SEM micrograph to have diameter dSEM is di = 4dSEM/π.
The correction factor for the the window size is different 

from that for the void size. As shown in Fig. 1b asuming that 
the distribution of windows is isotropic around the void sur-
face, the projection of a circular window onto the 2-D SEM 
image will be a ellipse and the projected area is given by:

where cos � is defined as the ratio of minor and major axis 
of the ellipse and θ ∈

[

0,
�

2

]

 . The expectation of the win-

dow area is thus given by:

(3)PDI = D32∕D10

(4)E
(

rs
)

=
∫
R0
0

√

R2
0
− r2

i
dri

∫
R0
0

dri

=
�

4
R0

(5)Aprojection = cos�Awindow

The window size is computed as the radius of the circle 
that has equivalent area to the window seen in the image. 
Thus, the most likely size of the window (Dw) is related to 
the apparent window size (Dapp,w) from the SEM micro-
graph, by Dw = Dapp,w

√

�∕2.

2.2.3  Foam density

The density of the various polyHIPE foams was measured 
according to a standard procedure (i.e. ISO 845) involv-
ing direct measurement of the mass and volume of the 
samples.

2.2.4  Foam mechanical properties

In order to determine the degree to which the polyHIPE 
deformed or compressed in the fluid flow experiments, 
the Young’s modulus of the foams was measured from a 
stress–strain curve in uniaxial compression test using an 
Instron 1101 platform operated at 1 mm/min. Foam sam-
ples were cut into 25-mm diameter, 10-mm thick discs for 
mechanical testing. The modulus was extracted from the 
linear region of the stress–strain curve.
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Fig. 1  Definition of geometric 
variable for computing the 
relationship between: a the 
radius of a void (R0) and the 
apparent radius (rs) seen in a 
SEM image and b a circular 
window on a void and its pro-
jection based on viewing angle
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2.3  Permeability measurement

The water flux passing through thin polyHIPE foams was 
measured under various applied pressure drops. For this 
purpose, polyHIPE foams were cut into thin (1–3 mm thick) 
discs. Samples to be tested were then clamped between 
a glass filtration set, as is depicted schematically in Fig. 2. 
The bottom piece of the filtration set is a fritted-glass 
base (4.8 mm in thickness) and the top piece is a glass 
tube filled with water. The pressure drop across the foam 
was achieved by using a range of heights (0.1–1.5 m) of 
the water column in the tube and a funnel with a large 
cross-sectional area to maintain a constant water- column 
height. Water was replenished into the funnel at a cer-
tain time interval to maintain a uniform driving pressure. 
The effective cross-sectional area subjected to flow was 
equal to the fritted-glass base area, which was 2.2 cm2. At 
least three different pressure gradients were selected for 
each foam sample and data from three foams were aver-
aged for each flow condition. The pressure applied to the 
foams was selected according to the foam compression 
stress–strain curve and under all the pressures the foam 
was compressed to no more than 5% strain. The foams 
were saturated with water throughout the process. Water 
fluxes were plotted against pressure drops across the foam 

and the slope of the curve was extracted for the perme-
ability calculation.

The overall permeability for the complete experimen-
tal assembly is given by Eq. 8 [6] where V̇  is the observed 
volumetric flow rate, A is the flow cross section area, Kt is 
the overall permeability, ΔP is the pressure drop across the 
foam, μ is the liquid viscosity and Lt is the overall length of 
the flow path through the foam and fritted-glass support.

The permeability for the fritted-glass member (Kg) was 
measured in a separate experiment without foam present, 
which resulted in Kg = 132.0 × 10−13m2. This value is at least 
one order-of-magnitude larger than the foam permeability 
(Kf). In an experiment involving foam, since the flow passes 
through the foam and fritted-glass support in series, the 
various permeabilities are related to the known values of 
foam thickness (Lf) and glass thickness (Lg) through:

Once Kf is determined, the flow channels within the 
polyHIPE can be associated with a characteristic hydrody-
namic radius (r) calculated from [12]

where ∅ is the porosity and � is the tortuosity factor calcu-
lated from the porosity [1].

Since the foams were fully saturated with the DI water 
before and during the test, the results of the permeability 
experiments provides information on only the foam mor-
phological properties.

