=5 ilH 3 1k

Acta Materiae Compositae Sinica

BUKBR A R B REATRHE il A R N BT T E R

IRk AT BB E T ER HE KA

Progress in preparation and application of hydrophobic-oleophobic cellulose-based functional
materials

QIU Lin, YANG Guihua, JIANG Qimeng, WANG Baobin, XUE Yu, CHEN Jiachuan
TELL L View online: https://doi.org/10.13801/j.cnki.fhelxb.20241012.001

AT ARG A SCEE

Articles you may be interested in

AR B AR S AR

Preparation and research progress of bio—based high resistance oxygen composites
H AR, 2024, 41(12): 62416252 hitps://doi.org/${suggestArticle.doi)
AW T A 3R H VR S v AR D5

Research progress of biomass cellulose based daytime radiative cooling materials

AR 2024, 41(11): 5665-5676  https://doi.org/10.13801/j.cnki.fhelxb.20240509.001
EESUT A T 2 3 Ol BRI I 7t e

Research progress of biomass—based cellulose insulation aerogel for building

AR 2024, 41(1): 108-120  https://doi.org/10.13801/j.cnki.fhelxb.20230802.003
R I L BRI 2 &ML R T &5 0 H

Preparation and application of cellulose—based metal nanoparticles composite catalysts

A MR, 2022, 39(3): 993-1004  https://doi.org/10.13801/j.cnki.fhelxh.20210909.003
E3 A B Y L S O T R

Research progress of cellulose—based solid—state fluorescence sensors

A MR, 2024, 41(1): 121-133  https://doi.org/10.13801/j.cnki.fhelxh.20230724.003
LT 2 2 R AT B A R T

Design of gel materials with cellulose and its derivatives

A MR 2022, 39(7): 3084-3103  https://doi.org/10.13801/j.cnki.fhelxb.20220301.001

1

4"
=
R

PR REMGE AT, FREEZHRINEE


https://fhclxb.buaa.edu.cn/article/doi/10.13801/j.cnki.fhclxb.20241012.001
https://fhclxb.buaa.edu.cn/article/doi/${suggestArticle.doi}
https://fhclxb.buaa.edu.cn/article/doi/10.13801/j.cnki.fhclxb.20240509.001
https://fhclxb.buaa.edu.cn/article/doi/10.13801/j.cnki.fhclxb.20230802.003
https://fhclxb.buaa.edu.cn/article/doi/10.13801/j.cnki.fhclxb.20210909.003
https://fhclxb.buaa.edu.cn/article/doi/10.13801/j.cnki.fhclxb.20230724.003
https://fhclxb.buaa.edu.cn/article/doi/10.13801/j.cnki.fhclxb.20220301.001

§é$j*4$*ﬁ B4k FeM  6H 20254

Acta Materiae Compositae Sinica Vol.42  No.6  Jun 2025

DOI: 10. 13801/ . cnki. fhelxb. 20241012, 001

KGR HTEREDRMBINEERENA
W5t R

Wk, hHA HAEE, 2GR G, %L

(GFf Tl (LR BB ) AR RL S 2 (L AR R R R S0 %, IS AR S R B I E e s, DR RA 250300)

W OE.EThE RS # AT B L, I TR AT AR AR W BT SR R SR RO Y
P, FREREARATRFEEWAT ALY IR, RSO G 2T 48R R SRR AR e s RS
fﬂﬂﬁﬁxﬁzﬁ:&o KN T L R IL KGN BT RE £ 2 2 5L w0 /K o T AR SE AT L A0 2T 2 3 38w /K o T 45
WA R A ik, AT AR T 3 Fh 2 4 3R 5L LB M R HE A5 75 IR AR R, DR T & 248 3% 5 XUs AR ZE 7K i 3
B THESGTZURL . BRI N, B T SR BIMAILE] IR 4 3 AR & R AT T
B,

KPR . AR BUKEN; FREES; EAME; AYREAE

hE43S: TB34; TB332 XEARER: A XEHS:  1000-3851(2025)06-2971-14

Progress in preparation and application of hydrophobic-oleophobic
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Abstract: Based on the gradual implementation of China's "plastic restriction order" to "plastic ban order", the use
of renewable and degradable biomass-based materials instead of plastics has become a research hotspot. Cellulose
is the most abundant renewable biomass resources in nature. Replacing plastic with green degradable cellulose-
based materials is an effective approach to solve plastic pollution. The preparation methods of cellulose-based
hydrophobic-oleophobic film materials, cellulose-based hydrophobic-oleophobic paper materials and cellulose-
based hydrophobic-oleophobic gel materials are introduced in this paper. The characteristics of different pre-
paration methods of these three cellulose-based hydrophobic-oleophobic materials are analyzed and compared,
and the application of cellulosic hydrophobic-oleophobic materials in the fields of water-oil separation, wear-
resistant textile materials and flame-retardant materials are expounded. The hydrophobic-oleophobic mechanism
are explained. The development direction of cellulose-based hydrophobic-oleophobic materials is also prospected.
Keywords: cellulose; hydrophobic and oleophobic; surface wetting theory; composite material; biomass-based

