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Fundamental Properties of Electrospun Polylactic Acid/Cellulose
Nanocrystal Composite Mats'
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ABSTRACT

In this study, nanocomposite mats consisting of cellulose nanocrystals (CNCs) and poly(lactic acide) (PLA) were
electrospun from a suspension mixture consisting of tetrahydrofuran at room temperature. Morphology study showed
that fibers of electrospun composite mats were aligned in three dimensional surface along the fiber long-axis. Average
diameter of the electrospun fibers decreased with an increase in the CNC loading level. Tensile strength of the electro-
spun fibers mat decreased with an increase in the CNC loading level because of bead formation in the formed fibers
and low interfacial bond strength between PLA and CNC. Meanwhile, thermal stability of the electrospun nano-
composite mats was effectively improved as the amount of CNC increased.
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Fig. 1. TEM micrograph of cellulose nanocrystals
(CNO).
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Fig. 2. Viscosity under various share rates for PLA
(CNC 0 wt%) and PLA/CNC (1, 3, 5 wt%) suspen-
sions for electrospinning.
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Fig. 3. SEM images of PLA/5 wt% CNC composite
fiber mats (a) before and (b) after drying.
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Fig. 4. SEM images of electrospun PLA composite
fiber mats with (a) 0 wt%, (b) 1 wt%, (c) 3 wt%,
and (d) 5 wt% CNC. (scale bar = 20 um).
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Fig. 5. Effect of CNC loading levels on the diameter
distribution of the electrospun PLA and PLA/CNC
composite fiber mats.
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Fig. 6. Tensile properties of electrospun PLA and PLA/CNC composite fiber mats. (a; tensile strength, b; tensile

modulus).

Fig. 6 (a)= A7]"AbE PLA 2 PLA/CNC &3}
A ARHES] JIFFEE S5kt PLA Al o
EQ] oA EE 396 MPao|tl. PLA/CNC E3HA)
ARFES] CNCY = 1, 3, 5 wthE 7=
QA= Zh7k 3.32, 243, 2.11, 1.08 MPa& 74
St ko] yebstth

Fig. 6 (b)= PLA % PLA W PLA/CNC &&= A
FiES JIARIASE UEf=  Iejzolth
PLAXM G E Q] ¢1AEHA A 4= 170 MPao]il CNC
1 wt%7} H7}E PLA/CNC E3Ha] AGujE 175
MPa2 ¢k7t Z71skgict. 12k CNC 3 wi%s} 5
wt% 337} PLA/CNC E31) A-FiEQ] AXey
Age= Hasin) ol9f 22 Aik= CNCY o]
SO RN 1 wt%= o] u|gFolzt EAtadrt
AR 3 wi%ll 5 wi%ol A= CNCO| ¢Fo] F7}
FoEMN MR SHsIH= HTo] mobA A A
ZFE7t 2ol Zog AtmErh

o]+= Fig. 12] SEM oJu]X|o|lx] Tate|ojzl ufe}
Zro] PLA 2 PLA/CNC &34 HGmjEL CNCo
¥ FTHEFE AR W vsY a7 AKX
o|2J3t H| = BAMER] B3F CNCEA] PLA 52X}

&

A Aehd vl WAL, A R 7P S FEo]

|

O

ool HEATelA 2ol Wob Ao dF=
Fe Aoz Ardnh

CNCe| grgo] S7tedrs At AS2 2ok
A AR ARl e Steke] 22 WAl &
HAy Aert S71d Ao R ddsled S7kE A
 eRbE vlES] A golA Fmol faE
of7] A7l Aog AtgHc}. PLA/CNC E3A] M5
M EQ] FJEde A= CNCE 2w e| kel
A7 FF 289 ZoR Almdnh

Fig. 7€ 9%% EA7|(TGAS Ed8 A7 |HAE
PLA %l PLA/CNC E3H4 AFmiES] diA 2
£ Yet itk PLA A4 tiE= 5329 HigE3)
LxX 3285C0]3, PLA/CNC E3hq AGujEe]
CNCO| & 1, 3, 5 wt»n2 5715 ZHgas)
227t 0.8~13TE F7Ihe A HAth Y
HES =7t F7He Ae® Hol CNCO 4ol
7dE dof digh Hg o] FENES o 5
t}.

Table 12 AJAFALAFA(DSCYE of-8ste] 7]

30 ofN

— 523 —



2874 - ol

o - A

/KOI-Z

AR

Table 1. Thermal degradation results of various formulations for electrospun PLA and PLA/CNC composite

fiber mats
Composition Tehnf]iletrlgtgure ::gg;%, Crystallization temperature  Crystallization enthalpy
oy U (©) )

PLA 153.26 1.64 56.18 6.90
PLA/1% CNC 153.16 1.55 56.27 5.61
PLA/3% CNC 152.25 1.47 55.29 4.93
PLA/5% CNC 156.75 1.27 56.38 4.73
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Fig. 7. Thermal degradation behavior of electrospun PLA and PLA/CNC composite fiber mats. (a; weight, b;

derivative weight).
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Table 2. Porosity measured by mercury intrusion for electrospun PLA and PLA/CNC composite fiber mats

CNC (wt%) 0 1 3 5
Porosity (%) 16.1 62.3 39.1 25.9
— CNC 0% 8] ———CNC 0%
Ly . CNC1% ! C. e T CNC 1%
_ 4 = - H i A e
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Fig. 8. Cumulative (a) and differential (b) pore size distributions obtained for electrospun PLA and PLA/CNC

composite fiber mats using mercury intrusion.
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