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metA] B ATFeAE TP dRbdo® F8EHe HAau# godel AgEE
gads okddst Jjdstel PBAT ko] w4 b A A3 #AE&s FEATIA,

4F402 ¥ Yoy IS AL B VRS AxsdRch £ S0 Fx P

g8t 89 Aged ¥4 AHEst] gad¥ PBAT 7He] 84S oS skt

olef Hate] ofME St Bde] HIbE Fall AL AR Al GRS Aol doju=
PBAT 9] oFd-& /MAstdtt [6] [7] [8]. o]& fl&l olAIEAL F4&5S o]&3 et

IR opAE3} YadS dAdsta, P Ayl ¥ 39 (PP Nuclear magnetic
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2.2.1. 89lad9 #+x 4 & ¥3

20 Fo FA ARS gad, AEFZeA uAZTZeorr UHr 1
2 1dE A E Alxde Byxsh dA AR 30 %5 TSI AA A BAE,

15 2gsr}. glade g Fobd ¢3E (p—coumaryl

o
9{_',
—
PN
=
=2
m&‘i £
0%
<
r o)
ofr
AN

¢35 -2 (Coniferyl alcohol) 2 AlvpZ 2438 (Sinapyl alcohol) &
37k #ldZ =3 (Phenyl propane) &% TFAHHY Y @A AES &3 B-

0-4, B-8, a—0-4 59 AFS FHsto] 1AL 3 A P T8 24 o)

|

[34] [35] [36]. &2 @A A3 2= A& g1de 7t2rd7] (C=0), A7)

(-OH), %47 (-OMe)$h @& vhpd 3818 A§71% 7y, olgd T
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o
e
il
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N

Fs2dol vk [37] [38].

AR AHFoAM+= FABEZE (Kraft), A3o]|E (Sulfite), F+7]€" (Organosolv),
2t (Soda) ot &S F= 34& @l #ads @Fs=2 e Felste] ARESH,
FEY gade 542 Aol wEl AolstAl uekdt. el el =3t

UEFS o83 I82E FACR FE9 IgZE gade 1,000—-15,000 Da 9
=

BAF LEE GEhln, 713 dudes AuEt gados A4 gad A
°F 85 %E AAsith [39]. AuolE glade gIaxAIxuolEgti: WA
FFAAL AFH WY 2ACNM AstolE TS T AYHAY AsTE 81U

AES} 3HE T3 Axgd 4010 #oax A¥olEx gade =
AEe|EVE A%y F2E 1,000-140,000 Da & ¥ 2x% BXE /M9, =94
HAEYOlE #8712 & sol2As #8499 54& 7RIy [41] [42]. 7718

FHL opAEA, EEA, g 5 #718dE AHgsel dadg FEs

-1 -



)

ﬁo
B

2t

B
T

e

o i

500—-5,000 Da

e

gl 1d ¥ 7t

-
RN

5

A kol Apdel =4

o
T

fo13
=

o]

0

!

AFSHA|

[e)
T

)

At gad2 1,000-5,000 Da 2] Hat

ol Tt [41].

A

Mo

TZEEEH 29

%

ol

)

HH

=12 -



A
- 35 o - 35 :OMe MeO OMe
0 .0

.0
p-Hydroxyphenyl unit Guaiacyl unit Syringyl unit
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Figure 2. (a) Monolignol molecule models and (b) general lignin macromolecule

model [45].
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Extraction processes

Y

Sulfur processes Sulfur-free processes

Y l Y A4
Sulfite Kraft Solvent pulping Soda pulping
pH=1-2 pH=13 150 — 200°C pH=11-13

140°C, HSO5 170°C, NaOH +Na,S l l 150-170°C, NaOH

I | | I

! i ! i

| ! Acetic acid / Formic : Ethanol :

: : acid / water i i

Y Y Y Y

Lignosulfonatelignin  Kraftlignin Organosolvlignin Soda lignin

Figure 3. Extraction process to separate lignin from lignocellulose [46].
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2.2.2. Y29/PBAT &3 A3 AF AH

gade] aRvbA st A=k F o stdE gads Adsd neAd FAAR
ARESEAY UV 2bdA, 3atst 59 716ds Folstr] S8l E8lehe A7 et
FAE L ok [47]. ¥ AF9 FEEQ PBAT ¢ ads &3shs
Az v ge] Aoy o) YA Blade S EolE Aol T3t
gads H7te o 7pE FEEor & BES 5FA A AEE