material
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Fig.1 Application frame diagram of cellulosic hydrophobic and

oleophobic materials
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IL—Ionic liquid; RF—Radio frequency; MFC—Mass flow controller; PDMS—Polydimethylsiloxane;
SDS—Sodium dodecyl sulfate; CNT—Carbon nanotubes

P2 SPAERBERERARR: (a) Hrigr2™; (b) FETHAIN; (o) BkEP

Fig.2 Flowchart of preparation of cellulose film: (a) Electrostatic spinning!”; (b) Plasma processing!'”; (c) Spray method®”
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BFTE), L6 B VRO ARG 76 T SR FH B i 7 T LA
SEMR IR . Yi P I AR AT YR v AR R
g 3(b), 55— )2 ¥4 4 K 91K 4 22 (CNF) ik 1
LSRRI R R, FoEHEERF
7k S ke (PDMS) [ CNF, R B84 7 =0 F [
TEVR A 55— )2 CNF Lo XUZ IR A 403 bR 7K
2 fil A = 35 139.8°, TMEZfil A 97.1°, P A
4 2.564kN/m, % S S ik #] 7 446 mL/min, % g
T AR Ry R G AT A U A 1 i 4R AR Y 10 % .
S5 B AR A BB R TRV RE IS T 4RSS A R R 1 1
PREAG B, DT A0S AT Pl 5 2 1 e
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HMPAP—Hydrophobic M-xylylenediamine phytate ammonium
&3 X S G AR — 2P AR HEXAC: (a) FUBRKI TG ML) (ST-
110)- S AL AL RELE (FAS)- R PUGH LM (PTFE) £F4EAKE; (b) B ALk
FkE-LTHERINKLT 22 (PDMS-CNF) SUZIRATAE™; (c) M- 2t
SRR LT AR A5 (d) PTFE-ZrO, BtkLr 44t
Fig.3 Hydrophobic and oleophobic composite paper based
material —Cellulose-based hydrophobic-oleophobic paper:

(a) Fluorocarbon surfactant (ST-110)-fluoroalkyl silane (FAS)-
polytetrafluoroethylene (PTFE) fiber paper®; (b) Polydimethylsiloxane-
cellulose nanofiber (PDMS-CNF) double-coated paper'®;

(c) Ammonium phytate-polymethylhydrosiloxane hydrophobic
oleophobic paper®; (d) PTFE-ZrO, modified cellulose paper'?

G FERRE, DB A e s K PERE . ek
YA BB K M W B R, KB A ik 1250
ks
1.3 WERE &g

56 I 2 48 38 2ok U i - e, R TR T 5K
(hnd BT . W rR T . I A T8 55 T B
— Tl Z2 ALl [ S AR (AN A B . KB L i 4
FIRSE), BERCPHH & R mA . LB R ML
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XL F 5 A RS MR R 4 BT R . Wang %5 2 J 41
PR2F 4 25 (BC) ek 1) 4 i A00 SR FH VR T e 125 7l
7% i BC/BaSO, WL B L HEfe , FRTAE K . T il A
4300 ik 154°H 145.5°, I H OS2 J5 A 52

HOH AR 51 A M ge (18] 4(b)). Halim 55 P 38 1o
ﬁﬁ%%ﬁﬁm%%%%,ﬁM%@%%%ﬁ&
FRACE RIS ge R, B TR 4R G4
AT S 4 9 K 2T 4k % (MECH-CNEF) 1 2, 2, 6, 6-14
LR B2 - 1- 4801k 19 AR 3K 2F 4 K 91 K 21 4t (TEMPO-
CNF) ', 7£ 65°C T T4 12 h, I3k TEMPO-
CNF iff 45 1l MECH-CNF 45, Wi 2 4 £ i i 7
KT S 3 G 2 i 2 KT 1500, B3k B8 B I AR
e . Xie %5 P M 50 90 4T 4k K V% i 7F 8wit% LiOH/
15wt% JK & (LiOH/urea) % ¥ H', Jf7F 0.04 mol/L

