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Absorption is an effective method to collect oil spills and solvent leakages from water. However, the currently used oil
absorbents are still suffering from high cost, tedious preparation, and low recyclability. In this work, we report an
extremely simple and low-cost strategy to produce oil absorbents by directly coupling alkoxysilane onto the surface of
polyurethane (PU) foams. Such direct silanization renders the initially amphiphilic foams a strong hydrophobicity and
consequently a water-repelling and oil-absorptive functionality. The silanized foams exhibit highest absorption capaci-
ties as well as best recyclability among all PU-based oil absorbents. More practically, the silanized PU foams can be
used to recover crude oil spills with an absorption capacity of higher than 75 times of their own weight, and maintain
90% of the initial absorption capacity after eight times reusage. Interestingly, we invent portable oil suckers for contin-
uous oil absorption from water by filling vacuum cleaners with the silanized foams. VC 2017 American Institute of Chem-

ical Engineers AIChE J, 63: 2232–2240, 2017
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Introduction

Oil spills and solvent leakages frequently occur in water

bodies and have caused catastrophic effects to the environment

and ecosystem.1 Therefore, quick remedies are needed to

remove or collect the oily pollutants from water bodies.

Among various methods to clean oils from water surface,

including in situ burning,2 physical collection,3 chemical dis-

persing,4 and bioremediation,5 absorption is distinguished for

the merits of easy and fast operation, relatively low costs, and

the possibility to recover the absorbed oils and reuse the

absorbents.1,6–8 In addition to naturally existing porous media,

such as raw cotton7 and kapok fiber,9 a large number of hydro-

phobic materials including poly(dimethylsiloxane),10 graphene

composite,11 modified b-cyclodextrin,12 and cellulose aero-

gel13 have been used as building blocks to synthesize oil

absorbents. These synthetic absorbents usually exhibit much

higher absorption capacities than their natural counterparts.

However, the synthetic absorbents typically rely on expensive

starting materials and complicated, tedious synthesis processes

to synthesize these absorbents, which significantly hamper

their upscaling and practical applications.
Recently, polyurethane (PU) foams have emerged as a kind

of exciting scaffolds for the fabrication of oil absorbents for

their low costs, very high porosities (typically >95%) guaran-

teeing high absorption capacities, superior compressibility and

elasticity enabling the recycling of the absorbed oils and reus-
ing of the absorbents. The pristine PU foams must be modified
to be water-repelling and oil-absorptive before they can be
used to absorb oils from water as they in the pristine state
absorbing both oil and water without selectivity. To this end,
surface modification with various methods has been carried
out to endow PU foams hydrophobicity and olephilicity.
Hydrophobic nanostructures such as graphene and carbona-
ceous nanoparticles, have been coated on the skeleton of PU
foams.14,15 For instance, Tjandra et al. and Liu et al. success-
fully fabricate reduced graphene oxide (rGO) modified PU
foams.8,16 The rGO modified PU foams exhibit high absorp-
tion capacities towards various organics and show excellent
recyclability after dozens of regeneration. However, the high
costs for these nanostructures remain to be the biggest chal-
lenge for these modified PU foams to be prepared and used in
large scales. Alternatively, cheaper modifiers are screened for
the preparation of PU-foam-based oil absorbents, and alkoxy-
silane has been identified to be a good candidate for this pur-
pose because of their cheap prices and versatile molecular
structures giving strong hydrophobicity. Zhu et al. immersed
foams in alkoxysilane to allow slianes to be hydrolyzed on the
foams, thus forming a hydrophobic polysiloxane coating layer
on the skeleton of foams.17 Their modified PU foam exhibited
absorption capacities lower than 30 g/g because the coating
polysiloxane layers were quite thick, considerably reducing
the porosity of the pristine foam. Very recently, we successful-
ly combined atomic layer deposition (ALD) technology with
silanization process to fabricate highly absorptive and recycla-
ble PU-foam oil absorbents.18 However, this method requiring
using ALD to generate a transition layer of metal oxides is still
indirect and complicated. Therefore, in spite of numerous
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previous efforts on oil absorbents based on PU foams, it is still
highly demanded for simple, scalable, and cost-effective meth-
ods to produce oil absorbents with high absorption capacities
and recyclability by taking the full advantages of the superior
porosity and elasticity of PU foams.