[e)
&
olE EAsA Yda vEs TV AsiM = PBAT ¢ 2lad 7o) A8A4E

Kargarzadeh et al.& PBAT ¢ IAHZE g1dL Edtsto] Ao E g 1do]
PBAT 9 €7 b3, AFAE 9 AAske nx= JFS #4300 [1]. e

ATl s 7HE kAl Aaked 34 &5 4F WAoR 2 Id/PBAT 534S

A xRk 543 H7F 43 a2 E gad dA= PBAT 9 A43E /b8l o,

PBAT &% Wiv] 0.5 %9 dads H7heisle o 539 9% A=7 30 %
S7Fetlth. aelu AL o]l Fhgel wek 58] A=t Fadste] 6 %9
g ol =St PBAT of Hlal] ofst 7| A|4 HgA o] Uetom, o5 &3
MAHA e gl1de PBAT o B3AZ #4317 odve AL e, 427

A AFgE (Small—angle X—ray scattering, SAXS) ¥4 A3y} g a1de H7l=E <3|

X
Y

>

| =94 Wil v A9 F=o] EEske Jlo] dEEHNAL, ol=

i

PBAT ¢} gl A Afolo A&7l HAst = Ae oulste] AgAdo] Tastes
Aoz AT o]9 FAFE AFE Tavares et al.> PBAT ¢ AZZE #I1ds
s3tet AS HES AFsty AE EFAEN ALt JhesAdEs ATssit [48].

g 29/PBAT &3 HE2 okd Kargarzadeh et al.2] d4-9F FAFSE 5= (5 wt%) 9
15 -
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3. A5 ¢ %

3.1. A=

IJg=ZE  goad (Lignin,  Kraft)=> ¥  P&PEYFE  AFHEUr.
ZylRddolr)do|E—m—H g ey ol E (Polybutylene (adipate—co—
terephthalate), PBAT) #HZL L AZHE Fgwol AEsSlth. PBAT 2
60 CTolA 24 NzZF B AF Ax sto] AHgstgch 98ld (Pyridine, 99.8 %) ¥}
543t Z222¥E  (Chloroform—d, 99.8 %)< Sigma—Aldrichold 3k k.
ol EAL F=%E (Acetic anhydride, 99 %)< YAF £33 HroA Fujsil om,
Bl Egtelol =2 F @ (Tetrahydrofuran, THF, 99.9 %)& AMd <=k FYgelA

Tl she e,

3.2.1. obMIE3 ARAE 2adY A=

Az E gade] ghA jAe opAlgstE 3o, Kim et al. 9 WS
Fasidr [56]. A8 A AT E 2ad2 60 T 22004 24 A3F 9k AFRA7
T AR AHE 1 g 9 AGgZE FadS opAEA FEE-vEd g9 (5:5,
v/v) 20 mL el FH7Fg FH 105 TeollAd 2 AIRF &<k wyketo] Rk A AT EdES
HeFe] A7be Eeol A3 vhek H A4 RSt n¥EES A

FH5E olgdle] 3 8 o4 FAE F, 60 T 2FelA 24 Ak £ Az}

obAE 3}t B1dS AT gl ofAdE ke T1H 4 9 g

-17 -



O OH

Figure 4. Lignin acetylation reaction.
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3.2.2. ot €3 MAE gade 54 4

