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fi brous segments. Sponges are typically 
highly porous and easily permeable by 
gases. Metallization of such sponges could 
give novel polymer/metal composites with 
highly interesting properties for a variety 
of applications, e.g., electrodes in fuel 
cells, membranes, fi ltration, thermal insu-
lation, heating, ultralight constructions, 
and catalysis. Well-established metalliza-
tion techniques for polymer materials 
include physical or chemical vapor deposi-
tion and galvanization. [ 4 ]  These techniques 
are not suitable for achieving high conduc-
tivities by the metallization of macroscopic 
polymer sponges due to their complex 3D 
structure. The in-depth import of metals 
inside the pores of sponges and the forma-
tion of fully covered metal layers on the 
polymer fi brous segments are particular 
problems. A method of choice could be 
wet metallization, also assigned as elec-
troless plating. There are some reports on 
wet metallization of porous polymer sur-

faces following different concepts. For example, gold coating 
of electrospun poly(methyl methacrylate) nonwovens was 
achieved by wet deposition of gold nanoparticles (NPs), which 
yielded conductivities up to 930 S cm −1 . [ 5 ]  Here, copper would 
be more appropriate for many applications. Major pathways 
for copper plating of polymers are based on the treatment 
with copper salts and formaldehyde. [ 6 ]  Wet chemical deposi-
tion of copper, for example, was achieved by treatment of an 
open-cell polyurethane sponge with CuSO 4  and formaldehyde 
under basic conditions using PdCl 2  as an activator. [ 7 ]  Plasmonic 
copper nanoparticle coatings were prepared on silanized glass 
slides following an elegant approach also using CuSO 4  and 
formaldehyde, but gold as seed. [ 8 ]  A number of efforts were 
undertaken using ultrasound for fast electroless plating. [ 9 ]  How-
ever, ultrasound-assisted electroless plating required careful 
adjustment of the ultrasound frequency in order to avoid the 
pitting of the metal surface due to microjetting, which could 
also be a major problem in the absence of ultrasound due to 
evolving hydrogen bubbles. [ 10 ]  The importance of the quality 
of the metal layer obtained by electroless plating on polymer 
substrates corresponds directly with their electrical properties. 
Broken and grainy metal layers or pitted surfaces will reduce 
their electrical conductivity signifi cantly. However, nickel elec-
trodes were produced with polyurethane foams under suitable 
plating conditions. [ 11 ]  The polyurethane foams served as sacri-
fi cial templates. As a result, highly conductive nickel sponges 
with high porosities of up to 98% and pore sizes of several 
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  1.     Introduction 

  Complex polymer structures, such as porous cellular solids, 
offer unique properties for a variety of applications. [ 1 ]  Open cel-
lular solids, also assigned as sponges, are of particular interest 
due to their excellent dimensional stability and open structure. 
Sponges are omnipresent in nature, predominantly in the 
marine environment, [ 2 ]  and as polymeric materials in a variety 
of technical applications. [ 3 ]  In contrast to polymer foams, 
sponges are 3D architectures that are made of interconnected 
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hundred micrometers were obtained which are used as cathode 
current collectors in metal hydride batteries. 

 Open cellular polymers with a spongy structure were 
prepared by a variety of different materials. Highly porous 
poly(styrene-co-acrylonitrile) (SAN) sponges, for example, were 
obtained by foaming with supercritical CO 2 . [ 12 ]  New ultraporous 
open cellular polymer sponges were recently reported, origi-
nating from dispersions of electrospun fi bers. [ 13,14 ]  A very ver-
satile and also technically realized approach to highly porous 
polymer sponges was realized by microwave-assisted mela-
mine-formaldehyde (MF) resin synthesis. [ 15 ]  The MF sponges 
with apparent densities as low as 5.53 mg cm −3  were obtained 
depending on the use of emulsifi ers. Electroless plating of MF 
sponges with AgNO 3  and PdCl 2  as activators yielded silver-
coated sponges with good conductivity ( σ  = 1.6 × 10 3  S m −1 ) 
and good electronic shielding properties, but need surface mod-
ifi cation of the sponge with chromium and tin salts. [ 16 ]  Never-
theless, the realization of dense metal layers on MF sponges 
and in-depth penetration of reactants for homogeneous overall 
metallization of MF sponges of macroscopic dimensions 
remains a challenge and requires a careful balance of the 
plating conditions and choice of activators. The gain would be 
sponges with excellent conductivities which are of interest for 
manifold applications, e.g., as electrodes in microbial fuel cells. 
The effi ciency of metals as electrodes in microbial fuel has 
been recently shown by our groups. [ 17 ]  

