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Preparation of Janus cotton fabrics via spray-curing method and

exploration of their oil-water separation performance
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Abstract; Frequent leakage of oil and oily wastewater discharged by industries not only cause severe
pollution to the environment, but also disrupt the ecological balance of water bodies and pose a
threat to human health. In recent years, research on separation technologies for oil-water mixtures
has attracted extensive attention. Using cotton fabrics as the substrate, Janus cotton fabrics with a
super-hydrophobic side and a hydrophilic side were prepared by spray-curing SiO, particles of
different sizes and diphenyl dichlorosilane. Based on single-factor and multi-factor orthogonal
experiments considering curing time, hydrophobic agent dosage, and mass ratio of nano-SiO, to

micro-Si0,, and by comprehensively evaluating indicators such as the contact angles on both sides of
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the fabric, membrane flux, and separation efficiency, the optimal process parameters for preparing

Janus cotton fabrics were determined as follows: a hydrophobic agent dosage of 0.15 g/cm’, a

curing time of 28 min, and a mass ratio of nano-Si0O, to micro-Si0, of 5:1. After 5 cycles of reuse,

the prepared Janus cotton fabrics demonstrated membrane flux exceeding 1 616 L/(m”-h) for all

five oil-water mixtures, with separation efficiency consistently exceeding 96%.

Furthermore ,

temperature resistance, acid-alkali resistance, and high-salt resistance tests demonstrated that the

fabric exhibited excellent stability in oil-water separation.

Keywords: oil-water separation; Janus cotton fabric; membrane flux; separation efficiency; curing

time; hydrophobic agent dosage; mass ratio of nano-SiO, to micro-Si0O,
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Fig.3 Influence of baking time on hydrophobic property of Janus cotton fabrics
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Tab.5 Analysis of variance for membrane flux
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Fig. 6 Comprehensive scores of orthogonal experiments
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Fig.7 Process of oil-water separation test
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Fig.8 Membrane fluxes of Janus cotton fabrics for different oil-water mixtures (cycled test 5 times)
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Fig.9 Separation efficiencies of Janus cotton fabrics for different oil-water mixtures ( cycled test 5 times)
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Fig. 10  Temperature resistance and chemical resistance of

Janus cotton fabric for oil and water separation

3.4 EDS 5#7
12 A 13 M RAE 5 Janus #4010 EDS
s

A 12 A 13 AT RAE H  JR A 205 Janus AR
AW sE KB R A F,C.0 tE S5 F5,Si ot
ZILFA ;1 Janus B KE | St o RS &

d) KLY &

B 11 Janus #3424 SEM BB K
Fig. 11 SEM photos of Janus cotton fabrics

AR , S — AR SE T R S0, BURLAYAT sl A R AR TR B

1, A BRI E) & Cl JT R, X Al Re I T &

EDS X455 5 SEM M8 H-45 w4 | X L 56 3iF



FUHAMAR Vol. 43

hEk E |
L %E EEJJ%J 1 Technical Textiles Sep. 2025
1000 1 10001 1 000
& 500 & 500t & 500
C C
o 0
0 =] 0 0 » ..
0 1 2 3 0 1 2 3
g4 fik/keV gihiig/keV gEbfit/keV
a) JEAm b) JanusHE 2B /K TH ¢) JanusHRZRASE/KTH

B 12 R4pkE EDS 547
Fig. 12 EDS analysis of fabric surface

25 pm 25 pm

25um

25 pm 25 um

25 pm 25 pm

a) JEAy b) Janusti ZUET K IH ¢) JanusHpZAM)E/KIH
B 13 R4k @ SEM B K & EDS L& oA
Fig. 13 SEM photos and EDS element distribution of fabric surface
T Si0, WRAEL WIR B IR . X FRRA > BADBBURE R Janus MR, FEIRTE 1T HMAK
JERIBEREZS R T T S R K Ve, (4 Janus BSTERE, 4R ANT .