2.4  Spontaneous imbibition measurement

The uptake of liquid into polyHIPE foams by capillary 
action was monitored using a home-built setup illus-
trated schematically in Fig. 3. PolyHIPE foams were cut into 
25-mm diameter and 10-mm (or 5-mm for some samples) 
height discs. These were placed into open-ended plastic 
(machined from 50-ml centrifuge tubes) sleeves and then 
held facing downward vertically to a stand resting on a 
balance (Mettler Toledo). Subsequently, the bottom of 
the foam sample was brought into contact with the pool 
of test liquid. The accumulated weight of the penetrat-
ing liquid was monitored by the balance and recorded 
by computer. The raw liquid-uptake data was corrected 
for buoyancy effect from the reservoir of test liquid. The 
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Fig. 2  Schematic illustration of the experiment to measure perme-
ability
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imbibition weight was then plotted against the square 
root of time and the slope of the linear region from the 
curve was extracted to calculate the characteristic capil-
lary diameter. For the silicone oil imbibition test, the foams 
were washed separately with DI water and isopropyl alco-
hol (IPA) for 24 h by Soxhlation to strip off any residual 
electrolyte and surfactants and then dried in convection 
oven at 65 °C for 24 h. For water imbibition tests, additional 
surfactant was added to the polyHIPE foams by soaking 
them with various concentration of PGS (in IPA) solutions 
followed by squeezing. This process was repeated three 
times and subsequently the squeezed foams were dried 
under vacuum at room temperature. The physical proper-
ties of the silicone oils used in this study were measured 
and compared with the manufacturer-supplied data.

3  Results

3.1  Variation of foam morphology

The morphology of the foams results from the competition 
between the mechanisms of droplet breakup and coales-
cence within the parent HIPE, both of which are affected 
by the balance between the shearing forces applied to 

the suspension and interfacial effects which dictate the 
stability of the suspension [11, 26]. In practice the emul-
sion morphology could be tuned by varying the strength 
of shear applied. However, in this study, droplet size was 
controlled by varying the mixing time during emulsifica-
tion. Also, it was found that the polydispersity in droplet 
size was reduced by increased shearing time.

Figure 4 shows typical morphology of polyHIPE foams 
templated from the HIPEs. As shown in Table 1, polyHIPE 
foams with average void sizes from 36.2 to 13.9 µm were 
achieved. The average window size was also found to be 
reduced from 9.4 to 4.2 µm as the shearing time for the 
emulsion was increased. The ratio of average void to win-
dow diameter remained very similar for all the foams at 
around 3.3.

3.2  Darcy flow through polyHIPE foams

A typical set of results for the water flux as a function of 
pressure drop across the foam is shown in Fig. 5. A similar 
linearity was found for all foams tested in this work, and 
thus Darcy’s law applies to the polyHIPE foams.

Table 2 summarizes the measured foam permeability 
and the hydrodynamic diameter (DK) calculated from the 
permeability through Eq. 10. Also included in Table 2 is 
information on the window size within the foam as deter-
mined from the SEM micrograph analysis ( D32,w ). Note the 
excellent agreement between DK and D32,w . This consist-
ency confirms the validity of SEM image analysis method 
used in this work and demonstrates that the critical mor-
phological parameter controlling Darcy flow in polyHIPEs 
is the window size.

3.3  Spontaneous imbibition in polyHIPEs

The imbibition of liquid into a porous medium is char-
acterized by a penetration distance h that scales with 
the square root of time <h> ~ t1/2 according to the well-
known Lucas–Washburn (L–W) law [17, 27] (although Bell 
and Cameron [2] studied this phenomenon earlier). In the 

Fig. 3  Schematic illustration of the experiment to measure sponta-
neous imbibition

Fig. 4  Typical polyHIPE morphologies for R19 foams: a M = 1 min, b M = 5 min, c M = 30 min
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present work, two scenarios were studied. One is the case 
of perfect wetting in which the liquid (silicone oil) interacts 
well with the struts within the polyHIPE, while the other is 
the partial-wetting case in which the wetting of the liquid 
(water) on the struts of the polyHIPE is controlled by coat-
ing with a surfactant.

A scaling analysis demonstrates the expected appli-
cability of the Lucas–Washburn (L–W) analysis to the 
imbibition process. The L–W analysis has been reported 
to be inaccurate when either gravity [15] or fluid iner-
tia plays an important role [7] in the imbibition process. 
The dimensionless groups relevant to capillary imbibi-
tion are defined in Eqs. 11–14. Table 3 shows definitions 

and estimates of the relevant physical parameters. The 
Bond number (Bo) [8] represents the relative importance 
of gravity to surface tension and was calculated to be on 
the order of  10−5 in the current experiment setup. The 
Weber number (We) represents the relative importance 
of inertia to surface tension and is calculated to be on 
the order of  10−7. The critical radius for inertia to be sig-
nificant in capillary rise (Rc) was proposed by Hamraoui 
and Nylander [9] and was calculated to be 2.5 mm for 
the oil used, which is much larger than the typical void/
window sizes in the foam. The capillary number (Ca) was 
calculated to be on the order of  10−3 which is obviously 
the dominant force compared with gravity and inertia.