In this work, we develop a strategy to directly silanize PU

foams using a common silane coupling agent (alkoxysilane).

The hydrolyzed alkoxysilane molecules are coupled on the PU

foams via the reaction with the isocyanate groups existing on

the foam surface, producing a monolayer of polysiloxane

tightly bonded to the foam matrix. The silanized PU foams

gain a strong hydrophobicity while their high porosity and

elasticity are well maintained. As a result, the silanized PU

foams exhibit excellent water-repelling and oil-absorptive

functionality, and they efficiently separate oils from water by

selective absorption. They are able to absorb different types of

water-immiscible organics including crude oil with a capacity

up to 150 times of their own weight. Moreover, the used foams

can be regenerated simply by squeezing and reused for next

absorption. This absorption—regeneration process can be

repeated for more than 20 cycles with very little loss of their

oil absorption capacities.

Experimental

Materials

Polyurethane foams were purchased from local suppliers.

The silane, 3-methacryloxypropyltrimethoxysilane (commer-

cially known as KH-570) with a purity of 98% was purchased

from Shanghai Meryer Chemical Technology Co., Ltd. and

used without further purification. Crude oil was obtained from

Nanjing Yangzi Petrochemical Co. as a gift. All oils and

organic solvents including anhydrous ethanol, carbon tetra-

chloride (CCl4), lubricant oil, diesel oil, liquid paraffin, and

vegetable oil were purchased from local suppliers and used as

received.

Preparation of silanized foam

The PU foam was washed with deionized water and ethanol

for several times first, then dried in air at 758C for 1 h. The

silane, KH-570, was dissolved in anhydrous ethanol at a con-

centration of 10 wt% and kept stirring for 30 min before use.

The foam was immersed in the silane solution for several

minutes, then removed from the solution and the absorbed

solution was squeezed out by repeatedly compressing the

foam for several times. Finally, the foam was transferred to an

oven pre-heated to 1008C and kept at this temperature for

12 h. Such a silanization condition was used throughout this

work to ensure a uniform modification and also the efficiency

of the modification process as lower silanization temperatures

or shorter durations may lead to nonuniform hydrophobic

modification to the foams (Figure S1). After this heating treat-

ment, the foam is used as an oil absorbent.

Characterizations

Surface morphology of both pristine and silanized PU

foams was examined with a Hitachi S-4800 field emission

scanning electron microscope (FESEM) operated at 5 kV. A

thin layer of Pt was sputtered on the sample surface to enhance

conductivity. The energy dispersive X-ray spectroscopy was

conducted by HORIBA EDX analyzer under 20 kV with a

working distance of 15 mm. The Fourier transformation infra-

red (FT-IR) spectra were obtained from a Nicolet 8700 FT-IR

spectrometer in the attenuated total reflection mode (32 scans,

4 cm21). X-ray photoelectron spectroscopy (XPS) was per-

formed on a Thermo ESCALAB 250XI X-ray photoelectron

spectrometer applying a monochromatic Al Ka (hm 5 1486.6

eV). The radius of the beam spot was 500 lm and the pass

energy of the energy analyzer was 30 eV. A contact angle

goniometer (Dropmeter A-100) was used to characterize the

surface wettability of both the pristine and silanized foam at

ambient temperature. Each specimen was measured for at least

three times at different positions and the averaged values were

reported. Thermogravimetric (TG) analysis of the pristine and

silanized PU foam within the range of 30–12008C was per-

formed on a Netzsch TA TG449F thermal analyzer in the

atmosphere of N2 with a heating rate of 108C/min.

Tests of absorption capacities and regeneration

Organic solvents or oils were poured into a beaker to test

the absorption capacities of the silanized foam. Before absorp-

tion, the mass of silanized foams was measured and recorded

as m1 (g). Then the foam was put into the beaker to absorb sol-

vent or oil until saturated, and the mass of the oil-absorbed

foam was measured and recorded as m2 (g). The absorption

capacity Q (g/g) was defined by Eq. 1:

Q5
m22m1

m1

(1)

After absorption, the silanized foam was regenerated by

squeezing the absorbed liquid out. Then the regenerated foam

was used to absorb solvent or oil again. The mass change of

each cycle was recorded and the absorption capacity was cal-

culated by Eq. 1. The absorption test on every sample was

measured for three times and the average value was reported.

