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Abstract

This study developed a stable hydrogel coating prepared in an ethanol/water mixed solvent system
to modify nickel foam (NF) membranes. The solvent system temporarily inhibits hydrogen bond
crosslinking between PVA and TA, delaying gelation to form a uniform precursor coating. Nano-SiOz
was introduced to enhance surface roughness and gel stability. The NF/PVA-TA-SiOz membrane ex-
hibits superhydrophilicity (water contact angle: 0°) and underwater superoleophobicity (oil con-
tact angle: 152.4°). It achieves > 99% separation efficiency for various oil-water mixtures and 98.16%
efficiency for oil-in-water emulsions, with a flux of 1534.2 L-m-2-h-1. After immersion in pH 2~12
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solutions and 3.5 wt% NaCl for 12 hours, as well as 30 abrasion cycles, the membrane maintains ex-
cellent wettability and high separation efficiency, demonstrating robust acid/alkali/salt resistance
and mechanical stability.
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B E T WA E e B BRI CEEAT R[], e rb LA DR AR T R A A T
R EVE R, 7 BEMERER[2]. REANERIR A MBS . RERBIREEILS, (ERTS Y AnLIGR 2= £ 1
KPR o 3240 R B IR LR A, /KT g S i w] JE D K AN 2 R RE AR 22 (3] H
HiH BRI R A A kB - T2 LR R T8 RO R SRS 22 4] FR T IR AT YR R 7K 1k 22 5]
e HEAEIPRT T 2R HA R R OMBEEPVANEN —Fhax A RIZRKTE R &1, oo 18R 10 2L
BRI T HAL 10 022 PR RE, RERS A2 /K 73 B R rh OB U g (K o ady), BRHTERE . mTZE MR s
Ty T U HdE S KRR 4%, KB USRS 1) 2 N [6] [7]. AWFTTIE R ZAGIE(PVAE N
Hbt, HIPEPRRe e WAEMIBERE, &G KM, RN SN E SR R AR BT IR(TAE 7
THR, FBRAK SiO, fLtbikfg: il LREIKIKR R —PEIRTE PVA 5 TA FIEACHE, IR AK
K, ATRSIIRE AR INAGER SiO, AIRTHRITHRERE . W oRIRZRENE, IR SETH K%
BE— DA, 15 2IVERERRE EESROK - KRB BRI 2 B .

2. SEEG
21 #

JEAREL(NF), FL42 PPI 100, R HTMEHEMEEMET . 99Kk SRR 30 nm). T MR
(AR). HTER(AR). ZFE(AR). =& FKE(AR). IECKE(AR). MR 80 (AR). 73 FHIT (AR)FISKIA H R
WRMEAL 2. FZE(AR) R [ ARG AL 2A R . Sesie B A A s .

2.2. Fl&

W —E T SiO2 INAZF] 94.0 g & T/KM AR A 11 BB GH AT, B AR S 4L 30 min,
EHRAHE), H&E8—EREN AR AR 5% —E® PVA fl 39 1) TA T Lidm)
SiO R E AT, 78 90°C T4t 3 h, 153 PVA-TA-SIO /KEEIR R 16 60°C R, HTRALFEE i NF Jit
N R KB R R L 30 min, SR 5K NF MRS HHECHE , 75 40°C T FHEAE o 08, 45 22K 7K NFIPVA-
TA-SiOz. A Bk [FIFEH 7715 %43 2] NFIPVA-TA, X 4.

2.3, iz
ZKE e AF RO IS 2 B (AR 12.56 cm?). JHAKIREYI0H: /K = L1)E B4, BOR n=mi/me x
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100%. KA (O/MW)FLIR (7K = 1:99, 1%0HiE 80, #HA 1 h)or B8R K H L /MlMAX . FTIR (Nicolet
6700). XPS (X Pert PRO MPD). SEM (FEI Quanta 650 FEG) X EDS 1. 7K N il f f(UWOCA)H VGA
FHBL + Imaged M5E . FaEME: 20 ROEH: Wh4REEST: K NF B T 600 HAb4RIE BJ7, #iy 100 g, If
fEHAERP AR EIR/KSF 7 AR B RS 3)) 20 cm, BUILTER T — /N R I BRI . 200 30 IRIEIIEHS: b
FasEME: pH=2~12 K 3.5 wt% NaCl 21 12 h.