Given these results, the standard L–W analysis should 
be applicable to capillary imbibition within polyHIPE 
foams. Thus, the mass imbibed (m) is predicted to be 
given by:

(11)Bo =
(� − �air)gD

2

�
= 4 × 10−5

(12)We =
�v2R

�
= 4 × 10−7

(13)Rc = 2

(

� cos � �2�2g3
)0.2

�g
= 0.0025m

(14)Ca =
�v

�
= 5 × 10−3

Table 1  Processing 
parameters, morphological 
properties and mechanical 
properties for polyyHIPE foams

t emulsion mixing time, D32,v Sauter-mean diameter of voids, D32,w Suter-mean diameter of windows, 
PDI polydispersity index, E Young’s modulus of the dry foam, S yield strength of the dry foam

Sample t(min) D32,v (µm) PDI D32,w (µm) PDI E (kPa) S (kPa)

R19M05 5 36.2 ± 2.3 1.26 9.4 ± 0.7 1.22 277 ± 11 29.4 ± 1.0
R19M10 10 22.4 ± 3.4 1.20 6.9 ± 0.5 1.21 256 ± 35 32.7 ± 0.4
R19M15 15 16.5 ± 0.9 1.12 6.4 ± 0.6 1.07 293 ± 7 34.2 ± 0.3
R19M30 30 13.9 ± 0.9 1.18 4.2 ± 0.4 1.16 291 ± 15 37.3 ± 0.2
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Fig. 5  Typical Darcy flow results. The foam sample was R10M10

Table 2  Characteristic hydrodynamic diameters from the perme-
ability tests (DK) and window size by SEM analysis ( D32,w)

Foam Permeability 
(× 10−13 m2)

DK (µm) D32,w (µm)

R10M05 16.9 ± 0.5 9.2 ± 0.4 9.4 ± 0.7
R19M10 7.5 ± 0.4 6.1 ± 0.2 6.9 ± 0.5
R19M15 4.8 ± 0.2 5.2 ± 0.3 6.4 ± 0.6
R19M30 3.0 ± 0.3 3.8 ± 0.2 4.2 ± 0.4

Table 3  Parameters used in the scaling analysis

Physical properties Characteristic value

Capillary diameter (D) 10 µm
Capillary length (L) 1 cm
Liquid density (ρ) 961.2 kg/m3

Liquid viscosity (μ) 0.106 Pa s
Liquid surface tension (γ) 21 mN/m
Infiltration velocity (v) 1 mm/s
Acceleration of gravity (g) 9.8 m/s2
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where ρ is the liquid density, A the cross sectional area, ϕ 
the foam porosity, Swf the foam saturation by the infiltrat-
ing liquid in volume percent, Swi is the initial saturation, 
μ the viscosity of the liquid, γ the liquid surface tension, 
and θ the contact angle between the liquid and solid. Also, 
reff is the effective average radius of the flow channels in 
which the imbibition occurs.

3.3.1  Silicone oil imbibition

The excellent wetting of the polymer polyHIPE foam mate-
rial by the silicone oil is demonstrated by observation of 
the rapid spreading of a liquid drop on the flat polymer 
substrate (prepared by bulk polymerization of the mon-
omer mixture) as shown in Fig. 6. The vanishing contact 
angle demonstrated that silicone oil wets the polymer 
material perfectly. This is consistent with the fact that the 
silicone oil used here has a surface tension of 21 mN/m 
(measured by the Wilhelmy plate method) while the poly-
mer has a reported surface energy of 30 mN/m [29].

Typical capillary imbibition data for silicone oil into 
a polyHIPE foam are shown in Fig. 7. The linear correla-
tion between mass imbibed and the square root of time 
throughout the whole capillary rise process indicates that 
the flow behavior agrees with the standard assumptions 
in the L–W analysis.

In the L–W analysis, the structure of a porous media is 
depicted as an array of capillary tubes [3], the diameter 
of which determine the infiltration rates. The effective 
diameter for imbibition within the polyHIPE can be calcu-
lated using Eq. 15 [4] from the slope of the imbibition-rate 
curves. The results were found to be internally consistent 
between the three cases, with less than a 5% standard 
deviation between them.

To further test this result, polyHIPE foams with various 
window sizes (R10M05-M30) were tested with 100 cSt sili-
cone oil, which was chosen to enable experiments with 
a duration long enough for precision, but short enough 
to allow for multiple trials, with individual trials typically 

(15)m2 =
�2A2�2(Swf − Swi)

2a3reff � cos �

2��2
t

lasting 5–60 min. Figure 8 shows the effective diameter 
calculated from the imbibition results, and compares those 
results to the effective hydrodynamic diameters deter-
mined from the permeability tests, and the mean window 
size from the imaging studies. Interestingly, it was found 
that the effective hydrodynamic diameter matches more 
closely the window size rather than the void size, which 
suggests that the region of greatest hydrodynamic resist-
ance (the windows) within the foam governs the imbibi-
tion process.