Result and Discussion

Morphology and hydrophobicity of the silanized foams

As our silanization process contains only two simple opera-

tions: immersion and heating, we can easily handle and modi-

fy PU foams with large sizes. Figure 1a showed a silanized

foam with the size of 15 3 10 3 4 cm3. No changes in color,

appearance, dimension, and handle could be detected after

silanization. However, after such simple treatments, the sur-

face properties of the PU foam drastically changed. The pris-

tine foam absorbed both water and oils without any

selectivity, exhibiting an amphiphilic surface. Water droplets

were quickly penetrated inside the pristine foam and there was

no measurable water contact angle could be recorded. In con-

trast, the modified PU foam was endowed with a strong water-

repelling and oil-absorptive functionality. Water droplet could

not permeate into the silanized PU foam and was permanently

sitting on the surface, exhibiting a water contact angle of 1378

(Figure 1b), while an oil droplet was absorbed into the silan-

ized foam immediately (Figure 1c). Moreover, the silanization

was uniform throughout the entire PU foam. The new slices

randomly cutting from the foam always demonstrated a strong

hydrophobicity which enabled them to be permanently floating

on the water surface (Figure S2). Therefore, we understand

that a simple immersion in the alkoxysilane solution followed

by heating in ambience is able to turn the originally amphi-

philic PU foam into a strongly hydrophobic oil absorbent. For

a piece of foam with the size of �4 3 4 3 2 cm3, it took

approximately 10 and 15 s before silanization to reach satura-

tion in the absorption of water and diesel oil, respectively.
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After silanization, the absorption rate did not show any notice-
able change in the absorption of diesel oil, however, it did not
absorb water any longer, implying a zero absorption rate to
water.

FESEM was further used to examine the change of the
microstructure after silanization. As shown in Figure 1d, the
foam has a highly porous structure composed of three dimen-
sionally interconnected struts. These struts are �10 lm in

Figure 1. (a) the digital photo of a silanized PU foam with a size of 15 3 10 3 4 cm3; (b) the optical photo of a
water droplet on the surface of the silanized PU foam in the measurement of the water contact angle;
(c) the digital photo showing an oil droplet (dyed blue) penetrated through a silanized PU foam while a
water droplet (dyed yellow) staying on the foam surface; (d, e) the SEM image with different magnifica-
tions of the pristine PU foam, and (f) the SEM image of the silanized PU foam; (g) the energy dispersive
X-ray spectroscopy (EDX) mapping of the Si element (indicated as cyan dots) on the surface of a silan-
ized foam (the dash line indicating the outline of a junction of several struts and the insert is the corre-
sponding SEM image of the EDX mapping area).

[Color figure can be viewed at wileyonlinelibrary.com]
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width and �100 lm in length, and three or four neighboring
struts are jointed together, thus forming pores with diameters
in the range of few tens of lm to �100 lm. Figure 1e showed
a joint of several struts under closer SEM examination, and
there was no noticeable change in the surface morphology of
the struts after silanization (Figure 1f),18 illustrating that the
silanization process had little influence on the three-
dimensional porous structure of the PU foam. That was, the
silanized layers attached on the surface of the struts were ultra-
thin and could not be observed under SEM. EDX analysis was
further used to investigate the distribution of alkoxysilane on
the PU foam. As shown in Figure 1g, Si element (cyan dot)
could be observed from the silanized foam and was relatively
uniformly distributed throughout the struts. These changes
exhibited that the PU foam was successfully silanized by our
simple modification strategy.

The void volume of the PU foam was well preserved after
silanization due to the ultrathin silanization layer. In compari-
son, thick deposits of hydrolyzed alkoxysilane products were
found in the foam in earlier work in which silanes were first
hydrolyzed and then coated on the foam.17 It should be noted
that a thin modification layer is essential both for the high
absorption capacity and the recyclability of the silanized PU
foams as effective oil absorbents. An ultrathin silanization lay-
er will negligibly reduce the porosity of the PU foam, thus
allowing it to absorb oil to the maximal volume. In addition,
thick deposits of the modification materials will make the
foam rigid, reducing the elasticity of the foam. Moreover,
thicker deposits are prone to be detached from the foam, weak-
ening the hydrophobicity of the modified foams.17 Further
characterization will be applied to confirm the ultrathin nature
of the silanized layer produced in this work.

