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Preparation and strain sensitive performance of cellulose nanofiber-carbon nanotubes/

thermoplastic polyurethane composite films

OU Huajie , CHEN Gang* , ZHU Penghui , WEI Yuan, LI Fang
(State Key Laboratory of Pulp and Paper Engineering, South China University of Technology, Guangzhou 510640, China)

Abstract: The 2,2,6,6-Tetramethylpiperidine-1-oxyl radical (TEMPO) oxidation was used for preparation of cellu-
lose nanofibers (CNF) with different carboxyl contents. Then the prepared CNF was used as the dispersing agent to
disperse carbon nanotubes (CNTs) and the concentration of CNF-CNTs dispersion was measured by Lambert-Beer’s
law to study the dispersion effect of CNF with different carboxyl contents. In addition, the CNF-CNTs/thermo-
plastic polyurethanes (TPU) composite film was prepared by pumping CNF-CNTs fillers in the prepared electro-
spun TPU film through vacuum filtration. The influence of carboxyl content of CNF on the strain sensitive perform-
ance of CNF-CNTs/TPU composite film was investigated. The result shows that, with the increase of the carboxyl
content of CNF, the CNF has a better dispersion effect on CNTs, and the prepared CNF-CNTs/TPU composite film
possesses a larger workable strain range. When the carboxyl content of CNF achieves 1.698 mmol/g, the
CNF-CNTs/TPU composite film displays a large workable strain range of 507% and a high gauge factor of 335, exhib-
iting excellent strain sensitive performance.
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LB AR R A BRA R 5 ARk 1k 2 BE e 4l
K4 (CNTs), H A2 N 10~20 nm, 75 5% 5% 3 40 K 1
BEREE A BR A E] R R (TPU) AL,
1185A, fEE T RARAF; AR (NaClo,
12% KW, BRCAAKE A 2.98 mol/L), s,
22 >99%, Bl Tl (i) ARA R 2,2,6,6-
Y LR BE -1-%A H i1 2E (TEMPO), Sigma Aldridge
(hE) ARAR; R4 (NaBr), s3-Hral, Kig
Bl R R 75 N,N-—F 3§ Bt i (DMF), 43
Mr4li, Sigma Aldridge(*1 [#) A FR A #] .

1.2 #KF4 R (CNF) &

TG, WA0g THREIMAZ —E RN LE
TR, ASWERE DL RO EF 4R LK e o 4
SRIG 11385 43 0 SR rb 43 il i A FR X 4 T 3K
AL &~ 0.1 mmol/g () TEMPO ¥% ¥ f 1 mmol/g
) NaBr % il . PiFE— Bt , m ik k&
BT 65 mL NaClO ¥ i , I b 78 i 2l /K fif [ g f&
R IR B Ry 2.0wt% ., TEMPO 48 Ak [ b7 78 % i
Sy 25°C T AT, ST R ] 0.5 mol/L () HCI
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Fig.1 Schematic diagram of preparation of cellulose nanofiber-carbon

nanotubes/thermoplastic polyurethane(CNF-CNTs/TPU) composite film

%1 N[ CNF #E&ER CNF-CNTs/TPU
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Table1 Serial numbers and component details of CNF-
CNTs/TPU composite films with different

carboxyl contents of CNF
No Carboxyl content of ~ CNF/ CNTs/ TPU/
) CNF/(mmol-g™) wt% wt% wit%
CNF-CNTs/TPU1 0.663 24 12 96.4
CNF-CNTs/TPU2 0.947 24 12 96.4
CNF-CNTs/TPU3 1.348 24 12 96.4
CNF-CNTs/TPU4 1.698 24 1.2 96.4

i) CNF-CNTs/TPU & & #i I i) g5 S 5% o

€ 2 & CNF-CNTs/TPU & & i I i Y24 B8 - .
T J5 i) CNF-CNTs/TPU & 45 #5859 1 6 cmx
1em K 4%, AR Z 100% 17 A8 B (57 5 5 4
5mm/min), M5 ARSEH , TR K IR
TR W, IR 898 e f A S di e, M
F 7 AR e M BE I A o 4 B T DL R )
CNF-CNTs/TPU & £ ¥ B 19 JiC I 22 1 68, 16 W)
CNF-CNTs B 48 K3 73 4% 2 A 2 TPU Z LI 1Y)
WERE 7. I, AR EE 925 i 26 B] CNF-CNTs/
TPU & & M AR R M.
1.6 MiX5RIE

