High-performance and economic biodegradable composites based on polybutylene adipate terephthalate and modified lignin
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Table S1 Input data for PBAT-mLigA and weight percentage of each material after modification
	Sample codes
	PBAT
	LigA
	MDI

	
	g
	wt.%
	g
	wt.%
	g
	wt.%

	PBAT
	1000
	0
	0
	0
	0
	0

	PBAT-24mLigA1
	989.11
	98.91
	10.00
	1.00
	0.89
	0.09

	PBAT-48mLigA1
	987.78
	98.78
	10.00
	1.00
	2.22
	0.22

	PBAT-72mLigA1
	987.43
	98.74
	10.28
	1.03
	2.29
	0.23

	PBAT-24mLigA3
	967.33
	96.73
	30.00
	3.00
	2.67
	0.27

	PBAT-48mLigA3
	963.33
	96.33
	30.00
	3.00
	6.67
	0.67

	PBAT-72mLigA3
	962.28
	96.23
	30.00
	3.00
	7.72
	0.77

	PBAT-24mLigA5
	945.56
	94.56
	50.00
	5.00
	4.44
	0.44

	PBAT-48mLigA5
	938.7
	93.87
	50.16
	5.02
	11.14
	1.11

	PBAT-72mLigA5
	937.14
	93.71
	50.00
	5.00
	12.86
	1.29

	PBAT-24mLigA7
	923.78
	92.38
	70.00
	7.00
	6.22
	0.62

	PBAT-48mLigA7
	914.45
	91.45
	70.00
	7.00
	15.55
	1.56

	PBAT-72mLigA7
	911.99
	91.20
	70.00
	7.00
	18.01
	1.80




Table S2 Life cycle inventory sources of each material and energy for PBAT-mLigA composites
	ReCiPe 2016 Midpoint (H) V1.03 / World (2010) H

	Material
	Type

	Lignin
	Sulfuric Acid
	GLO
	Production

	
	Corn stover
	US
	Production

	PBAT
(Efficiency: 90%)
	1,4-butanediol
	RoW
	Production

	
	Adipic acid
	RoW
	Production

	
	Terephthalate
	Para-xylene (Xylene)
	RoW
	Market

	
	
	Industry water
	RER
	Industry

	
	
	Electricity
	RoW
	Production

	Methyl Diisocyanate
	RoW
	Market

	Electricity (For Twin screw extruder)
	RoW
	Production





	Table S3 Mass fraction of LigA, and MDI before and after surface modification

	Sample codes
	Before modification
	Modification 
condition
	After 
modification

	
	LigA
(wt.%)
	MDI 
(wt.%)
	Et3N 
(wt.%)
	Temp.
	Time (h)
	LigA (wt.%)
	MDI
(wt.%)

	24mLigAA
	48.44
	49.08
	2.48
	r.t.
	24
	91.84
	8.16

	48mLigA
	48.68
	48.82
	2.49
	r.t.
	48
	81.81
	18.19

	72mLigA
	48.73
	48.65
	2.62
	r.t.
	72
	79.55
	20.45




Table S4 Mechanical properties of PBAT, PBAT-LigA, and PBAT-mLigA composite
	Sample codes
	Tensile strength (MPa)
	Elongation at break (%)

	PBAT
	41.0±2.8
	1074.9±10.0

	PBAT-LigA1
	40.9±0.9
	801.3±14.0

	PBAT-24mLigA1
	43.7±0.9
	871.8±11.2

	PBAT-48mLigA1
	46.0±1.0
	880.4±20.3

	PBAT-72mLigA1
	44.4±1.7
	872.8±17.1

	PBAT-LigA3
	38.9±1.3
	791.2±15.2

	PBAT-24mLigA3
	43.1±1.6
	844.7±16.1

	PBAT-48mLigA3
	45.3±1.0
	858.3±12.7

	PBAT-72mLigA3
	43.6±1.4
	859.0±15.5

	PBAT-LigA5
	34.9±1.7
	759.9±18.3

	PBAT-24mLigA5
	42.4±1.2
	818.3±26.9

	PBAT-48mLigA5
	44.7±2.1
	838.3±23.9

	PBAT-72mLigA5
	42.5±2.1
	831.1±18.7

	PBAT-LigA7
	29.9±0.9
	705.1±25.5

	PBAT-24mLigA7
	30.9±1.5
	770.4±30.5

	PBAT-48mLigA7
	33.2±1.3
	785.2±23.0

	PBAT-72mLigA7
	30.8±1.6
	785.3±25.4




Fig. S1 Torque of twin-screw extruder during blending process at various lignin contents: (a) 1 wt.%, (b) 3 wt.%, (c) 5 wt.%, and (d) 7 wt.%


Fig. S2 TGA and DTG curves of PBAT, PBAT-LigA, and PBAT-mLigA at various lignin contents: (a) 1 wt.%, (b) 3 wt.%, (c) 5 wt.%, and (d) 7 wt.%
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Fig. S3 DSC curves of PBAT, PBAT-LigA and PBAT-mLigA at various lignin contents: (a) 1 wt.%, (b) 3 wt.%, (c) 5 wt.%, and (d) 7 wt.%

Table S5 Thermal properties of PBAT, PBAT-LigA, and PBAT-mLigA
	Sample codes
	DSC
	TGA

	
	Tg (℃)
	Tm (℃)
	ΔHm (J/g)
	Tonset (oC)
	Tmax (oC)

	PBAT
	-33.2
	129.5
	8.2
	387.7
	412.7

	PBAT-LigA1
	-31.0
	129.5
	8.5
	389.9
	415.2

	PBAT-24mLigA1
	-31.5
	129.4
	8.4
	389.6
	412.9

	PBAT-48mLigA1
	-31.6
	129.6
	8.1
	390.1
	415.3

	PBAT-72mLigA1
	-31.3
	129.6
	8.1
	390.0
	414.7

	PBAT-LigA3
	-32.4
	128.5
	7.9
	390.6
	415.8

	PBAT-24mLigA3
	-32.8
	128.4
	7.8
	391.2
	415.6

	PBAT-48mLigA3
	-32.5
	128.4
	7.3
	391.8
	415.9

	PBAT-72mLigA3
	-32.6
	128.2
	7.1
	391.3
	415.1

	PBAT-LigA5
	-32.3
	129.5
	7.9
	386.6
	412.1

	PBAT-24mLigA5
	-32.7
	128.6
	7.7
	388.5
	413.2

	PBAT-48mLigA5
	-32.6
	128.2
	7.7
	388.5
	414.1

	PBAT-72mLigA5
	-32.9
	127.4
	7.3
	388.0
	412.8

	PBAT-LigA7
	-32.9
	127.5
	6.7
	389.1
	412.9

	PBAT-24mLigA7
	-32.8
	128.5
	6.5
	388.8
	412.2

	PBAT-48mLigA7
	-31.3
	128.6
	6.6
	389.1
	412.7

	PBAT-72mLigA7
	-32.3
	128.2
	5.9
	389.1
	414.1
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