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All-atom molecular dynamics simulations
Cellulose and glycerol molecular models were built in Materials Studio. The molecular structures were optimized using Gaussian 16 with the B3LYP-D3 functional and 6-31G(d) basis set. Water was described using the TIP3P model, and bonded and non-bonded parameters for the remaining molecules were obtained using AuToFF. All-atom molecular dynamics simulations were performed in GROMACS 2021.5 with the Amber03 force field. For the W-bioplastic system, 40 cellulose monomers were randomly inserted into a 6 nm × 6 nm × 6 nm cubic box, which was then filled with 4,734 water molecules. For the G-bioplastic system, 40 cellulose monomers, 10 glycerol molecules and 4,677 water molecules were inserted into an identical simulation box. Each system was energy minimized by the steepest descent method, followed by 100 ps NVT and 100 ps NPT pre-equilibration. A 50 ns NPT simulation was then conducted to relax the structure. The equilibrated systems were stretched in the XY direction at a rate of 0.05 nm ns−1 for 20 ns, followed by 3 ns NPT re-equilibration. Pressure was maintained at 1.0 bar using a Parrinello-Rahman barostat, and temperature was controlled at 298 K using a velocity-rescale thermostat with a coupling constant of 0.1 ps. Non-bonded interactions were calculated with a cutoff distance of 1.2 nm, and long-range electrostatics were treated using particle-mesh Ewald summation. All hydrogen bonds were constrained with the LINCS algorithm. The time step was 2 fs, the neighbour list was updated every 10 steps, and periodic boundary conditions were applied in all directions. PyMOL 3.0.3 (http://www.pymol.org/pymol) was used for visualization.
Coarse-grained molecular dynamics simulations
Two coarse-grained molecular dynamics (CGMD) systems were constructed to compare the mechanical behaviour of biomass-derived materials prepared under different conditions. The W-bioplastic system consisted of cellulose (65.05 wt.%), hemicellulose (33.21 wt.%) and lignin (0.75 wt.%), whereas the G-bioplastic system contained cellulose (59.51 wt.%), hemicellulose (28.66 wt.%), lignin (0.53 wt.%) and glycerol (11.30 wt.%). Initial configurations were built in Materials Studio by constructing amorphous cellulose, hemicellulose, lignin and glycerol structures and packing them into cubic simulation boxes with a density of 1.4 g cm-3. CGMD simulations were performed in the Mesocite module using the Martini force field, which has been used to describe organic and polymeric materials at the mesoscale. Before mechanical deformation, each system was energy minimized with the conjugate-gradient algorithm until the maximum force on any bead was below 0.001 kcal/(mol·Å), and then equilibrated under isothermal-isobaric (NPT) conditions at 298 K and 1 atm for 1 ns. Temperature and pressure were controlled with a Nose-Hoover thermostat and a Parrinello-Rahman barostat, respectively.
Uniaxial tensile simulations were performed under NPT conditions at 298 K and 1 atm. A constant strain rate of 1 × 108 s-1 was applied along the x-axis of the simulation box, while the two transverse dimensions were allowed to relax freely. Stress-strain curves were obtained from the virial stress tensor. Tensile strength (σmax) from the maximum stress.
Life cycle assessment
Life cycle assessment (LCA) was performed to quantify the environmental impact of producing 1.0 kg of G-bioplastic. Calculations were carried out in SimaPro 9.3 (PRé Sustainability, the Netherlands) using the TRACI 2.2 V1.00/US 2008 impact assessment model. Background inventory data were mainly obtained from the Ecoinvent 3.0 database. The functional unit was 1.0 kg of G-bioplastic. The assessed categories were ozone depletion (kg CFC-11 eq), global warming potential (kg CO2 eq), smog formation (kg O3 eq), acidification (kg SO2 eq), carcinogenic toxicity (CTUh), non-carcinogenic toxicity (CTUh), respiratory effects (kg PM2.5 eq), ecotoxicity (CTUe), freshwater eutrophication (kg P eq) and marine eutrophication (kg N eq). Water flows were integrated according to operation type. Because sodium chlorite inventory data were unavailable in the database, sodium hypochlorite was used as a proxy inventory based on molecular-weight similarity. Process water was mainly used to rinse residual chemicals and was modelled as recyclable; the energy consumption associated with water recycling was excluded from the system boundary. 
Characterization
Fourier-transform infrared spectroscopy (Nicolet iS0) was used to analyse chemical changes over 400-4000 cm-1. Chemical composition, including alpha-cellulose, hemicellulose and acid-insoluble lignin, was determined according to ASTM D1104, TAPPI T 429 and TAPPI T 222, respectively. Microstructure was observed by scanning electron microscopy (FEI Quanta 200). Raman spectra were collected using a LabRAM HR Evolution spectrometer with 532 nm excitation over 50-4000 cm-1. Optical anisotropy was examined using a polarized optical microscope (CaiKon XPF-550C). X-ray diffraction was performed on an X’Pert 3 Powder diffractometer over 2θ = 5-50° at 5° min-1. Nanofibre spacing was estimated from small-angle X-ray scattering data by plotting I(q)q2 against q to identify qpeak and calculate d = 2π/qpeak. Density was calculated from sample mass and volume. Total transmittance and haze were measured using a UV-vis spectrophotometer (TU-1950) and a haze meter (Lambda 950). Tensile tests were performed using a universal testing machine (UTM2203) at 2.0 mm min-1. Folding endurance was measured with a YN-MIT 135 folding endurance tester. The coefficient of thermal expansion was measured using a TMA Q400 analyser from 30 to 200 °C. Accelerated UV ageing was performed using a UVLED constant-temperature curing machine (ULHX200-200-DR) for 1 h at 50 °C and 50 W m-2, after which macroscopic morphology and colour changes were recorded.