 We realized that a complete coverage of the MF sponge 
surface outside and inside of large polymer sponges by silver 
nanoparticles (AgNPs) as activators in combination with a slow 
metallization rate and high concentration of surfactant is cru-
cial for obtaining a dense allover metal layer. This concept also 
prevents the massive evolution of hydrogen bubbles during 
metallization. The hydrogen evolved can prevent in-depth diffu-
sion of fresh plating solution and, hence, provide an inhomoge-
neous coating. Following this concept, large exceptionally con-
ductive (250 S cm −1 ), very fast electrically heatable, thermally 

insulating MF sponges with low density (≈30 mg cm −3 ), super-
hydrophobicity, and high porosity are presented by the metal-
lization of the MF sponge with copper and silver. The effect 
of metallization formulation and plating conditions on metal 
coating thickness and uniformity was studied to provide a facile 
approach and interesting combination of properties in poly-
meric sponge by in-depth metallization.  

  2.     Results and Discussion 

  2.1.     Wet-Chemical Deposition of Copper and Silver 
on MF Sponges 

 Homogeneous wet metallization of MF sponges in order to 
achieve high conductivity was accomplished by successive treat-
ment with poly(4-vinyl-pyridine) (P4VP), AgNP and, fi nally, by 
silver or copper plating solutions, following the scheme shown 
in  Figure    1  . First, MF sponge (MFS-1) was pretreated by a 
methanolic solution of P4VP to form a ligand containing sur-
face on the sponge fi bers. For surface activation and successful 
ligand layer formation, only a monolayer of P4VP is needed, but 
thicker layers do not harm the NP deposition. The treatment 
with P4VP requires only a low concentration of 6.6 mg mL −1  
P4VP in methanol. This layer formation is followed by treat-
ment with a dispersion of AgNP (see Supporting Information 
Figure S1 for AgNP size). The NP loading also can be done 
in situ via reduction of silver salt on the surface of the sponge 
fi bers, but the control of size and shape of the in situ deposed 
NPs is a challenge. Preproduction of NPs provide better con-
trol over morphology of NPs. In this way, NPs of different size 
and shape can be obtained. To achieve a homogeneous deposi-
tion of metal, small AgNP (≈8 nm) were applied to guarantee a 
dense NP loading on the P4VP-coated sponge MFS-2 surface 
and to achieve a localized, catalytic, and very reactive nucleation 
site for the electroless deposition of copper in the next step. 

