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Abstract: Cellulose is the most abundant polymer found in nature. Owing to the lightweight mechanical properties and
biodegradability of cellulose, polymer-cellulose composites have widely been investigated for various applications. In this
study, microcrystalline cellulose (MCC) is employed as a reinforcement agent for eco-friendly TPU-MCC composites to
enhance the mechanical strength of thermoplastic polyurethane (TPU). The size of the MCC was measured to be 88.4
um by particle size analyzer, and the hydrogen bonding between the urethane group of TPU and the hydroxyl group of
MCC was characterized by Fourier transform infrared spectroscopy. As evident from SEM analysis, MCC was evenly
dispersed in TPU matrix at 0.5 wt% MCC loading, but we observed the aggregation at 1 wt% or higher MCC loading.
From the universal testing machine analysis, we observed an increase in tensile strength by 12.7%, elongation by 36.7%,
and toughness by 25.9% at a small amount of 0.5 wt% MCC content.

Keywords: thermoplastic polyurethane, microcrystalline cellulose, polymer composites, mechanical properties, inter-
facial adhesion.
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Figure 1. Structure diagram of thermoplastic polyurethane and
hydroxyethyl methyl cellulose.
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Figure 2. Extrusion process of TPU/MCC composites. (a) diagram of the extrusion process and the extrusion conditions including feeder rpm,
main screw rpm and temperature of heating barrels; (b) photographs of neat TPU, the extruded composites, and MCC. The scale bars denote

to 1 cm.
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Figure 3. Characterization of MCC utilizing SEM and PSA. (a)
SEM micrographs of MCC employed as reinforcement (i) high
magnification micrograph at x130; (ii) low magnification micro-
graph at x30. (b) A particle size distribution histogram of MCC dis-
persed in deionized water by particle size analysis.
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Figure 4. FTIR spectra of TPU composites with different MCC
contents.

Table 1. FTIR Peak Area Ratios of TPU Composites with
Different MCC Contents

Area 1 Area 2 Area ratio
(1775-1715 em™) (1715-1665 cm™)  (Area 2/Area 1)
Neat TPU 3.01 2.63 0.87
0.5 wt% 2.31 2.87 1.24
1 wt% 2.30 2.01 0.87
2 wt% 1.99 1.66 0.84
5 wt% 0.94 0.77 0.82
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Figure 5. TGA thermograms of neat TPU, TPU-MCC composites, and MCC: (a) weight decrease curves; (b) DTG curves.

Zan, 414474 A63, 2020



ke Felueist v Aeses Bae A 2 JAY B4 B 781

3}
T}, Table 201 YERH TGA Hlo|E|E HH %7] 5%
E= MCC #o] S7HrE Wolx|= A3S Jehile
o] MCCe| w2 debg o] 7|Q1st 2o wtet), &
Sk DTG dlo|8 #4] A3}, neat TPU = HE HMIHE

A MIHETL 7IRIskE T, 138 7 719] 927} vehtA]
7 1 wt% ©]732] dlojElelA MCCRZ 13 T, 3|37} LE}
U EsleEE MCC g39¢] 2ol wolxs A3
YEFATE? B8 DTG FAolA] 78 AlaEe] Ealex
A 73} 9 AlTES] Halewd e & A3 H4E A
JHES] B2k = MCC dfo] Z7184-5 dolx|= 7
TS YERN L o) B IS 7R s MCCe}
FAAFS B AAE o] Q7] wEolgtar AztE) A
AZTHE= MCC ggoll oJ3l] el 257} sl 73]
ZA Yebstt, 339 ol AF AlaHE B2 EoA
MCC $Hgo| 7S Yol = o] Uehson o=
MCCe] H7k= <l MCC #3l =9} FA-A Jeld7]

Eol}?

Neat
35| 05 wt% ‘..:"
A 1wt% SO

2 widh

20

Stress (MPa)

R
o o
T T

Strain (%)

550 T T T T T

500

450 w

400 l

350

300

Elongation at break (%)

250

200 A
eat 05wit% 1wi% 2wt 5wi%

100 150 200 250 300 350 400 450

4 &3 A8 Z3. Figure 63} Table 32| 91374 = 2
Aalg dolgE B, 1w 24 A3 BRAAE FArts)
A] ¢F2 neat TPUE 36.3 MPa, 914182 323.7%E LERA
o} o] MCC EZAE #A7Fet 0.5 wi%oll Al 173 =7}F
12.7% S7FeH, dxlgo] @& MCCE H7Hled= &
TRl A& 36.7%7F S/ o] = MCC7F TPU WlE
ol FaF FakE]o] Yehd Axolt), AR, 1 wi% ©]
oz HAHNE H71e A = 2 944189 neat TPU
o] 7Haete 43S UERATh YRd o= mlo]a= A7)
o] RAA H7F= Qlal] B4 A AEE o @
olE ¥ F U= Bl MCC 7] 4} 7F A5 #1-g-0]
AR TPUS] AR A3 ET) oFs)7] wjito|t), 3t the
o= FTIR &4 ZAolA veldRo]l MCCe| S0 =
13 A2 o] ztolA] TPU-MCC 7+e] =445 s 4
Zlo] 7457 wfiolnt. A% MCCE H7KlS Al MCC
7} v EE 2 el 2 F Ful) g 2ikso] HlwA oksh
IR AR AEE STMATE 98-S shit 9 o]
el MCCE 71 =W MCC7t S35+ ddo] v

®) 4

Tensile strength (MPa)

Neat 05wi% 1wt 2wi% 5wt
(d)
1
80 T
ﬂ‘-\l\-.
E
-y
2
o
7]
@
=
=
[=]
=
o
= G
o [
Neat 05wi% 1wit% 2wi% 5w

Figure 6. Mechanical testing results measured by UTM in tension: (a) representative stress - strain curves for TPU composites with different
MCC contents; (b) average tensile strength and standard deviation of TPU-MCC composites; (c) average elongation at break and standard
deviation of TPU-MCC composites; (d) average toughness and standard deviation of TPU-MCC composites.
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Figure 7. SEM micrographs of fracture surface of TPU composites with different MCC contents: (a) neat TPU; (b) 0.5 wt% MCC; (c) 1 wt%
MCC; (d) 2 wt% MCC; (e) 5 wt% MCC. Scale bars of figures denote 20 pm.

Table 2. Decomposition Temperature of TPU-MCC Composites

T, T, 8 T,

: (HS) (MCC) (SS)

Neat TPU 309.2 354.8 - 394.6

0.5 W% 307.1 345.6 - 387.0

1 wt% 303.8 342.8 3732 390.6

2 W% 303.1 338.8 3724 391.8

5 W% 302.7 3349 368.9 389.6
MCC 297.0 - 341.7 -

Table 3. Mechanical Properties of TPU-MCC Composites

Tensile strength Elongation Toughness

(MPa) at break (MI/m’)
Neat TPU 36.3 +3.6 323.7 + 33.8 65.3 + 4.6
0.5 wt% 409 + 3.8 4424 + 52.0 822 +45
1 wt% 328 +22 368.5 + 24.6 59.5+23
2 wt% 332+ 2.1 349.9 + 16.7 64.7 £ 1.7
5 wt% 245 + 2.1 266.2 + 18.8 428 + 1.7
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