3.2.2.1. 388 Fzx &4

IY=ZE gade] opAdst Al A Bl WS FA7)F opAlE YR A SkE v
deix ok [67]. #ladel epggstE gk sietA ger] weEs FEe] W
Al E3IH  (Fourier transform infrared spectroscopy, FTIR, Summit,
Thermoscientific Inc., USA)& F3l At +4 Al T AdAL 2o
(Attenuated total reflectance, ATR) & AFg3lom, AMEZS FA w&F Fdd ZH

ol =4t A B3 AHEHL 4000-550 cm ' WY oA 64 39 AW 5

glade) ofAEs Jng FeFsiely] 9% wyow VP dxy] ¥ wF 4
(Phosphorous—31 nuclear magnetic resonance spectroscopy, °'P NMR, Advance 600
MHz high—resolution spectrometers, Bruker, Germany) < 339 t) g1d9 3'p
NMR #4& A% dA8 3422 40 mg o +3¥ #l72d& 0.05 mL 9 B
(Acetylacetonate chromium (IID))E 73t ¢ IAHd/T543} S22XF £
(1.6 1 1, v/v) 0.5 mL ol &3li3ta 0.2 mL ¢ %% AlFe 24 e—HNDIE F7bskaich.
FEAEY] fFEASE fste]l 0.1 mL 9 kst Aok (2—chloromethyl—1, 3, 2—
dioxaphospholane, TMDP) & A}£-3}<it},

A= E gady obAdd}t gade] ety AEe= XA FdA 8% K-ray
photoelectron spectroscopy, XPS, AXIS SUPRA, Kratos, U.K.) & o]g3a #2433t}
AA 2HAEY F C 1s & 0 1s o aldstes 4 oyA dgelA Gaussian 4=

AgEtel HEBRAE FAs

-19 -



3.2.2.2. A&7 =4

e WstE #Es Y. gad A8 9 B 522 Image] (National
20
=

o
£,
ofo
_0|L
2
a1
P
L
o
!l

Nt

=g sto] Lehgieh.

3.2.2.3. 943 54 &4

obAdEst A% gade  dx SA4e Hushy] fd dSEEA7

il

(Thermogravimetric Analysis, TGA, TA instrument, USA)E ©]&3}3t}. 10 mg2]
g ad AMES 25 mL/min o A 7k @AoA 10 CT/mine == A

J_T]_
800 T7HA] %23t TGA % DTG (Derivative thermo gravimetry) =42 ATt
3.2.3. PBAT/olAE s} glad &9 Ax

PBAT/oAE S 2jad 53 d5S A=xsy] 98 & Fx2 B4& A8
obAEst /Wd® 2l1ds} PBAT & E38lth. =3 PBAT &allie] AlxE §l¢l
A2ellM A7) RIS o] &8 wRkstEA 4 g ©f PBAT A< 100 mL ¢ THE o
SA AT = ohFs FRF vE9 PBAT/EIZY 39 (10 wt%, 20 wt%, 30
wt%) & e PBAT Gl Ax9 A Aoz THF of §afste] EHl&3itt

2 28 HAEHYAel 2HAHA R A2elA oF 24 A7t
&t AxAZE. dxzd PBAT/Elad 52 94 #As ZelX (Heating plate

tester, QM900S, QMESYS, Korea)& ©]&3lo] 140 C, 10 MPa |4 3 & &<t

- 20 -



Stxg A S et [68]. Alxd 2 AE9 FAE 74 5747] (Thickness
tester, CHY—C2A, Labthink, China) & ©]-&3}% 0.1 me] =z SHsAth Alxd
PBAT/gl2d EE2 tx¥ MMt (Galaxy S22, Samsung, Korea) 2} 3staun] 7
(ECLIPSE LV100ND, Nikon, Japan)< ©]&3&e] WS #9390 o u| x| =

A2olM x40 9 w2 I

3.2.4. PBAT/otAE 3} 2lad &9 &

o
o
N

3.2.4.1. FEeHy 54 ¥4

gad EF BjEe] wE PBAT/oHAEE glad 5P IFY gad B 3
FEshy 54 #Est] skl dA WAF FARAAIE R (Field emission scanning
electron microscope, FE—SEM, SUPRA 55VP, Carl Zeiss, Germany) &= A}g3}o] 5
kV 2 7}& #HoloA] SE2 (Secondary electron) REES o] &3&o] EA YT »E
A5 AE2 94 HAAE ol&st F5 WA H O gdste] IAE Adde
o] &3ttt A¥E Y FH (Sputter coater, EM SCDO005, Leica, Germany) & ©]-83}¢]

e JdS 10 nm FAE Wa F8sle] £35St

3.2.4.2. 7144 &4 H7}t

gy 7l BE A8 A 54

flo

ASTM D882 el whel 1 = Al
(Pull-to—break tensile test)® FH7}sFth AMZS A#H Awl7] (Sample cutting
machine, QM130N, QMESYS, KOREA) & ©]&€3}d 8 cm x 1 cm 7|2 AW3sSt).
s A E Al¥7] (Universal testing machine, UTM 34SC—1, Instron, USA)Z

