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Fig. 1 Schematic illustration for the synthesis of PU/CS-C16Mnt
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N 114 mmoL/100 g. 7Nk = F 3 IR b 4%
(C1¢H33(CH;):NBr, C16). #UT HE(C4H 00, TBA).
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FF TV(Ca4HaoN,O) Fl TV Y 3 1 (C6H N5 CIS) 46 5 oy
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AT 400 mL 4tk , IR HA AN 20 g Fift
49200 H (80 pm)I5E i, {45 Cl6 s N5 i
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Fig. 2 SEM images, contact angles, and FT-IR spectra of samples
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LW 3 fivR. FERA R, MR 275 W
FIFRTE AR 53T, MR B = B i 2R 51
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W b & =T PU25/CS-C16Mnt Al PU35/CS-C16Mnt,
VLA RT# 52K 7 7 2 (R A AR R ek, Xt T
CleMnt H R M MHF Cl6 & Eim. 1M
PU25/CS-C16Mnt Fl PU35/CS-C16Mnt i T&4
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Fig. 3  Static benzene adsorption isotherms of samples
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Uy A R FE R AW 1 BE . AR AR B ARTS et
WG pHAEZI N 5, TR BR-F1li 5 1R 1) pH (B33
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Fir 7 EE AR AR BN



. 3210 - (RERR Sh2230)

J Chin Ceram Soc, 2024, 52(10): 3205-3216

2024 4F

JRAASE WA 2 A5 K, G0 X HOCs A
RS, eI 7 5 Ay J2 () N B Kb J % 1) B 2
T SCEFI (U C16) AT LAYE S i A 2 (B 45 I i
K RSF RGBT, AL/ Ao/ A 2 HOCs! M,
i T PU/CS-C16Mnt &5 Cl6Mnt, & H W A
FRH LR B 0% 8 23 WO AE 4 52 S A R B . 72
B LA B, PU MR XY A FIGSEEZERT, AL
B4 2 M) BRI L ARSI BIALRR . BT ARR 2
i A H 4k, PU/CS-C16Mnt FII AT A5 X0 A

240
—— PU25/CS-C16Mnt
200 —&—PU35/CS-C16Mnt
—o—PU25
—&—PU35
= 160
1))
&0 0
£ o —_,
a = N
Q 80t / 4
40} =
0 20 40 60 80 100 120
c/(BPA)/(mg-g™)
(a) Adsorption isotherms
250
200 +
T 150 |
&0
E
>
Q100 |

50 +

N

BPA
(c) Cyclic adsorption capacity

T JEE 2R RN A AR I 2 180 (1) B A 258 25 D R K o 7E
PU/CS-C16Mnt H, XUy A FIURS 3L 2K ) P BRI B 52
A —FLBE 53 P AT A4 A ELAE DA 2 S 1)
UML) . PU/CS-C16Mnt B8R4 C16Mnt,

HEN PU XX A AR RS — e A EE
71, 1 PU/CS-C16Mnt [ Bt SR 26 AR R I 261
28 FHTiR, PU/CS-C16Mnt 7EWS P XU A FhSEZT
BT FNAAELBIE RN, 202 )=
W P B A LR 52 4 o B

60 | —*—PU25/CS-C16Mnt
—4+—PU35/CS-C16Mnt
50 | —°—PU25
=—2—DJ35
T 4ot
&0 .
£ 3 o—
= L D
Z .
S 20+
10 + /
0 1 1 1 1 1 1 1
0 50 100 150 200 250 300
¢(NB)/(mg-g™)
(b) Adsorption isotherms
250
200 +
T 150 |
&0
£
S 100 |
50 | L
0 1 ’— 1