26% 5%

Bl 4 G E A BB — AR IR . (a) ZFLANELRIR s A
RUIBERE; (b) ZNTHLT2E 3 /BRI (BC/BaSO,) XBE THEK™ ;s (c) Mtk
REEW MG (PIF) PR B (d) EAAORIELT LA YR (NFO)-
R ZARALHE (PED) AL 47K HHil (EGDE) S
Fig.4 Hydrophobic and oleophobic composite gel material —Cellulose-
based hydrophobic-oleophobic gels: (a) Porous and spongy hydrophobic
oleophobic silicones®; (b) Bacterial cellulose/barium sulfate
(BC/BaS0,) hydrophobic oleophobic gel®;

(c) Modified polyimide foams (PIF) cellulose gel*; (d) Oxidized
nanofibrillated cellulose (NFC)-polyethylene imide (PEI) and ethylene
glycol hydrophobic oleophobic ether (EGDE) aerogel ™
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Y1 10 IR J5 43 B SORAT R RE 98.90% LA | o AT UL,
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Wang %5 5 5% R & 25 22 3 ) & T I £ T 3
PR 4T 4 R AWK LTI (d-CA), AR Kb B A
B, Kl kA 29 1300, XFET KR A
Y53 B RR T 18 99.97%, 7K R A 5 I 38 4 il
35 %] 29 000 L/(m*h) F1 38 000 L/(m*h), 1 i JH B
PR £F 4t B (c-CA) /K38 5 {4 1000 L/(m*h). F&
AR Ry B W A, d-CA JRAIE BRFE E kIR
99.97%, c-CA il d-CA JEFE A il ik /7K IR 5 4 43
BEPEAEOR, c-CABRTEEIETH 5 W5, 4rE5id
H# M 1000 L/(m*h) 2 TR £ 00 SR, XF
T d-CAJE, TEX il 25 G, 408 ik
BB, 758 F5E 2 22 000 L/(m*h), d-CA
FEAE Mg 1A ik U T A B /KR 5 ) T R B
ER A N % 77 0 Fu 5559 5 5 NaOH/JR £ 7 7
R R & T 2L 1 2 /N, N30 FF 35 001 4 Tk g /
AL SR ABERS . BT A5 1 B B KT i
Wb, BORL 4R /A A S0 G A 805 5
9 1wt%) KT i Al A O 140°, 73 B RRN 99.8%,
K A 22 900 L/(m*h), 78 4 390038 A8 i 4% 14
T R B O e 0 n] A A T A M, K T

BB AT 10 YO /KAy B, 4y B URAT
TRH57E 99.0% LIE, AKGERAEESE 22 900 L/(m*h);
FE i 7E 8 il PR ER5E (1] 4 7E 1 mol/L HCL, 1 mol/L
NaOH #1 1 mol/L NaCl) F#47 T3, 43 B
158K 5 T 98.5%. Wang 55 57 21 2 25 40 K i 1k /
A fLEE (CNC/ZnO) 40k =4k 5 L 4 I ik
fif (HEMA). H TR — H 2 5 £ s (DMAEMA)
R FH 56 P A Tk e - 1 R LR (MAAAB) Y =ik B 2R
4 %) (PDMAEMA-b-PHEMA-b-PMAAAB) % £ 31| 5
PR A2 35 21 4 (PPEN) - 75 21 AT 396 X5 384 0 137 1
1 9 4 fiE JC 97 Aii (DSR-CZPP), DSR-CZPP fif ff
F4) T 335 O e i 7 Vi 34 4 TT LA A 9 pH (B A
TE 25 A6 BE ST fish % 3 7K /87 7K 5% 78 FSE I /65 i
s iRy, W CNC/ZnO 7] L7 S 45 HL Y% R
A Ak [ A% (K] 5(a)), DSR-CZPP 7] W% [ff A ] pH
HTWEREE T cu, Hi 7 pHfi 10 T Cu*
W, B R T 75 1k 74.31%. DSR-CZPP X A 5 A HLI
R ekl o AR L ST AE 2 RS g ) W R 3R
(W2 B 22 =(W% B I JoT 42t — W BFF i 0T o )/ BT i 5T
it x100%) 43 5 55 ik 93.14% . 142.34% Fl 264.40%,
DSR-CZPP H.A7 1) 5 A7 HL I 77 W Bt i 0 6 Tl
JE K Ak B4 ds LA H L S, Fan P A A
KR AL LT 4 % (ONC) . R 24 W e (PEI) Al 2,
T 45k H i EE (EGDE) A 8 T R 46 Mg K
) A8 Ak 20 K i 27 A0 2 4 R SBE IS (C-g-PEL), H7E
50 YA Al F 5 e = G0 6 - K 8 43 8 R R AT R
FF 99%. I LT 4E R FEAR T ACBE IR SR Y 1 45 1k
A, HERERILEER T A . AT, MXTT
SRENAER A DB, 2T 2 R B Bk
e BAT G AR R, RS XT R B AR L R
1YL
2.2 EHRmMAEBILA

