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Structure and properties of chitosan enhanced cellulose nanofiber-montmorillonite

composite membrane

WANG Yunyi , ZOU Chuwen, YIN Ran, YOU Zhengtong , WANG Haigang’
(Key Laboratory of Bio-based Material Science and Technology of Ministry of Education, Northeast Forestry University,
Harbin 150040, China)

Abstract: The way of mimicking the ordered "brick and mortar" structure in natural shells to prepare high-strength
functional composite materials with cellulose and inorganic substances of which the interface bonding is the key to
achieving ideal structure and performance is a potential excellent choice for producing naturally degradable pack-
aging films. The single interfacial binding force between nanocellulose and montmorillonite results in
insufficient mechanical properties. In this work, carboxymethyl cellulose nanofibers (CNFMG) and montmorillo-
nite (MTM) nanosheets were used to prepare pearl layer films in which chitosan (CS) enhanced interface bonding
through electrostatic interaction. The effects of electrostatic interactions between CS, CNFMG, and MTM on the
structure, mechanical properties, and thermal stability of nanocomposites were studied. The results indicate that
MTM in the composite membrane was orderly dispersed in nanosheet form between CNFMG networks. Compared
with the CNFMG-MTM binary film, the tensile strength of the ternary film with the addition of CS reached
119.2 MPa, which doubled the strength. The fracture energy reached 10.9 MJ/m®, and the toughness was increased
by 5.4 times. The composite film was semitransparent and had good UV shielding properties. The addition of CS
also enhanced the thermal stability of the composite film. The research results of this article can provide ideas for

the research and application of cellulose based pearl layer biomimetic materials.
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1 LEHRFAE
1.1 FE#HE

BUBRAIE I 1) 72 Bk 2 4 R 40 K 41 4 (CNFMG) :
T LA B L e X RN SR 4 R T A BE A 4
2.0wt%, FRIE0.7-1.5mmol/g, W H AR Ak
VIR BRA T, 7238 (CS): 43 TH# M,=100 000,
85% LA LWL Sk, W A il 22 vl Ml A BR A
Al AN S (MTM): 2.2g/cm®, FMLEEE >
100 mPa-s, W H WL FEERFEARAAF . L
SrATal, W E A s MR A R F .
1.2 HERMNESHES &

MTM J& R (il £« K MTM (6 g) 43 HUTE 25 85
FARH QL) HEFE 1 E, SRJEFE 3000 r/min 55 F
B0 10min, FEBEMR, FAFEIIGK B
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Fig.1 Photo and diagrammatic sketch about electrostatic enhancement of chitosan (CS)-carboxymethyl cellulose nanofibers (CNFMG)-

montmorillonite (MTM) composite membrane

CSVA W il % . 7% 700 r/min it ¥ F ¥ CS
(0.5wt%) 73 B 7F H 5 £ T (1wt%) 7K %5 W 24 h,
SRJG R AL B 10 min, )% CS W .

CNFMG %P7 W il 5« B i vk B2 1) CNFMIG &
TR RGP 24h, #7710 min,

TRAHIE: EHARE MTM EIFR I CNFMG
BIFW, HEFE1h, 193] CNFMG-MTM —JtiR &
W RIS IMATE HLBIH) CS R, KR AW
15 000 r/min ¥ Jii 5min, # 75 W 4 B 5 min, i
£ 2h, 53] CS-CNFMG-MTM (CCM) = TCIE A -

CS-CNFMG-MTM R4 KI5 G
PEAT B s i 8 L T I A A X R 50% A%
HRREE3 R, BREGHR, HMNamasIlE1L,

F1 WENESwE

Table1l Naming and ratio of membranes

Name CS/wt% CNFMG : MTM (Mass ratio)
CNFMG — —

CCM-0 0 1:1

CCM-0.25 0.25 1:1

CCM-0.5 0.5 1:1

CCM-0.75 0.75 1:1

CCM-1.0 1.0 1:1

CCM-10 10 1:1

CCM-20 20 1:1

CCM-30 30 1:1

Note: CCM—CS-CNFMG-MTM.

