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ABSTRACT Ultralow-density (<10 mg cm ) materials have many important
technological applications; however, most of them were fabricated using either
expensive materials or complicated procedures. In this study, ultralight magnetic

Fe,05/C, Co/C, and Ni/C foams (with a density <5 mg cm—>) were fabricated on the

centimeter scale by pyrolyzing commercial polyurethane sponge grafted with

polyelectrolyte layers based on the corresponding metal acrylate at 400 °C. The ultralight foams consisted of 3D interconnected hollow tubes that have a
diameter of micrometer and nanoscale wall thickness, forming hierarchical structures from macroscopic to nanometer length scales. More interesting was
that the wall thickness and morphology of the microtubes could be tuned by controlling the concentrations of acrylic acid and metallic cations. After
modification with low-surface-energy polysiloxane, the ultralight foams showed superhydrophobicity and superoleophilicity, which quickly and selectively
absorbed a variety of oils from a polluted water surface under magnetic field. The oil absorption capacity reached 100 times of the foams' own weight,
exhibiting one of the highest values among existing absorptive counterparts. By controlling the composition and conformation of the grafted
polyelectrolyte layers, the present approach is extendable to fabricate a variety of ultralow-density materials desirable for absorptive materials, electrode
materials, catalyst supports, etc.

KEYWORDS: ultralight magnetic foams - polyelectrolyte-grafted PU sponge - 3D interconnected microtubes -
hierarchical architecture - superhydrophobicity - oil—water separation

Itralow-density (<10 mg cm~3) ma-

terials have many important appli-

cations in the fields of sound and
energy absorption, electrode materials, ther-
mal management, and catalyst supports.'?
Until now, only a few existing materials show
a density below 10 mg cm 3, including silica
aerogels (=1.0 mg cm™3),>** carbon nano-
tube (CNT) sponges (5.8 mg cm>),® hybrid
graphene/CNT foams (6.9 mg cm 3),° CNT
aerogels (4.0 mg cm3),” graphene foams
(0.16—5.0 mg cm 3),2~"" nickel microlat-
tices (0.9 mg cm™),'> and aerographite
(0.18 mg cm3)."® However, most of these
ultralight materials were fabricated using
either expensive materials or complicated
procedures, limiting their mass production
and practical applications. In addition, ex-
cept for metal microlattices,'? all of the
ultralight materials exhibit random cellular
architectures and high surface area, which
decrease some mechanical properties such
as stiffness and strength. Therefore, it is
important to explore a facile and versatile
strategy capable of fabricating ultralight
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materials, as well as tailoring their proper-
ties and morphologies, but it remains a
challenge.

From the standpoint of material design,
building hierarchical structures (e.g., from
millimeter to micrometer and nanometer
scales) is a crucial step for ultralight material
synthesis.">'* In this regard, a commercial
polyurethane (PU) sponge might be a desir-
able template for fabricating ultralight ma-
terials because it possesses millimeter-level
pores and micrometer-scale interconnected
skeletons.'® But how to use a PU sponge as
a versatile template for ultralight material
synthesis has not been reported up to now.
A main challenge is to construct a homo-
geneous, continuous, and mechanical ro-
bust nanostructure capable of forming a
3D porous hierarchical architecture at dif-
ferent length scales, as well as avoiding
the collapse of the architecture after the
removal of the sponge template.

Here, we reported a facile and versatile
approach to fabricate ultralight magnetic
foams using a commercial PU sponge as a

VOL.7 = NO.8 = 6875-6883 = 2013 ACS\]A

* Address correspondence to
pangme@hit.edu.cn.

Received for review April 24, 2013
and accepted July 22, 2013.