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Supplementary Fig. 1. Effect of water saturation on ambient self-densification of delignified wood. a, Water-saturated state. b, Dehydrated state.
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Supplementary Fig. 2. FTIR spectra of the four bioplastics.
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Supplementary Fig. 3. Relative cellulose, hemicellulose and lignin contents in natural wood, delignified wood and G-bioplastic.
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Supplementary Fig. 4. Cross-sectional SEM images of the four bioplastics. a-d, W-bioplastic, M-bioplastic, E-bioplastic and G-bioplastic, respectively.
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Supplementary Fig. 5. Surface SEM images, corresponding photographs (insets) and magnified views of the four bioplastics prepared with alcohol-bridged hydrogen-bond networks. a-d, W-bioplastic, M-bioplastic, E-bioplastic and G-bioplastic, respectively.
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Supplementary Fig. 6. Raman spectra of the four bioplastic.
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Supplementary Fig. 7. Polarized optical microscopy images of the four bioplastics. a-d, W-bioplastic, M-bioplastic, E-bioplastic and G-bioplastic, respectively.
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Supplementary Fig. 8. XRD patterns of the four bioplastics.
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Supplementary Fig. 9. Crystallinity comparison of the four bioplastics.
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Supplementary Fig.10. Photographs of the four bioplastics showing a, transparency and b, haze.
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Supplementary Fig. 11. Total transmittance comparison of the four bioplastics.
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Supplementary Fig. 12 Atomic models of a, a glycerol molecule and b, a single cellulose chain. Carbon atoms in cellulose are shown in grey, carbon atoms in glycerol in cyan, oxygen atoms in red and hydrogen atoms in white.
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Supplementary Fig. 13. Representative all-atom molecular dynamics snapshots. a, Initial and final snapshots of the W-bioplastic system during unbiased molecular dynamics. b, Time-series snapshots of the W-bioplastic system during steered molecular dynamics. c, Initial and final snapshots of the G-bioplastic system during unbiased molecular dynamics. d, Time-series snapshots of the G-bioplastic system during steered molecular dynamics. Carbon atoms in cellulose are shown in grey, carbon atoms in glycerol in cyan, oxygen atoms in red, hydrogen atoms in white and water molecules as red sticks.
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Supplementary Fig. 14. Time evolution of the number of hydrogen bonds. 
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[bookmark: _Hlk230614702]Supplementary Fig. 15. Number of cellulose atom pairs within hydrogen bonding distance (<0.35 nm). 
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Supplementary Fig. 16. Tensile strength of bioplastics prepared with different glycerol contents (0, 1, 2.5 and 5 wt.%).
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[bookmark: _Hlk211587806]Supplementary Fig. 17. SEM images and magnified views of longitudinal tensile fracture surfaces for the four lignocellulosic bioplastics. a-d, W-bioplastic, M-bioplastic, E-bioplastic and G-bioplastic, respectively.
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Supplementary Fig. 18. Folding demonstration for a, A4 paper and b, G-bioplastic.
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Supplementary Fig. 19. Folding endurance comparison of W-bioplastic, M-bioplastic and paper-based materials.
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Supplementary Fig. 20. Tensile strength comparison of G-bioplastic and E-bioplastic before and after folding (F-G-bioplastic and F-E-bioplastic).
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[bookmark: _Hlk225326626]Supplementary Fig. 21. Coarse-grained molecular dynamics model of the W-bioplastic wood cell wall.
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Supplementary Fig. 22. Simulated microfibril movement in W-bioplastic, showing straightening, sliding and bending.
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Supplementary Fig. 23. Normalized average end-to-end length (L/L0) of hemicellulose, lignin and cellulose as a function of cell-wall strain for a, G-bioplastic and b, W-bioplastic.
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Supplementary Fig. 24. Photographs of G-bioplastic after 7 days of immersion in water, HCl solution (pH 1), NaOH solution (pH 13) and seven organic solvents.
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Supplementary Fig. 25. Tensile strength comparison of recycled G-bioplastic (R-G-bioplastic) and A4 paper.
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Supplementary Fig. 26. Material and energy flow diagram for production of 1.0 kg of G-bioplastic.
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Supplementary Fig. 27. Degradation process of G-bioplastic and five reference plastics (PLA, PVC, PET, PE and PS) in natural soil in Harbin, China.

