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Hydrophobic modification of sodium alginate (SA) foams via a simple freeze-drying and post
cross-linking induced by zirconium (Zr) ions was developed. All results demonstrated that Zr ions not
only constructed surface microstructure but also lowered surface energy of foams, leading to the
hydrophobic character. Hydrophobic and oleophilic foams showed excellent adsorption capacities for dif-
ferent oils and organic solvents (11.2–25.9 g/g). Furthermore, SA solution can be also coated on porous
substrates, such as melamine sponges (MS) and Nylon strainers (NS), to give hydrophobic modification
by Zr ion crosslinking. These excellent performances made them a promising for oil adsorption and
cleanup.

� 2018 Elsevier Inc. All rights reserved.
1. Introduction

Water contaminants caused by frequent oil spill or organic con-
taminants from petrochemical, textile, food, steel and metal finish-
ing, have severely jeopardized animals, plants and human beings
[1,2]. To date, numerous strategies such as physical adsorption,
in situ combustion, biodegradation, filtration membranes, have
been applied to remove oil spills [3,4]. Among them, adsorption
is always viewed as a promising technique because of its high
efficiency, low cost and easy operation [5,6]. In the past few years,
actived carbon, zeolite, clay, and carbon nanotubes have been used
as effective adsorbents for oils and organic solvents cleanup [7–9].
However, these traditional composites are powdery and difficult to
be separated and recovered in industrial applications [10]. More-
over, they may generate secondary pollutants due to itself leakage,
particularly in flowing streams [10,11]. Recently, various wettable
materials especially three-dimensional (3D) adsorbent materials
have become one of the most attractive materials for oil-spill
cleanup [12].

To effectively separate oil from water, oil absorbents possess
hydrophobic and oleophilic property [13]. In general, low surface
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energy and rough micro-/nanostructure were key prerequisites to
construct hydrophobic surfaces [14,15]. According to above princi-
ple, much significant efforts have been devoted to developing oil
adsorbents using common strategies including dip-coating method
[16], spray-coating method [17], solvothermal method [18] or
in situ growth method [19]. In our previous work, we demon-
strated hydrophobic modification of melamine sponge (MS) using
poly(furfuryl alcohol), forming a hydrophobic layer via dip-
coating method [20]. These as-obtained MS exhibited excellent
adsorption capacities for various oils and organic solvents (75–
160 g/g). In another typical example, Zhu et al. fabricated superhy-
drophobic foams with graphene via one-pot thermal reduction
method [21]. During the thermal reduction process, reduced gra-
phene oxide (rGO) was self-assembled on 3D skeletons, and thus
surface energy and roughness were improved dramatically.
Although these extraordinary materials have shown a promise
for oil treatment, there are still some challenges and drawbacks
to be overcame, such as using expensive modifying agents, slow
biodegradability as well as environmental problems caused during
the preparation process. In this respect, novel biomass-based oil
adsorbents materials have become a rising star because of their
extensive sources, renewability and biodegradability [18,22]. As a
significant example, Feng et al. prepared centimeter-sized porous
carbon spheres oils adsorbent via carbonization of the fruit of Liq-
uidambar formosana [23]. Remarkably, it has been recognized as a
good choice to develop hydrophobic biomass-derived adsorbents
for oil/water separation applications [24,25].

Sodium alginate (SA) consists of b-(1-4) linked D-mannuronic
acid (M unit) and a-(1-4) linked L-guluronic acid (G unit), arranged
in blocks aboundant in G units (. . .GGGGG. . .), blocks abundant in
M units (. . .MMMMM. . .), and blocks of alternating G and M units
(. . .GMGMGM. . .) [26,27]. Furthermore, it is a low-cost, non-toxic,
and renewable polysaccharide containing many functional groups
(e.g. ACOONa and AOH) [28,29]. It can also form hydrogels by
ionotropic gelation with divalent ion (Ca2+, Cu2+, Pb2+, Cd2+, Ba2+)
[18,30,31], trivalent ions (Ce3+, Al3+, Fe3+) [32–34], quadrivalent
(Zr4+) [35,36] and even free metal ions (hydrochloric acid, oxalic
acid) [37]. However, the hydrophobicity of SA crosslinked by Zr4+

was ignored owing to micron size and oxygen-containing groups.
Recently, we have synthesized 3D alginate-based foams via Ca2+

crosslinking for heavy metal ions (Cu2+, Cd2+) removal [38]. Unfor-
tunately, Ca2+-induced SA foams were intrinsically amphiphilic
absorbents, usually absorbing both water and organic chemicals
simultaneously. So it was restricted for selective oil adsorption
from water with high efficiency.