3. &BR5WiL
3.1 BUMEFEAIK

PR R W 5 LR TR R A 22 ) 3 S FOREL RS 2 1) 5 35 D) ) ORIk . /K BEIRGIR 2 TR ) PVA B & iRE
TIRIZWIREEE, M sZmadR 2 NF B E R A K@ (5 1(2)). [BE TA3%. Si020.2%, PVA M 1%
% 3%, UWOCA M 140.2°F+% 148.4°, /KilfE M\ 2.31 x 10* F+ & 2.81 x 10* L-m2ht; PVA > 3%/ if &
N EER(ALBREEZE) . [EE PVA 3%, Si020.4%I5, UWOCA it 152.4°, /KiE# 3.18 x 10°L-m2h™!; i & SiO;
HEEFLIF(E 1(0)) BefEZkAF: PVA3%. TA 3%. SiO;0.4%.
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Figure 1. (a) Effect of PVA content on UWOCA and water flux; (b) Effect of SiO2 content on UWOCA and water flux
1. (a) PVA & £%} UWOCA FI/KiBERIRNT; (b) SiO2 FEXT UWOCA Fl7KiB £

3.2. WESESHHR

SEM Z3HT AL T JE4h NF. NFIPVA-TA FIl NF/IPVA-TA-SIO, (IR TSR, H7n T & 52 n
RAEDEEN . R NF RIEDGH: PVA-TA BT RS G Z: N SiO, J& 3R TH 355 73 A Uk,
TE AR RS 45 7 (4] 2(a)~(c)). EDS f7s C. O+ Si ¥J5)00 4, RERIN(E 2(d).

FTIR (4 3(a)): PVA-TA 7f 1707/1608 cm* HH# C=0/C=C #l§, vO-H Fl vC-OH [ FihiAs, if
S PVA-TA & BEACEL. XPS (14 3(b)~(e)): NF/PVA-TA-SIO, 1 Si2p 14(103.65 eV), C 1 O & &1,
Ni #%55; C1s 1 O-C=0 I§(288.7 eV)idt— P IF A H#; O 1s i —WHEAT, A Si-O-C AFFERTIGIE, Sd
B AT 2 R S 0 TR A 4

3.3. FHiSERE
A(a) o T (S A ) ZE R 4G NF AT NFIPVA-TA-SIO, £ AT . 554G NF AHEL,
TR Z N NFIPVA-TA-SIO, R 4355, HHRIMBA MRS . RN IET T K TSR 4(b)),
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FEIE S A 0ty (FH 25 P €2) 3G 5% 5] NF/PVA-TA-SIO, 2 T8I , o 3 155 il 57 [71) DA H: 2 T 3. 1], AN BH RS
TEE 4(c), Al NF 7EKHPBIR—E A TE, SA)E G884 NF REES =8 H bk, KM =EF 5T
K FHRLE NF _E, (HEIRZ 5 I NFIPVA-TA-SIO, K [H 1 V& A~ B JRZE o ixX Se M 52 45 I 78 /MiE 5, PVA-
TA-SiO; HE1R)ZREA R 1E NF P28 2514 LE I 7K 73 B ik R o AR e A 5 G B AL 3 2E

500um.

Figure 2. (a)~(d) SEM images of NF/PVA-TA-SiOz (with EDS elemental mapping)
2. (a)~(d) NF/PVA-TA-SiO2 B SEM [El#& (Mt EDS L& 5 7h)
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Figure 3. (a) FTIR spectra (PVA, TA, PVA-TA, PVA-TA-SiO2); (b) XPS full spectra (raw NF, NF/PVA-

TA, NF/PVA-TA-SiO2); (c)~(e) C 1s, Si 2p and O 1s peaks of NF/PVA-TA-SiOz

& 3. (a) FTIR £iZ(PVA. TA. PVA-TA. PVA-TA-SiO2); (b) XPS (/R NF. NF/PVA-TA.
NF/PVA-TA-SiOz); (c)~(e) NF/PVA-TA-SiOz #J C 1s. Si2p. O 1s 43U&
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Figure 4. (a) Adhesion behaviour of oil droplets (chloroform) on the surfaces of pristine NF
and NF/PVA-TA-SIOz; (b) Photograph of an oil jet test under water; (c) Images of oil droplets
(chloroform) on the inclined surfaces of pristine NF and NF/PVA-TA-SiOz

B 4. (a) HTE(E SRR EEE NF F NF/PVA-TA-SIO RERIHEMITH; (b) 7K T ihst
AR A (o) HMEEERRE)EMEAIREL NF 1 NF/PVA-TA-SIO: REAIE %

3.4. JHEMSHmKSE

RMEIRYER MK BB SCREVERETRAR, RENRNBIENE . B TR 7 B, sl A DAL ()
= F BB, NFIPVA-TA-SIO, 25 S HKBEfilf 0, /K il 152.4° (14 5(a)), *f4em. B2, 1
ChE5E UWOCA #5> 150° (1] 5(b)). K il % 1) O/W FLFI(N/W. D/W. T/W. C/W)XI NF/PVA-TA-SIO,
FVIRB A B Re J13AT T VP4, SEUIREN T, 4r B R E> 99% (1€ 5(c)). 20 AR5 2R3 AT1> 98% (4]
5(d)), HEEFE.