Supplementary Table 1. Comparison of tensile strength, environmental sustainability, treatment time, cost, and bulk process of G-bioplastic with lignocellulosic bioplastic (L-bioplastic), Paper plastic, cellulose fiber film (CF-film), polymeric material (P-material), and transparent wood film (TW-film) (all values are normalized by the maximum value of each indicator).
	Properties
	G-bioplastic
	L-bioplastic
	Paper
plastic
	CF-film
	P-film
	TW-film
	BM
plastics

	Tensile strength (MPa)
	516
	128
	126
	258
	98.2
	350
	110

	Environmental
sustainability
	High
	High
	Middle
	Low
	Middle
	Middle
	High

	Treatment time
	5h
	10 h
	28h
	72 h
	75 h
	8 h
	42h

	Cost
	Low
	High
	Middle
	High
	High
	Middle
	Middle

	Bulk process
	Yes
	Yes
	Yes
	Yes
	Yes
	Yes
	Yes

	Refs.
	This work
	(9)
	(15)
	(30)
	(31)
	(32)
	(14)












Supplementary Table 2. The specific strength (σ), and specific Young’s modulus (E) of G-bioplastic and Self-densified TWF, Densified wood, and Isotropic cellulose nanopaper.
	Material
	Density
(g cm-3)
	Strength σ
	Young’s modulus E
	Refs.

	
	
	σ
(MPa)
	Specific σ
(MPa/g cm-3)
	E
(GPa)
	Specific E
(GPa/g cm-3)
	

	W-bioplastic
	0.79
	306.0
	387.3
	16.2
	20.5
	This work

	M-bioplastic
	0.85
	348.1
	409.5
	22.4
	26.4
	This work

	E-bioplastic
	0.89
	463.1
	520.3
	27.6
	31.0
	This work

	G-bioplastic
	1.1
	516.6
	475.4
	30.8
	28.0
	This work

	Self-densified TWF1
	0.81
	228.4
	281.7
	25.3
	31.3
	(23)

	Self-densified TWF2
	1.32
	449.1
	340
	51.1
	38.2
	(24)

	Self-densified TWF3
	1.05
	530.9
	505.6
	26.8
	25.5
	(36)

	Densified wood 1
	1.3
	548
	422.2
	47.1
	36.2
	(37)

	Densified wood 2
	1.2
	351.8
	290
	32.9
	27.4
	(38)

	Densified wood 3
	1.35
	430
	318.5
	39
	28.9
	(39)

	Densified wood 4
	1.24
	173.6
	140
	17.3
	14
	(40)

	Isotropic cellulose nanopaper1
	1.08
	214
	198.1
	13.2
	12.2
	(41)

	Isotropic cellulose nanopaper2
	0.72
	123
	170.8
	12
	16.7
	(42)

	Isotropic chitin nanopaper
	1.27
	134.4
	105.8
	1.7
	1.3
	(43)







Supplementary Table 3. Comparative Analysis of the Mechanical Performance of Lignocellulosic Bioplastics, paper, films, and transparent wood films (TWF).
	Material category
	Material
	Tensile stress
(MPa)
	Toughness 
(MJ m-3)
	Refs.