AgS] Q% BEE HrRRGOM, 100 N o REAS ol g5te] 27 1% UnE 30

- 21 -



mm & AT 22 dC 252 10 mm/min = AA 5] A3k o 7
H stss AEF 7] dHA R UFo Ao, dES Y -HAEL Ak
(Stress—strain curve, S—S curve) 9 7|&7|& &3 AASATE okMEst
2 Id/PBAT ¢ &3 vl&el wet Alxd MES 217 10 3 Aldsila, 7

=3ghe Baghs EFAAE el AnE vehigict,

- 22 -



A zp FAF dEA (Differential scanning calorimeter, DSC, Discovery, TA
Instrument, USA)E AFg3sto] opAldst 22d/PBAT HE2 o Wi/l ®WEFE
At DSC 542 20 C/min 9 7F9 $52 30 mL/min ¢ A4 #H 31
st A 35T &8 2% (Melting temperature, T,) ¢ f2ldo] &% (Glass
transition temperature, Ty S 27357 $J8] 3 @AY 25 T2 138S A LA
[69]. A WES AZeA 150 T7HA 7tdste] Alm9] ol A olg& A7t ¥ —
70 CTE W¥Zsraitt. 1 ¥ tAl 170 T7HA A7tdste] &6 25 2 frefdo] 25 &

Faheiet.

Jﬁ’i‘

olAElst ¥ IJ/PBAT =% HE9 FHsHd EAL devlg (Rheometer,
HAAKE MARS 40, ThermoFisher Scientific, USA)E o] &3t 3ttt A%

HEE (G, &4 #AE (G 2 BFAY 54 HJ% (0)+ Fourati et al.o] W&

st 150 CTolA 0.01-100 Hz W9 T4 T3+ H3} Algdyo=z 4330

[60]. &4 F3 W3k Al A 1, 50 rad/s & F3, 0.1-100 %2 HE HL oA

e

-

=4 ~

|
e

ABe sl BEY AY Py T A

i)

- 23 -



3.2.5. PBAT/oIME3} Elad AE9 Ad A5 FH7)

3.25.1. 374 4 & F4& H7}

PBAT/El1d #HF9 57 FH&E2 £ 555 #47] (Water vapor
transmission rate analyzer, Model 3/33, MOCON, USA) & o] &35l 43t} 10
sccm® A& A F5 271 ShellA 1 AR kdE #AS AR H 30 F W=

10 8 Z7g3to] FT ke AT,

3.2.5.2. AYA 2 H5 B7t

Y 19/PBAT &3 g9 A At HeS H7EsH] 3 wWyoe=z UV
2] —7kA 3 BY B A (UV-vis spectrometer, OPTIZEN™ POP, KLAB,
Korea) & o] &3t Ay FHleo W 55 olFo] JIEs: F-2sta 200-700

nm oA Eies St

+
v
oX

g1y Ao ol o PBAT/E2d ZF Ul PBAT 9] 3wl AolE

2]
AES FdsA. T3 okAEsr iAo el A A Adeol FAEE
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oI5ty dAstel vA AeEE Pads) obdYs e @k PBAT B

o

vl g 7}t ad ot
254 nm &2 UV-C #Z (GL 20, SANKYO DENKAI, Japan) & o] &3to] ZE0

A4 168 Ab Beb EASATE o] W BE} BZ Afold ALE 30 em E

ol

FASG O, 168 A AN AL F AR ) A& AAA-AFA 2

)
YEAEG ol FaE Y3 W AR ABIE olgF A A

ofr
[y

q W

rZ
o

wek A 23 g2vlE 783 (Gel permeation chromatography, GPC, LC—40,
Shimadzu, Japan)& ©]&3sto] #e]d FAF d$ PBAT, PBAT/KL 10, PBAT/AcL
10 459 &+ #Hd #AF Mn), TF B FA4F Mw), TG4 (PDDE
sttt 72+ @5 HPLC 99 HEZsto]=&5F3 (Tetrahydrofuran, THF) ©]
1 mg/mL 9 TEZ f3A T 045 me EZYHEZZFo=odH
(Polytetrafluorethylene, PTFE) A#X] E¥ (Advantech Co., Japan) & ©]&3}%]

ottt EAH 542 1 mL/min & F50% B4
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Figure 5. Optical images and chemical structure of (a) KL and (b) AcL.
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4.2. olXE3} glade EA HU}