In this work, we offered a new strategy to design hydrophobic
SA foams for oils adsorption by ionic crosslinking method. Ampho-
teric SA-Ca foams were crosslinked with Zr ions to improve
hydrophobic property. To our knowledge, ion-induced hydropho-
bicity in SA-Ca foam has not been reported previously. The
hydrophobicity of SA-based foams is characterized by Scanning
electron microscopy, X-ray photoelectron spectroscopy and Four-
ier transform infrared spectra. Furthermore, the versatility of SA
was demonstrated as well. Hydrophobic performance and oil
adsorption capacity of porous substrates, such as MS and Nylon
strainers (NS), coated with SA hydrophobic coatings were also
investigated.
2. Experimental section

2.1. Chemicals

Sodium alginate (analytical reagents, SA) was purchased from
Sinopharm Chemical, China. Zirconyl chloride octahydrate (ZrOCl2-
�8H2O) was obtained from Shanghai Titan, China. Anhydrous
calcium chloride (analytical reagents, CaCl2) was purchased from
Xilong Scientific Co., Ltd., China. Nylon strainers with 180 mesh
were obtained from local supermarket. Commercial melamine
sponges (LD-1539F, 8 � 5 � 2.5 cm3) were bought from Ledian
householship store, Zhejiang, China.

2.2. Synthesis of sodium alginate-based foams

3D hydrophobic SA foams were fabricated as follows. 1 g of
SA was dissolved in 25 ml of deionized water to form clear
and viscous slurry. Then SA slurry was injected into a cubic
mould with a size of 1 � 1 � 1 cm3 by a syringe, followed by
lyophilization overnight to prepare SA foams. Subsequently,
these obtained SA foams (1 g) were impregnated in 200 ml of
CaCl2 solution (5 wt%) and kept for 4 h to develop calcium algi-
nate (SA-Ca) foams. The perpared foams were washed several
times with deionized water to remove residual CaCl2 solution.
After that, SA-Ca foams were soaked in 200 ml of ZrOCl2�8H2O
solution (3 wt%) and maintained for 4 h for the crosslink reaction
at ambient temperature. The resulting foams were obtained after
washing until the pH of solution from acidity to neutrality and
then freeze-dried again, and it was denoted as SA-Ca-Zr foams.
SA-Zr foams were synthesised by the same method as above
without using CaCl2 solution.

2.3. Characterizations

Surface functional groups of composite materials were detected
by a Fourier transform infrared spectra (FTIR) spectrophotometer
(Thermo Electron Nicolet-360, USA). The surface morphologies
and micro-/nanostructures were recorded by scanning electron
microscopy (SEM) utilizing a FEI-Quanta200 (America). Elemental
analysis was explored using Energy-dispersive X-ray spectroscopy
(EDX) attached to the microscope. Contact angle analysis
(JC2000D1, Shanghai Zhongchen Digital Technic Apparatus Co.,
Ltd., China) was used to measure the surface wettability of
samples. The surface chemical bonds was studied with X-ray
photoelectron spectroscopy (XPS, AXIS UltraDLD, Japan).

2.4. Measurement of porosity of SA-Ca-Zr foams

SA-Ca-Zr foams were completely immersed in absolute ethanol
for about 1 min and then removed for measurement [39]. The
porosity of SA-Ca-Zr foam was calculated as follows Eq. (1):

Porosity ð%Þ ¼ ðm�m0Þ=ðq� vÞ � 100 ð1Þ
where m0 (g) and m (g) stand for the mass of foam before and after
ethanol saturation, respectively. q is the density of absolute ethanol
(0.789 g/cm3), and v represents the bulk volume of the SA-Ca-Zr
foam.

2.5. Oil and organic solvent adsorption

All kinds of organic solvents andoils suchas dimethylformamide,
n-hexane, acetone, chloroform, toluene, tetrachloromethane, paraf-
fin liquid, cyclohexane, ethyl alcohol and soybeanoilwereemployed
in this work to evaluate adsorption capacities of modified foams by
weighingmethod. In brief, rectangular foams were preweighed and
then immersed indifferent organic solvents or oilswithoutwater for
ca. 1 min to reach adsorption equilibrium. After that, these saturated
foams were held in air for ca. 1 min to remove excessive oils or sol-
vents before weighing [40]. The adsorption capacity of SA-Ca-Zr
foams was calculated according to Eq. (2):

Qe ¼ ðm�m0Þ=m0 ð2Þ



Fig. 1. Digital photos of SA, SA-Ca, SA-Ca-Zr and SA-Zr foams (a–d).
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where Qe (g/g) is the adsorption capacity of samples at equilibrium;
m0 (g) and m (g) are the mass of samples before and after adsorp-
tion of various solvents or oils.