	Paper
	PAA fibers paper
	195
	2.3
	(44)

	
	Paper impregnated by CMC
	140
	8.5
	(45)

	
	Paper impregnated by RC solution
	39
	2.8
	(46)

	
	TEMPO microfiber paper
	89
	1.0
	(47)

	
	TEMPO microfiber paper
	105
	1.9
	(48)

	Film
	Hot pressing wood film
	150
	2.4
	(49)

	
	RC Macrofibers film
	122
	8.8
	(50)

	
	Hot-pressing CNF film
	230
	9.9
	(51)

	
	TEMPO-CNF film
	287
	11.7
	(52)

	TWF
	Delignified/PMMA
	76.36
	0.87
	(32)

	
	Clear wood/epoxy
	43.39
	6.1
	(40)

	
	Acetylated/ delignified/ PMMA
	78.9
	1
	(53)

	
	Delignified/epoxy
	45.38
	1.2
	(54)

	
	Delignified/PMMA
	23.38
	0.59
	(55)

	
	Clear wood/PVA
	143
	3.03
	(56)

	
	TWF
	350
	7.38
	(57)

	Bioplastic
	W-bioplastic
	306.03
	10.82
	This work

	
	M-bioplastic
	348.05
	12.28
	This work

	
	E-bioplastic
	463.10
	24.05
	This work

	
	G-bioplastic
	516.61
	28.37
	This work









Supplementary Table 4. Folding endurance of G-bioplastic compared with that of paper substrates and polymeric films under a standardized tension of 9.81 N.
	Material
	Folding times (×10*3)
	Ref.

	Kraft paper
	0.50
	(12)

	All-celluloulose film
	3.34
	(12)

	CMC/fiber hybrid film
	3.342
	(13)

	Money paper
	3.38
	(12)

	Tracing paper
	5.613
	(13)

	CM-ASAM paper
	6.45
	(12)

	CM-Kraft paper
	9.22
	(12)

	CNF/PET film
	10.97
	(58)

	G-bioplastic
	15.067
	This work



Supplementary Table 5. LCA inventory for 1.0 kg G-bioplastic production.
	Inputs/Outputs
	Quantity
	Unit
	[bookmark: OLE_LINK4]Corresponding LCI
	Database

	Step 1: Delignification

	Input

	Balsa wood
	1.334
	kg
	Wood, unspecified, standing/kg
	[bookmark: OLE_LINK3]Ecoinvent 3

	NaClO2
	0.222
	kg
	Sodium hypochlorite, without water, in 15% solution state {RoW}| market for sodium hypochlorite, without water, in 15% solution state | Cut-off, U
	Ecoinvent 3

	CH3COOH
	0.0333
	L
	Acetic acid, without water, in 98% solution state {GLO}| market for acetic acid, without water, in 98% solution state | Cut-off, U
	Ecoinvent 3

	Water
	66.667
	L
	Water, decarbonised {CN}| market for water, decarbonised | Cut-off, U
	Ecoinvent 3

	Energy
	0.00091
	kWh
	Electricity, at grid {CN} | Electricity, at grid, CN, 2018
	Ecoinvent 3

	Output

	Delignified wood
	6.6
	kg
	Intermediate products
	

	Wastewater
	60
	L
	[bookmark: OLE_LINK1]Wastewater, average {RoW}| market for wastewater, average | Cut-off, U
	Ecoinvent 3

	Step 2: Hemicellulose removal

	Input

	Delignified wood
	6.6
	kg
	Intermediate products
	

	NaOH
	0.111
	kg
	Sodium hydroxide, without water, in 50% solution state {GLO}| chlor-alkali electrolysis, diaphragm cell | Cut-off, U
	Ecoinvent 3

	Water
	66.667
	L
	Water, decarbonised {CN}| market for water, decarbonised | Cut-off, U
	Ecoinvent 3

	Output

	Alkali treatment wood
	0.867
	kg
	[bookmark: OLE_LINK2]Intermediate products
	

	Wastewater
	60
	L
	Wastewater, average {RoW}| market for wastewater, average | Cut-off, U
	Ecoinvent 3

	Step 3: Soaking in Glycerol and drying at room temperature

	Input

	Alkali treatment wood
	0.867
	kg
	Intermediate products
	

	Glycerol
	0.111
	L
	Glycerine {GLO}| stearic acid production | Cut-off, U
	Ecoinvent 3