Discussion on the silanization of PU foams

To further explore the change in chemical compositions

after silanization, the foam was first characterized by FT-IR.

However, as shown in Figure S3, we did not observe any

noticeable difference in the IR spectrum of the PU foam

before and after silanization, implying that the silanization lay-

er was too thin to be detected by IR. Alternatively, we

employed much more sensitive XPS technique to perform sur-

face analysis on the PU foams before and after silanization.
As shown in Figure 2a, the XPS analysis of the pristine PU

foam confirmed the presence of C, N, O, and trace amount of

Si elements. Before silanization, the Si 2p peak was not obvi-

ous both in the survey curve and the high resolution spectrum

(Figure S4). The Si 2p peak was dramatically enhanced after

silanization, demonstrating the successful silanization of the

PU foam and this result was in accordance with the EDX anal-

ysis. To investigate the reaction mechanism between alkoxysi-

lane and PU foam, the high resolution Si 2p XPS spectrum of

the silanized PU foam was studied (Figure 2b). Two peaks in

the spectrum explained the chemical combination of the Si

element. The peak at 102.1 eV represented the Si–O–Si bond

and the peak at 101.5 eV represented the C–O–Si bond,

respectively.19,20 The XPS results provided direct proofs for

the coupling of alkoxysilane on the PU foams, and enabled us

to elucidate the silanization process. Alkoxysilane was physi-

cally absorbed on the surface of the struts composed of the

foam when the foam was immersed in the ethanolic solution

of alkoxysilane. During the following heating treatment in

ambience, alkoxysilane molecules were hydrolyzed by mois-

ture in air, transforming methoxyl groups in alkoxysilane

molecules to hydroxyl groups. There were always some

Figure 2. (a) The XPS survey curves of the pristine and silanized PU foam; (b) the Si 2p XPS spectrum of silanized PU
foam; (c) the N 1s XPS spectra before and after silanization; (d) the analysis of the pristine N 1s spectrum.

[Color figure can be viewed at wileyonlinelibrary.com]
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isocyanate groups remaining in the produced PU foams

because the polymerization between isocyanates and polyols

to form PU typically did not have a complete conversion.21

The hydroxyl groups reacted with the isocyanate groups on

the PU foam surface, thus coupling alkoxysilane on the foam

via C–O–Si bonds.22 Moreover, some hydroxyl groups reacted

with each other and formed Si–O–Si bonds by self-

polycondensation. To confirm this explanation, the N 1s XPS

spectra were further studied. As shown in Figure 2c, different

from the Si element, the content of N element was dramatical-

ly decreased after silanization. In the high resolution N 1s

spectrum (Figure 2d), two peaks appeared at 400.3 and 398.3

eV, respectively. These two peaks represented –NCO and

–NH– groups, respectively.23,24 The decrement of N element

after silanization was affected by two factors. The isocyanate

groups had been reacted with the hydrolyzed alkoxysilane

molecules to form C–O–Si bonds on one hand, and the silani-

zation layer on the PU foam surface would dilute the content

of N element on the other.
The two steps reaction of the alkoxysilane and PU foam

was illustrated in Scheme 1. The content of C-O-Si bonds and

Si-O-Si bonds was nearly the same as revealed by XPS, indi-

cating that the self-polycondensation and the reaction between

KH-570 and PU foam had similar reaction extent.25

We note that a slow hydrolysis of alkoxysilane is essential

for the uniform silanization of the PU foams. Hydrolysis in air

(relative humidity 5 65–70%) for 12 h or in the ethanolic solu-

tion containing 1 wt% H2O for 1 h led to homogeneous hydro-

phobilization of the foam after heating. In contrast, hydrolysis

with higher water concentration, e.g., 5 wt%, would result in

partial hydrophobilization. This is caused by the heavy self-

polycondensation of alkoxysilane molecules at high water

concentration, so that the previously adsorbed alkoxysilane

molecules are insufficient to form intact silanized layer

completely covering the foam surface.
TG analysis was used to further investigate the silanization