4.2.1. 3}8+8 Fx 4

A2 E gadst opAdEsE dade seE de], FAbl 9%, A% 7x

M 918l FTIR, *'P-NMR, XPS #4& F3383lth 19 6 2 FTIR 54& &3l
A obAEE wbe WS ade] e #e] WEE JEd Aotk FTIR 57

A3 4719 A% AEL oaks 3,400 em Ho HAst $As] FaE 2L
s}

FAT 4 Uk Z2elal A7 ga-Akn ol AR (C=0) AF s, d@h-vh A
W

juic}
)
oft
au
b>
|
2
DY
i
e,
ith)
i
o
S
>,
Hye
&
oft
2
k=
ofl

3= 1,750 cm™},
1,380 cm™!, 1,200 cm™ 9139 F717 #AZEQY} [65]. o= ATGZE gad Yo

FRet A SV} oG HBH o ABHUSS v F

IP-NMR #42 F& gad u A9 BIs AFgsidd. a9 7 2
getzE  gady opqEs  gade Y'P-NMR  E4  Ayo|th. Y'P-NMR
A~AEHo|N gad | AWFH FA7], C5 #HlE F3E, Jololopd W FpEAY|=
747} 148—145, 144—140.1, 139.9-137, 183 135-133.5 ppm °| &€t} [66].
a9 7 9 F'P-NMR AHEZHo|A FIE gI1dL gad J BE FA7] J 3004

}

oN
:

AzE YeRdglth v ofdEE FAS AR Fo Fade AWE AV
Feolld 54.3 %, C5 ¥ HFE FY9olA 91.3 %, T-ofolobd dSelx 83.2 %,
7HEA7] FoelA 504 % v& a7 HFEHT ol S fad Wl FAE
olNE3l ¥4 Tl st or XY, 1 F B S FE kS 24T
A& ATt [4]. =3 o] A= T7 5 oA #e oM glade] A W

gz dxE) ofAEE HF glade Faby] FEE gade Y'P-NMR

sAEYS VMo PFne] E 1o e

- 28 -



gad ol A8 AFARl obdE st A 29 8 9 XPS A4S T FUE
glstgirt. XPS A#HERS opdste] o gade] 722 wste] gk ApAs
ARE At 19 8 (@t ZZE add oY zladel HAl XPS
~HMEYS ey, 29 8 (b) 9 (0 27 A82ZE gady ofAEs} 2o
C 1s XPS A9 EHS vepdith g]1d2 C 1s XPS AFEHL 4719 vz 22

T A AYEZE gade] A9 2889 eV & 287.3 eV T2 Aoy H] oA
O

Z+zy 0=C-0 A%y 0-C-0 A sidst= kst a7 vpebud, 286 eV 9}
284.8 eV F29 Agl oyx] ddo C-0 Ag¥ C—(CH) Aol &dFdE= 2719
Z4st 937 velbdoh wbd obAlE s st 2l1de] 49 0=C-0 A% C-0

Avi
o

il

ZAdlo] dldst= 288.9 eV &} 286 eV AL AF 7L AU ow A= AL #HE
T o [67] [68]. 1% 8 (o), (DelAd 3&d 71d A3 gade O 1s XPS

AHEYS vlwgozA gad U FAH]9 ofMEst A=E FIkeksith O 1s XPS

l>

EelA FetzE fade C-0- Aol siPshs 5332 eV g was
513.3 eV -] C=0 ¥=a7t #ZHh opAdsl 2lad AAERS] A9 AriE
gadelA FAe] BEE= 533.2 eV F29 ¥a 9 ofye} 513.3 eV 9499