Published online July 22, 2013
10.1021/nn4020533

©2013 American Chemical Society

NS
AN | 6875

WL

WWwWWw.acsnano.org



P
lEhe
i

PU sponge

ultralight magnetic foam

Scheme 1. lllustration of the fabrication of ultralight magnetic foams from a polyacrylic acid (PAA)-grafted polyurethane
sponge. The foams were constructed from 3D interconnected microtubes having nanoscale wall thickness.
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Figure 1. Optical image (a), XRD pattern (b), TG curve (c), and room-temperature magnetization hysteresis curve (d) of the as-
prepared ultralight Fe,05/C foams. The density of the foam is 3.9 mg cm 3. A piece of ultralight Fe,05/C foam could be
manipulated by a magnet bar (e) and stand on a dandelion (f).

template for the first time. Monolithic ultralight Fe,03/
C, Co/C, and Ni/C foams were synthesized through the
calcinations of the PU sponges grafted with corre-
sponding poly(metal acrylate) layers at 400 °C
(Scheme 1). The resulting foams exhibited hierarchical
structures constructed by 3D interconnected micro-
tubes that have a diameter of 40—50 um and wall
thickness of 190—300 nm, making them one of the
lightest magnetic materials ever reported.'®~2? In this
study, we successfully addressed the collapse chal-
lenge associated with 3D interconnected microtubes,
as well as tuned the morphologies of the microtubes
by elaborately controlling the composition and con-
formation of the grafted polyelectrolyte layers. Applica-
tion of these novel ultralight foams was demonstrated
by fast and selective removal of oils from a water
surface under magnetic field. Although porous mag-
netic foams were fabricated in recent studies,'® =% they
rarely exhibited hierarchical structures built from 3D
interconnected microtubes with controllable wall thick-
ness and morphology. The densities of these foams
were either not presented®~?® or higher than tens of
mg cm™>."722 Moreover, the application of superhy-
drophobic ultralight magnetic foams in oil—water

CHEN AND PAN

separation was rarely investigated. With an elaborate
choice and combination of polyelectrolyte layers and
ions, this strategy might synthesize monolithic ultra-
light foams of varying constituents and properties.

RESULTS AND DISCUSSION

In order to obtain an ultralight magnetic material, we
used a commercial polyurethane sponge as a template.
At first, the surface of the PU sponge was homoge-
neously grafted with poly(acrylic acid) through cerium-
(IV) ammonium nitrate (CAN)-catalyzed polymeriza-
tion,”® as illustrated in Scheme 1. The presence of
grafted poly(acrylic acid) was confirmed by XPS and
contact angle measurements (Figure S1, Supporting
Information). After cation exchange and coordination
with Fe*", Ni*", and Co?" as well as subsequent cal-
cinations at 400 °C, monolithic magnetic foams at
centimeter scale were obtained. Figure 1a shows a
typical photograph of the as-prepared Fe,05/C foams.
They are completely black and still keep a sponge-like
appearance (Figure S2a—S2c and Figures S4a—5Sa in
the Supporting Information). A closer look reveals that
these foams are constructed of a 3D interconnected
network. The chemical compositions of the foams
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Figure 2. SEM images of the ultralight Fe,05/C foams. (c) Cross-section image of a microtube. The concentrations of acrylic
acid and Fe(NOs); for the foam synthesis were 1.0 wt % and 0.02 mol L7, respectively.