of the PU foam. As shown in Figure 3, the weight loss of pris-

tine and silanized PU foam was similar under 1008C. This was

caused by the water or other impurities evaporated from the

porous structure. When the temperature exceeded 1008C, the

residual weight of the silanized foam was higher than that of

the pristine one. There was a rapid weight loss around 3708C,

and nearly 25% weight was decomposed at a very narrow tem-

perature region. The rapid weight loss was mainly caused by

the further decomposition or rupture of the molecular bond in

the PU foam.26 The residual weight of pristine and silanized

PU foam at 12008C was 13.6 and 17.8%, respectively. The

higher residual weight of the silanized foam suggested that the

presence of alkoxysilane in the foam because the silicon-

containing components would remain after alkoxysilane

decomposition while the majority of the PU foam was decom-

posed at high temperatures. Moreover, the residual weight of

the silanized foam was only slightly higher than that of the

pristine foam, revealing that only slight amount of alkoxysi-

lane was coupled on the PU foams as ultrathin silanization

layers.
Considering the results of FESEM, FT-IR, XPS, and TG

analyses, we concluded that the silanization layer had been

successfully coated on the PU foams as ultrathin hydrophobic

layer, and consequently the silanized PU foams maintained

their initial high porosity and elasticity, and simultaneously

gained excellent water-repelling and oil-absorptive functional-

ity, making them to be superior oil absorbents.

Oil absorption performances of the silanized foams

Through silanization, the PU foam was endowed with

hydrophobicity and oleophilicity. Considering its open porous

structure, the silanized PU foams were expected to serve as

excellent absorbents for effective clean and collection of

organic solvents. As shown in Figure 4, the silanized PU

foams were able to absorb organics both on water surface and

underwater. Diesel oil was chosen as a contaminant to repre-

sent organic solvents which were lighter than water. As shown

in Figures 4a–c, once the silanized PU foam contacted the

floating diesel oil, the oil was quickly and selectively absorbed

by the foam and a clean water surface was achieved after

absorption. The foam remained floating on the water surface

Scheme 1. (a) Hydrolysis of KH-570; (b) coupling of alkoxysilane on the PU foam via the reaction between hydroxyl
groups and isocyanate groups.

Figure 3. TG curves of pristine and silanized PU foam.

[Color figure can be viewed at wileyonlinelibrary.com]
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after the absorption process which facilitated the foam recy-
cling after absorption. Underwater absorption ability of the
silanized PU foam was also investigated. Due to its hydropho-
bicity, the foam kept floating on the water surface. To contact
the underwater organics, the silanized PU foam was forced to
be submerged into water by tweezers. During the underwater
absorption experiment, CCl4 with higher density was dyed
blue and used as model. As shown in Figures 4d–f, when the
silanized PU foam immersed into water by tweezers, we
observed some air bubbles were trapped in the foam. This phe-
nomenon demonstrated a strong water-repelling functionality
of our silanized PU foams. Once touched the silanized PU
foam, the CCl4 was sucked into the foam quickly within sever-
al seconds. There were no residual blue droplets after absorp-
tion, revealing the excellent absorption ability of the silanized
PU foam.

A number of organics were used to investigate the absorp-
tion capacity of the silanized PU foam. As shown in Figure 5a,
the Q (g/g) values were ranged from 90 to 165 g/g for different
organics, which were considerably high compared to reported
PU foams based absorbents. Such high absorption capacities
should be ascribed to the ultrathin silanization layers which
allow the high porosity of the pristine PU foams to be
completely preserved. The variable absorption capacities for
different organics were caused by the physical properties of
these organics such as density and viscosity. The density of
these organics is reduced in this order: CCl4 (1.59
g�cm23)> lubricate oil (0.96 g�cm23)> vegetable oil (0.90
g�cm23)> liquid paraffin (0.86 g�cm23)> diesel oil (0.83
g�cm23).16 If we consider that all the porosity in the foam was
filled with organics, the volume of the absorbed organics was
fixed. Therefore, the heaviest CCl4 showed the highest

Figure 4. Photographs showing the silanized PU foam absorbing diesel oil floating on the water surface (a–c) and
CCl4 deposited under water (d–f). Both organics were dyed blue for easy visualization.