oK FH LS9 RE 1T A CONF RS . 17k,
2 T &4 0.3 g 19 TEMPO %8 AL 3 78 1% J1 3 4 4%
PR ImAE] 100 mL 25 B F K RRORE 8 4
J& . A 0.1 mol/L /) HCL % W 77 pH {H
£ 2.5~3.0 35 BBl 9, FF 0.1 mol/L B9 NaOH A5 1 1%
W VL 100 pL/min A9 #2800 A BB, 0 Sk
FAREM A, SR (MP513, T8
IR BH A B2 ) 0 s B R e i &k, i

6 cm

- L
2 CNF-CNTs/TPU & {3 BRI A (I M RA)
Fig.2 Optical photograph of CNF-CNTs/TPU composite film

(Inset is bending state)
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/3] Wit CNF-CNTs/TPU &4 i 1 i {55 25 4k
38 U A AN [) 2 35 7% % CNF il £ ) CNF-CNTs/
TPU &4 W 5 11 10 728 i 1 P R o
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JGE T . CNF #R B & 5 43 Ji] 24 0.663 mmol/g.
0.947 mmol/g. 1.348 mmol/g Fll 1.698 mmol/g [%
CNF-CNTs 43 #0763 4 8 500 nm 4b 5 1% 56 B 4
S A 0219, 0.484. 0.702. 0.875, CNF-CNTs 4}
O CNTs i 9 B2 A H BAA - L R FE E T3
LI
A =Kbc (3)

Af: KONTHSER A (Lmg-em)™); b AR R

0.663 mmol/g 0.947 mmol/g 1.348 mmol/g 1.698 mmol/g
CNF CNF CNF CNF

%

8 {#ﬁ

ey

¥ 3 N[ERAEE#AY CNF 30 80% (1 mg/mL) G2
Fig.3 Optical photograph of CNF dispersions (1 mg/mL)

with different carboxyl contents
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Fig.4 UV-Vis absorption spectra of CNF-CNTs dispersion with
different carboxyl contents of CNF

FE (cm); ¢ AT HORMEBE (mg/L); A HWOLHE,
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MM OGRE , THEEAS D b OAS [ R BE % 5 Y CNF-
CNTs 73 # ¥ CNTs (19 ¥ B2 o R & 1 70 il
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W 7 %l 9 42.7 mg/L. 94.3 mg/L, 136.8 mg/L,
170.6 mg/L., 5K KW, B CNF R A5 & 1 1Y
Jin, CNTs 43 #ik B3 K . X J& i T TEMPO A 1k
0 3 A H 4T 4 2% 1 A -OH 3 A 9 4804k i -Co 0"
KW, -COO 5k A1 iy Ha &5 /5 F AT i 2 4 (8] JE 1 3L
HLZ W HER . TEMPO 402 B i $2 5 & 1 2 i 5
35 ¥ CNF R i -COO JL [ £, CNF Z ] i)
HLF AR K, FEK TP i B 4. [RlIF, CNF
A B HA HiK 1 C-H BRI K 1) -OH M, H
A REM . 24 CNTs il A #| CNF 7 ## h, CNF
F 26 7K T A A EHELRE O &R K T 5 CNTs
2T B K 3 P = AR A HF S, AT 52 Al CNTs
Z [R5 ZU A U AR A 7, fif CNTs fig 65 18 4f b 43 HE
K
2.2 CNF-CNTs/TPU £ & # iR ) R E W 57
&l 5(a) b L 25 22 TPU £ 1L K /Y SEM K14 .

