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ABSTRACT

ypothesis: Nanocrystalline cellulose (NCC) has received much attention to be
Hused as nanofiller in bioplastics due to its biodegradability, renewability and

fantastic mechanical properties. The well distribution of NCC is a key factor
in determining the enhanced properties of bioplastics/NCC nanocomposites. Surface
modification of NCC using aminosilanes can improve its dispersion in a polymer
matrix.
Methods: N-(2-Aminoethyl)-3-aminopropyltrimethoxysilane was used for surface
modification of nanocrystalline cellulose (NCC) to improve its affinity to polybutylene
succinate adipate (PBSA). PBSA-based nanocomposites, containing 0, 0.1, 0.3, 0.5,
1 and 2 phr modified, NCC were prepared by solution mixing. The structural, thermal
and physical properties of the prepared samples were characterized using FTIR, RMS,
SEM, TGA, DSC and water absorption techniques.

Findings: The chemical modification of NCC was confirmed by FTIR, TGA and
EDX. Linear viscoelastic measurements show that the incorporation of NCC in PBSA

polybutylene succinate resulted in a non-terminal behavior and viscosity up-turn in the low frequency range,

adipate, which are pronounced in high loadings of NCCs. The enhanced affinity of NCC toward

PBSA, obtained by surface modification, resulted in hydrodynamic interactions
between them, leading to the formation of a 3D network structure in the matrix. The
surface modification, SEM results showed well distribution of modified NCC in the PBSA matrix. The
TGA results showed that the thermal stability of PBSA increases in the presence of
) silane-modified NCC. This can be attributed to the interactions formed between the
properties, components of nanocomposite, needing higher energy for thermal degradation. Study
water absorption. on DCS results indicated that the crystallization temperature of the nanocomposites
containing modified NCC increases as a consequence of well distributed modified
NCC. The water absorption results demonstrated that the water uptake of the samples

containing modified NCC increases as compared to virgin PBSA.
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Scheme 1. Modification of nanocrystalline cellulose (NCC) with using silane coupling agent: (a) aminopropyltrimethoxysilane

(AEAPTMY), (b) silanol, (c) methanol, (d) NCC, and (e) modified NCC (MNCC).
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Table 1. Codes and compositions of the prepared samples.

Sample Code Composition
PBSA 0.1 MNCC 100/0.1
PBSA 0.3 MNCC 100/0.3
PBSA/MNCC | PBSA 0.5 MNCC 100/0.5
PBSA 1 MNCC 100/1
PBSA 2 MNCC 100/2
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Fig. 3. DTGA Thermogrms of modified and unmodified

nanocrystalline cellulose (NCC) under nitrogen at 10°C/min.
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Table 2. The results of TGA and DTGA of modified and unmodified nanocrystalline cellulose (NCC).

Parameters Unmodified NCC Modified NCC
T, (°C) 222 257
T, (°C) 337 356
T, (°C) 246 273
T,, (°C) 281 320
T, (°C) 270 318
MT_ (%) 36 47
Weight loss (%) from150 °C t0350 °C 83.56 72.13
Residual (wt.%) at600 °C 3.78 12.55

T.: initial temperature of thermal degradation; T : final temperature of thermal degradation; T, : degradation temperature at 10% weight loss; T : degradation

temperature at 50% weight loss, T : maximum thermal degradation rate (DTGA peak); MT : percentage of weight loss at T

\&er 63—)3T D o plasds eI Juwiporly (5J9J9iSS 9 pole ( sole dlxo



CKa
15000
DKo
10000
Ko
5000 -
Ka
0 | A B . . . . . : . eV
0 10.00

a..\...?.«.scw\ NCC BE X jjﬁ LSJJ"‘ °J""‘*'li a_é.:.la -0 Jg...i
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Table 3. EDX results of modified and unmodified nano-
crystalline cellulose (MNCC and NCC).