3D porous SA-based foams were studied to evaluate their
oil/water separation performances by adsorbing soybean oil layer
and chloroform droplets (both dyed with Oil Red O) from water,
respectively. 3D foams were forced to contact soybean oil and
chloroform by tweezers. Meanwhile, the adsorption process of
hydrophobic foams was recorded by camera.

The reusability and desorption experiments were also per-
formed as follows. The used foams were gently squeezed several
times and washed by absolute ethanol until organic solvents or oils
were desorbed from foams completely. Finally, regenerate adsor-
bents were dried at 80 �C in an oven overnight and utilized for next
cycle of adsorption. Additionally, the number of cycles is six times.
3. Results and discussion

These hydrophobic SA-based foams were obtained after freeze-
drying and ionic crosslinking method. All digital images of SA-
based foams are shown in Fig. 1. SA foam has a rectangular shape
with a size of 0.9 � 0.9 � 0.6 cm3 (Fig. 1a). The morphologies of SA-
Ca and SA-Ca-Zr foams are in the rectangular shape with a size of
0.8 � 0.8 � 0.6 cm3 (Figs. 1b and 1c) while SA-Zr foams displays an
irregular shape (0.6 � 0.6 � 0.5 cm3) (Fig. 1d). Volume shrinkage
rates of SA-Ca-Zr and SA-Ca foams are ca. 21%, which is much smal-
ler than that of SA-Zr foams (63%). Cross-section morphologies of
SA-Ca-Zr and SA-Zr foams were also investigated. SA-Ca-Zr foam
has the same inner structure as the exterior surface (Fig. S1a),
but SA-Zr foam shows a hole (Fig. S1b), which should arise from
the big shrink induced by pure Zr ions. In addition, the porosity
Fig. 2. SEM images of cross-section and corresponding surface morpholo
of SA-Ca-Zr foams is calculated to be ca. 81.8%, which is quite suit-
able for adsorption.

Fig. 2 shows SEM images of cross-section and corresponding
surface morphologies of SA, SA-Ca, SA-Zr, and SA-Ca-Zr foams with
3D porous structures (Fig. 2a–d). The pore sizes of four SA-based
foams are in the range of 30–100 lm, thereby favoring foams to
adsorb various oils and organic solvents directly. Fig. 2e and f dis-
play that SA and SA-Ca foams have smooth surfaces. SA-Zr and SA-
Ca-Zr foams surface with micron-sized protrusions have become
much rougher (Fig. 2g and h). According to Cassie theory, surface
roughness facilitates the trapping of air, which should be related
to the improvement of surface hydrophobicity [41,42].

Fig. 3 displays surface wettability differences between SA-Ca
and SA-Ca-Zr foams. When water droplet (colored with methylene
blue) and soybean oil droplet (dyed with oil red O) were dropped
on the SA-Ca and SA-Ca-Zr foam, both oil and water penetrated
into the SA-Ca foam within a short time, proving amphiphilic
nature of SA-Ca foams (Fig. 3a). In contrast, the water droplet
maintained a stable spherical shape on the foam surface while
the soybean oil droplet was quickly absorbed into SA-Ca-Zr foam
(Fig. 3b). Even after the SA-Ca-Zr foam was cut into two pieces as
shown in Fig. 3c, the new cut surface still maintained superior
hydrophobic and oleophilic properties, indicating uniformity of
the hydrophobicity on the bulk structure. As shown in Fig. 3d,
The water contact angles (WCAs) on SA-Ca-Zr foam surface was
130.4–140.5�. Additionally, the hydrophobic behavior of SA-Ca
and SA-Ca-Zr foams is further demonstrated by digital pictures
(Fig. 3e and f). After being placed on water surface, the SA-Ca foam
soaked beneath the water surface quickly due to the hydrophilic
nature. While SA-Ca-Zr foam floated on the water surface without
water adsorption, displaying superior water repellence (Fig. 3e).
More significantly, when SA-Ca-Zr foam was forced into water by
tweezers, the surface of foam was surrounded by air bubbles,
resulting in the generation of silver mirror-like surface (Fig. 3f).
Once external force was released, hydrophobic SA-Ca-Zr foam
floated again. All results demonstrated that SA-Ca-Zr foams pos-
sessed highly stable hydrophobicity. SA-Zr foams were also tested
and showed hydrophobic and oleophilic as well (Fig. S2).