	Water
	33.334
	L
	Water, decarbonised {CN}| market for water, decarbonised | Cut-off, U
	Recycled

	Output

	G-bioplastic
	1.0
	kg
	Cellulose fibre {RoW}| market for cellulose fibre | Cut-off, U
	Avoided products
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Supplementary Table 6. LCA inventory and environmental impact values for 1.0 kg plastic.
	Impact category
	Unit
	PLA
	PVC
	PET
	PE
	PS

	Amount
	
	1.0
	1.0
	1.0
	1.0
	1.0

	Corresponding LCI
	kg
	Polylactide (PLA) biopolymer resin, at plant {RNA} | Polylactide (PLA) biopolymer resin, at plant
	Polyvinyl chloride (PVC) resin, at plant {RNA} | Polyvinyl chloride (PVC) virgin resin, at plant
	Polyethylene terephthalate, granulate, amorphous {RoW}| polyethylene terephthalate, granulate, amorphous, recycled to generic market for amorphous PET granulate | Cut-off, U
	Polyethylene, low density, granulate {GLO}| market for polyethylene, low density, granulate | Cut-off, U
	Polystyrene, general purpose {GLO}| market for polystyrene, general purpose | Cut-off, U

	Ozone depletion
	kg CFC-11 eq
	4.01E-09
	2.09E-06
	1.86E-08
	9.66E-08
	2.50E-09

	Global warming
	kg CO2 eq
	-2.29E-01
	1.90E+00
	1.65E+00
	3.16E+00
	3.60E+00

	Smog
	kg O3 eq
	1.90E-01
	1.03E-01
	1.00E-01
	1.55E-01
	1.47E-01

	Acidification
	kg SO2 eq
	7.01E-03
	3.60E-03
	6.37E-03
	1.14E-02
	1.17E-02

	Carcinogenics
	CTUh
	6.77E-09
	9.91E-09
	5.78E-07
	7.97E-07
	1.17E-07

	Non carcinogenics
	CTUh
	5.38E-07
	7.71E-07
	1.03E-06
	7.38E-07
	1.09E-07

	Respiratory effects
	kg PM2.5 eq
	1.57E-04
	1.63E-04
	1.95E-03
	2.10E-03
	9.00E-04

	Ecotoxicity
	CTUe
	1.47E+01
	1.66E+01
	6.56E+01
	4.88E+01
	9.42E+00

	Freshwater eutrophication
	kg P eq
	2.11E-05
	9.42E-07
	5.81E-04
	4.49E-04
	4.48E-05

	Marine eutrophication
	kg N eq
	1.64E-03
	8.52E-04
	1.00E-03
	1.29E-03
	1.24E-03












Supplementary Table 7. LCA characterization data results for producing 1.0 kg G-bioplastic.
	Impact category
	Ozone depletion
	Global warming
	Smog
	Acidification
	Carcinogenics
	Non carcinogenics
	Respiratory effects
	Ecotoxicity
	Freshwater eutrophication
	Marine eutrophication

	Unit
	kg CFC-11 eq
	kg CO2 eq
	kg O3 eq
	kg SO2 eq
	CTUh
	CTUh
	kg PM2.5 eq
	CTUe
	kg P eq
	kg N eq

	Total
	9.223E-08
	0.59769253
	0.02307303
	0.00210273
	-6.787E-09
	3.3377E-07
	0.00071123
	7.2772273
	0.00042477
	0.000378024

	Acetic acid
	2.156E-09
	0.10719191
	0.00511691
	0.00044713
	2.1788E-08
	2.6991E-08
	8.6614E-05
	1.3417444
	1.891E-05
	4.30504E-05

	Glycerine
	6.356E-10
	0.050433123
	0.0029925
	0.00021747
	1.8461E-08
	2.0422E-08
	5.2676E-05
	1.4574222
	1.082E-05
	2.67104E-05

	Sodium hydroxide
	8.625E-08
	0.1626443
	0.00981084
	0.00075552
	4.3846E-08
	5.8437E-08
	0.00021129
	3.1908762
	4.3071E-05
	8.93717E-05

	Sodium hypochlorite
	6.454E-09
	0.55883755
	0.03353227
	0.00257245
	1.5244E-07
	1.9762E-07
	0.00068258
	11.016833
	0.00013493
	0.000303229