Adv. Funct. Mater. 2015, 25, 6182–6188

www.afm-journal.de
www.MaterialsViews.com

 Figure 1.    Schematic drawing of the metallization of MF sponges.
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During Ag deposition, NPs act as a seed for growth upon con-
tact to the metallization solution. The idea behind this was that 
at a dense NP loading the necessary growth of particle to form a 
conductive metal layer is small. Without NP the Ag deposition 
occurs only randomly and a conductive layer is formed only 
with a higher amount of Ag than by using AgNP. At the copper 
deposition, the AgNPs catalyze the formaldehyde oxidation 
and according to this the copper deposition at the substrate. 
After covering of the AgNPs with copper, this acts as the cat-
alyst and the autocatalytic copper deposition is started. The 
observed weight gain after P4VP treatment was 3.2 ± 0.6 wt% 
and for AgNP treatment 1.6 ± 1.1 wt%. This shows that only a 
small amount of P4VP and AgNP was needed for the activa-
tion. The deposition of AgNP on the sponges caused a color 
change from white to brown, which remained even after inten-
sive rinsing with water. The metallized sponge (MFS-4) became 
orange in color after the deposition of copper and turned white-
gray after the deposition of silver. The progress of silver and 
copper deposition on sponges was monitored gravimetrically 
and by the increase in conductivity ( Figure    2  A,B). The metal 
deposition on sponges was accompanied by a gradual change 
in the morphology of the metal layer from an open granular 
to a closed dense layer, as observed by SEM ( Figure    3  A–H). 

Compact copper and silver layers were obtained with longer 
reaction times, as seen by cross-sectional cuts of the sponges 
( Figure    4  A,B). In-depth homogeneous coating of copper on 
3D sponge was an unsolved challenge due to the liberation of 
hydrogen gas. The wet metallization on thin 2D substrates and 
foams/sponges with large pores (0.2–0.4 mm) is trivial and very 
well documented in the literature. The plating rate for such 
substrates can be easily increased by higher temperatures or 
faster plating compositions. The same process cannot be easily 
transferred to the MF sponges with macroscopic dimensions 
and pores in the micrometer range. The liberated hydrogen gas 
during wet metallization of copper can plug the pores of the 
sponges and, thereby, prevents the penetration of the reaction 
mixture toward the core, leading to only incomplete coating. 
The small pores themselves only allow slow diffusion of reac-
tion media through the sponge. This problem was overcome 
in the present work by the reduction of the reaction rate using 
a tartrate-based metallization solution and a moderate tem-
perature (45 °C). Another important step was the use of an 
appropriate amount of poly-(ethylene glycol) (PEG) that acts as 
a surfactant and inhibitor to the copper deposition. This sup-
pression of the copper deposition allowed the mass transport 
of reactants and products out of the copper pores and yields 
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 Figure 2.    Weight gain of MFS-4a and MFS-4b due to A) metal uptake by MFS-3 versus reaction time for silver and copper and B) correlation of electrical 
conductivity with metal uptake.

 Figure 3.    SEM images of MFS-4a surfaces after A) 5 min, B) 10 min, C) 15 min, and D) 30 min reaction time with a AgNO 3  solution and of MFS-4b 
surfaces after E) 5 min, F) 10 min, G) 15 min, and H) 30 min reaction time with a CuSO 4  solution.
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copper coatings free of pores. [ 18 ]  An optimized concentration 
of 44 mmol L −1  provided dense in-depth metallization. With 
a concentration of 4.4 mmol L −1  only 50 nm copper particles 
were formed on the fi brous surface. The wet metallization of 
copper in air was also crucial in order to prevent the forma-
tion of upright standing copper plates which were otherwise 
formed under an argon atmosphere (see Supporting Informa-
tion Figure S2). The in-depth deposition of copper was checked 
by mapping the copper thickness by SEM measurement on a 
cross-sectioned sponge. A 10 mm × 10 mm metallized sponge 
(MFS-4b) with 229% copper uptake after 2 h reaction time was 
cut from the middle and checked by SEM ( Figure    5  ). The results 
clearly show the overall presence of copper in the cross-section. 
The copper thickness varies randomly from 450 to 850 nm, 
which provided suffi cient homogeneity for excellent conduc-
tivity. In general, there is no thickness or weight limitation of 
metal loading on the sponges. Longer reaction times should 
lead to a copper layer in the µm range. But after ≈200+ wt% 
uptake of copper, we observed a beginning dendrite forma-
tion. These dendrites are mechanically unstable and not well 
attached to the surface. To avoid copper loss during mechanical 
stress, the reaction was stopped after ≈200 wt% loading. This 
dendrite formation can be avoided by the modifi cation of the 
copper deposition solution, but this has to be developed in fur-
ther research. 