C=0 2% da7t Astd Ze AT 5 An [69]. AZZE 2ady} opAds)

2]71d8] Cls,01sXPS A EY f Z} 99 HolE 11 9o Yehdo] nas3i.

stebA Ad A5 gade XPS HEEFA A vaEs Fe gad A9

MYEE FHoE BT 5 U
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Figure 6. FTIR spectra indicating functional groups of KL and AcL.
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[ 1 Aliphatic OH m) 543% |
] C5substituted mmp 91.3% |
[ 1 Guaiacyl m) 832%)|
1 Carboxylicgroup mmp  50.4 % |

Total OH m) 80.3%]|



Table 1. Quantitative **P—NMR results of KL. and AcL.

Aliphatic OH Phenolic OH(mmol/g) Carboxylic group Total OH
(mmol/g) C5 substituted Guaiacyl Total phenolic OH (mmol/g) (mmol/g)
Kraft lignin 0.817 2.591 1.274 3.865 0.367 5.049
Acetylated 0.373 0.226 0.214 0.440 0.182 0.995
lignin
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(a) Survey spectra, (b, ¢) high—

resolution C 1s and (d, e) O 1s deconvoluted XPS spectra of KLL and AcL.
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Figure 10. Effect of the lignin acetylation on the water contact angle : (a) Water contact angles of KL and AcL for 60s, (b)

Camera images of water droplet on the KL and AcL pellet at O s and 60 s.
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4.2.3. 43 54 &4
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2
>

obdd sl #ade dd Ass A gady nlwsty] fstel dFE A
(TGA)E F3etatt. 29 11 & magZE gJada opAgst ga1de TGA, DTG
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Figure 11. (a) TGA and (b) DTG curves of KL and AcL.
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Table 2. Thermal decomposition data of KL and AcL.

Sample Tas (T) Tyax (T) Char yield (%)
Kraft lignin (KL) 206.43 352.02 35.03
Acetylated lignin (AcL) 247.93 366.27 37.62
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Figure 12. Camera images of PBAT and PBAT/Lignin film with various contents

of KL and AcL.
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Figure 13. Optical microscope images of PBAT and PBAT/Lignin film with

different loadings of lignin preparations.
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Table 3. Tensile properties of PBAT and PBAT/lignin films.

Tensile strength Elongation at break Young’s modulus Toughness
(MPa) (%) (MPa) (MPa)
PBAT 29.78 £ 2.15 879.0 £ 48.5 76.00 £ 12.57 138.56 = 15.41
PBAT/KL 10 2256 £ 2.10 780.9 £ 67.7 87.77 £ 7.71 107.07 = 9.54
PBAT/KL 20 21.14 = 2.47 660.3 £ 87.7 101.93 = 4.90 88.12 = 12.73
PBAT/KL 30 15.87 = 1.37 653.5 £ 54.9 120.77 £ 6.72 67.51 = 8.94
PBAT/AcL 10 27.68 * 0.97 863.7 £ 15.6 81.72 £ 2.18 130.08 = 12.98
PBAT/AcL 20 22.95 * 2.27 789.3 £ 72.9 86.12 £ 7.00 104.81 = 11.25
PBAT/AcL 30 20.91 £ 1.46 691.9 = 67.0 109.39 £ 4.78 88.26 £ 9.26
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Figure 16. Schematic diagram of (a) PBAT, (b) PBAT/KL, and (c) PBAT/AcL films.
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Figure 17. (a) TGA and (b) DTG curves of the PBAT and PBAT/lignin films with different loadings of lignin preparations.

-54 -

A& 8



(a)

endo (mV) —

— PBAT
— PBAT/KL 10
— PBAT/KL 20
— PBAT/KL 30

-50 0 50 100 150
Temperature (C)

- 55 -

(b)

endo (mV) —»

——PBAT
PBAT/AcL 10
PBAT/AcL 20

——PBAT/AcL 30

50 0 50 100 150
Temperature (C)

Figure 18. DSC curves of PBAT/lignin films with various contents of lignin : (a) PBAT/KL and (b) PBAT/AcL films.



