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Observation of Physicochemical Properties of PBAT Films
with the Addition of Modified Nanocellulose

Se Ra Bang, Eun Hwang Lee, and Gye Hwa Shin*

Department of Food and Nutrition, Kunsan National University, Gunsan 54150, Republic of Korea

Abstract PBAT films were prepared by mixing and incorporating microcrystalline cellulose (MCC), cellulose nano-
crystals (CNC), TEMPO-oxidized cellulose nanofibrils (TEMPO-CNF), and Kenaf-derived cellulose nanocrystals (K-
CNC), each at concentrations of 0.5 wt%, 1.0 wt%, and 3.0 wt%. The morphological, mechanical, and thermal properties,
and the contact angle of the fabricated films were analyzed. FTIR and XRD analyses showed no chemical changes in
the CNC added PBAT films compared to pure PBAT films. UV-Vis spectroscopy demonstrated that films exhibited
improved visible light-blocking performance at 660 nm compared to pure PBAT films. In particular, the PBAT/K-CNC
film with 1.0 wt% K-CNC showed the lowest transmittance in the visible light range, indicating enhanced light-blocking
properties. The tensile strength and elongation at break of the PBAT/0.5%TEMPO-CNF films showed the highest tensile
strength and elongation at break, while exhibiting the lowest Young’s modulus. However, PBAT/CNC (3.0 wt%) films
exhibited the lowest mechanical performance. TGA analysis confirmed that cellulose incorporation did not affect the ther-
mal stability of the PBAT films. Contact angle analysis indicated that the dispersion of CNC and K-CNC in the PBAT
matrix reduced water molecule diffusion across the film surface, resulting in higher contact angles. Notably, the PBAT
film containing 3.0 wt% K-CNC exhibited the highest contact angle of 78.20 + 1.02°.

Keywords Poly (butylene adipate-co-terephthalate) (PBAT), cellulose nanocrystals, kenaf cellulose, biodegradable

films, TEMPO-CNF
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Fig. 1. Digital photographs of PBAT and PBAT/MCC films (a), PBAT/CNC films (b), PBAT/TEMPO-CNF films (c), and PBAT/K-

CNC films (d).
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Fig. 2. SEM image of PBAT and PBAT/MCC films (a), PBAT/CNC films (b), PBAT/TEMPO-CNF films (c), and PBAT/K-CNC films (d).
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Fig. 3. FTIR spectra of PBAT/MCC films (a), PBAT/CNC films (b), PBAT/TEMPO-CNF films (c), and PBAT/K-CNC films (d)
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Fig. 4. XRD patterns of PBAT/MCC films (a), PBAT/CNC films (b), PBAT/TEMPO-CNF films (c), and PBAT/K-CNC films (d).
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Table 1. Light transmittance of PBAT/MCC, PBAT/CNC, PBAT/TEMPO-CNF, and PBAT/K-CNC films

HAT <
3l 31.30 +0.42%]
BEE UrEM%‘”E} HhH | PBAT/A
o2 Falhgo] Hhshe
Ayl 220~
E3l7] wolet S
<= PBAT ZEo| vjs] £
dFo] EFHEA

(A2805 A660)

e Welld 7P s
E(4.00%)E YERATEH
JlErdy 728 287
71918t g4
o), oleid Ak
s o],
olm gt 7pA)FAl
2029 Tk

<+ PBAT 2

e E%Jr

Sample Tago (%) Tee0 (%) Aggo (%) Ageo (%0)
PBAT 100% 0.01 £ 0.00% 31.30 £ 0.42¢ 4.00 = 0.00? 0.50+£0.018
PBAT 99.5%/MCC 0.5% 0.01 £ 0.00? 27.81+2.32¢ 4.00 = 0.00? 0.56 £ 0.04¢
PBAT 99%/MCC 1% 0.01 +0.00? 21.77+0.01" 4.00 £ 0.00? 0.66 + 0.02°
PBAT 97%/MCC 3% 0.01 £ 0.00? 23.44 +£2.068 4.00 £ 0.00° 0.63 £ 0.03¢
PBAT 99.5%/CNC 0.5% 0.01 £ 0.00? 37.99 £ 0.02° 4.00 £ 0.00? 0.42 +0.011
PBAT 99%/CNC 1% 0.01 £ 0.00? 33.15+0.02° 4.00 £ 0.00? 0.48 +0.02"
PBAT 97%/CNC 3% 0.01 +0.00? 23.25+0.01# 4.00 £ 0.00? 0.63 +£0.03¢
PBAT 99.5%/TEMPO-CNF 0.5% 0.01 £ 0.00? 31.03 £0.02¢ 4.00 £ 0.00° 0.51+0.01%
PBAT 99%/TEMPO-CNF 1% 0.01 % 0.00° 25.20 £ 0.01° 4.00 + 0.00% 0.60 +0.01¢
PBAT 97%/TEMPO-CNF 3% 0.01 £ 0.00? 25.08 + 0.02f 4.00 £ 0.00? 0.60 + 0.02¢
PBAT 99.5%/K-CNC 0.5% 0.01 + 0.00? 29.38 + 0.02¢ 4.00 £ 0.00° 0.53 +0.01°
PBAT 99%/K-CNC 1% 0.01 £ 0.00? 11.01 £ 0.01' 4.00 £ 0.00° 0.95+0.02°
PBAT 97%/K-CNC 3% 0.01 £ 0.00? 24.47 +0.01% 4.00 = 0.00? 0.61 +0.01

"Different letters indicate a significant difference at p <0.05.