	Water
	9.133E-11
	0.018148173
	0.00140819
	8.6493E-05
	2.7342E-08
	1.7041E-08
	1.4832E-05
	0.45367647
	1.1516E-05
	2.76643E-05

	Electricity
	1.393E-13
	0.000724807
	4.8454E-05
	5.8071E-06
	4.4017E-13
	2.6252E-11
	2.7946E-07
	0.0003104
	5.8636E-12
	3.81357E-07

	Cellulose fibre
	-3.707E-09
	-0.33441984
	-0.0318537
	-0.0021188
	-3.001E-07
	-1.764E-07
	-0.0003714
	-11.950028
	-8.419E-05
	-0.00029286

	Wastewater
	3.529E-10
	0.034132502
	0.00201755
	0.00013665
	2.9458E-08
	1.8963E-07
	3.4401E-05
	1.7663923
	0.00028971
	0.000180477




Supplementary Table 8. Percentage contribution of material and energy during the production of 1.0 kg G-bioplastic.
	Impact category
	Acetic acid
	Glycerine
	NaOH
	NaClO
	Water
	Electricity
	Cellulose fibre
	Wastewater

	OD
	2.16E+00
	6.38E-01
	8.66E+01
	6.48E+00
	9.17E-02
	1.40E-04
	-3.72E+00
	3.54E-01

	GWP
	8.46E+00
	3.98E+00
	1.28E+01
	4.41E+01
	1.43E+00
	5.72E-02
	-2.64E+01
	2.69E+00

	PS
	5.90E+00
	3.45E+00
	1.13E+01
	3.86E+01
	1.62E+00
	5.58E-02
	-3.67E+01
	2.32E+00

	AC
	7.05E+00
	3.43E+00
	1.19E+01
	4.06E+01
	1.36E+00
	9.16E-02
	-3.34E+01
	2.16E+00

	HHC
	3.67E+00
	3.11E+00
	7.39E+00
	2.57E+01
	4.61E+00
	7.42E-05
	-5.06E+01
	4.96E+00

	HHNC
	3.93E+00
	2.97E+00
	8.51E+00
	2.88E+01
	2.48E+00
	3.82E-03
	-2.57E+01
	2.76E+01

	RE
	5.96E+00
	3.62E+00
	1.45E+01
	4.69E+01
	1.02E+00
	1.92E-02
	-2.55E+01
	2.37E+00

	EC
	4.30E+00
	4.67E+00
	1.02E+01
	3.53E+01
	1.46E+00
	9.96E-04
	-3.83E+01
	5.67E+00

	FEU
	3.19E+00
	1.82E+00
	7.26E+00
	2.27E+01
	1.94E+00
	9.89E-07
	-1.42E+01
	4.88E+01

	MEU
	4.47E+00
	2.77E+00
	9.27E+00
	3.15E+01
	2.87E+00
	3.96E-02
	-3.04E+01
	1.87E+01




4. Supplementary Videos
In a 6 nm × 6 nm × 6 nm cubic box: W-bioplastic system: 40 cellulose units + 4,734 TIP3P water molecules; G-bioplastic system: 40 cellulose monomers + 10 glycerol molecules + 4,677 water molecules. Both systems underwent 50 ns of NPT equilibration (Supplementary Video 1: the W-bioplastic system; Supplementary Video 2: the G-bioplastic system), 20 ns of stretching (Supplementary Video 3: the W-bioplastic system; Supplementary Video 4: the G-bioplastic system), and 3 ns of NPT re-equilibration.
image6.tiff
Raman Intensity (a.u.)

G-bioplastic

E-bioplastic

M-bioplastic

W-bioplastic

2800 3200 3600
Wavenumber (cm’)




image7.tiff




image8.tiff
Intensity (a.u.)

110/110

200

G-bioplastic

E-bioplastic

et 4 ol a gl N
G i aden ki dhand | Ml A u

M-bioplastic

W-bioplastic

10 20

30
20 (deq.)