[Color figure can be viewed at wileyonlinelibrary.com]

Figure 5. (a) The absorption capacity of silanized PU foams for different types of organics; (b) the change of the
absorption capacity of the silanized PU foams to diesel oil with the recycle times.
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absorption capacity measured in weight. However, the absorp-
tion capacity of diesel oil with the lowest density, was in the
second place, which could not be explained solely by the dif-
ference in density and the influence of viscosity should be tak-
en into consideration.27 For instance, the liquid paraffin and
diesel oil had similar density, however, the silanized foam
exhibited an absorption capacity towards diesel oil of 120 g/g
which was evidently higher than the absorption of liquid paraf-
fin (100 g/g). This was because liquid paraffin was much vis-
cous than diesel oil (�90 mPa�s vs. �4.4 mPa�s at 258C). The
viscous organics not only slow down the spreading and filling
process, resulting in a lower absorption rate (Figure S5), but
also lower absorption capacities because some fine pores may
not be completely filled by these viscous liquids and air bub-
bles have a higher chance to be trapped in the organics.

Recycling the absorbed foams enables the regeneration of
the foam for repeated use on one hand, and recover the
absorbed organics on the other. Therefore, a good recyclability
would be very much desired for the oil absorbents as it further
reduces the operation costs for spill treatment. We tested the
recyclability of the silanized PU foams prepared in this work
by the diesel oil absorption. The silanized PU foam was tested
by repeating the absorption-regeneration process for 20 times
and the absorption capacity was given in Figure 5b. It could
be seen that after 20 times reuse, the absorption capacity main-
tained more than 80% of that of the fresh one, revealing
the excellent recyclability of our silanized PU foam. As for the
20% loss of the absorption capacity, one direct reason is the
oil residual remaining in the foam after squeezing as we
did not perform a solvent extraction to remove all the oils.

Figure 6. Pictures showing the absorption of crude oil by the silanzied foam: (a) 35 mL crude oil were absorbed by
the foam with a size of 4 3 3 3 2 cm3; (b) a clean water surface left behind after absorption and the
absorbed crude oil could be easily recycled by squeezing the oil-absorbed foam; (c) recyclability of the
silanized PU foam in the absorption of crude oil.

[Color figure can be viewed at wileyonlinelibrary.com]

Table 1. Comparison of the Oil Absorbents Prepared by Modifying PU Foams Through Different Methods

Modifiers Process
Normalized

Q valuea Recyclabilityb References

Graphene oxide and coupling agents Dip-coating 63.2 56.9 8
Carbonaceous nanoparticles Ultrasonication anchoring 80.7 72.6 15
Reduced graphene oxide Dip-coating 120.8 118.4 16
Methyltrichlorosilane Polysiloxane coating 25.7 23.1 17
Al2O3 and KH-570 ALD and silanization 102.0 100.0 18
Magnetic particles and PTFE particles Solution casting and triboelectric charging 15.5 14.0 28
Acrylic acid, metallic cations, and methyltrichlorosilane Polysiloxane-modified and pyrolysis 110.8 99.7 29
Carbon nanotube and poly(dimethylsiloxane) Dip-coating 27.0 24.3 30
Dopamine hydrochloride and n-dodecylthiol Copolymerization 57.8 57.8 31
Dopamine hydrochloride, Fe3O4 and SiO2 Nanoparticles Ultrasonication immobilization 27.0 24.3 32
Trimethylchlorosilane and tetraethoxysilane Hydrolysis and polymerization 54.9 54.9 33
KH-570 Thermal treatment 136.9 123.2 This work

aThe normalized Q value was calculated as Qmax absorption capacity/qabsorbed solvent.
bRecyclability: recyclability is defined as the Qnormalized after 10 times of repeated using. If the reference does not provide the absorption capacity for repeating
use, a 1% reduction for every use will be assumed and Qnormalized for recyclability is thus estimated.
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Moreover, there might be also two other reasons responsible

for it, namely, deformation of the silanized PU foam or

detachment of the silanization layer during the repeating uses.

