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Abstract: Cellulose-based (CLH) hydrogel membrane was prepared by encapsulating LiCl particles on the
cellulose scaffold, which was cellulose pulp (PF-NA) extracted from poplar wood powder (PF), with
polyvinyl acohol (PVA) via freezing and salting out technique. The CLH hydrogel membrane obtained was
then characterized by FTIR, SEM, XRD, and XPS, and evaluated for its mechanical performance, resistance
in high-temperature, acid-base as well as salt, self-cleaning, and anti-fouling. The results indicated that CLH
hydrogel membrane exhibited three-dimensional layered structures, while the addition of PVA and the
utilization of freezing and salting out technique enhanced its mechanical performance. Hydrophilic LiCl,
distributed around the cellulose scaffold, made the CLH hydrogel membrane super-hydrophilic with an
underwater oil contact angle of 151°. Under the influence of gravity, the CLH hydrogel membrane
effectively separated oil/water mixtures and oil-in-water emulsions, maintaining stable separation efficiency
(=99.8%) under harsh conditions of high-temperature (60 °C), strong acid (pH=3), and strong alkali
(pH=13). Moreover, the CLH hydrogel membrane exhibited consistent separation performance over 12
cycles of engine oil-in-water emulsion separation and demonstrated self-cleaning and anti-fouling
capabilities against tetrachl oroethylene oil stains.
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K. TEE AR S, T

FEG 250 U4 o1+ i 145 ( SEM ), 3£ El Quanta
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WIERAE R SR, B F-50 °CARYR T840
BUR 4he e, BRI AE IR IAE 5 A 5.8 g i tE
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NaOH /K FE 95 °C NALEE 2 h PR P4F4E %K 1
WELE FIRALIR, RN PRZE, At
VBT FHZEIR KRS 3 K. YRR BI AR AR
FRich CP., fif, ¥ CPUETE 60 °CHy T4
T4 12 h, B30T EML4E R AR PF-NA,

1.2.3 PVA 4 % & KBS 69 ) &
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PVA iAW, JR7E SR T i 30 min, 28 /54 10 mL
MR G WA G TR LT, 7E-50 °CHRY R T4
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| 10 mL i 50l 5% PVA 0T, IFERIRT
st 30 ming SRJE, 10 mL IR AR 5
lLrp, #E-50 CI¥R IR THRFE YRR 4 he &5, ¥
PG MERIRNE A 5.8 g i EMRAM 10
mL 7&K RS2 24 h, K15 CLH /KBRS
1.3 RIESMK
131 “HEAE

FAEHT, ¥ PF-NA . PVA-S /K EEREIE AT CLH 7k
EERC AR50 °CHIR VR TR ¥ T4 24 h,
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Fig. 1 Schematic diagram of preparation process of CLH hydrogel membrane
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TR DMRELE 12 LIRA il A R 2Bk IR &9
IRALTMFLIR N 45« K 0.3 g i (K. LI . T
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2.1 MMEmAIREEFE
211 SEM & #r

[ 2 & PF-NA [PVA-S /K BEEIE AT CLH KB i
JIEEY) SEM A,

a. b—PF-NA; c, d—PVA-S; e, f—CLH
Kl 2 PF-NA. PVA-S /KEERIEF CLH 7K &5 Y 2%

SEM  (a. c. e) Fiiei SEM & (b, d. f)
Fig. 2 Surface SEM images (a, ¢, €) and section SEM
images (b, d, f) of PF-NA, PVA-S and CLH
hydrogel membranes
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2.1.2 FTIR 5%

& 3} PF. PF-NA . PF-NALI il CLH 7K % i it
) FTIR %, JR4h PR %S, 3340 cm™ 4b —OH
(4 45 95 B e 20 CLH 7K B /e 3340 cmit
by B, 3 R R A M R —OH 32 43 F i) S
YEHT, 1 3550~3230 cm ™ [l A 4 4 ™ PR i K]
H 2910 it Ab W I IE R T C—H RO 4R )
i 1039 e &b W fff i J2 i £F 4 % P i C—O—C i
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Fig. 3 FTIR spectra of PF, PF-NA, PF-NALI and CLH
hydrogel membrane

2.1.3 XRD »#7

& 4k PF. PF-NA. PF-NALI 1 CLH 7KK
) XRD 1 &

WK 4 i, PFTE 20=24.73°F1 39.15°4b (1)
AN FEAT WS B AR TP AR AT T R, XA
A3 TR B S AR HES L AE XRD 3 & o S B
BRI TR Y PE-NA 7E 20=16.00°F1 22.00°4k H:
PRI 50 , 4330 %oF 1o 1 47 4 A4 ( 101 ) F1( 002 )
ST i PE-NALI 7 20=36.19°, 52.11°F1 65.09°
AbHY 3 AN T AN T LiCH i = A= g, 2 i %
N (110), (200) F1 (211) Fhifi o
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Fig. 4 XRD patterns of PF, PF-NA, PF-NALI and CLH
hydrogel membrane
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A3 B AT St 0ge, R 20=32.43°4b B AT 5 06 J2: AN
LiCl A K10, T 20=46.18°4b Hy PR A4 177 5 06 2 R
I PVA TR RIS T PR-NALI (4R E 45
AL R
2.1.4 XPS%#r

Kl 5% PF. PF-NA. PF-NALI 1 CLH 7K#E
JEERY) XPS 1% 5], W&l 5 frR, PR, PF-NA | PF-NALI
Fl CLH /K& LA BETE L T O 1s Fl C 1s 1Y
I, Li 1s i B TE PP-NALL F1 CLH 7K 58 i i
M RETE .