40 50




image9.tiff
Cl (%)

100

80 |

60 |

40}

20+

0
\N _‘0\09\

a

WD

\op\asé\c \00\336“0 opa\





image10.tiff




image11.tiff
N
U‘I

Transmittance (%)
O1
O

\N ,‘Q\Op\

\09\35\\6 \09\35\\0 09\35“0





image12.tiff




image13.tiff
<
N

Nevic

g e

P

N~

el

wee W‘:v . >.’.%

*Z @ 3
St e R
R '_‘_\_.%’:
SR e <
B s R s, %

T,

M

3

Y

%
P
- 7

'P‘;\‘w'rl e”

al

%L
fed,

o g
S

"

-

Sy
o
Pl e
5 451

RGNS

L
e
2 A
;

% L LT o
A s{éﬁ: s
E S A
o5 6B g0

3
1
(3





image14.tiff
—W-bioplastic
—— G-bioplastic

- -
- LO
LO <
w

o o
< .
puoq uabolipAy Jo Jaqunp

40

20 30
Time (ns)

50

10




image15.tiff
2700

E 2600} At
X UL
S 2500 ) .P |
= A [
= 2400 L F
> ___W-bioplastic
523001 — G-bioplastic
an

2200030 20 30 40 50

Time (ns)




image16.tiff
1 wt.% 2.5 wt.% 5 wt.%

0 wt.%

600

-
O
™

-
LO

1

) yibuaJls ajisua |




image17.tiff




image18.tiff
b Pre-folding )

In-folding

mmmm) Flipping

mmmm) Post-folding





image19.tiff
800

)

O

£

=600+

O

O

S

= 400+

3

-

O

O

o

T | < i

\ \\!
Wel a0 9 \3S™. \aS
?\\N(av‘)\ \N ‘O\O‘)\h 0P




image20.tiff
Tensile strength (MPa)

600

AN
Ol
-





image21.tiff
Cellulose

000000000 Hemijcellulose

P A DRI A

00 02 04 06 08
Strain (%)

b SUTLS ¢
000000000 Lignin
600
— LB-W —— Cellulose
—— Hemicellulose

—~ 450+ —LB-G —— Lignin
©
o
= T
2 300 S
o
9 150

06 08
Strain (%)

Straightening

.. < Stretching direction---->
Sliding

Dy





image22.tiff
1.5 1.5

Cellulose —— Cellulose
Hemicellulose —— Hemicellulose
— Lignin 1.2+ — Lignin

_0.9

S

— 06

0.3
00 02 04 06 08 10 00 02 04 06 08 1.0

Strain (%) Strain (%)




image23.tiff
N A R AN L1kttt 11 101 L i | T
0 icm 2 3 4 § 0 icm 2 3 4 5 0 iem 2 3 4 0 iem 2 3 4 § 0 icm 2 3 4 S

| L 110 e A Ay
0 3 4 5 HEAEEEEEE 0 dew 2 3 4 < DEEEEEEREEER G 5 0 fm 2 3 4 ¢

1icm 2

L e O e e L L L L L

icm 2 3 4

| | l
= \ = & = =
0/ Hw'® 3 4 4 O dwm 3 4 ! 0 e 3 4 5 6 fem2 3 4 ! B P 3 4




image24.tiff
AN

MPa

)

Tensile strength

50
40 1

— N W
- - - -

R-G-bioplastic

A4 paper





image25.tiff
—

}

Delignification
treatment

Delignified wood (6.6 kg)

|

::I Alkali treatment |7

Alkali treatment wood
(0.87 kg)

|

Glycerol treatment
i

G-bioplastic (1.0 kg)





image26.tiff
G-bioplastic

PE

PS





image1.tiff




image2.tiff
Transmittance (%)

G-bioplastic

——N——f—":‘"\/\l\/&hﬁ\__
11240 E-bioplastic
159 J462 ! M-bioplastic
1733 0 'g W-bioplastic
TN

507

2000 1600 1200 800
Wavenumber (cm™)




image3.tiff
Relative content (%)

Qo
-

o)
-

AN
-

N
-

Cellulose

Natural wood
Delignified wood
I G-bioplastic

Hemicellulose Lignin





image4.tiff
4]

Absorbance (a.u.)

4000

h
2.0

RN
6)

Density (g cm™)
o

Wavenumber (cm™)

3000

2000

1000

LB-W

LB-M

LB-E

LB-G

10000;

1000;

100¢

Intensity /a.u.

10¢

100

q /A’

80+

60

40

Transmittance (%)

20

0 1
400

500 600 700
Wavelength (nm)

q=0.066 A’ m LB-W
d=9.6 nm

q /A
J
100
Mm
o\E ‘I%U AINL/L U 1lYasx
ﬁ il e __Bw
L NEF ' LB-M
LB-E
851 NEF ——LB-G
80 -

400 500 600 700
Wavelength (nm)




image5.png