were identified by XRD measurements (Figure 1b and
Figure S3a in the Supporting Information), confirming
the presence of Fe,05; and metallic Ni and Co phases
as well as amorphous carbon. Notably, in the case of
Fe,053/C foams, calcinations at a temperature higher
than 400 °C induced a phase change from Fe,Os to
Fe30, and FesC. TGA measurements revealed that the
foams contain 14—78 wt % amorphous carbon phase
(Figure 1c and Figure S3b,3c in the Supporting
Information). The magnetic properties of the ultralight
foams were measured at room temperature. Fe,03/C
foams show superparamagnetism and have a satura-
tion magnetization (M) of 17.2 emu g~ (Figure 1d).
Co/C and Ni/C foams exhibit weak ferromagnetic pro-
perties because they show coercive forces of 150.5 and
300.6 Oe as well as remanent magnetization of 0.03
and 0.95 emu g_1, respectively (Figures S4d and S5d,
Supporting Information). Therefore, the magnetic
properties of the ultralight foams make them capable
of being manipulated by a magnet bar (Figure 1e,
Figures S4e and S5e, Supporting Information). The den-
sity of the foams was measured to be 3.9 (Fe,05/C), 4.0
(Co/C), and 4.4 (Ni/C) mg cm ™3, which is comparable to
the reported ultralight aerogels'>~>"33%3" byt is about
10 times lower than those of other ultralight magnetic
foams (Table S1, Supporting Information) including
Nd,Fe,4B-SiO, aerogels (140—200 mg cm3),'® hybrid
inorganic—organic magnetic foams (50—70 mg cm3),"”
and monolithic Ni-SiO,, Fe,03/Fe304—SiO,, and Ni-
Fe,0,4—SiO, nanocomposites (50—60 mg cm—).'® As a
result, a piece of the ultralight Fe,0s/C foams could
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effortlessly stand on a dandelion (Figure 1f). The BET
surface areas of the foams are 89.5 m? g~' (Fe,05/Q),
83.4 m? g~ (Co/Q), and 934 m? g~ (Ni/C), which are
much less than those of ultralight aerogels having
cellular architectures."*>'"13 The above results de-
monstrate the possibility of fabricating ultralight mag-
netic foams by using a commercial PU sponge as a
template.

The microstructures of these ultralight foams were
investigated by scanning electron microscope (SEM)
observations. SEM images in Figure 2a,b show that
the foams are built from corrugated hollow microtubes
to form a 3D interconnected architecture (also see
Figures S4b and S5b, Supporting Information).
Although the microtubes have a diameter of 40—50
um, their wall thickness is only 200—300 nm (Figure 2c,
Figures S4c and S5c, Supporting Information), forming
hierarchy structures at both nanometer and micrometer
scales. The surface of the microtubes has a roughness on
the nanoscale (Figure 2d). As a result, the architecture
of the foams can be divided into three levels of length
scales, millimeter (pore), micrometer (hollow tube), and
nanometer (hollow tube's wall), making them much
lighter than other lightweight magnetic materials.’®~2
Further investigation on the microtubes by transmission
electron microscopy (TEM) shows that they are composed
of amorphous carbon and nanoparticles of a few tens of
nanometers in grain size, forming a typical nanocompo-
site structure (Figure S6, Supporting Information).

It was revealed that the density of the Fe,03/C foams
could be tuned by simply controlling the amount of
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grafted polyacrylic acid (PAA) and concentration of
Fe(NOs)s. Table 1 shows the densities of the Fe,05/C
foams fabricated from different concentrations of ac-
rylic acid and Fe(NOs)s. As expected, increasing acrylic
acid content as well as Fe(NOs); concentration leads
to a higher density. In comparison, the concentration
of acrylic acid exerts a more significant impact on the
density than that of Fe(NOs)s.

SEM observations show that the variation of the
foams' density is related to the wall thickness of the
interconnected microtubes. From the SEM images in
Figure 2 and Figure 3a—c, one can find that the wall
thickness of the microtubes decreases from 650 nm to
279 and 190 nm as the concentration of Fe(NOs)s is
lowered from 0.05 mol L™ to 0.03 and 0.01 mol L',
respectively. Similar trends are also observed for the
Fe,03/C foams prepared from different concentrations
of acrylic acid (Figure 3d—f). For example, the micro-
tubes of the Fe,03/C foams exhibit a thickness of
1.82 um when the content of acrylic acid is 5.0 wt %,
while the value is only 568 nm when the concentration
decreases to 3.0 wt %, indicating that reducing AA

TABLE 1. Effect of the Concentrations of Acrylic Acid (AA)
and Fe(NO3); on the Density (mg cm3) of Fe,03/C Foams

concentration of Fe(NO;);/mol L~

0.01 0.02 0.03 0.04 0.05

concentration of AA/wt % 1.0 33 3.9 42 6.6 6.6
20 63 78 95 104 133
3.0 83 8.0 8.4 10.7 13.6
40 87 106 122 130 151
50 168 187 177 255 320

concentration is beneficial for the formation of thinner
walls. SEM images also indicate that AA concentration
has a greater influence on the wall thickness of the
microtubes compared with that of Fe(NOs)s.