BPA NB
(d) Cyclic adsorption capacity

Q. is the equilibrium adsorption capacity; C. is the concentration of the contaminants at adsorption equilibrium.

4 FEARXT BPA R NB VR PR 25 T 28 S AR AR R 1 fE
Fig. 4 Adsorption isotherms and cyclic adsorption capacity of samples for Bisphenol A (BPA) and Nitrobenzene (NB)
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Table 1 Comparison of absorption capacity of different sponge composites to oil and organic solvents

Material Absorbed organics Absorption capacity/(g: gﬁl) Cycle number Reference

Polydimethylsiloxane sponge  Dichloromethane, n-hexane, petrol, diesel 5-20 10 [38]
oil, toluene

Fe;04/HDPE PU sponge Toluene, hexane, dichloromethane, 15-52 10 [19]
chloroform, cook oil, carbon tetrachloride

Silane-coated chitin sponge Chloroform, gasoline oil, toluene, hexane 29-58 10 [2]

PDMS sponge n-hexane, methylbenzene, carbon disulfide, 7-15 25 [39]
dichloromethane, silicone oil, olive oil

Magnetic PU sponge n-hexane, solvent naphtha(#6), petroleum 10-35 10 [18]
ether, gasoline, benzene, THF, kerosene,
lubricate oil

Silylated wood sponge Hexane, petroleum ether, toluene, silicone 16-41 10 [40]
oil, motor oil

PDMS sponge N, N-dimethyl methane, dichloromethane, 4-11 20 [41]
acetone, toluene, 1,2-dichlorobenzene,
chloroform, methanol, ethanol, silicone
oil, motor oil, transformer oil

PU25/CS-C16Mnt Xylene, gasoline oil, silicone oil, liquid 21-39 10 This work

paraffin, carbon tetrachloride
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Table 2 Adsorption/absorption capacity of samples to real wastewater

TOC mass concentration/(g'L™") Adsorption/absorption capacity/(g'g™) Adsorption/absorption capacity in the same volume/(mg-cm™)

Sample

Real wastewater 5.66

PU25 4.23 5.72
PU35 4.41 5.00
PU25/CS-C16Mnt 3.88 7.12
PU35/CS-C16Mnt 4.07 6.36

137.9
169.6
246.4
270.7
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Extended Abstract

Introduction

Hydrophobic organic pollutants in industrial wastewater and oil spillage have attracted wide attention. It is

thus important to develop a variety of adsorbents like activated carbon, biochar, zeolite, graphene, etc.. However, carbon-based
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porous materials exhibit poor thermal stability and flammability, having secure risks during high-temperature applications and
thermal regeneration processes. Silicon-based porous materials like zeolite are complex to prepare and difficult to effectively
remove multiple organic pollutants simultaneously. Montmorillonite-based adsorbents become popular due to their low cost
and environmental friendliness. However, montmorillonite as a powder has challenges in practical applications such as
clogging, leakage, and recovery difficulties. It is thus effective in converting montmorillonite into fixed-form aerogel
materials.

Polyurethane sponge (PU) as an ideal substrate for developing porous aerogels can enhance the mechanical properties of
the adsorbents due to its biodegradability, affordability, low density, and customizable dimensions. In this paper, low-density,
recyclable, and cost-effective organic montmorillonite/polyurethane sponge composite acrogels were prepared via ultrasonic
swelling and freeze-drying. The composite aerogel was evaluated for its adsorption/absorption capabilities towards benzene,
bisphenol A, nitrobenzene, oils, and organic solvents. In addition, the reusability and flammability characteristics of the
aerogel were also analyzed.

Methods An organic montmorillonite (i.e., C16Mnt) was prepared with cetyltrimethylammonium bromide to modify
montmorillonite. 1 g C16Mnt was added to 20 mL organic solvent (the mass ratio of cyclohexane to tertiary butanol is 9:1) to
prepare a suspension C16Mnt. Chitosan sol was then introduced into the suspension C16Mnt and agitated in a water bath at
50 °C for 3 h, yielding a homogeneous sol. Subsequently, PU was immersed in the sol for 5 min to ensure a complete
absorption. The sol-loaded PU was subsequently aged at 25 °C for 12 h, facilitating the transformation of the sol into a gel.
The organic montmorillonite/polyurethane sponge composite aerogel (i.e., PU/CS-C16Mnt) was fabricated via freezing the gel
in liquid nitrogen for 10 min and subsequently freeze-drying for 48 h. The composite aerogels, differing in densities (PU25 and
PU35), were denoted as PU25/CS-C16Mnt and PU35/CS-C16Mnt, respectively.