Benefiting from their hydrophobic properties and intercon-
nected porous structure, SA-Ca-Zr foams have been applied as
adsorbents to separate light oil soybean oil and heavy oil chloro-
form from water. The adsorption process of soybean oil and chlo-
roform droplets (both are dyed with oil red O) is shown in the
Fig. 4. A piece of SA-Ca-Zr foam removed soybean oil completely
within 15 s when it was placed on the soybean oil layer (Fig. 4a)
(Video S1). In addition, SA-Ca-Zr foam could also immediately
extract underwater chloroform droplets, which simultaneously
gies of SA (a, e), SA-Ca (b, f), SA-Zr (c, g), and SA-Ca-Zr foam (d, h).



Fig. 3. Digital photos of water and oil droplets on SA-Ca (a), SA-Ca-Zr foams (b) and a new cut of the SA-Ca-Zr foam (c), water contact angle of SA-Ca-Zr foam (d), SA-Ca-Zr and
SA-Ca foams in water (e), and SA-Ca-Zr foam forced in water (f).

Fig. 4. Adsorption of soybean oil floating on the water (a), and chloroform underwater (b) using SA-Ca-Zr foams.
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replaced air bubbles to fill the space in a foam when it was
immersed into water by external force (Fig. 4b) (Video S2). The
hydrophobic and oleophilic performance of SA-Ca-Zr foams
resulted from its low surface energy and rough microstructure.
These used SA-Ca-Zr foams turned to red and transparent water
remained. Based on all facts, it proves that SA-Ca-Zr foams have
potential applications for efficient removal of various organic
contaminants.

To quantitatively evaluate adsorption performances of SA-Ca-Zr
foams, maximum adsorption capacities were measured. In adsorp-
tion experiments, ten kinds of pollutants (e.g. dimethylformamide,
n-hexane, acetone, chloroform, toluene, tetrachloromethane,
paraffin liquid, cyclohexane, ethyl alcohol and soybean oil) were
selected as adsorbates and foams as adsorbents were subsequently
soaked in different oils or organic solvents. SA-Ca-Zr foams showed
excellent adsorption capacities of 11.2–25.9 g/g, depending on the
density of liquids tested (Fig. 5a). For example, the adsorption of
chloroform (q = 1.50 g/cm3) was much higher than that of n-
hexane (q = 0.65 g/cm3). It is consistent with literature about oils
adsorption [43]. However, adsorption capacities of SA-Zr foam for
the same contaminants were tested in the range of 3.3–9.3 g/g
(Fig. S3). SA-Zr foams demonstrate an inferior adsorption perfor-
mance to SA-Ca-Zr foams, which should arise from the much den-
ser structure of SA-Zr foams. Notably, adsorption capacities of SA-
Ca-Zr foams are relatively higher than other advanced adsorbents
and detailed comparisons are listed in Table 1. Compared with
other adsorbents that are usually modified by poisonous and
expensive modifying agents (trimethylchlorosilane, polydimethyl-
siloxane) [44,45], toxic reagents (NMP, acetone) [34], the cross-
linked method is environmently friendly and can be widely used
in the future. Moreover, SA based foams are porous and easily
biodegradable, and have a prospect to replace sponges. Therefore,
SA-Ca-Zr foams possess advantages over other oil adsorbents for
actual removal of organic pollutants.



Fig. 6. Digital photos of water and oil droplets on the MS/SA-Zr (a), MS/SA-Ca-Zr (b)
and the NS/SA-Zr (c), NS/SA-Ca-Zr (d).

Fig. 5. Oil adsorption capacity of SA-Ca-Zr foam (a), and the reusability of SA-Ca-Zr foam for n-hexane and chloroform (b).

Table 1
Adsorption capacity for oils and organic solvents using different adsorbents.