However, the silanized PU foam after 20 times usages could

float on the water surface and exhibited a contact angle of
�1328 (Figure S6a), suggesting that the silanization layer sur-

vived from the repeating test. Therefore, the deformation of

the silanized PU foam after repeated uses was another reason

for the weakening absorption. In deed, as shown in Figure

S6a, the foam was obviously deformed and exhibited partially

collapsed structure after the recyclability test. The porosity of

the repeatedly used foam was reduced as a result of collapsed
structure, and consequently the foam accommodated less

organics, giving reduced absorption capacity. The recyclabili-

ty is expected to be further improved by using PU foams with

a stronger mechanical stability which tolerate compressing

operation for more times.
It should be noted that, although the silanzation layer is

ultrathin in nature its adhesion to the PU foams is very strong.

To demonstrate it, we immersed the silanized foam in ethanol

and challenged with ultrasonic treatment at the power of 180
W for 30 min. Impressively, after we removed the foam from

ethanol and dried in air, it still exhibited a strong hydrophobic-

ity and could float on water surface as before (Figure S6b).

Moreover, the water contact angle of the modified foam

remained to be �1348 after ultrasonic challenge. Therefore,

we understand that the silanization layer survived the ultrason-

ic challenge and remained on the surface of the struts com-

posed of the PU foam, implying the strong adhesion between
the silanization layer and the PU foam.

Absorption of crude oil by the silanized foam

Marine spills of crude oil causing ecological disasters are

most difficult to be cleaned because of the wide spread of the

spills on the ocean surface and also the high viscosity of the

crude oil. Therefore, absorbents efficiently working for crude
oil floating on the water surface are of particular interests. We

also tested the absorption of crude oil by our silanized PU

foam. As shown in Figure 6a, crude oil could be quickly

absorbed by the silanized PU foam. The floating oil-absorbed

foam was easily collected from the water for oil recycling and

regeneration. A clean water surface left behind (Figure 6b)

after absorption. The absorption capacity and the recyclability

of the silanized PU foam for crude oil were also tested. As

shown in Figure 6c, the absorption capacity of the silanized

PU foam towards crude oil was 75 times of the weight of the

foam. Recyclability test showed that after reused for 8 times,

the absorption capacity maintained 90% of the initial value

and the absorption capacity was still as high as 66 g/g. Com-

pared with other absorbents such as cellulose aerogel and raw

cotton, which exhibited absorption capacities as 24.4 and

30.5 g/g,6,7 our silanized PU foams performed much better to

absorb crude oil spilled on the water surface in terms of both

absorption capacity and absorption rate.
The absorption ability of the silanized PU foam was com-

pared with other absorbents developed based on PU foams. As

shown in Table 1, the silanized PU foams prepared in this

work through a simple direct silanization exhibiting the high-

est absorption capacity and recyclability among all PU-foam-

based oil absorbents. Also considering that the extremely sim-

ple modification process, the cheap starting materials, and con-

sequently the low cost of the directly silanized PU foams, our

method is expected to be easily upscaled and find practical

applications in the oil spills and organic leakages.

Design of portable oil suckers based on silanized PU

foams

By taking the advantage of the excellent oil absorption of

the silanized foam, we invented a portable oil sucker simply

by filling the silanized foam into the sucker of vacuum

cleaners (Figure 7). This oil sucker was designed for point-of-

use oil cleaning driven by Li-ion batteries. It was able to con-

tinuously absorb organics from water bodies. When the sucker

was immersed into the oil layer floating on the water, the oil

was continuously absorbed by the silanized PU foam and

pumped into the storage tank (Movie S1).

Conclusion

In conclusion, we demonstrate that PU foams can be direct-

ly silanized with commonly used alkoxysilane, and an ultra-

thin silanized layer is homogenously formed on the surface of

the PU foam skeletons. Thus, the silanized PU foam is

endowed with a strong hydrophobicity and exhibits superior

performances in the absorption of oils and organics. Compared

to other PU-foam-based oil absorbents, the absorbents in this

work are distinguished for their highest absorption capacity,

best recyclability, easy modification process, as well as low

cost, and are expected to be easily upscaled and large-scale

practical applications. Moreover, this direct silanization is

expected to be used in the hydrophobic modification of other

PU materials for dynamic applications. The silanized foam

shows excellent absorption to spills of crude oil, and interest-

ingly, based on this silanized foam we design and invent a por-

table oil sucker which can continuously absorb oil from water

for in-point use.
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