Table 4. TGA and DSC results of PBAT and PBAT/lignin films.

TGA

No. Sample
Tas (C) Tmax (T) Char (%) T, (C) Tm (T)
1 PBAT 365.63 404.36 0.21 —-29.15 113.932
2 PBAT/KL 10 346.72 399.55 2.604 —28.233 112.457
3 PBAT/KL 20 317.16 398.54 6.774 —25.99 112.579
4 PBAT/KL 30 294.26 396.72 10.566 —22.741 112.326
6 PBAT/AcL 10 355.71 403.95 3.801 —28.405 112.507
7 PBAT/AcL 20 330.49 401.08 5911 —-27.019 113.481
8 PBAT/AcL 30 302.31 400.11 16.382 —25.157 113.055
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Table 5. Water contact angles and water vapor transmission rate (WVTR) of PBAT and PBAT/lignin films.

No. Sample Contact angle (°) WVTR (g/m?/day)
1 PBAT 73.5 £ 2.946 306.025 1.759
2 PBAT/KL 10 78.1 £ 3.512 212.269 1.555
3 PBAT/KL 20 77.7 £ 2.056 171.978 1.893
4 PBAT/KL 30 77.3 £ 3.013 143.770 0.648
5 PBAT/AcL 10 86.8 £ 1.978 183.921 1.258
6 PBAT/AcL 20 83.7 £ 1.941 148.081 0.734
7 PBAT/AcL 30 84.8 T 2.425 111.855 0.714
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Table 6. GPC results of PBAT films with various lignin content before and after UV irradiation for 1 week.

Mn Mw PDI
I(DBBeAf:)rre UV irradiation) 51,500 * 1,700 62,300 + 1,600 1.21
I(DIABf?; UV irradiation) 48,100 =+ 700 59,300 £ 400 1.23
I(DBBeAf;)r!i{I{J\}‘?rradiation) 51,200 * 1,600 61,700 = 2,000 1.20
P()Ef?;/lg{/ }r?’adiation) 50,800 + 1,600 60,900 = 1,900 1.20
P()BBeAf:)rr/eA%I;/*1i9radiation) 51,300 * 700 61,400 = 500 1.20
PBAT/AcL 10 0,900 - 1900 50500 © 100 .

(After UV irradiation)

- 67 -



(a1 ) 40 [l Before UV irradiation (a2) 1200 -Bef e UV iradiatio (b1 ) ——PBAT
© 5@ 77 After UV irradiati er UV irradiati —_ 101" pgar (UV imadiated)
Y 7 10004¢ R o] —reATLI0
= 30 _ o 601 —PBAT!KL 1n(uv iradiated)
Py T r & 500 T S 50
~ < . o 4 —PBAT!A L 10 {UV imadiated)
= 254 C
2 5 8 40
o 204 S 600+ £
g @ £
® 15 2 @ 30
[0} o 4004 % WC UVB UVA
% 104 w = 2
b= 4
S < 200 10
|_
PBAT PBAT/KL 10 PBAT/AcL 10 PBAT PBAT/KL 10 PBAT/AcL 10 200 300 400 500 600 700
Wavelength (nm)
(as) (aq) (bs) 40
“~— 420 4l Before UV irradiation 180 4 [l Before UV irradiation —PBAT
© [777) After UV irradiation [7777] Atter UV irradiation — AT (Y (i T
% T 150 ®° ——PBAT/KL 10
. o —— PBAT/KL 10 (UV imadiated)
= 100 T o T T o 30+ PBAT/AcL 10
[0 = o ——PBAT/AcL 10 (UV irradiated)
= 804 = =120 Q
3 g S
O 60 o 90 = 204
e c £
0 B 60 2
- 40+ : uvc uve VA
o 3 E 104
S . = .
>C3 20 30
0 0 0 ¥ ¥ T v
PBAT PBAT/KL 10 PBAT/AcL 10 PBAT PBAT/KL 10 PBAT/AcL 10 200 240 280 320 360 400

Wavelength (nm)
Figure 21. Effects of UV irradiation on virgin PBAT, PBAT/KL 10, PBAT/AcL 10 films on their optical transmittance

behaviors : (a) Tensile properties and (b) UV —vis transmittance.