        2.2.     Properties of Sponges MFS-4a and MFS-4b 

 The metallized sponges showed low densities of 31 mg cm −3  
(MFS-4a) and 35 mg cm −3  (MFS 4b) and high porosities of 
99%. The metallization had no impact on the pore size and 
porosity of the sponges (see Supporting Information Figure S3 
for pore size distribution measurement). After metallization, 
for example, the sponge MFS-4b showed nearly the same pore 
size distribution (75 ± 5 µm) as the untreated sponge, MFS-1 
(81 ± 15 µm). 

 In contrast to the uncoated MF sponge (MFS-1), the metal-
lized sponges (MFS-4a and MFS4b) showed high contact angles 
(MFS-4a 151° ± 3°; MFS-4b 152° ± 4°) against water ( Figure    6  ), 
but no sliding of water droplets was observed even when the 
surfaces of the sponges were tilted to 180°. Superhydrophobic 
metal surfaces had been reported previously [ 19 ]  and were attrib-
uted to fractal metal surfaces, which could also apply to the pre-
sent sponges. The observation that water droplets injected into 
the sponges were ejected from the sponges rather rapidly (see 
Video in the Supporting Information) was very interesting and 
had, to the best of our knowledge, never been reported. By con-
trast, MFS-4a and MFS-4b were wetted by oil, which makes the 
sponges also promising membranes for oil/water separation in 
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 Figure 4.    Cross-sectional SEM images of A) MFS-4a and B) MFS-4b after 
120 min reaction time.

 Figure 5.    Proof of in-depth metallization of MFS-4b by SEM. Measure-
ment of copper thickness from a cross-section of 1 cm 3  cubic MFS-4b 
from position 0;0;5 ( X ; Y ; Z ) to 10;10;5 ( X ; Y ; Z ) in 2 mm steps via SEM.

 Figure 6.    Photographs showing water droplets (8 µL) on A) silver-coated 
(MFS-4a) and B) copper-coated ( MFS4b ) MF sponge.

 Figure 7.    Ashby plot showing conductivities of sponges or foams made 
from different materials against their density. 1: graphene polymer 
composite, [ 21 ]  2: graphene aerogel, [ 23 ]  3: multiwall carbon nanotube 
(MWCNT) polyurethane composite, [ 26 ]  4: porous carbon, [ 27 ]  5: CNT and 
porous carbon, [ 27 ]  6: 3D graphene, [ 28 ]  7: polypyrrole polyurethane com-
posite, [ 29 ]  8: polypyrrole poly(vinyl alcohol) composite, [ 30 ]  9: reduced gra-
phene oxide, [ 31 ]  and 10: CNT aerogel. [ 32 ] 
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the future. It is needless to say that copper- as well as silver-
coated sponges are antimicrobial which will be discussed in 
detail in a separate contribution. 

  With the formation of a compact copper layer on the sponge 
fi bers, the conductivity increased exponentially to a value of 
 σ   = 2.4 × 10 4  S m −1  at an uptake of 228 ± 6 wt% of copper 
(Figure  2 B). The fi nal conductivity of MFS-4b is much higher 
than MFS-4a ( σ  = 4.4 × 10 3  S m −1 , 197 ± 5 wt% of Ag). The dif-
ference in the conductivity of MFS-4a and MFS-4b is specula-
tively attributed to crystalline defects in the silver layer due to 
the metallization process, which were reported previously. [ 20 ]  
However, the conductivity of MFS-4a is still several magni-
tudes higher compared to graphite-modifi ed polymer sponges 
(7 S m –1 ) or sponges made of carbon nanotubes (CNTs) 
(59 S m −1 ), [ 21,22 ]  and is comparable to that of graphene aerogels 