2F Y F WU A R B BOK BT . SR TCEE
i B Wt A A AR . B TR SRR S 40y
AT ZNH, AT LUH S & B K . s,
KIRE Y g 2L AR AL . F B 55 2 AT B0 oK
PR, AN3E T B K B I o 45 R Y ) A, e 2
I AR T BB I LABE AR 26 K o . Taibi 5509
5 S 1 S ST e A TR s T TR 2 A 1) I R 41 4
(B 6(a))o I 7 vk Al SR Ab 4 RIS 1 SRR 2T 4 3R
HT 1A O ey A RELRE B2, C R A 139° 1Y 7K 422 i £
1 108°0 AL H e 12 ok A, RIDfRE R AL 1) RUAR R
AL E 0.10wt%, 28k 4 S A 0 W RR 2L 1Y)



BOBKAE BRI ET 4 3R FE D RE BB ) w8 G A 5 - 2977

(2)

......... aqueous...... DSR-CZPP
solution i

UV & pH 2 i
oil e 7
{
: £
j i Degraded MB
o aqueous solution
I J b iw i
h¥ MB \ | \ ——————
O © uwemr & © e uv

& aqueous solution
irradiation

i b
“ Oil r
Degraded MB
% aqueous solution

MB—Methylene blue
Pl 5 SRS RHE K M 53 2 TN R TR () PT RURI O o b  RE TG A7 (DSR-CZPP) SUBEIEE™; (b) SRSt KIELF ik
YR -2 WG BE- 2R M (C-g-PEI) S

Fig.5 Application diagram of cellulose-based hydrophobic-oleophobic materials in the field of water-oil separation:
(a) Dual-stimuli responsive composite ZnO-modified polypropylene nonwoven fabric (DSR-CZPP) aerogel™; (b) Oxidized Nanofibrillated cellulose-
ethylene glycol diglycidyl ether-polyethyleneimine (C-g-PEI) aerogel®!
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Fig.6 Application diagram of cellulose-based hydrophobic-oleophobic materials in wear resistance: (a) Irradiated linen fabric®®;

(b) 1H, 1H, 2H, 2H-perfluorooctyltriethoxysilane-diureapropyltriethoxysilane (PEFOTES-PDMSU) cotton fabric!*!!
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7 FYERFERGTA BAERRA 7 0 R (a) BelE PIF SRR RBENE; (b) MR

Fig.7 Application diagram of cellulose-based hydrophobic-oleophobic materials in flame retardancy: (a) Modified PIF cellulose gel™; (b) Soot fabric!*!
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PP—Polypropylene
8 LTI B AR 2 g AT RIS R A (a) TR WL 2~ BEfR/ SO,/ L R & (PET/Si0,/FPU)
KUZGRLFAERE; (b) FPU/R R (PU) B2 $5 20 % SEM IR
Fig.8 Schematic diagram of application of cellulose-based hydrophobic-oleophobic materials in air purification: (a) Polyethylene

terephthalate/SiO,/fluorinated polyurethane (PET/SiO,/FPU) double-layer nanofiber film'*"; (b) SEM images of

FPU/polyurethane (PU) anti-haze screen*!
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Fig.9 Schematic diagram of three-phase contact of droplets on
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Fig. 10 Wenzel model (a) and Cassie model (b) for rough surfaces
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Fig. 11 Binding force and surface structure of cellulose-based hydrophobic-oleophobic materials: (a) Electrostatic interaction between cetyl trimethyl
ammonium bromide (CTAB) and nanocrystalline cellulose (NCC)®"; (b) Chemical condensation reaction between hexadecyltrimethoxysilane (HDTMS)
and microcrystalline cellulose (MCC)"*; (c) Chemical reaction between perfluoropolyoxypropylene-polyethylene glycol block copolymer (E-PEG)

molecule and hexamethylene diisocyanate (HMDI)*®; (d) Hydrogen bonding between water molecules; (&) Stober silica particles and CO micro-nano

rough structure construction diagram®!
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