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Abstract

With the rapid development of industries such as petroleum extraction, petrochemical processing,
transportation, and marine shipping, oily wastewater and oil spill pollution problems are becoming
increasingly prominent, posing potential threats to the aquatic ecological environment and human
health. Traditional oil-water separation technologies such as gravity separation, flotation, adsorption,
and membrane separation still have problems in handling stable emulsions and micro/nano-scale oil
droplets, such as difficulty in simultaneously achieving separation efficiency, processing throughput,
energy consumption, anti-fouling performance, and cycle stability. Aerogels have the characteristics
oflow density, high porosity, high specific surface area, and three-dimensional interconnected porous
networks. Furthermore, through strategies such as surface wettability control, pore structure design,
and multi-component composites, selective adsorption and transport of oil and water can be achieved.
Therefore, they have become an important functional material in the field of oil-water separation in
recent years. This paper focuses on the application of aerogels in oil-water separation. Based on ma-
terial composition and structural characteristics, aerogels are mainly classified into four categories:
inorganic aerogels, carbon-based aerogels, natural polymer-based aerogels, and synthetic polymer-
based aerogels. The paper systematically summarizes the structural characteristics, interfacial wet-
tability control strategies, and oil-water separation applications of different types of aerogels. Re-
search shows that inorganic aerogels possess good chemical and thermal stability; carbon-based aer-
ogels have high specific surface area, hydrophobicity, and oil adsorption capacity; natural polymer-
based aerogels offer advantages such as renewability, biodegradability, and environmental friendli-
ness; while synthetic polymer-based aerogels excel in mechanical properties, structural designability,
and chemical stability. Through directional pore structure construction, low surface energy modifica-
tion, multiple cross-linking, and multi-component composites, the separation efficiency, throughput,
mechanical stability, and recyclability of aerogels can be synergistically improved. Furthermore, the
introduction of photothermal conversion, photocatalysis, magnetic response, and self-cleaning func-
tions is gradually transforming aerogels from single adsorbent materials into multifunctional, contin-
uous oil-water separation materials. Finally, this paper summarizes the current challenges faced by
aerogel oil-water separation materials in terms of mechanical stability, large-scale preparation, long-
term recycling, environmental safety, and adaptability to complex wastewater conditions. It also pro-
vides an outlook on future development directions, including green preparation, multi-scale struc-
tural control, multifunctional integration, and engineering applications, offering a reference for the
design and application of high-performance, low-energy, and sustainable oil-water separation mate-
rials.
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Figure 1. Atmospheric pressure preparation of superhydrophobic surface-modified SiO2 aerogel for oil-water separation
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Figure 2. LF/AL2O3 composite aerogel fabrication process
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Figure 3. (a) Schematic diagram of the preparation of rtGCA and rGCA/eEPDM composite aerogels; (b) Schematic diagram
of oil-water separation
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Figure 4. Schematic diagram of SA/CN aerogel manufacturing process
& 4. SA/CN SR GG~ EE

54. SHRGPESER

EREEYIESER T EAEERERPU). BELEEPS). RMELFPVDF). BB KEEP)E. 5
RARTEEALG, A BRI 0T SR 2 A e B B sk i ml st v, PR ] DLodad 43 745 i i
A BT IR AN R I FLEE M LA BB AR TR P [27 ]

UbAh, oA R A AR B B AR M R T AR RT R AF B K P, DRI T 75 52 4% P R T e R P SR B
HH AR P T R SR AN o 0K A5 L R ek R T 8 e K 4 B8 T LA R K I B T

DOI: 10.12677/aep.2026.169156 1561 IR R AT IR


https://doi.org/10.12677/aep.2026.169156

GiEN]

5.4.1. BRREEESER

KA RA RIFA5RE . HUMGREZAT AN T,y DS A 22 L 0 2 T B T SBRL »

FEMIK 7 B IR T, SR U mT DURI S g /K /2 o P SR Rt A TRD IS R B e g 3 P e L e
AR - BT LB S SR R AE o Jiang SF[28 MR T —FMIRBERE. ToAb B UET I BIE S
R Bk K 7> B (PU/Ti/SI-10) . /AR H I UKE0 A AF N RBLH OU R K FLR o B PERe, 2 Bl EA
F2101.12L-m2h!, EHEN 99.1%. 35T TIC@TIO KRG AL IE ], B T AR
TR BH G S e VR E gk Mk Stk 70 B PR RE, JFRTAE 2h WSS TR AR REIR . . S5 i fb
TEVE AL U A T7 SR B, 2R IR B BE SEBILTS Qe R i AN BRI B KR, A A 1 i i
PR BIBERE. AR R OGS G . BEAh, R MEAESERRIZAT S AT TSR RAF IR e
BTN, e - Ja Al P R S IR AR R R AR AR G A, AT DLSEEM K 2 B AR EE T ST
FREEEAT, JIRRERE. KAFami/K 2> BRI BOHR 8L 7RI B . Kk, PU B Al & N A T 7]
FE AR