1.3 MRRMES R
1.3.1 & HLBE (TEM)

%1 JEEM-2100 %! TEM ( H A< #t, TRk 254t) %
MTM F CNFMG GOUWIES#FTRAE .+ CNFMG

MTMA: B W B 22 5 35 A8 05 75 A0 8 2 0 X
FYORF A EAL . KB 90K 7 09 RTS8 00
TE AT IS

1.3.2 575 BB (AFM)

% Hl AEM (%! 5 Multimode 8, #% 3 tapping
mode, BRUKER) ¥ 4T 4 LRI CNFMG .,
MTMZ BB ST AR O R AE . 43 H7 AS [F] 44
KEFYEW EAR . 90K 0 2R B B ok v R
1.3.3 fLEHE

iR SRR Y FLBR

p=1-2 1)
Ps

K. PREABE; o2 S MHEREE,; p 2
HIE G%E,
1.3.4 fHHEILAMG3E (FTIR)

¥ H NICOLET-6700 {# B i 21 4h 5 3% 43 #1 4X
(35 H Nicolette £ B2\ w1 ) XA & (9 FFAE B BE 141 3
FAE, FHETEE 4000 cm™ 2 500 cm™, 394 9
4 40 K /min, 53PFFE R 4cm™
1.3.5 X A4 (XRD)

K F XRD-6100 X 5 £ 717 55 4% (H A & A B
O3 ) R RE 2 TR R AT 0 A A DU R
S 35kV, HL A 30mA, FHHVE B E N 1°~10°,
AR 4°/min. BORHE] 2 B FE A B RS
TS
2dsing = A 2
Hop: d R 2B (0.1nm); AN A X S
WA 0 0 AT X BT SHR 72 B IE A ().
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1.3.6 HHiif 5% (SEM)

K H1 EM-30plus 9 F 7 0 S48 (i [ s 9 4
N T ) R Y 2 T IR S BT 2L A R T o0 T
PHEAT WSS . FERE S DB SImE A, RN B R R
12kV FHATIE S ES
1.3.7 B

fdi 2 51- 17 WL 20Ot EE i (UV-Vis, TU-19500,
Jb 50 Hr o AL AR A |]) W, £ 200~800 nm 1Y
WA W R 1 3
1.3.8 M 73 H7 (TGA)

fé F TG209 F1 $4 8 43 v 43 (7 ] it 5tk 2 =) ) 7
A (60 mL/min) I L 10°C/min f4 il #4458 5 M
F i F) 800°C HEAT . MRHE TG hZk, WAL T AL
I 06 0T 5 5% H R FE (Tse,) FH A A= B K o7 2 43
RFMIE (Tha), VARIED ARG R A AL
FaE k.
1.3.9 12 PERE I

Sy MR B Shimadzu AGS-X T fig 11 271K
ML, 7E 1 mm-min™ #9028 B A1 5 mm 1R B
KRBT HEAT o K I A DU 4 R U0 B0 R ) i R
P (K E N 20mm, Fi¥ N 3mm).

2 #R5e
2.1 HEKERAE

A3 HOR T MTM JE £ ) (1.940.2) nm, E &N
(250.0+110.0) nm (/] 2), MTM & 1 (1) 1 H#, faj A1 H:
MK R SFE R T MTM ZE7K g 4™, i
T MTM 442K Fr 72K i AP o3 8O ek, Ot
TEE, 7E MTM R =R T T 358300 P 2(Db)).