The degree of saturation indicated how much of the 
available pore space is filled by the penetrating liquid. 
None of the foams tested in this study showed a 100% 
saturation by the silicone oil. As shown in Fig. 9, the data 
suggests a correlation between saturation and the shear-
ing time used during emulsion preparation. With an 
increase in the mixing time, the polydispersity of emul-
sion droplets decreases, as does the void and windows 
size. This leads to a more uniform penetration through the 
porous foam by the silicone oil. Although the macroscopic 
transport during imbibition is vertically upwards, there will 

Fig. 6  Spreading of the silicone oil on the polymer substrate in bulk form

Fig. 7  Spontaneous imbibition test using three silicone oils with 
10, 100 and 1000 cSt kinematic viscosity. The foam sample was 
R40M05
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be transverse flow occurring due to the presence of many 
windows distributed around each void. This may lead to 
the entrapment of air (and correspondingly less than 100% 
saturation) as is depicted schematically Fig. 10. The infil-
trating liquid will preferentially pass through the larger 
channels (i.e., those voids with larger windows). This will 
eventually lead to a preferred flow path, and potentially 
trapping air pockets within the foam. Thus, the saturation 
data can be an indirect indication of the pore connectiv-
ity within the foam as experienced by the capillary driven 
flow.

3.3.2  Partial wetting‑water imbibition

To study the imbibition of water, R19M10 foam was cho-
sen because of the convenience of processing. Figure 11 
shows the typical water spontaneous imbibition into 
R19M10 polyHIPE foams which were treated with various 
amounts of surfactant. The sample with no added emul-
sifier did not imbibe water. For all of the other samples, it 
was found that the slope of the imbibition curves gradu-
ally increased with time. During these experiments, it 
was observed that the water tends to penetrate into the 
foams faster near their periphery and slower near their 
center, as is illustrated in Fig. 12. The uneven imbibition 
front was found to continue developing until it reached 
the top surface of the sample. To minimize this effect, the 
thickness of the samples used in the imbibition tests was 
limited to 5 mm (sample diameter of 25 mm).

Figure  13 shows the slope of the imbibition rate 
curves (known as the Washburn coefficients) as a func-
tion of the added surfactant content. The imbibition rate 
was found to increase with the surfactant content up to 
around 25 wt% but then decreases for higher concen-
trations. This result is attributed to the non-uniformity 
of the surfactant deposit within the foam. Thin polymer 
films under 100 nm may undergo dewetting on the sub-
strate [22]. Given the internal surface area of the foams, 
and assuming a uniform layer of the surfactant on all of 
the internal surfaces, it is possible to compute an effec-
tive film thickness as a function of overall surfactant 
concentration. For a sample with 1.5 wt% emulsifier, 
a coating of 4 nm (and thus non-uniform deposits of 
the surfactant) would be expected. Increasing the sur-
factant concentration at low levels of surfactant should 
be expected to lead to better wettability. However, for 
15 wt% surfactant added, the deposited layer would be 
45 nm. At these higher surfactant concentrations, depos-
its may block windows within the foam, thus leading to 
decreased imbibition rates.

Fig. 8  Comparison of the effective hydrodynamic diameters from 
the imbibition and permeability studies with the mean window 
size determined from the imaging studies for four polyHIPE foams, 
R19M05, R19M10, R19M15, and R19M30
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Fig. 9  Saturation data for silicone oil in foams prepared with vari-
ous water-to-oil ratios and shearing times. The porosity of each 
series of foams is indicated (in parentheses) within the legend

Fig. 10  Schematic depicting the entrapment of air during the imbi-
bition process
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4  Conclusions

The droplet size within HIPEs can be controlled by vary-
ing the mixing time during the emulsification step, and 
thus the polyHIPE foams templated from the HIPEs can 
have a controlled void and window morphology.

For the permeability studies in the Darcy flow regime 
wherein the foams were fully saturated with the liq-
uid, measurement of foams with various morphologies 
revealed that the window size is the characteristic length 
scale that determines the hydrodynamic resistance to 
flow.

In capillary-pressure driven infiltration, wetting of the 
foam polymer by the liquid plays a significant role: for 
liquids that spread on the polymer, the flow behavior in 
the present study is well described by the Lucas–Wash-
burn law and reveals that the window size is the charac-
teristic diameter governing fluid transport. However, as 
the polydispersity of the void size increases, the satura-
tion of the foams decreases due to bypassing flow which 
entraps air pockets. For the partial wetting scenario, cap-
illary infiltration behavior deviates from the Lucas–Wash-
burn law because of the non-uniform surface wettability.
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Fig. 11  Imbibition of water into R10M10 foams prepare with various surfactant content

Fig. 12  Schematic illustrating the non-uniform infiltration front 
observed during the imbibition experiments
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Fig. 13  Washburn coefficients resulting from the imbibition studies 
of water into foams with various surfactant contents
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