Adsorbents Adsorption capacity (g/g) Reference

SA-Ca-Zr foam 11.2–25.9 This work
SA-Zr foam 3.3–9.3 This work
Polysulfone microcapsule 13.8–17.3 [8]
Chitosan/cellulose aerogel 13.77–28.20 [45]
Wood 5–15 [46]
Cellulose sponge 13–18 [44]
Polyhemiaminal aerogels 7–22 [34]
Lignin/PU sponge 28.9 (maximum) [47]
Silica aerogel 10.6 (machine oil) [48]
Poly(lactic acid) materials 3.5–5 [49]
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An ideal adsorbents not only have considerable adsorption
capacity, but also simultaneously exhibit excellent reusability in
practical requirements. From the perspective of density, chloro-
form and n-hexane were chosen as study objects to investigate
the reusability of of SA-Ca-Zr foams (Fig. 5b). SA-Ca-Zr foams
exhibited adsorption capacities for chloroform and n-hexane are
25.3 and 10.2 g/g in the first cycle. After completing six consecutive
cycles, the adsorption performance for chloroform decreases by ca.
50%. While the removal efficiency for n-hexane decreases by
around 30% and remains almost unchanged from the second cycle.
It may be explained that pore structures were destroyed and
blocked during desorption process [24]. Furthermore, SA-Ca-Zr
foams exhibited good stability when they were immersed in the
chloroform and toluene for 10 days. The WCAs of SA-Ca-Zr foams
as mentioned aboved ranged from 128.8–141.3�. Based on afore-
mentioned analysis, it implies that SA-Ca-Zr foams have an
extraordinary recyclability and stability for oils and organic sol-
vents removal.

Viscous SA not only acted as hydrophobic foams via a freeze-
drying method but also served as hydrophobic coatings via a
dip-coating strategy. To evaluate its versatility, according to our
previous work, SA solution was sucessfully supported on the com-
mercial MS for metal ions removal via a in-situ ionic gelation
method [50]. On that basis, hydrophobic and oleophilic SA coating
can be anchored on porous and amphiprotic substrates, such as MS
and NS. Typically, these porous substrates were treated with differ-
ent concentrations of SA aqueous solution (0.005–0.1 wt%) and
resultant hydrophobic materials were prepared after ionic
crosslinking (The preparation methods were supplied in details
in the supporting information). Additionally, the weight of modi-
fied MS and NS could be ignored based on the weight change
before and after SA modification. Fig. 6 shows digital photos and
surface wettability of the pristine and modified MS and NS. Water
droplets (colored with methylene blue) stayed stable spherical
shape on the modified MS and NS surfaces while soybean oil (dyed
with oil red) was quickly swallowed by the MS and NS. It indicates
that MS/SA-Zr, NS/SA-Zr, MS/SA-Ca-Zr, and NS/SA-Ca-Zr compos-
ites treated with 0.005–0.1 wt% SA solution have uniform and
stable hydrophobic and oleophilic surfaces. The WCAs of MS/SA-
Zr, NS/SA-Zr, MS/SA-Ca-Zr, and NS/SA-Ca-Zr composites were ca.
136.7�, 120.5�, 138.7� and 118.8�, respectively (Fig. 7a and
Fig. S4a). Besides, hydrophobic MS/SA-Zr and MS/SA-Ca-Zr treated
with 0.005 wt% SA solution for oils adsorption were 75.8–159.8 g/g
and 73.7–187.7 g/g, respectively (Fig. 7b and Fig. S4b). These
results demonstrated that WCAs and adsorption capacities did
not rely on the concentrations of SA solution. Therefore, the
method for preparation of the hydrophobic coatings on the MS
and NS is simple, green, and effective.

4. Discussion

SA-Ca foams were obtained by an ion-exchange mechanism
between ACOONa/Ca2+ [51]. Similarly, SA-Zr foams were prepared
after crosslinking with Zr4+. EDX demonstrated that Na element
disappeared and a large quantity of Zr element remained for SA-
Zr foams (Fig. S5a) [52]. However, volume shrinkage rates and
porosities of SA-Zr and SA-Ca were obviously different, which
attributed to the radii of cross-linking ions. As the radius of the
Zr ion (0.72 Å) is much smaller than Ca ion (1.0 Å) [53,54]. Namely,
SA polymer chains became more ordered arrangement as the
cross-linking ion size increased, and caused the relatively regular



Fig. 8. Schematics of SA-Ca-Zr foams crosslinked with Ca2+ and Zr4+ (a) and FTIR spectra of SA, SA-Ca, SA-Zr, and SA-Ca-Zr foams (b).

Fig. 9. XPS spectra: C 1s peak of SA and the SA-Ca-Zr foams (a, b), O 1s peak of SA and the SA-Ca-Zr foams (c, d).