(1 × 10 2  S m −1 ) [ 23 ]  or graphene/poly(dimethyl siloxane) composites 
(1 × 10 3  S m −1 ). [ 24 ]  The conductivity of MFS-4b is many times 
higher than CNT and graphene-based polymer sponges and 
aerogels. A comparison of the conductivity of metallized MF 
sponges obtained in the present work in comparison to literature 
values based on carbon, graphene, conductive polymer-based 
composites, foams/sponges, and aerogels is shown as an Ashby 
plot in  Figure    7  . The copper-coated MFS-4b stands out for its 
exceptionally high conductivity ( σ  = 2.4 × 10 4  S m −1 ) and for very 
low density. Interestingly, the electrical conductivity of sponge 
MFS-4a was also high enough to operate a multiple light-emit-
ting diode (LED) device in a sandwich setup ( Figure    8  A). 

   Sponge MFS-4a with 200 wt% uptake of Ag showed with 
dimensions of 25 mm × 5 mm × 50 mm with a fi xed current 
signifi cant electrical heating and cooling within a few seconds 
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 Figure 8.    A) Photograph of LED sandwich setup of MFS-4a. B) Time–temperature plot of MFS-4a with current fl ow and after switching off the current. 
C,D) Photograph and infrared camera image of MFS-4a at a power of 1 W. Photograph of sponges MFS-1, MFS-4a, and ground MFS-1 on a heating 
plate at 100 °C and corresponding infrared camera image is shown in (E) and (F).
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when the current was turned on-off (Figure  8 B). Heat produced 
at the sponge by 4.4 and 1 W meant that it could be heated to 
90 and 37 °C, respectively, in 19–20 s, as visualized by infrared 
camera (Figure  8 C,D). Similar to other porous materials on 
aerogel basis, [ 25 ]  MFS-4a also displayed heat insulating proper-
ties similar to the uncoated sponges (MFS-1) (Figure  8 E,F). By 
contrast, a ground sample of MFS-1 showed no heat insulation 
(Figure  8 F). The oxygen content of a 134 wt% copper-loaded 
sponge was determined via energy dispersive x-ray spectroscopy 
(EDX). The results show that nearly no oxygen is detectable. But 
for sponges with less copper content the amount of oxygen can 
be higher caused by higher surface roughness (see Supporting 
Information Figure S4 for EDX measurement). After metalli-
zation, the polymer template of the metallized sponges can be 
removed by heating them in air above 400 °C. We performed a 
TGA experiment where the sponges are heated to 500 °C and 
kept there for 30 min. The copper-coated sponge oxidized to 
copper oxide that was successfully reduced in an ethanol atmos-
phere at 400 °C. The Ag-coated sponge template is also removed 
with this procedure but the silver coating melted to droplets that 
are interconnected to the template structure. Both polymer-free 
metal sponges were very brittle and are damaged on touching 
with tweezers (see Supporting Information Figure S5 for SEM 
measurements).   

  3.     Conclusion 

 Homogeneous deposition of AgNPs on MF sponges allowed 
the deposition of thick and persistent silver and copper layers. 
The critical factors for obtaining in-depth homogenous metal-
lization of 3D sponges of macroscopic dimensions are the 
slow plating rate realized by low temperature and by the use 
of tartrate as a ligand, careful degassing, an optimum amount 
of PEG, and metallization in air. The metal-coated sponges 
showed exceptional electrical conductivities of up to  σ  = 
2.4 × 10 4  S m −1  and tolerated currents of up to 10 A. Without 
current fl ow, the sponges were thermal insulators, which 
makes them of particular interest as thermal devices. The large 
contact angles of the metallized sponges against water were an 
unexpected feature, which is of interest for oil/water separa-
tion. Water droplets injected into the core of metal-coated MF 
sponges were rapidly ejected, which should prevent unwanted 
water uptake and, thereby, fouling. Antifouling is also sup-
ported by the inherent antimicrobial properties of silver and 
copper. The concept applied for metallization could be trans-
ferred to many other porous systems and to other metals for 
the generation of various highly functional materials with 
numerous applications.  