Samples Element Line A% W%
C Ka 54.5 45.75
N Ka 1.07 1.02

NCC

(@) Ka 41.09 45.78
S Ka 3.34 7.46
C Ka 49.33 40.67
N Ka 1.8 1.73

MNCC (0] Ka 45.13 79.56
Si Ka 0.77 1.48
S Ka 2.98 6.55
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Fig. 4. Energy dispersive X-ray spectrum of modified nano-

crystalline cellulose (MNCC).
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Fig. 7. FTIR spectra of virgin PBSA and PBSA based nano-
composites containing 0.5 phr and 2 phr modified NCC.
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Fig. 6. SEM images of (a) virgin PBSA and PBSA based
nanocomposites containing modified NCC (b) 0.5 phr and (c)
2 phr.
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Fig. 9. Storage Modulus as a function of frequency for virgin
PBSA and PBSA based nanocomposites containing various

content of modified NCC.
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Fig. 8. Storage modulus as a function of strain for virgin

PBSA and PBSA based nanocomposites containing various

content of modified NCC.
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Fig. 10. complex viscosity as a function of frequency for
virgin PBSA and PBSA based nanocomposites containing

various content of modified NCC.
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Table 4. Storage modulus of the samples and its percentage change at frequency 1 s™.

Percentage increase of storage modulus
Sample Storage modulus (Pa) G s mnocomposte ~ Grns %100
G;’BS
PBSA 2.1 -
G;BSOJMC _ G;’BS ~
PBSA 0.1 MNCC 5 G, =D
G;’BSO.SMC — G;’BS %100 ~ 243
PBSA 0.3 MNCC 7.2 G’ ~
PBS
G| -G
PBSA 0.5 MNCC 204 PRSOIME_—TBS %100 ~ 871
GPBS
PBAS 1 MNCC 38.8 Srasive =Oas 100 ~ 1748
, G;BS ,
PBSA 2 MNCC 395 Grasime = Gres o100 ~ 18710
Gloas
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Fig. 12. DTGA thermogrms of virgin PBSA and PBSA nano-

composites containing various content of modified NCC.
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Fig. 11. TGA thermogrms of virgin PBSA and PBSA nano-

composites containing various content of modified NCC.
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Table 5. The results of TGA and DTGA of virgin polybutylene succinate adipate (PBSA) and PBSA based nanocomposites con-

taining various content of modified nanocrystalline cellulose (MNCC) under nitrogen at 10°C/min.

PBSA/ PBSA/ PBSA/ PBSA/ PBSA/
Parameter PBSA
0.1 MNCC 0.3 MNCC 0.5 MNCC 1 MNCC 2 MNCC

T, (°C) 268 270 273 266 293 293

T, (°C) 423 423 423 423 424 424
T, (O 352 355 360 357 367 369
T,, (O 393 392 393 393 395 396
T, (°C) 400 400 400 400 401 402
MT (%) 64 67 64 65 63 64

T.: initial temperature of thermal degradation; T: final temperature of thermal degradation; T : degradation temperature at 10% weight loss; T, : degradation
temperature at 50% weight loss, T : maximum thermal degradation rate (DTGA peak); and MT, : percentage of weight loss at T .
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Fig. 14. DSC nonisothermal thermograms during reheating
step for virgin PBSA and PBSA based nanocomposites con-

taining various content of modified NCC.
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Fig. 13. DSC nonisothermal thermograms during cooling
step for virgin PBSA and PBSA based nanocomposites con-

taining various content of modified NCC.
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Table 6. Melting temperature (Tm), crystallization temperature (Tc), enthalpy of crystallization (AHc), enthalpy of melting (AHm)

and degree of crystallinity (Xc) of virgin polybutylene succinate adipate (PBSA) and PBSA based nanocomposites containing

various content of modified nanocrystalline cellulose (MNCC) obtained from DSC thermograms.

Sample T, (O T (O H (J/g) A AH_(J/g) X_ (%)
PBSA 46.5 90.6 49.6 53.6 45.8
PBSA/0.1 MNCC 47-61.2 90.4 50.1 43.7 41.7
PBSA/0.3 MNCC 52.8-66.9 90.6 51.9 45.7 39.2
PBSA/0.5 MNCC 53.6-68.1 90.6 493 50.3 43.2
PBSA/1 MNCC 60.6 78.4-91.0 48.0 43.8 37.8
PBSA/2 MNCC 71.6° 79.3-91.2 46.2 46.5 40.1
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Fig. 15. (a) water absorption values as a function of time for virgin PBSA and PBSA based nanocomposite containing 1 phr

modified NCC and (b) equilibrium water absorption of the samples containing various value of modified NCC. Error bars indicate

standard deviation.
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