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S1. Experimental Section
S1.1. Degree of Substitution (DS) of NCF Samples

The DS values of NCF samples was determined according to the reported methods
[1,2]. Briefly, the freeze-dried NCF sample (0.3 g) was mixed with 0.2 M potassium hy-
droxide in 50% aqueous alcohol (30 mL) in a 100 mL Erlenmeyer flask. Then, the flask was
shaken at 100 rpm at room temperature for 24 h. After that, 0.2 M hydrochloric acid (30
mL) was added. A further half an hour later, the solution was titrated with 0.1 M sodium
hydroxide, and phenolphthalein was used as an indicator. The formyl content of NCF
sample was calculated by the formula (1), and then the DS of NCF sample was calculated
by formula (2). Native as prepared bleached sample was also carried out using the same
procedures as a blank.

(VS - VB) X NNaOH X Mformyl X 10_3 X 100

Formyl (%) = W 1)
162 X Formyl%
DS = 5 2)
M ormyt X 100 — ((Mgormyr — 1) X Foryml%)

where, Vs (mL) is the volume of NaOH required for titration of the blank, Vs (mL) is the
volume of NaOH required to titrate the NCF sample, Nn«oH is the normality of the NaOH
solution, My is the molecular weight of the formyl group (29 g/mol), W (g) is the mass
of sample used, and 162 is the molecular weight of the anhydroglucose units.

51.2. Surface free energy of PLA film and PLA composite films

Fowkes model can be used to calculate surface free energy of film samples, and the
equation of Fowkes model was as follows [3, 4]:

a (L [yZ(1 + cos6)?] 3)
Vs = 4}/151 Vi

where, subscripts S and L are the solid and liquid, ydis the surface free energy, 0 is the
contact angel, and the value of y{ and y, were 72.8 mJ/m? and 21.8 mJ/m?, respectively

[5].

51.3. Thermal stability

The average apparent activation energies (Ea) of thermal decomposition of NCF and
film samples can be calculated by

In| ln(MVf—‘;)]ziLTSZ 4)
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where, Ea is the average apparent activation energies, W is the initial weight of the poly-
mer, Wr is the residual weight of polymer at temperature T. Ts is the temperature deter-
mined at 36.79% of weight loss, 0 is T-Ts, and R is the gas constant (8.314 J/(mol-K)).

51.4. Nonisothermal crystallization behavior and crystallization kinetics

In order to study the effect of the NCF fillers on the crystallization kinetics of PLA
composite films, the Avrami equation was used to describe the nonisothermal crystalliza-
tion [2]:

J, (dH/dt)dt
P ®)
J,(dH/dt)dt
lg[—In(1 — X,)] = lgk + nlgt (6)
In2 Y/n
o= (50) 7

where, X: is the relative crystallinity; 0, t, and e represent the relative crystallinity at time
=0, t, and o, respectively; n is the Avrami exponent calculated from the slope of the liner
fitting; k is the overall kinetic determined by intercept of the liner fitting; t12 is the half-
crystallization time.

51.5. Overall migration tests

According to EU Directive 82/711EEC, the three simulants are water (simulant A) for
aqueous foods; 3% acetic acid in water (simulant B) for acidic aqueous foods; and Isooc-
tane (simulant C) for fatty foods, respectively [6]. The films with a total surface area of 10
cm! were immersed in a centrifuge tube with 10 mL for each simulant. After the reaction
time (2 days) was over, the films were removed, the residue weight of simulants were
determined. Then, overall migration of simulants was taken as the weight ratio of residue
per total simulant [7].

51.6. Degradation study

In order to study the degradation of composites, hydrolytic degradation at 37 °C was
carried out in Phosphate Buffered Saline solution (PBS, mixing 0.27 g KH2POs, 142 g
Na:HPOs, 8 g NaCl and 0.2 g KCl in per 1000mL deionized water) [8]. The samples with
surface area of 10 cm™ were immersed in 10 ml PBS. The degradation of composites was
characterized by measuring mass loss and change of pH [9].
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Figure S1. Cross-section images of neat PLA film (a), PLA/5CNEF(b), PLA/2CNC(c), and PLA/5CF(d)
films.
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Figure S2. Surface topography and Contour observation images of PLA films (a,b), PLA/5CNF (c,d),
PLA/2CNC (e,f), PLA/5CF (g h) and PLA/5CNC (i j), respectively.
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Figure S3. Avrami equation parameters of relative crystallinity for PLA film(a), PLA/5CNF(b),
PLA/2CNC(c) and PLA/5CF(d) composite films.

Table S1. Thermal parameters of TS, NC, and composite films.

Sample Ts (°C) Ea (kJ/mol)
TS 344.90 21.44
CNF 340.90 49.23
CNC 244.10 9.77
CF 338.40 18.83
PLA 377.10 74.34
PLA/5CNF 375.30 64.05
PLA/2CNC 376.30 74.15
PLA/5CF 375.60 69.18

Note: TS is the temperature determined at 36.79% of weight loss of samples. Ea is the average ap-
parent activation energy of samples.

Table S2. Avrami kinetic parameters of non-isothermal crystallization for pure PLA and compo-

sites.

Sample Heating rate (ksmin?)  Xc (%) n k (min™)  ti2 (min)

2 4.7 224 2.34x10? 4.54

PLA 5 156 249 1.82x10" 1.71

10 / 2.76  3.89x10" 1.23

2 23 217  3.55x10? 3.93

PLA/5CNF 5 145 248 1.91x10" 1.68

10 / 2.59  4.79x10" 1.15

2 7.2 2.18  3.55x1072 3.91

PLA/2CNC 5 12.8 2.77  1.70x10! 1.66

10 / 251  5.62x10! 1.09

2 3.8 219  3.31x1072 4.01

PLA/5CF 5 15.5 240  1.66x10! 1.65

10 / 2.38  2.34x10° 0.60
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