Results and discussion PU has a three-dimensional porous network structure and a smooth surface on its skeleton. The pore
structure of PU undergoes a significant change after loading with CS-C16Mnt. The pores are filled with numerous organic
montmorillonite clusters, resulting in a rougher surface, which is favorable for enhancing the adsorption performance. The
incorporation of CS-C16Mnt also improves the hydrophobicity of PU. Furthermore, the infrared spectroscopic analysis reveals
that CS-C16Mnt is loaded onto the PU skeleton through covalent bonds and hydrogen bonds formed between PU and
CS-C16Mnt.

The PU/CS-C16Mnt exhibits exceptional adsorption capabilities for organic pollutants, based primarily on organic
distribution and pore-filling mechanisms. The adsorption results indicate that PU25/CS-C16Mnt has the maximum static
adsorption performance for benzene (i.e., 682.3 mg/g). This superior performance can be attributed to the intense interactions
with the benzene molecules and C16Mnt, as well as the presence of an abundance of macropores. Besides, PU25/CS-C16Mnt
has excellent adsorption properties for bisphenol A and nitrobenzene, achieving adsorption capacities of 339.8 mg/g and
137.0 mg/g, respectively. The infrared spectroscopic results show that O—H and N—H in PU25/CS-C16Mnt participate in the
adsorption process. The cyclic adsorption results show that the adsorption capacity of PU25/CS-C16Mnt for bisphenol A
decreases from 208.4 mg/g to 154.7 mg/g, and the adsorption capacity of nitrobenzene decreases from 57.9 mg/g to 41.6 mg/g,
which is still higher than that of original PU25.

Furthermore, PU25/CS-C16Mnt has good hydrophobicity and lipophilicity, which can selectively absorb oil and organic
solvents with the maximum absorption capacity (i.e., 20.8~37.0 g/g) of xylene, gasoline, liquid paraffin, dimethyl silicone oil
and carbon tetrachloride. After 10 repeated experiments, the absorption capacity can still maintain 82.8% of the first absorption
capacity. Also, PU25/CS-C16Mnt has a good absorption performance (i.e., 7.12 g/g) for grease in actual sewage, and it is
casily recyclable. The combustion behavior of PU25/CS-C16Mnt reveals that the incorporation of organic montmorillonite
significantly enhances the flammable retardancy of pure PU.

Conclusions Organic montmorillonite/polyurethane sponge composite aerogel with low-density (i.e., 34.61 mg/cm®), highly
hydrophobic and low flammability was synthesized via ultrasonic swelling and freeze-drying. The montmorillonite/
polyurethane sponge composite aerogel exhibited exceptional adsorption capabilities for organic pollutants, relying primarily
on organic distribution and pore-filling mechanisms. The aerogel demonstrated a static adsorption capacity of 682.3 mg/g for
benzene vapor and respective adsorption capacities of 339.8 mg/g for bisphenol A and 137.0 mg/g for nitrobenzene. The
absorption capacity for various oils and organic solvents ranged from 20.8-37.0 g/g, with the excellent reusability.
Furthermore, montmorillonite/polyurethane sponge composite aerogel exhibited a good adsorption/absorption performance
(i.e., 7.12 g/g) for organic contaminants in actual wastewater. This aerogel could be used as a promising montmorillonite-based
adsorption material for the treatment of organic pollution.

Keywords montmorillonite; aerogel; adsorption; organic contaminants; oil/water separation