CLH Ols

Cls| |Lils
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Y

PF-NA
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ZifrReeV
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Fig. 5 XPS spectra of PF, PF-NA, PF-NALI and CLH
hydrogel membrane
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ZE 4 BE 284.68 Fi1 286.38 eV b H 3 1) S 16 43 S o
BT C—C Al C—O M, CLH /KB C 1s 6
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1 288.33 eV Ab B IE 4y 5% R F C—C. C—O0
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FE VR M AR OK > B R Pl S B
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FEK T LB S, HJE K T B A A 22 5

oK TRk T 7E T 5 PVA-SC 7K 8 i i F CLH 7K 5
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WAL, 33 U PR 1 ol 7K i e B i A AE SR /K L A

e — "
M=

TR
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GtV
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P XPS &l
Fig. 6 High resolution XPS spectraof C 1s in PF-NALI (a)
and CLH (b) hydrogel membrane
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Fig. 7 Water contact angle in air (a,b) and underwater oil

contact angle (c,d) of PVA-SC and CLH hydrogel
membranes
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A1, FEE 13K S) 200 T f8 T CLH 7K 358 M 5 X A [+
FKRBPMAR S WHEAT T8, 25 R IK 9,

mE 9a Frr, LI VERCEKE) : VK)=1: 1
JB, K CLH K EE I T A A5 0] i g AR 2
6], AR ERIE L 1 Je [ 5 o B R Bk IR
BT AN b 2R e, EEIERT,
CLH 7K BE BB AT LA K ok g B be iy, 30 O e
TELEE Y 1 E8
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=550
=
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24001 X
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Fig. 9 Photos of separation process of oil-water mixture by
CLH hydrogel membrane (a); Flux and separation

efficiency of CLH hydrogel membrane for different
oil-water mixtures (b)
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CLH 7K B 58 1543 B /K A BL 3 3L T8 1 5 40 el an ]
10a 7o 5 K AL FLIR AR AL L T 1 75 700 %
M AT E 1508

MIEL 10a AT 0L, kg BE B FRBEAR T, ik



B E - 84

996 * # 2w 4L T FINE CHEMICALS

541

T DU B CLH /K B8 i AR B T B8 A TR FI e AR b
18 FH A ) 30 B0 W 1) £18) 3 5 i i 7K B BIL 9k L
SE A a1 10b Frs o

IKEHMFLE
100 1000
HifE/mm
d = BhEE
360 - SYERCE 1100.0
350
Z 40 1995
%330 L ﬁ
m@ ol 99.0 g
@ 310+ 1985
300 |
290 98.0

POk Lk WEEW KEW Al

K10 - EK LM FL oS R (a) K& ( 2 ) s (F)
FLIK (b) BB A5 43 BTG K G HLI 2L 1 R
FIERRH R F 4340 (©); CLH /KEEIRIE 4 A
[7i) 28 2 7K A, 7L R 1 R e 123 B RRE ()

Fig. 10 Photos of process of separating engine oil-in-water

emulsion (@) and emulsion before (left) and after
(right) separation (b); Droplet size distribution of
feed emulsion and filtrate of engine oil-in-water
emulsion (c); Flux and separation efficiency of
CLH hydrogel membrane for different types of
oil-in-water emulsions (d)

AKAL AL LR & A LR, g AR
WLEEF KA, WA ol UL, mT %, CLH sk
JRE ST LA B 43 B K A LI LI . i FH DLS Ml T
3 B HTE KL FLIR AR T, RS 434 n &1 10c
Fim o TEABSZNT, Wk RT3 #E 91~459 nm 1y
JEIE, MTES B 5 , WO R £ A 7E 7~ 15 nm
ZA0] o VR R AR A R TR R, R KA T L VRGE o
IKEEREET , ALK 22 BIBH AT, K EER K,
JIT AE VR U8R BR 0 43 RS 85 /N T o

TR R ST B AR AR RT ATERH , CLH /K S8 e i AT
S o B PERERD, CLH KB B T4 8 5 A
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(3563) L/(m*h)Z 1], S ES s KT 99.9%, il 1L,
CLH 7K BEME X K AL LI ) 43 B M e HLA T
2.3 BEEERER RIS IR

JEERY ¥ T PR RE RN T 75 PR RE X T4 B S BRI
IKAL AR B,
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