CNEMG 7 7K HAb T 5. 43 1R 28 45 PR FjoiR 2
(¥ 3(a). & 3(c). K 3(d)). K4 AT ik
JUtck . B TFRIEAALTE, CNFMG 78K i A
B ey, 5 3R (R A T far 1Y MTMJE 8
HEFRER o X AT DL 3R A 2 F2 ' CNFMG 43
ORI MTM 942K 7 1 3% B R B8, [l 45 T 35 o 4 b
Syt CS R A IEHR A, MAJE, REW™
ARG . A UL T ) CNFMG i MTM 1 B =
Yk RF ., RABAAE 1.5~29.9nm JE . FHH
% 8.84nm, THHLfar I LR B, 5 CS R
fi, AR ERE SR . = A U RORN K
I HEFE T 7R A, CSHEF] T 94k ks & 57 1Y
EH .
2.2 BEMNRELEEMEREH

FERBEER T, X TAisr e H M, ZA

2 um 500 nm

5.1 nm
0.4 nm

200 400 600 1.4 um
Span/om 12
1.0

0.8

0.6
0.4
0.2
200 300 400 500 600

MTM size/nm

200 nm 200 nm

K2 MTM KA PERERAE: ((2), (b)) ARM IR (FRIEDYI IR T 28 7R-5
R); (c) EERSESET; (d) ARM =4iR s ((e), () BT EA
Fig.2 Characterization of MTM nano sheets: ((a), (b)) AFM images
(Mustrations is the colloidal dingdall effect); (c) Thickness dimension

statistics; (d) AFM 3D schematic diagram; ((e), (f)) TEM images

500 nm 100200 300
e A Span/nm

[

I

K13 (a) CNFMG I AFM {5 (b) XN [&] 3(a) HEF4EH
AEE; ((c), (d)) CNEMG (13T oL el
Fig.3 (a) AFM image; (b) Schematic diagram of fiber diameter and
height corresponding to Fig.3(a); ((c), (d)) TEM images of CNFMG
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2R 10 AR R, RAREE /DN (B 4(a). E 4(b).
Kl 4e). E 4(f). 4lZF 4k 2 W7 E o0 A B0 9 )2
ARZEF , BOFPZ AR AT LA PR T 44 K 45 2k A i % ok
TR A HE R, R 1A Y 21 4 i s ) R (81 4(c)
& 4(d)). 0.5wt%CS s Nt i &2 A BT 1fiT 2 A K 0]
). ARG ZRGEW. B2 28
‘Yo P i a(g). K ath) B, @ik
Fidg Z A Rk i i R )z . IR Z 2 ik S B
Mz, RO R IR AE R 2R E A TR A
il

FERLA L R, MTM 40k B fl CS. CNEMG
Z I AFAE R S35, AT DAAG 5% b 1 5ik 2T 2 2 A 1Y

40 pm

J.0 pum

40 pm

EL—External layer; IL—Internal layer; ML—Middle layer

¥l 4 4fi CNFMG Ji5t ((a)~(d)). CCM-0.5 F Al ((e)~(h)). N
5t Semicassis bisulcate (j). U!5% Fissurella crassa (k) () SEM [&l1%

Fig.4 SEM images of surface and stretch section of pure CNFMG
membrane ((a)-(d)), CCM-0.5 ((e)-(h)) and facture for Semicassis

bisulcate (j) and Fissurella crassa (k)

e P RAR B ER )R R 2 ST B 25
B EARHIES , BT R (Strombus gigas) 2 3k 2
LA AR A 328 8 A8 A0 A BE (N 45°%1] 90°) 11 %
TRAREBIEER, XA ILRCN T 5o R 2R Y 46
MR Z — o 9K 5 B0 J2 TR] 52— A L0 Y
BRARHES: (K] 4(g)), X2 TR T # b CS.
CNFMG. MTM = # K K B} W 48 A ) 5 300 .
T T B3 i AS 000 33 YR T 25 4 5 i 2840 R AR 1 22
TR 2 ARG FG O, X Y T 2 v e LA B THE
HHE,