WRSUITERTK 775 4T B ) N I T T (1) J TR et ] 95 K 5300 1 % 98 K 4% Sio,
MOk GE Si0, T R 2 K 2 IE IR,
4 H I A SV T4 fh £ 250 LA S BB R 40 B AR

SRR, S A Janus HEUIRO R T S BHR,
ARG WAL T ORI BUKFIE 0. 15 g/em® KEHERFIA) 28 min, 40K 2%



S 43 %
2025 FFE 9 HA

=A%

Technical Textiles

A5

L RESH

Si0, Sk Sio, BRI 511,

(2) ¥R B A TS 06 45 1) Janus A 41
HEATAS TR 3 K TR A 40 0 3 7K 0 15 03K, & BE Janus
KRy i Fom 5T 1620 L/ (m? -h) |, 20 B R R
YL 96% , PEMAAI 5 UG IR 5 0 B RUR
JLFTEAR R, 2 B 1 48 19 Janus #3214 H 48 K41
K A3 B P RE S AE AR FE

(3) MR B A TS 06 45 1) Janus A 41
PEFT i P T TR R T e Rt e B
LA — 2 M R R i Ak 2 1

F SR 45 S AT Ak AR A BB A 7 Tl
FME KA PR R R S5

ARG F 6

S 3k

[1] DONGYZ, LIUY X, HU C M, et al. Chronic oiling
in global oceans [ J]. Science, 2022, 376 ( 6599) .
1300-1304.

[2] LIUZA, WANG X Y, GAO M Q, et al. Unpowered
oil absorption by a wettability sponge based oil skimmer
[J]. RSC Advances, 2016, 6(91) ; 88001-88009.

[3] GEJ, YEY D, YAO H B, et al. Pumping through
porous hydrophobic/oleophilic materials; an alternative
technology for oil spill remediation [ J]. Angewandte
Chemie International Edition, 2014, 53 (14 ).

3612-3616.
[ 4] ANGELOVA D, UZUNOV I, UZUNOVA S, et al.

0@00S00S00S00S00S00S00S00S00S00S00S00S00S00S00S00S00S00S00S00S00S00S00S00S00S00S00

(&% 34 M)

[11] KALANTAR J, DRZAL L T. The bonding mechanism of

aramid fibres to epoxy matrices[ J]. Journal of Materials
Science, 1990, 25(10) ; 4186-4193.

[12] By, RRARE. &R 4 S BT 4 B G b R ik
PERERFSEL C] /S AMBHY IR 5 K 55— w4

[10]

[11]

[13]

Kinetics of oil and oil products adsorption by carbonized
rice husks [ J]. Chemical Engineering Journal, 2011,
172(1) : 306-311.

AURELL J, GULLETT B K. Aerostat sampling of
PCDD/PCDF emissions from the gulf oil spill in situ
burns[ J]. Environmental Science & Technology, 2010,
44(24) ; 9431-9437.

GARDNER R A, KINKADE R, WANG C ], et al. Total
synthesis of petrobactin and its homologues as potential
growth stimuli for marinobacter hydrocarbonoclasticus, an
oil-degrading bacteria [ J ]. The Journal of Organic
Chemistry, 2004, 69(10) : 3530-3537.

(ZSTBIN /RIS L <20 S i EAC 7/ U
LKy B R SE LI ] 7k FH 97 844, 2020, 38
(9) :22-28.

XIONG Z, LIN H B, LIU F, et al. Flexible PVDF
membranes with exceptional robust superwetting surface
for continuous separation of oil/water emulsions [ J].
Scientific Reports, 2017, 7. 14099.

ZUO JH, GUY H, WEIC, et al. Janus polyvinylidene
fluoride membranes fabricated with thermally induced
phase separation and spray-coating technique for the
separations of both W/0 and O/W emulsions [ J].
Journal of Membrane Science, 2020, 595. 117475.

LI XY, HU D, HUANG K, et al. Hierarchical rough
surfaces formed by LBL self-assembly for oil-water
separation| J]. Journal of Materials Chemistry A, 2014,
2(30) . 11830-11838.

CASCHERA D, MEZZI A, CERRI L, et al. Effects of
plasma treatments for improving exireme wettability
behavior of cotton fabrics[ J]. Cellulose, 2014, 21(1) :
741-756.

0000400400400 400400400400400400400400400400400400400S00S0

HE &2 AR 2EAR S BERSCEE. 2000 595-598.
TRT, TN, &, 5. WL 25552
BPLAR BT S PR REROME I 9T [ T, AR R (A
IRBFSERR) , 2025, 51(4) ; 78-84.