  4.     Experimental Section 
  Materials : AgNO 3  (p.A., Acros), α- D  (+) glucose (99+%, Acros),  D/L  

tartaric acid anhydrous (>99%, Fluka), NaOH (≥98%, Sigma-Aldrich), 
NH 4 OH (24 wt%, Sigma-Aldrich), ethanol (absolute, 99.9%, VWR), 
sodium citrate (98%, Acros), NaBH 4  (≥96%, Fluka), CuSO 4 ·5H 2 O (99+%, 
Acros), potassium sodium tartrate tetrahydrate (Acros), formaline 
(37 wt%,), PEG 400 (Fluka), pyridine (anhydrous, 99.8%, Aldrich), P4VP 
( M  w  = 160 k, Aldrich), MF sponge (MFS-1) (Flexolan e.K, Germany), and 

water (Mili Q plus freshly prepared) was used as received. Methanol 
(tech.) was distilled before use. 

  Preparation of Silver Nanoparticle Suspension : AgNPs (8 nm) were 
prepared using a procedure in the literature with slight variations. [ 33 ]  
In brief, an amount of 42 mg (0.247 mmol) AgNO 3  and 65 mg 
(0.252 mmol) sodium citrate were dissolved in 1000 mL water in a 
1000 mL Schott fl ask and stirred for 1 min. Subsequently, 0.55 mg 
(0.015 mmol) NaBH 4  dissolved in 3 mL water was injected via pipette 
into the solution and stirring was continued for another 2 min. The 
resulting AgNP suspension was stored at 4 °C until use. 

  Surface Modifi cation of MFS-1 with P4VP : The P4VP (100 mg) was 
dissolved under stirring in 15 mL methanol (6.6 mg mL −1 ). An MFS-1 
cube (10 mm × 10 mm × 10 mm) was immersed into the solution 
and stirred for 1 min. The sponge was placed on fi lter paper and the 
methanol was pressed out of the sponge until no further liquid was 
observed on fresh fi lter paper. After this, the P4VP-coated sponge was 
dried in vacuum at 80 °C and designated as MFS-2. 

  Loading of MFS-2 with AgNP : MFS-2 was immersed in 10 mL of a 
0.2 × 10 −3   M  AgNP dispersion. After this, the solution was degassed 
twice at 1 mbar until the solution began to boil. The sponge was left 
in AgNP dispersion for 24 h under shaking. The AgNP suspension was 
renewed every 24 h for four times until the sponge was fully covered 
with NPs. The resulting P4VP/AgNP-coated sponge is designated as 
MFS-3. 

  Wet-Chemical Deposition of Silver on MFS-3 : The Ag deposition 
formulation was made according to the literature reported previously, 
with some variations. [ 34 ]  In brief, the Ag deposition suspension was 
prepared using three different solutions in different steps: 

   1.    Solution 1 was prepared by dissolving 5 g AgNO 3  in 100 mL of water. 
  2.    Solution 2 was prepared by dissolving 0.05 g NaOH and 8.2 mL of 

ammonia solution (25 wt%) in 100 mL of water. 
  3.    Solution 3 was prepared by dissolving 0.4 g  D/L  tartaric acid, 2.75 g 

α- D  (+) glucose, and 10 mL of ethanol in 100 mL of water.   

 In order to achieve metallization, 1 mL of Solution 1 was mixed with 
1 mL of Solution 2 and combined with 2 mL of Solution 3 in a 10 mL 
glass fl ask with a magnetic stirring bar. MFS-3 was placed in the fl ask, 
shaken, and carefully degassed with heating to 50 °C. Sponge samples 
were taken at different time intervals and rinsed with water. The wet 
sponges were placed on fi lter papers for predrying, followed by drying at 
80 °C in vacuum to yield silver-coated MFS-4a. 