(@) P (1)) e
: | =
i 1 E Petroleum ether oy |
g ; E Toluene +.
; Gasoline +-
i e
|

110 120 130 140 150 160 m
UOCA(®)

,,,,,,,,,,,

|
v Gep——
o
~
E

(c)

<
€

Separation effciency(%)
2
2

Separation effciency(%)

e
3

12345678 91011121314151617 1819 20

n-hexane diesel toluene colza oil
Cyeles

Figure 5. (a) Wettability of NF, NF/PVA-TA and NF/PVA-TA-SiO: (bar charts showing
water contact angles and oil contact angles); (b) UWOCA of different oils on NF/PVA-TA-
SiOz; (c) Separation efficiency of NF/PVA-TA-SiOz for four oil-water mixtures; (d) Sepa-
ration efficiency and flux for a n-hexane-water mixture after 20 cycles

5. (a) NF\NF/PVA-TANF/PVA-TA-SIiO, RIEIZ M (R # il f Fo sl A AT IR E) 5
(b) AEHEFRAE NFIPVA-TA-SiO2 LA UWOCA; (c) NF/PVA-TA-SIO, X U F5m 7R
BYNSBEYER; (d) ECk - KEEY 20 REFREN I BEREXRSERE
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35. ABITE

NTHRZEZE NFIPVA-TA-SIO, 177 25 A Flid b AR B, B 2 Fr o5 1 NF it
JEZEERRNERER 1 mm ERE R, 5B E SRR 6(a)). B EIEIN, &S, BE TR, 5
F R (5-NFIPVA-TA-SIOo) U R e, R0 98.16%. il & 1534.2 L-m2-h-t, X PO Fl O/W L (IE She/K
Semmiks FRERDK. SR GEOK) B AR > 95% ([ 6(b)), JEE > 1200 L-m2ht. H2ERAE Ry
RIS (K 6(c)). KA 2 EHES RS 1 BN RN 2 IR B B . IR A T 5 R AW
TS %07 RAER TR E R Y5 2 B IR BRI (Y R B, B4R FLIE f i FE | /N PR AL KB E i &
DAL G T35 AR A U B JE B LA AlT 7 B R 5B P Re
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Figure 6. (a) Effect of the number of NF/PVA-TA-SIO2 layers on emulsion separation efficiency and flux; (b) Sepa-
ration flux and efficiency for N/W, D/W, T/W and C/W emulsions; (c) Photographs and optical microscope images of
four types of O/W emulsions before and after separation

& 6. (a) NFIPVA-TA-SIO, B LIRS B EMBEHTN; (b) X N/W. DIW., T/W. C/W LiKHH =S
BEMSBEYE; (¢) M o/w &S BRIEHISSHR A FSE B HMEEIG

3.6. BEM

20 IRIEIRJG RN 96.4%. B HEIA 1266 L-m2ht (& 7(a)). 30 &G UWOCA ~ 148°, % =~
97%. JE#E >1400 L-m2ht (& 7(b), Kl 7(c)). {E pH=2~12 }% 3.5% NaCl HiZifl 12h J&, XK >95%.
E > 1000 L'm2ht ([ 7(d). XFHLSCER(GE 1), A B PERER T 2 40 S KA L .
4, L5ip

1) LIEDKIBA NP1k % NFIPVA-TA-SIO,, 41N PVA 3%, TA 3%. SiO,0.4%. 2) PVA-
TA S ACITE BB KB, SiO2 MU RESE 4 . 3) NFIPVA-TA-SIO, fEHESE /K (07) HK N B i
(152.4°), St ZFhlKIB G/ B > 99%, 20 IRAEINJG > 98%. 4) 5 )2 H il At £ 2 1 v M 771 L
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Figure 7. (a) Flux and efficiency after 20 cycles; (b), (c) UWOCA, separation efficiency, and flux after different
numbers of wear cycles; (d) Separation efficiency and flux after immersion in solutions of different pH levels
and salinity
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Table 1. Comparison of the performance of the material developed in this study with that of superhydrophilic oil-water separation
materials reported in the literature
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