5.4.2. BRZHSEER

FR NG BA BRI R R A R AP ABi AT, DRI I 22 FLA B Aol o 2% T H S0 5 PRV 212 A v

W R R 2 LI PS M4, T LASRAS B (Il R B 25 A, O BE BB 2 R MLV TR A il 2
Yo Zhou Z5[ 201 R A FIFGEM 4 T —Fl BAT WCIR AT 8075 45 10 10 BB 0 SIS FesOW/ R 2K IR &4 K
H AL FesO4 PUKURLE 73 B AR & Rl B AR E T, IR A SBIG H 2 Z R I FLIK . FesO4 FIZRF 2
RGN SR B R T 2L 45H, A 8GE TR R s K. FiaE ek g
I £(0.005 g-em )Rl i 99.7% IR ARFLIRER, IR B4 1l B 4a R AR fE 77« (Ko 28
AR, ZAMRIEIE 10 OGRS ERFRR R I R IR B RE T, Wl 2 BIA R B B R 40 £, R
P HIEIAEFAHERE . URAT, FesOs GUKIURLI 51 NI T 5 & BB RE i S5, (80 B R 3o i PR A1 ) R
38 A R RS PR R, 45 A HUBEET I Sz B i b [T SORA R AR o it il 2 AL BT, Bk
PRI SHEW N ThEE SRR, SEBL T R A R DU R SORE IR, R SRR I B R AE S iR
Hep LSRG TR B

B PS J& T M AR A RIER A, FASTT A9 B A PR RN P53 67 0 PR o) FLdE— 20 B ) S R 3R
Dk, ARATLOEE 5 KRR G Ws ] MR E G, B R PRS0 o

54.3. BIRAIBSEE

FImm L IHPVDFR) BRI e . AF e tEMgK Y, FR B ARG MRS, I
K 3 B8 IR 22 £ 20 B A RHATIE AZ BT 12 I3 [30]. PVDF Ak fi il DAIE i FL s /K PR i A 4 - FELAS
AKAHREN,  [EIB HARE 5 A0 3G R T4 s RHME B 2 IR 58 IR A

Wang Z5[3 1 138K B 475 22 1) 4% 10 B — 5 £ H5/S10, (PVDF/Si00) 4K 47 4 5 A Ak A7 525 (GO) 42
HATACEL, W T PVDF/SIO@GO (PSG)E & &I (WA 5). i TR 9K EF4Erh SiO, 44K MURL I 2
&, ATDUA RO R A SRR LR R AR RS . 5 PVDF@GO A&, Sio; 5| N R E e m
T PSG S MU E e A T B /K 1k . Horb, PSG-2 B (PVDF 49K 41 4 Si0, &8N 1%) % I
KA RIS MRS E MERVR S W PEBE, RO S B IA B 129~264 g ¢!, [FIRT B WA A BELSA M RG24 15
PERE. SRR . SRIATUGILS, AR BE AR FRAR B B K, R F I 2, R REETE
SRR/ R B E e U IR B SE I K TR A IR U B . T E KRG, Hoar Bl R A 42,402
L'm2h'!, 7B8RIEF 99.96%. HAk, PSG-2 b BB MR RE ), T8I 6 RN B AR SR T 266 3
IR S R B R, AR A SR AR T 0 S RS (R 4 A 99.65% . 1B FUIE IS i LG 2 AR 4ERE 5. SiO, K

DOI: 10.12677/aep.2026.169156 1562 N RI R Y


https://doi.org/10.12677/aep.2026.169156

Feli (I

AREL M RIE 5 GO =4E JMFM A &, SCBL 7 BURNUPERE . SR PE . fesaAa e vE Al K 73 2
PERERI R RISRTT, e 3R T il & . St K 7 B8 K v b B SR ik AL BRER Bt 1R O RS S

PVDF/SiO, fiber

~

Freeze-drying Heat-treatment
E——— E———

Cross-linking

1. Homogenized 2. Uncross-linked PSG 3. Cross-linked PSG
nanofiber/GO dispersions

Figure 5. Synthesis process of PVDF/SiO>@GO nanofiber aerogel
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Table 2. Comparison of the properties and oil-water separation performance of different aerogels
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