  Wet-Chemical Deposition of Copper on MFS-3 : The copper deposition 
solution was prepared as reported previously with modifi cations. [ 35 ]  
In brief, an amount of 2.5 g (10 mmol) CuSO 4 ·5H 2 O was dissolved in 
100 mL water in a 250 mL volumetric fl ask, followed by dissolution of 
6.25 g (22 mmol) potassium sodium tartrate tetrahydrate. Subsequently, 
2.5 g (62 mmol) NaOH, 500 mg (11.35 mmol) PEG, 15 mg pyridine, and 
7.5 mL formaline (37%) were dissolved in the solution. The fl ask was 
fi lled up to 250 mL and the solution was homogenized by shaking. 

 For the deposition of copper on MFS-3, 20 mL of the solution 
prepared above was poured into a 40 mL glass fl ask which had a 
magnetic stirring bar and a venting hole in the lid. MFS-3 was placed 
in the fl ask and the same procedure as for Ag deposition was applied 
at a water bath temperature of 45 °C. The copper-coated sponges are 
designated as MFS-4b. 

  SEM Measurements : A LEO 1530 SEM wit Oxford 6901 EDX detector 
was used to obtain images of the surface of the silver and copper 
coatings prepared on the sponges and to measure EDX spectra. For 
SEM, the samples were covered with 2 nm of platinum via a sputter 
coater 208 HR from Cressington; for EDX, the samples were uncovered. 
The samples were glued onto sample holders with water-based 
conductive carbon glue prepared in our lab. 

  Analysis of Resistivity of MFS-4 : In order to analyze resistivity, MFS-4 
was pressed between two parallel copper plates (each 1 mm thick) that 
were connected to a Keithley 2420 High-Current Source Meter. Prior 
to measurement, the system resistivity of the wires and plates were 
collected and subtracted from the measured values of the system and 
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the sponges. Three samples were measured from all three sides for 
every data point and a mean value was calculated. 

  Current Source Heating and Isolation Measurement : A DF-3010 lab 
power source with a fi xed current of 5.2 A (1 W) and 10.34 A (4.4 W) was 
used for heating up the metal-covered sponge. An MR 3001 K magnet 
stirrer with hotplate from Heidolph was used to measure the isolation 
behavior of metal-coated, uncoated (MFS-1), and ground sponges. The 
hotplate was set to 100 °C. The weight of the ground sponge was the 
same as that of the unground sponge. The temperature of the sponges 
from both tests was measured with a SAT HotFind infrared camera from 
ICOdata GmbH with an emission coeffi cient set to 1.0. 

  LED Lightning Device : A sandwich of two sponges (MFS-4a) was used 
to light up the LEDs. An array of 8 AA alkaline batteries that delivered 
12 V was used to connect one sponge positive and one negative. The 
wires of the LEDs (12 V, Winger) were cut so that one was isolated and 
only reached the lower level sponge. The other wire was cut shorter 
and was insulated so that it could only be connected to the upper level 
sponge. The same procedure was applied to connect the batteries to the 
sponges. 

  Contact Angle Measurement : The advancing contact angles were 
measured at 20 °C using a drop shape analyzer DSA25S from Krüss. 
Drop size was controlled to 8 µL. The Young–Laplace fi t was used with 
ADVANCE software 1.1.0.2 from Krüss for the calculations. 

  Pore Size Determination : The pore size distribution of MFS-1 and 
MFS-4b was measured with a pore size meter (PSM 165/H) from Topas 
with Topor as the test liquid. 

  TGA Measurement : The thermal degradation of the metallized 
sponges was performed with a Libra F1 Tg-209 TGA from Netsch at 
10 K min −1  from 20 to 500 °C with a 30 min plateau at 500 °C at an 
airfl ow of 20 mL min −1 .  
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 Supporting Information is available from the Wiley Online Library or 
from the author.  
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