54 MTM A0 LG, 99K 526 B0 /N A1 BE X0
LA m FEE /NG MERZ, HEEE CSHR
onEE BGAT 56 06 FR RE 2 AR /N (18] 5) . A A hr
% 5 i (Bragg's law) 7 5, 4l MTM 1 fi7 3 14
7.0°%F N ) B JZ 81 (d) 4 1.42nm, %} T CNEMG-
MTM & & K K 0.25wt%~1.0wt%CS 7 fill & 1 &2 &
JEE, 24 6.0°RY 117 S W X R T 1.67 nm 1Y Fr 2 AT HE
X R W] CNFMG WU FE#EA T MTM 442K J [H] 1y
HIZZ5, ¥R T MIM 40k B 09 A )2 25 1) B2,
JFH =R AN A2 R CS %S & 1 3

CCM-30

CCM-20
CCM-10

CCM-1.0

Intensity

CCM-0.75

CCM-0.5
CCM-0.25
CCM-0
MTM
2 4 6 8
20/(°)

K5 KA CS A (owt%-~30wt%) &4 IKEY /A XRD &l
Fig.5 Small angle XRD patterns of composite membranes with different

CS additive rate (0wt%-30wt%)
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Tz n . CS WAL 10wt% . 20wt% . 30wt%
B A7 ol 5,00, 4.5°, 4.4°, KR F 2 AR 1.97.
221, 2.30nm, UEM T CS7E R JZ5 CNFMG [A] )
Ko7,

Xt MTM MK A B, 25 EE (8 6)
3 615 cm™ 4b 1 IR Bh 55 0 N MTM JE B &
B2 A e, Ok B T RERR R AR R £R K )2 )
K 2 8] 1Y A R 31 Y, CNFMG #£ 3 300 cm ™ 4b
8 WX N T 4E L TR 3, CSTE 3310cm™
b () e it B T 2 3L BT CNFMG-MTM(0wt%CS) &
G, ZIE ¥R E 3340em™, F W CNEMG #
W B F MTM 2 8 i &0 0, #H X F ceM-o,
£ CCM B G, B CS i im3 0.5wt%,

ISR FERE TN, WA E 3350cm™, ULHH CS IR
B Xt CNFMG 1 MTM 2 [8] /9 &0 5 7= A= 2 o Bifl
# CCM 1 CS @& M 0.5wt% 3 /i 1] 30wt%, %
TR AR S5 IR0 88, mAHF 3335em™, XFET
B 4y CSTHF IR W B T MTM E i B R A A .
840 cm™ b (1) BT B F Al—O—C ¥R 2l , 2%
LT LAFE i MTM & A (14 £F 45 R 94 K B e Horp
I CNEMG By ¥23 5 MTM 19 Al 77 A8 B9 AR B AE P,
CS £ 1 580 cm™ AL AT LUH P 5T 1 fb 24 5L 1) °F-
M NZE T, CCM-0.25 & CCM-1.0 #J3¥E4 H#i% %,
i CCM-10 & CCM-30 [ iZ & #% % 1535cm™,
X T AL 5 MTM 5 CNFMG 3 [ 7 H i
B FREVE T o LW T BN CNFMG 3K i COO™ il

CCM-1.0

CCM-0.75

CCM-0.5

Transmittance

CCM-30
CCM-20

CCM-10

CCM-0.25

M

T O—H W
CNFMG
0/—H
MTM Al—O0—C
| | | | | | | 1 |
4000 3 800 3 600 3400 3200 3000 2800 2 600 2 000 1 600 1200 800
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K6 MTM BiK. CNFMG K E AR FTIR &l

Fig.6 FTIR spectra of MTM powder, CNFMG membrane and nano composite membranes
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Fig.7 Stress-strain curves (a), porosity (b), tensile strength (c), modulus (d), fracture energy (e) and breaking elongation (f) of

pure CNFMG membrane and composite membranes
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FHEC Ty 2= PERE WS AT T R . WS In CSRG&5/ 5 —oT
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