However, collapse of the 3D interconnected micro-
tubes occurred when the content of acrylic acid was
decreased to 0.5 wt %. No monolithic foams but rather
a powder-like solid was obtained in this case. More
interestingly, SEM observations reveal that the mor-
phologies of the microtubes can also be tuned by the
concentration of acrylic acid. Figure S7 shows that the
edges of the microtubes display a periodically wrinkled
pattern as the acrylic acid concentration is increased
to 4 and 5 wt %, forming a sharp contrast with those
of the counterparts synthesized from low AA content
(e.g., 2 wt %). The wavelength of the surface wrinkles is
on the order of micrometers. These results indicate the
important role of the grafted poly(acrylic acid) in the
morphology and density of the ultralight foams.

On the basis of the above results, a unique formation
mechanism of the ultralight foams is proposed in
Figure 4. In this study, the role of PU sponge is to act as
the template for the formation of a 3D interconnected
porous architecture, which means that the mechanical
stability and morphology of the microtubes strongly
depend on the thickness and microstructure of the grafted
polyelectrolyte layer. Since a poly(acrylic acid) layer
grafted to a sponge's skeleton is a kind of polyanionic
brush containing carboxylic groups, its conformation
and surface properties depend upon temperature and
solution compositions such as pH, concentration, and
type of salts.3>*3 In the absence of the metal nitrates,
poly(acrylic acid) stretched its polymer chain away
from sponge skeleton due to the electrostatic repulsion

Figure 3. Effect of Fe(NOs); (a—c) and AA (d—f) concentrations on the wall thickness of the microtubes of Fe,03/C foams. The
concentrations of Fe(NOs); were (a) 0.01 mol L™, (b) 0.03 mol L™*, and (c) 0.05 mol L', and the concentration of AA was fixed
at 1.0 wt %. The concentrations of AA were (d) 3.0 wt %, (e) 4.0 wt %, and (f) 5.0 wt %, and the concentration of Fe(NO5); was
fixed at 0.02 mol L.
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Figure 4. Schematic illustration for the formation mechanism of microtubes and surface wrinkles.

between adjacent negative-charged carboxyl groups,
exhibiting a chain-expansion (or swelling) state.3* Then
the stretched polymer chain shrunk into a “collapsed
state” as metal ions were added to the solutions due to
the counterion screening effect,® leading to the con-
densation or enrichment of metal ions within the
polymer layer. In the presence of polyvalent metal ions
such as Fe*™, the chain shrinkage was significant due to
the strong charge neutralization caused by the coordi-
nation between the carboxylic group and the cations.>®
In this case, the carboxylic group of poly(acrylic acid)
not only strongly attracted®” but also coordinated with
positively charged metal ions*® when the grafted
sponge was immersed in the aqueous nitrate solutions.
After the cation exchange and coordination reactions, a
relatively rigid poly(metal acrylate) layer was formed on
the surface of the sponge. Then the polymeric precursor
was converted to 3D porous foams where the basic
structure is hollow microtubes after calcinations at
400 °C. Therefore, the mechanical stability of the inter-
connected microtubes depends on the thickness
and integrity of their walls. For the grafted sponge
prepared from high AA concentration, a sufficient poly-
(metal acrylate) layer was converted to form homo-
geneous, continuous, and mechanically robust microtubes,
resulting in monolithic ultralight foams after the removal
of the sponge template. On the contrary, no continuous
and strong microtubes were formed to construct a
mechanically stable 3D interconnected architecture
when the acrylic acid content was lower than 0.5 wt %.

