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FEE . LIPS I REA I (1 AR AR 45 T AR 4R R (CONCs), il bR CNCs KAR LTI
MRS UL CNCs IorBfIx gk (CNTs ) #ATKAH4M 152 T CNTs-CNCs 4rE0®, Il TEA
YK (CNCs-CNMs ), %54 SEM. EDS. TEM. FTIR. KR40l Zeta HUALZRAE DL K 124 M R AR, S5
K, BT CNCs KAZH AR MR & B4 CNTs-CNCs 73 B i 70 B AT CNCs-CNMs (R HIsR BE | B Fne
AN, Z5HRIRIT, CNCs B B IAAR Lo il NRIER BE & 5 (13 5% CNTs-CNCs 430 1 43t DA K
CNCs-CNMs Iy J1 2= f 2R A W Wi e AR . P, CNCs A2 Xt CNCs-CNTs 43-H08 1) 43 i LA K
CNCs-CNMs [ F12 M RE IR BRI S BB IR R, CNCs-CNMs (IR SR | i Fneg SEHAS A A B e 4051
72.8 MPa, 2.5 J/m* il 33.3%; CNCs-CNMs 3L 5%} CNCs-CNMs 1) S HLPEI LI T R 153, 5 CNCs Ki%
H<50, BRFE:F>0.65 mmol/g i, CNMs HL 33 1>20 S/cm,
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Effects of physical properties of nanocellulose crystals on dispersion of
carbon nanotubes and properties of their composite membranes

WANG Lisheng', SONG Tao'", CEN Yu', QI Haisong', HAN Tingting”"

(1. State Key Laboratory of Pulp and Paper Engineering, South China University of Technology, Guangzhou 510640,
Guangdong, China; 2. Guangzhou Key Laboratory of Sensing Materials and Devices, Centre for Advanced Analytical
Science, Guangzhou University, Guangzhou 510006, Guangdong, China )

Abstract: Cellulose nanocrystals (CNCs) were prepared from citric acid and bagasse bleached pulp board,
with their length/diameter ratio and surface carboxyl group content regulated by ferric chloride.
CNCs-CNTs dispersion liquid was obtained by aqueous dispersion of carbon nanotubes (CNTs) using
CNCs as dispersant, and composite nanomembranes of CNCs-CNMs were further prepared. The effects of
length/diameter ratio and surface carboxyl group content of CNCs on the dispersity of CNCs-CNTs and the
tensile strength, toughness and electrical conductivity of CNCs-CNMs were analyzed via SEM, EDS, TEM,
FTIR, particle size distribution and Zeta potential characterization as well as mechanical and electrical
conductivity tests. The results showed that the addition of CNCs as well as the reduction in length/diameter
ratio and the increase in carboxyl group content significantly improved the CNTs dispersity as well as the
mechanical and electrical properties of CNMs. The length/diameter ratio of CNCs exhibited greater effect
on the dispersion of CNCs-CNTs and the mechanical properties of CNCs-CNMs, with the highest tensile
strength, toughness and resistance change rate of the CNCs-CNMs of 72.8 MPa, 2.5 J/m®, and 33.3%,
respectively, while the carboxyl group content of CNCs-CNMs displayed a more direct effect on the
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conductivity of CNCs-CNMs. When the length/diameter ratio of CNCs was less than 50 and the carboxyl
group content was more than 0.65 mmol/g, the conductivity of CNMs was more than 20 S/cm.

Key words: conductive polymer composites; carbon nanotubes; cellulose nanocrystals; dispersity;

mechanical properties; conductivity; functional materials
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TINE RIS A R H] ;. BO1-37 x166 AIFZkH
Hl, Hi1 LinMot A F].

12 Ak
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AN, FERH ERAMEE S S T L, A
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1.2.2  CNTs-CNCs #4309 4] &

# CNCs( CNCs-4 h-0~CNCs-4 h-0.09 5 CNCs-2
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1.3.3  AFM 0%

Wit AFM M%E CNCs # i RO TE 55 B 2
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2.1 CNCs#Fl&EaHr
& 1 25 CNCs 4 FTIR 8, % 1 & CNCs B
ISR AYESEL
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Y CNCs-4 10
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1/ CNCs-4 h-0.07 |

3339\ ,52897 ) 1735 ,: 360! /1050
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WeE/em