45k UV

_Ilm EQ oﬂ,

B
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TEMPO-CNF &Hgo]| S71ps Fihgo] 7hAste] Aot
EAS FATE ACE B 4 2tk PBAT/K-CNC &
dd 29 79, PBAT 99%/K-CNC 1% E3 L&
11.01 £0.01%2] 7P @2 F24-83} 0.95+0.02%= 71
=2 F3=E Yepith W, PBAT 97%/K-CNC 3%
%@%%—8— E7go] 2447+ 0.01%E 57}6}1 P}
Hashes A4S veRlleHl, ol PBAT
K-CN C«] ._@_j o]3H .JJE LH 1:11 /\]..3]-
I T4 AR B 4 o AR PBAT H4EE
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5. MZEH SPREEY HY EY

PBAT”]%¥} MCC, CNC, TEMPO-CNF % K-CNC &
AR =, 9 B I ALlES Table 29 Yet
Wt <4 PBAT Z&52 AW E 26.02+6.34 MPa,
HE 74.02+1035MPa ¥ It A4S 838.19+36.21%

2, A%8AQ F A4 Gt EelesEH 58S
At PBAT/M CC &
< & PBAT®F AR 23S Blow, gt A4l
F7F8 F AFE =
Y o, A== A, g AES 92714+
55.75%2 Z=7}ake slolstgn), o

MCC7} &4 =)
MCCS] -OH7]7} PBAT®] S| 2E]7|9} 4TS

OERS
el ARMARRL A WFoldt SN 5 ok
whRl, TEEelAE MCC 947t 7 $3o] whs) 82 3

FHlo] A=, AW Aol FTkste] QA= AskE
Aoz Bt PBAT/CNC E3HdE<] 7%, CNC &3
°] 0.5 wit% % 1.0 wt%z2 &3 EdEe o Y=
o} JE2 =F PBAT I K A& H3oH, 3t
@ AaES sk AES Bl Whd, CNC &3] 3.0
wit%e SgE EEE 79, A AT 19.06+1.24 MPa,
9E 64.11+525MPa ‘;-4 T% AXE 83570+ 26.31%
2 44 PBAT ¥&3 H]Eﬂ% o Zasks A9E 1Y
t}. o] #F+=3 CNC = S f=sta 38 A
AZE Walle7] rﬁ%”"‘ }b—*éol 21T}, PBAT/TEMPO-
CNF Egtg20] Z$- TEMPO-CNF o] 0.5 wt% 2
1.0 wt%= 3 53459 A Awet gt Ailge

< PBAT &3 YuslS o F7iske A3 ®Hl W
Uj_, TEMPO-CNF 3Fo] 3.0 wit%= &£3% Hggse
7AF & PBATS A A3E B oW, o= CNC
3.0 wt%/b £ 59EE fAR A4S JERITH
o] CNC Al9¥ A2 Rl o] Sxolu} A
EvEAgo] S vHS 7Fs7del Utk PBAT/K-CNC

Lo

Table 2. Mechanical properties of PBAT/MCC, PBAT/CNC, PBAT/TEMPO-CNF, and PBAT/K-CNC films

Sample Tensile strength (MPa) | Young’s modulus (MPa)

Elongation (%)

PBAT 100%

26.02+6.34°4"

74.02+10.35% 838.19+36.217

PBAT 99.5%/MCC 0.5%

27.79+0.52b¢d

69.40+3.83% 877.1245.13¢°F

PBAT 99%/MCC 1%

28.65+3.51%

77.79+13.06% 867.34464.21°F

PBAT 97%/MCC 3%

23.50+1.444

80.95+15.92% 927.14%55.75%¢

PBAT 99.5%/CNC 0.5%

29.29+3.092°

67.96+6.44% 904.50+£66.20%

PBAT 99%/CNC 1%

28.81+5.17%

78.62+21.26% 917.15+65.48%

PBAT 97%/CNC 3% 19.06+1.24¢ 64.11£5.25% 835.70+26.317
PBAT 99.5%/TEMPO-CNF 0.5% 33.55+1.76° 57.91+3.05° 1037.460.68*
PBAT 99%/TEMPO-CNF 1% 30.78+2.07% 65.90+3.80% 1011.94+31.782

PBAT 97%/TEMPO-CNF 3%

27.75+1.54bd

71.86+7.99% 950.32+41.12bd

PBAT 99.5%/K-CNC 0.5%

30.22+3.222¢

67.03+20.32% 988.52+37.742b¢

PBAT 99%/K-CNC 1%

29.01+0.56

71.59+15.64% 969.45+15.820¢d

PBAT 97%/K-CNC 3%

27.86+2.58bd

67.69+7.24% 961.51+39.53b<d

"Different letters indicate a significant difference at p < 0.05.

*The data is the mean+ SD of three replicates.
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Fig. 5. TGA thermal analyses of PBAT/MCC films (a), PBAT/CNC films (b), PBAT/TEMPO-CNF films (c), and PBAT/K-CNC films (d).
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Fig. 6. Contact angle analysis of PBAT/MCC films (a), PBAT/CNC films (b), PBAT/TEMPO-CNF films (c), and PBAT/K-CNC films (d).
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