AL W, TPUY L% Z MM ERCL, BN E
FLPER 2554, TPU ZfLIEAY-FH44L45 R 1.34 um,
LB %K 52.5%, & 5(b) ¥ CNF-CNTs/TPU & &
W AT A SEM BIR . LR, fEHEZS
JEVEFH R, CNF-CNTs $#0R — 343 W [} F TPU £
LWL, 5 —# 13T TPU £ LI % e i
% 1Y) CNF-CNTs S H 2 . & 5(c) ¥ CNF-CNTs/
TPU & & WA #5170 1Y SEM K%, AT LLR B, 7F
FhyE B p, CNF-CNTs 3B} 5] i 4> fi 78 TPU
ZALE R, HERUE i — 2 7% 1Y) CNF-CNTs &
HZ o AR, TPU 2241 B JR 350 D) 35 A SRR 3 A
UiHl CNF-CNTs/TPU & A 1 LA b 35 1 W 1 1
HJE )% 200 pm.,  Park %2 52 i vk i ¢ 5 55 4
B as B A JE A, i AR AR T | AL E
MBHE P R A P MGG H TR I r ok, il
JEA 1) 5 LT % & AR T2, AR e R TR S G
DAL O b bt R B0 &R B = K . 8] 5(d) i CNF-
CNTs/TPU & 4 # I #UH7 M J5 9 SEM &% . AT LA
& B, CNF-CNTs/TPU & 4 i# I iy CNF-CNTs
HL VR R N T 3 T 1) R AR R, T AL
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e A Y i U L D O S W el A N 1]
CNF-CNTs ‘5 H1 )2 75 P fif ik 72 o g T WIPE 2577 2F
AT AR R 3 e TR R AR R A R 8 TE
CNF-CNTs/TPU & & Wi 5 3 1 5] A8 4548
2.3 CNF-CNTs/TPU £ & # % #9 5z 3% M 5 4 B
R -FE BUE MO RERT 350

&l 6} A [ ¥ 72 T CNF-CNTs/TPU & 4 T il
B R BH AR X AR fE i 28 . AT L& BE, CNF RIS &
i, CNF-CNTs/TPU & £ i 5% (1) 1 A i) 17 3 [l
R, 4 CNF R B 504 1.698 mmol/g i}, CNF-
CNTs/TPU & & 8 [ () 7 48 M 17 i [ 55 35 507%.
For A 1 AR AL AR 1 RABUE R (Gp) TR
Gr = (AR/Ro)/e (4)
A : AR/Ry M AR 3 B v A% S v B A AR X AR
16, AR A N AR ik 78 rp A IS L BH Y 2 Ak R (Q),
Ry A N AZ Y S 4R FLBEAE (Q); & RN AR 5 (%)

AL, FEAHIAIN AR R, CNF R & ik,
CNF-CNTs/TPU & & 1 B 1Y R U R AR . Y
CNF 50 1.698mmol/g, WASEREI 507% i,
CNF-CNTs/TPU & & 8 JI5 %) R B0 7 %03k 3 335,

[ 7 4 PU Fh CNF-CNTs/TPU 42 & v [l fi7 f &
400% B G228 F . AT LA E], CNF-CNTs/TPU
AR B 24 SOV S 0T WL o X6 EEAS R R AR R
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Fig.5 SEM images of electrospun TPU porous film (a) and before pre-stretching (b), cross section (c) and

after pre-stretching (d) of CNF-CNTs/TPU composite film

T CNF-CNTs/TPU & 45 v i f BH AH XJ 2% 1k il 2 ]
A, BE R Y R AR & 2B it CNF-CNTs/TPUL
CNF-CNTs/TPU2, CNF-CNTs/TPU3 & & Hiflk (1t 1
AR 1 Y5 B, 158 CNF—CNTs/TPU1., CNF-CNTs/

2—CNF-CNTs/TPU2
3—CNF-CNTs/TPU3
4—CNF-CNTs/TPU4

3 f 1—CNF-CNTs/TPU1

Relative change of resistance AR/R,

300 400 500 _ = g
Strain/% 17 CNE-CNTs/TPU & & HiIHLIHE 400% AR
K6 AIFRLT CNF-CNTs/TPU & £t AR AL {25 Fig.7 Optical photographs of CNF-CNTs/TPU composite films under
Fig. 6 Relative change of resistance curves of CNF-CNTs/TPU strain of 400% ((a) CNF-CNTs/TPU1; (b) CNF-CNTs/TPU2;
composite films under different strains (c) CNF-CNTs/TPUS3; (d) CNF-CNTs/TPU4)
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Fig.8 SEM images of CNF-CNTs/TPU composite films ((a) CNF-CNTs/TPU1, (b) CNF-CNTs/TPU2, (c) CNF-CNTs/TPU3,
(d) CNF-CNTs/TPU4, (e) CNF-CNTs/TPU4’s crack, (f) Magnification of CNF-CNTs/TPU4’s crack)
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