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1. Preparation of ACNC 

Table S1. Weight of CNF in CNF/cellulose dispersion. 

Samples CNF (g) 
RC-C0 0 
RC-C2 0.7 
RC-C4 0.14 
RC-C8 0.28 

RC-C12 0.42 
In cellulose solution, the [Bu4N]+Ac- and DMSO used were 13.02 g and 33.48 g. The 

DMSO used for CNF dispersion was 21.455 g. 

2. Dissolution Processes of CP 

 
Figure S1. Images of corn straw pulp dissolved in [Bu4N]+Ac-/DMSO at 60 °C at various time inter-
vals: 0 s, 15 s, 30 s, 60 s, 120 s, 360 s. 

  



 

3. Comparison of Preparation and Characteristics with Other Composites 

Table S2. Comparison with other all-cellulose composites and cellulose-based composites. 

Materials 

Preparation Characteristics 

Ref. Cellulose 
source Method 

Solvent 
System 

Disso-
lution 
Condi-

tion 

Film Pro-
cessing 

Tensile 
Strength 

(mpa) 

Optical 
Transmit-

tance 
OPa 

All-Cellu-
lose Nano-

composites/ 
composites 

Corn straw 
pulp 

(DP=1700-1750) 

Hydrolysis 
and dissolu-

tion 

[B4N]+Ac-

/DMSO 
60 °C 

Solution 
casting 
(Blade 

coating) 

87 90.2%  
at 550 nm 

63.83 cm3 
µm/(m2 day 

atm) 
at RH50% 

This 
work 

Corn stalk 

TEMPO oxi-
dation, acid–
base method 
and a Soxhlet 

extraction 

DMAc/LiCl 

120 °C 
(With 
activa-
tion) 

Solution 
casting 
(Blade 

coating) 

52.0 N/A N/A [1] 

filter paper and 
rice husk 

Soxhlet ex-
traction and 
immersion 

[C4mim]+/Cl- 100 °C Solution 
casting 

57.5 N/A N/A [2] 

Filter paper 
partial disso-

lution 
[EMIM][OA

c] 60 °C 
Hot 

pressing 120 
~80% 

at 550 nm N/A [3] 

Commercially 
obtained 

TEMPO-oxi-
dized cellulose 

(made from 
wood bleached 

kraft pulp) 

TEMPO oxi-
dation N/Ab N/Ab Vacuum 

filtration 167 ~50% 
at 600 nm 

1–2 mL µm 
m−2 day−1 kPa−1 

at RH50% 
[4] 

regenerated 
cellu-

lose/ZnO 
NP nano-
composite 

Cotton origin 
Activation 

and dissolu-
tion 

DMAc/LiCl 
(With 
activa-
tion) 

Solution 
casting 

116.18 79.05% 
at 660 nm 

0.70 
cc·µm m−2 
day−1 kPa−1 
at RH1% 

[5] 

Cellu-
lose/zein 

composite 

bleached kraft 
pulp of pine 

hydrolysis 
and dissolu-

tion 
NaOH/urea cooling 

Coagula-
tion and 

hot 
pressing 

49.54 N/A 
2.16 

cm3·µm/(m2·da
y·kPa) 

[6] 

Cellu-
lose/gra-

phene 
nanocom-

posite 

Cotton linter 
(DP=640) 

Activation 
and dissolu-

tion 
DMAc/LiCl 

100 °C 
(with 

activa-
tion) 

Solution 
casting 148 MPa 

67.6% (wave-
length not 
provided) 

N/A [7] 

Cellu-
lose/GO 

nanocom-
posite 

Organosolvent 
pulp from Mis-
canthus x gigan-

teus 

hydrolysis acetone 60 °C  Drop 
coating N/A Below 80% at 

500 nm N/A [8] 

N/Ab N/Ab 
ZnCl2/CaCl2

/GO/water 65 °C 
Solution 
casting 59.5 

~75% 
at 550 nm N/A [9] 



 

Cellu-
lose/CNT 
nanocom-

posite 

Commercially 
obtained euca-
lyptus dissolv-

ing pulp 
(DP=652) 

Dissolution, 
homogeniza-
tion and cen-

trifugation 

NMMO/wa-
ter 90 °C 

Suction 
filtration 
and hot 
pressing 

32 Below 25% N/A [10] 

Cotton linters 
pulp (10 × 104 

g/mol) 

Sonication, 
dissolution 

and centrifu-
gation 

NaOH/urea −12 °C Solution 
casting 

60.6 Visually not 
transparent 

N/A [11] 

ESO-plasti-
cized EC 

Commercially 
obtained EC N/Ab acetone N/Ab 

Solution 
casting 35.5 

98%  
at 560 nm 

10.0×10−10 
cm2/(s cmHg) 

at RH50% 
[12] 

a OP—oxygen permeability. Since thickness is not provided in some of the references, it is not pos-
sible to unify the units of OP. b The material is directly purchased from chemical reagent companies, 
so detailed information is not provided. TEMPO—2, 2, 6, 6-tetramethylpiperidine-1-oxyl-
radical, DMAc—N, N-Dimethylacetamide anhydrous, [C4mim]+/Cl-—1-N-butyl-3-
methylimidazolium chloride, GO—graphene oxide, CNT—carbon nanotube, NMMO—N-
methyl -morpholine-N-oxide, ESO—Epoxidized soybean oil, EC—ethyl cellulose. 

4. Mechanical Properties 

Table S3. Mechanical properties of the ACNC samples. 

Sample Elongation-at-break (%) Thickness (µm) Tensile Strength (MPa) 
RC-C0 10 ± 2 10 ± 1 54 ± 2 
RC-C2 11 ± 2 8 ± 1 69 ± 1 
RC-C4 13 ± 1 12 ± 2 73 ± 3 
RC-C8 9 ± 2 9 ± 2 87 ± 4 

RC-C12 8 ± 4 8 ± 3 63 ± 6 

5. Biodegradability 
5.1. Method 

The biodegradability is evaluated based on the method reported in the prior litera-
ture [13]. The RC-C8 film was enclosed in a nylon mesh netting and buried about 10 cm 
beneath natural farmland soil. During 30 days of burying, every five days, the degraded 
RC-C8 film was taken out, rinsed with water, dried and weighed. The degradation time 
dependence of weight loss was obtained. 

5.2. Results 
The weight loss of RC-C8 in the soil is shown in Figure S2. 



 

 
Figure S2. Weight loss of RC-C8 in the soil. 

6. Swelling Properties 
6.1. Method 

To evaluate the water resistance of the obtained samples, the dried RC films were 
weighed (m0) and immersed in deionized water in flasks, and taken out at regular inter-
vals. The water that adhered to the film surface was absorbed with filter paper and the 
films were weighed again (mt). The water absorption percent (W%) of the film was calcu-
lated (Equation (S1)). A total of three measurements were taken for each sample to guar-
antee data accuracy and repeatability. 𝑊(%) = (𝑚t − 𝑚0)/𝑚0 (1)

6.2. Results 
The swelling test was used to indicate the water absorption, in order to further con-

firm the water stability of the composite films. After immersing the samples in water for 
over 24 h, the water absorption of the RC-C0 was ca. 86.3% upon reaching equilibrium. 
With the increasing content of cellulose, the water absorption of the films decreased from 
a value of 52.7% (RC-C2) to 21.3% (RC-C8). The water sorption in cellulose is mainly me-
diated by free hydroxyl groups in amorphous regions. The increase in the crystallization 
areas leads to a decrease in ACNC water absorption, thus resulting in a decrease in water 
absorption percent. 
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