{1 BSBP #ll CNCs £l FTIR &
Fig. 1 FTIR spectra of BSBP and CNCs samples

# 1 CNCs RIS EMYESE

Table 1 Carboxyl contents and physical property parameters
of CNCs
B BORE e, Kpmm KR
(mmol/g)
BSBP — 68.8 — —
CNCs-2 h-0 0.35+0.08 71.8 620.2 88.6
CNCs-4 h-0 0.55+0.06 73.1 506.9 61.4
CNCs-4 h-0.01 0.68+0.02 73.6 456.9 50.5
CNCs-4 h-0.03 0.84+0.13 74.4 375.4 37.8
CNCs-4 h-0.05 0.95+0.15 74.7 212.9 31.3
CNCs-4 h-0.07 1.01+0.06 73.8 165.8 27.2
CNCs-4 h-0.09 0.65+0.65 71.7 118.9 22.6
e 7 ARERICHIEEE, TR
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MIE 1 ATLIA H, CNCs K5 F1 BSBP #3481
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SRR CNCs, MITFIT2F 4 R R RIS =1
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T CNCs &AW, [l 27 48 % A 58
BB, SERE SRR FHEP,
S5 G S CNCs ERFE S R4 R —8( £
1) .

2 13 73512 CNCs ¥ 5 19 AFM Bl Joki 4% 55
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ME 2 FTLLFEH, CNCs T304 B 4otk 45
H, HHEMREEDREE FeCly6H,0 MA K H
G INAS E] T AL, X ATREERE Y, Ak
ERFTAE TR IR R 5 47 4k 2 2 1) (M B AR R 55 T 27 4
O FREIVE T, BRAR T AP 4e st i i) s,
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e R BRI EE, B CNCs BA S Wik, xF
CNCs RSP Frige B H (£ 1) , FeCly6H,0
B B H 2 A Bl CNCs 19K B2 B S FRAIC
TE FeCly*6H,0 fix = FH i A 0.09 mmol/g s, il
1) CNCs-4 h-0.09 K EH 118.9 nm, U H
CNCs-4 h-0 (506.9 nm) 9 23.5%, F/ruliH&E L
BRA SR T 47 2 M A B, T FT R T 4F
YeZ R FIRKEELEH . R0, ML CNCs K Y
Ak, B CNCs W EBHZEA K, 7E 5.9~9.9 nm
Z CE 3) o SRR, FALBXT A4 7 )
SR N 2% i S O VR /N T X 43 i O R A B
IEHT, 8 e AR G Ak FH ] LR % CNCs K
(Y=o

[l 4 2 CNCs #5119 XRD 314

a—CNCs-4 h-0; b—CNCs-4 h-0.01; ¢—CNCs-4 h-0.03; d—CNCs-4
h-0.05; e—CNCs-4 h-0.07; £—CNCs-4 h-0.09
K12 CNCs HEfHY AFM [&]
Fig.2 AFM images of CNCs samples
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a—CNTs 7 H#; b—CNTs-CNCs-2 h-0; ¢—CNTs-CNCs-4 h-0;
d—CNTs-CNCs-4  h-0.01 e—CNTs-CNCs-4  h-0.03
f—CNTs-CNCs-4  h-0.05 ; g—CNTs-CNCs-4 h-0.07 ;
h—CNTs-CNCs-4 h-0.09
5 CNTs 380 CNTs-CNCs R4 4 BUR 1 TEM ]
Fig. 5 TEM images of CNTs dispersion and CNTs-CNCs
mixed dispersions
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Fig. 6 Zeta potential of CNTs dispersion, CNCs dispersions
and CNTs-CNCs dispersions
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W
Fig. 7 Photos of CNTs membrane (a) and CNTs-CNMs-
4 h-0.05 composite membrane (b)
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Fig. 8 Surface and cross section (inner illustration) SEM
images of CNTs-CNMs samples
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a—CNTs-CNMs-2 h-0; b—CNTs-CNMs-4 h-0; ¢—CNTs-CNMs-
4 h-0.01; d—CNTs-CNMs-4 h-0.03; e—CNTs-CNMs-4 h-0.05;
f—CNTs-CNMs-4 h-0.07; g—CNTs-CNMs-4 h-0.09
K9 CNTs-CNMs 441 EDS B A C LR TE A
Fig. 9 EDS spectra and C element spectra of different
CNTs-CNMs samples
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Fig. 10 Stress-strain curves (a) and tensile strength and
toughness (b) of CNTs-CNMs
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Fig. 12 Electric resistance change curves of CNTs-CNMs
in motion
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Fig. 13 Photo of sensing response test circuit
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Table 2  Electric resistance range and change rate of
CNTs-CNMs in motion
B H %/ REN R FLBH
(S/em) X [8]/Q AR/ %
CNTs-CNMs-2 h-0 11.37 92~100 10.9
CNTs-CNMs-4 h-0 14.92 75~85 13.3
CNTs-CNMs-4 h-0.01 21.14 65~75 15.4
CNTs-CNMs-4 h-0.03 22.25 90~105 16.6
CNTs-CNMs-4 h-0.05 22.48 45~50 11.1

CNTs-CNMs-4 h-0.07 22.56 60~75 25.0
CNTs-CNMs-4 h-0.09 20.06 75~100 333
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