The formation of surface wrinkles is due to the fact
that the poly(acrylic acid) layer is grafted to the
sponge's skeleton. In the case of a high concentration
of metal nitrate, more metal ions were captured by
the carboxylic group of the PAA, forming a more
rigid poly(metal acrylate) layer. Stress accumulation
within the poly(metal acrylate) layer happened after
the evaporation of water.?® Because the poly(metal
acrylate) layer was grafted to the underlying PU
sponge, a lateral compressive stress was produced
to counterbalance the layer expansion,®® resulting in
periodic wrinkles on the sponge’s surface. The buckled
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polymeric layer was converted to the corresponding
surface wrinkles in the subsequent calcination process.
Because wrinkling behavior occurs only when the
magnitude of the compressive stress exceeds a critical
value for a thin rigid film tightly bound to a compliant
underlying substrate,>**° the thickness of the grafted
polymeric layer is a crucial factor for wrinkle formation.
As a result, no wrinkled morphology was observed for
the Fe,05/C foams synthesized from low AA content.
It should be noted that these wrinkled microtubes are
beneficial for mechanically strengthening the foams.
Therefore, the present results provide a simple and
general strategy to control the constituents, morphol-
ogy, and density of the ultralight foams by tuning the
conformation and chemical composition of the grafted
polyelectrolyte layer. Although the density and mechan-
ical durability of the present foams are not as desirable
as those of the reported graphene aerogel,® " metallic
microlattices,'? and aerographite,'® they still have the
advantages of easy synthesis, low cost, and controllable
microstructure. We believe that further improvements
in the properties such as conductivity, stiffness, and
chemical resistance will make the foams attractive multi-
functional materials.

Application of Ultralight Foams for Oil—Water Separation.
Application of these ultralight foams was investigated
in the field of water—oil separation. In order to increase
the selectivity of the foams for water—oil separation,
the surface of the ultralight Fe,03/C foams was changed
to superhydrophobic (water-repellent) and super-
oleophilic (oil-absorbing) by treating with methyltri-
chlorosilane.*’ The contact angle of the modified foams
for water and lubricating oil is 152° and 0°, respectively
(Figure 5a,b). In fact, a flow of water bounced off the
surface of the foams, and no water droplets were left
on their surface after the siloxane modification. On the
contrary, oils were rapidly absorbed by the foams in a
few seconds, indicating that the modified foams can
selectively separate oils from water. The selective ab-
sorption behaviors for oils and water are ascribed to the
superhydrophobic and superoleophilic properties of the
foams' surface, which originate from the hierarchically
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Figure 5. Contactangle of a water (a) and oil droplet (b) on the surface of the superhydrophobic Fe,05/C foams. (c) Removal of
lubricating oil from the surface of water by a piece of superhydrophobic foam under magnetic field; the lubricating oil was
dyed blue to aid observation. Mass-based (d) and volume-based (e) absorption capacities of the superhydrophobic magnetic
foams (with a density of 8.9 mg cm~3) for oils and nonpolar solvents.

wrinkled structures coated on the microtubes,*? as well
as low-surface-energy polysiloxane coatings formed
through the hydrolysis of methyltrichlorosilane.*'

The modified foam absorbed a variety of oils in-
cluding crude oil, bean oil, lubricating oil, and hexane
more than 89.3, 102.6, 101, and 61.8 times its own
weight, respectively, depending on density, viscosity,
and surface tension of the absorbed liquids (Figure 5¢,d).
The oil-absorption capacities are much higher than
other reported porous materials such as PU sponges
(13—26 times),**** organic nanocomposites (2—14
times),**~*® 3D macroporous Fe/C (4—10 times)*
graphene/a-FeOOH aerogel (12—27 times),*® and nano-
cellulose aerogels (20—40 times)>' but are close to
spongy graphene (20—86 times),>> carbon nanotube
sponges (80—180 times),> and hybrid graphene/CNT
foams (80—130 times),® indicating that the present
foams exhibit one of the highest mass-absorption va-
lues. Since mass-based absorption capacity is strongly
affected by the density of oils and absorbing materials,”’
we also used volume-based absorption capacity (Vou/Vs)
to characterize the absorptive capability of the ultralight
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foams. As shown in Figure 5e, the volume absorp-
tion capacities of the present foams for oils are higher
than 71.3%, indicating that almost the whole volume
of the foams is used for oil storage. These values are
comparable to those of high-capacity carbonaceous
materials such as CNT sponges (70—140% for hexane
and 60—120% for chloroform),® nanocellulose aerogels
(80% for hexane and 70% for chloroform)' and
N-doped graphene frameworks (78.1% for gasoline),
but are higher than carbon ultralightweight aerogels
(25.6% for crude oil and 5.9% for toluene)."" Notably,
carbon ultralightweight aerogels have a mass absorp-
tion capacity 200—600 times their weight. Therefore,
although the present foams exhibit a lower mass-based
capacity than their ultralight carbonaceous counter-
parts,>®'" they still show one of the most efficient space
utilizations for oil absorption.