- 68 -

- A 2ok



Table 7. Tensile properties of PBAT films with various lignin content before and after UV irradiation for 1 week.

Tensile strength Elongation at break Young' s modulus Toughness
(MPa) (%) (MPa) (MPa)

I(DBBeAf;rre UV irradiation) 29.78 £ 2.15 879.0 = 48.5 76 + 12.57 138.56 £ 15.41
o UV toradintion) 26.77 + 0.56 817.40 + 17.5 88.01 + 9.46 115.62 = 10.64
I(DBBeAf;)rr/EI{J\}‘?rradiation) 22.56 * 2.10 780.9 £ 67.7 87.77 £ 7.71 107.07 = 9.54
P()Eﬁgrﬂé%/ %roradiation) 22.08 £ 1.41 774.19 £ 49.40 93.85 * 18.36 103.61 = 10.86
PBAT/AcL 1.0 I 27.68 £ 0.97 863.7 £ 15.6 81.72 = 2.18 130.08 = 12.98
(Before UV irradiation)

PBAT/AcL 10 26.42 £ 1.24 850.48 = 29.79 95.56 £ 9.94 127.81 £ 11.82

(After UV irradiation)
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Abstract

Preparation and Characterization of
PBAT/Lignin Functional Composite Film
Using Acetylated Lignin

Kim Jungkyu

Program in Environmental Materials Science
Department of Agriculture, Forestry and Bioresources
The Graduate School

Seoul National University

Recently, various biodegradable polymers have been developed and utilized to
replace petroleum—based polymers that cause environmental pollution. PBAT
(Polybutylene adipate—co—terephthalate) is a biodegradable polymer with excellent
elongation and high tensile strength similar to LDPE (Low—density polyethylene),
and is evaluated as a suitable material for packaging and mulching fields. However,
the high production cost of PBAT, which is three times LDPE, and the decrease in
physical properties due to UV irradiation act as obstacles to the actual industrial
application of PBAT.

Lignin, a by —product of the wood industry, is a natural polymer that is evaluated
as a renewable resource due to its abundance and functional performance such as
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UV and water vapor barrier property. Recently, various studies have attempted to
incorporate lignin and PBAT to develop a functional composite material with reduced
production cost. However, widely distributed hydroxyl groups in lignin form
intermolecular hydrogen bonds by heat during the polymer melt process, causing
self—aggregation of lignin, which affects low compatibility and dispersibility in the
polymer matrix.

In this study, acetylation of lignin was attempted to prevent the self —aggregation
of lignin occurring during the PBAT/lignin composite fabrication processing. 80.3%
of hydroxyl groups in acetylated lignin were substituted with acetyl groups, and
phenolic hydroxyl groups were modified at a high rate. Additionally, acetylation
significantly improved the hydrophobicity and thermal properties of lignin, creating
lignin more suitable for combining with PBAT.

The preparation of the mixed film of PBAT and acetylated lignin was performed
by a solvent—casting method to minimize the use of heat. The PBAT/acetylated lignin
film showed better dispersibility than the unmodified kraft lignin—added PBAT film
at the same lignin content. The PBAT/acetylated lignin film had improved mechanical
properties compared to the PBAT/kraft lignin film due to the excellent dispersibility
in the PBAT matrix. Moreover, acetylated lignin addition could reduce the decrease
in thermal properties of lignin—containing PBAT films.

As a result of UV transmittance analysis, the PBAT film exhibited complete
blocking performance in the entire UV region due to the addition of acetylated lignin,
and tensile properties as well as molecular weight were maintained even after
continuous UV irradiation. Furthermore, from the water contact angle and water
vapor permeability test result, acetylated lignin addition improved the PBAT film's

hydrophobicity and water barrier properties.
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This study suggested that the acetylation process of lignin can prevent the heat—
induced self—aggregation of lignin, thereby improving the dispersibility with PBAT
and appending functionality to composite films. Represented by PBAT/acetylated
lignin composites, the development of lignin—based biodegradable polymer
composites will not only facilitate the industrial application of biodegradable
polymers, but also promote the added value of lignin and improve the possibility of

economic realization of lignocellulosic biorefinery.
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