Fig. 7. Water contact angles of MS/SA-Ca-Zr and NS/SA-Ca-Zr coated with different concentration of SA solution (a), and oil adsorption capacities of MS/SA-Ca-Zr (b).
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shape of SA-Ca foams [55]. Noticeably, divalent Ca ions solely
bound to G units of SA chains to form ‘‘egg-box” structure
[56,57]. More interestingly, Zr and Ca elements were coexistent
in SA-Ca-Zr foams (Fig. S5a–c), which proved that Zr ions showed
affinity for both G and M segments according to analyses men-
tioned above as well. The process can be described in Fig. 8a. It is
worth noting that Zr ions mainly caused the hydrophobic SA com-
posite foam while Ca ions assisted SA foams with more porous
structure. Therefore, to achieve high porosity of hydrophobic
foams, the SA-based foams should be fabricated by pre-treatment
with CaCl2 solution and hydrophobic post-treatment with Zr ion
solution.

FTIR analyses of SA, SA-Ca, SA-Zr and SA-Ca-Zr foams were con-
ducted to understand the hydrophobic mechanism of SA-Ca-Zr
foams (Fig. 8b). In terms of pristine SA, the sharp and wide absorp-
tion peak around 3430 cm�1 was corresponded to O-H bonds. In
addition, characteristic peaks of SA at 1620 cm�1 and 1400 cm�1

were attributed to asymmetric and symmetric vibration peak of
carboxyl groups (ACOOH), respectively [18,58]. After SA crosslink-
ing with Ca2+, peak intensity was enhanced at 820 cm�1 [59]. Addi-
tionally, we also further discuss later, the increased intensity was
attributed to the interaction between Ca2+ and sodium alginate
by XPS. The new band at 1741 cm�1 appeared and peak intensity
at 1620 cm�1 was obviously decreased, suggesting that might asso-
ciate with the combination of ACOO� and Zr4+ by chemical
crosslinking according to previous similar study [30,60]. Further-
more, the intensity of peaks at 3430 cm�1 in SA-Zr and SA-Ca-Zr
foams were decreased. All analyses indicated that surface polarity
of SA-based foam (ACOOH andAOH) was reduced, supporting that
SA-Zr and SA-Ca-Zr foams became hydrophobic and oleophilic.

To further confirm the mechanism of hydrophobicity of
SA-based foams, XPS was used to analyze chemical bonds in the
SA, SA-Ca, SA-Zr, and SA-Ca-Zr foams. XPS spectra of C 1 s and O
1 s regions of SA-based foams are shown in Fig. 9 and Fig. S6.
The C 1 s peaks located at the binding energy of 284.8, 286.4,
and 287.9 eV were assigned to CAC, CAO, and C@O bonds, respec-
tively (Fig. 9a) [30]. After the crosslink reaction, typical peak at
287.9 eV (C@O) showed a shift to higher binding energy
(288.9 eV) in SA-Ca-Zr (Fig. 9b). In addition, the peaks at 531.1
and 532.8 eV in the O 1s spectrum of SA shifted to 531.7 eV and
533.5 eV in SA-Ca-Zr (Fig. 9c and d) [61]. SA-Ca and SA-Zr foams
show similar results (Fig. S6). Actually, surface energy is propor-
tional to surface polarity [62]. These results were corresponded
to the aforementioned FTIR analysis and clearly proved that chem-
ical interactions were formed between the metal ions and ACOO�,
improving surface polarity and resulting in hydrophobic surface.

5. Conclusion

The hydrophobic and oleophilic SA-based foam was fabricated
via freeze-drying and post cross-linking induced by Zr ions. SEM,
FTIR and XPS results indicated that the coordination between
carboxyl, hydroxy groups of SA and Zr ions, which not only caused
surface roughness but also lowered surface energy of modified
foams. So the as-prepared SA-based foam exhibited excellent
adsorption capacity of 11.2–25.9 g/g for oils and organic solvents,
much higher than recently reported biomass-based adsorbents
[44,46]. Meanwhile, hydrophobic SA coating materials can be
deposited on melamine sponges and nylon strainers to endow their
hydrophobic and oleophilic properties. Furthermore, our work has
important industrial and environmental relevance such as (i)
renewability and biodegradability of SA, (ii) the use of non-toxic
chemicals, and (iii) low-cost raw materials. Moreover, the prepara-
tion method of SA-based foams and composites was simple,
economic, and scalable, and thus has a high promise for oil spill
recovery.
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