The reason for the high oil-absorption capacity is that
oils are mainly stored in the millimeter pores formed
by the superoleophilic walls of the interconnected
microtubes. Moreover, the interconnected micro-
tubes also provide additional space for oil storage,
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contributing to a high volume-based absorption capacity.
Capillaries are believed to be the force driving the oils into
the foams' bulk. The capillary flow is further strengthened by
the superoleophilic interconnected microtubes when the
oils spread into the inner pores of the foams, resulting in a
high absorption capacity.*'** Interestingly, the foams could
also be easily driven to the oil-polluted region by a magnet
bar due to their magnetic properties, providing a facile and
energy-saving method to collect oils from a polluted water
area.>® Therefore, the superhydrophobic magnetic foams
display high oil-absorption capacity, high separation effi-
ciency, and magnetic actuation. These interesting and
important properties make the foams a kind of promising
oil-absorbent material capable of quickly cleaning large-
area oil spills. In addition, compared with the existing high-
capacity absorptive materials such as graphene and CNT
foams,*®~'" the present foams were fabricated through a
simple procedure using commercially available materials,
which is suitable for large-scale production.

CONCLUSIONS

In summary, we demonstrated a novel and general
method for fabricating ultralow-density (down to

MATERIALS AND METHODS

Materials. Polyurethane sponges were supplied by Qingdao
Yuquan Sponge Product Co., Ltd. (China). Potassium peroxydi-
sulfate (K;S,0g), cerium(lV) ammonium nitrate (Ce(NH,),-
(NO3)e), nitric acid (HNO3), acrylic acid (AA), iron(lll) nitrate
nonahydrate (Fe(NOs)3-9H,0), cobalt nitrate hexahydrate
(Co(NOs)3-6H,0), and nickel nitrate hexahydrate (Ni(NOs)s-
6H,0) were purchased from Tianjin Kermel Chemical Reagent
Co., Ltd. (China), and all were used as received.

Preparation of Ultralight Magnetic Foams. Polyurethane sponges
(3 g) were cutinto pieces of 2.5 cm x 2.0cm x 1.5 cm in size, and
then the sponge pieces were treated with 300 mL of a 10 wt %
aqueous solution of K,S,0g for 5 h at 80 °C. The resulting
sponges were rinsed with hot deionized water several times.
The as-prepared sponges were put into a 400 mL agqueous
solution containing 0.02 mol L™ cerium(IV) ammonium nitrate,
0.2 mol L™ nitric acid, and 1 wt % acrylic acid at 50 °C for 4 h in
an Ar atmosphere; then the sponges were washed with 80 °C
hot water for 24 h (the water was changed every 5 h) to remove
homopolymer.

The modified sponges were dipped in 0.02 mol L™ aqueous
solutions of Fe(NOs)3, Co(NO3),, and Ni(NOs),, respectively. This
process induced a cationic exchange reaction so that metal ions
were strongly bound to carboxylic functionalities of poly(acrylic
acid).®® After being dried at room temperature, the resulting
sponges were sintered at 400 °C for 1 h in an Ar atmosphere
to obtain ultralight magnetic Fe,05/C, Co/C, and Ni/C foams.
A family of Fe,05/C foams were fabricated by varying the
concentrations of acrylic acid (1—5 wt %) and Fe(NOs)3 (0.01—
0.05 mol L™") The density of the ultralight foams was calculated
by the ratio of the weights to the geometric dimensions, which
included the weight of entrapped air.

Preparation of Superhydrophobic Magnetic Foams. The obtained
Fe,03/C foams were dipped in a hexane solution of 2% (v/v)
methyltrichlorosilane for 0.5 h and then dried at 80 °Cfor 12 h to
prepare superhydrophobic magnetic foams.

Characterizations of the Ultralight Magnetic Foams. The morphol-
ogies of the foams were observed using a FEI Quanta 200
scanning electron microscope. X-ray diffraction (XRD) analysis
was performed on a Shimadzu XRD-6000. Transmission electron
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33mg cm™3) magnetic foams on the centimeter scale,
as well as the oil—water separation properties of the
foams. A unique structural characteristic of the foams is
the 3D interconnected microtubes having a nanoscale
wall thickness, making them one of the lightest mag-
netic materials ever reported.'®2? Structural features
of the foams (such as density, wall thickness, and
morphology of microtubes) were dependent on the
composition and conformation of the grafted poly-
electrolyte layers, which could be simply tuned by
controlling the concentrations of acrylic acid and metal
nitrates. After being treated with methyltrichlorosilane,
the resulting foams selectively adsorbed a wide range
of oils and nonpolar solvents from the polluted water
surface by a magnetic force and exhibited one of the
highest oil-absorption capacities among the reported
counterparts.*’ ~>3 Because of the easy availability of
raw materials and the simple fabrication process, the
present finding offers a versatile strategy for the
synthesis of ultralow-density foams that have potential
applications as high-rate electrode materials, catalyst
supports, thermal and acoustic insulation, templates
for material synthesis, electromagnetic absorption, etc.

microscopy images were recorded on a Philips CM300 FEG.
Brunauer—Emmett—Teller (BET) surface area of the foams was
measured by using a Micromeritics ASAP 2020. Thermogravi-
metric analysis (TGA) was measured by a Netzsch STA-449F3 in
air flow. X-ray photoelectron spectrum (XPS) measurement
was conducted on a PHI-5700ESCA. The contact angles of the
foams were measured by an OCA20 (Dataphysics Instruments).
Magnetic properties of the ultralight foams were investigated
on a magnetometer (Quantum Design MPMS XL).

0il—Water Separation Experiments. Oils including lubrication oil,
bean oil, and gasoline were dyed blue and then poured onto
a water surface in a container. Superhydrophobic magnetic
foams were put onto the surface of the water—oil mixtures. The
oils were quickly absorbed into the open pores of the foams
manipulated by a magnet bar. The oil-absorption capacity K
of the foams was calculated by the ratio between the max-
imum absorbed oil quantity my; and the foams' mass ms
(i.e., K=myy/my). Then the volume-based absorption capacity
was given by the equation Ve;/Vs = (Moiof/(Meooi),*® where p¢
and p.; are the density of the magnetic foams and the oils,
respectively.

Conflict of Interest: The authors declare no competing
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angles of the pristine and PAA-modified sponges, optical
and SEM images of the pristine and PAA-modified sponges,
XRD patterns and TG curves of the ultralight Co/C and
Ni/C foams, optical and SEM images of the ultralight Co/C
and Ni/C foams, TEM images of the ultralight Fe,03/C, Co/C,
and Ni/C foams, densities of the reported low-density mag-
netic foams, SEM images of the microtubes of the Fe,05/C
foams prepared from different concentrations of acrylic
acid. This material is available free of charge via the Internet
at http://pubs.acs.org.

Note Added after ASAP Publication. This manuscript posted
ASAP on July 25, 2013. Panel C in Figure S1 of the Supporting
Information file was replaced and the revised version was
reposted on August 2, 2013.
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