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ABSTRACT: Poly (lactic acid) (PLA) is a biodegradable, bio-based polymer proposed as an alternative material to
reduce petroleum-based plastic pollution. However, its industrial application is limited by its high brittleness.
Accordingly, studies on bio-based plasticizers to improve the brittleness of PLA have been conducted. Depolymerized
Suberin Derivatives (DSDs) are natural materials derived from cork, and it has been reported that DSDs-based
plasticizers can enhance the toughness of PLA. However, conventional DSDs extraction processes require long
processing times and have low consistency, which limits industrial application. In this study, the DSDs extraction
process was optimized using expanded cork through reflux hydrolysis with organic solvent washing and vacuum
drying. As a result, DSDs with lower Mn and PDI were obtained, and the use of dichloromethane (DCM) as the
organic solvent reduced the processing time by more than 90%. Furthermore, when the DSDs-based plasticizer
extracted via the optimized process was applied to PLA, the toughness increased by 11 times at a plasticizer content of
7.5 wt% compared to neat PLA.
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g ek TH20). S AR S 25 o)A e
Grinding 7] 5F 7}4825)) W42 &) HE 2 Q18 7li
o 25 Aot} ol ol 2 DSDeS) et 2327}
Bpolatel, 7taR|R A A B4 B} s el
SR ol AH W B AT 3AL o] s u
K713 20417k ol4Fe] B AITHE: ek olela B
s ALY A oA B Bl Be F7HA
A A A8 TS ARtk

o= W+

==

o

o

>~

olr _E o |m ¢
hul

[> ox N oue
m I o = i oE

l

2 e

1

us) m‘“
r°"

o

—
u

fr I o

%

R8s

=

HE
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2.1 XM=

Ers} I 25 (Expanded Cork)= =4 9] Hankyeol Cork
ZHE Fujslich. Sodium hydroxide (> 97.0%), Sulfuric
acid (>98%), Methyl tert-butyl ether (MTBE), Diethylene
glycol(99%)+= Sigma Aldrich (Merck)ol| 4 F-1fj3}$it}. Ethyl
alcohol (>99.5%), Dichloromethane(DCM) (>98%), Toluene
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AAALE o] 83| 34 Y53 & TAARE 53 2
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F A2 FT-IR (Fourier Transform Infrared Spectroscopy,
Bruker Alpha II)2 ©0]£3}o] 4000-400 cm™ = ]o] A]
0.1 cm'o] B350 2 ATR oA A5t} T3+ 'H-
NMR ('H Nuclear Magnetic Resonance, Varian Oxford 500)2
CDCLE g2 Algato] =4 sl¢ich DSDse} pDSDs,
pDSDs/PLA &3zl &2 EAS DSC (Differential
Scanning Calorimetry, TA Instruments DSC 25)E ©|-8-5}¢]
Z12:(50 ml/min) 274 10°C/min®] 42 &E & 0-200°C
HeJoll A B8l ). G538 752 TGA (Thermogravimetric
Analysis, TA Instruments TGA 55)& AM8-5}0] A-20 A
600°C7}A] 10°C/min®] £E 2 243195 o, &5 H3lo
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3.1 DSDs, pDSDs &85 £M

Table 12 GPC 418 3 92 DSDs¢] ek Hus
UERA Zlo]th. 7] DSDs & ¥ ol 4= M, 800-900 %
PDI 2-39] o] LERd ¥, Reflux 7|9t €13} 223 34
A= M, 5963+ PDI 17622 ] W2 Zlo] ERIE|gic}. o]
+ Reflux 7|4F 7}5=58) 34 0] Z23 U] DSDse} 24
= APol9] o ~F Ao B O Zajsto], 7IE 374
thu] -2 M3} PDIE ZH= DSDsE &2 4= Q&5 ©
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Fig. 12 FT-IR E4-& %3t DSDs@} pDSDs9] s}35) -
4] 2 ol ch. DSDsef A= 1700 cm™ -2 of| A 71414}
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Table 1. GPC result of DSDs

Hydrolysi
Cork YETOWSIS M, M, PDI
process
Reflux 596 1051 1.76
Expanded
955 2319 2.42[18]
R Grinding 842 1693 2.01 [17]
aw
841 2577 3.03 [21]
- coo- |
= -1 H
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2 | 3400em™) ™
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Fig. 1. FT-IR result of DSDs, pDSDs
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(-COOH)?] C=0 A& A% m]37} 2FE|¢) 0, 3300 cm™ &
o] Y2 uaE B Ik dAES(-0H)S| 247} Sl
Ath. o]= FE% DSDs7t Sl fof 7kt v T
@715 HAshal ogs ot ¥ DEGe} 531 pDSDs
o Ali= 1750 cm ol A] of| AH| 2 A 2|3t C=0 w37}
et o m, DSDsof|A] HakEd od5ig 9 7HEAAN T
2= 90% AT o] 23t H3H= DSDs@} DEG A}o]
o] o ~E| 23} Hh-3-o] ¥ A o= AP A gt
t}. E3} 2849 cmo] W& E(-CH,) 3] =&} 2916-2932 cm™
o] Wd(-CH,) T|2Z 53l DSDs2] A= B AR L2
£ E}Ig 4= 9lth Fig. 2= 'H-NMR £4-& 531 DSDs 4l
pDSDs9] 3}5} 13 FA Ao}, DSDsoj| 4l w2 =l (-CH,,
1.25 ppm), &=-2(-OH, 3.61 ppm), & (-C=C-C-, 2.01 ppm),
7H5 A AH-COOH, 2.30 ppm) ¥ 27} #Z= it vbH
pDSDsof| Al+= 3.70 ppmof| 4] o AE|Z(-COOC-) =27} Y
Efton, odag 9 yHEALE I 927} 7HAastgic. o]
+ DSDs9| 7H5A 4719 DEGE] ¢a-&7] Afo]9] of AH|
2 43 g4 e 7z §3tE ddE Fig 32 DSC
245 53l DSDs@} pDSDs®| & 2] 75 &4 Aol

—— pDSDs
= DSDs "
{1.25~1.31 ppm)
3 -CH,-CH=CH-
o] o “COQCH, {2.01 pprm)
= 534 pem) (3.70~4,10ppm) \
) g
2
£
]
N
= -CH-OH -CH,-CO0-CH,
g -CH,-OH -CH,-COOH -gr {:-gHz.goo_
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Fig. 2. "H-NMR result of DSDs, pDSDs
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Fig. 3. DSC result of DSDs, pDSDs

DSDs9} pDSDst= 71 A2 Aol ofaf Ak 2k 712 219)
shgo] BgElo] A4e} £ (T) ¥=7} Lheletet. g DSDs
o 49 749 -4 LE(T,) 9=/} vhehgow], pDSDs
FEol ME BA F712 A 3 4EAgol 7
A T,ol 453k ek Wol At AL ek ole

3.2 DSDs M& g8 A A=Azt

Table 2i= DSDs] A| 2] HF4]of| w2 #-8-H 9] pH W=
et Zolth 745 o &3 Al F oA = 13 AlH &
pH7} oF 5.17}%] A58t oL, 4] (pH 7.01£0.2)0] =Ed
7] §1al A<= 53] o] 4o whE A o] H Q51T o] 2l gt
T2 A a5 &8 AE Y DSDs7F A/ a2 AF F
g oz Qe S5 WollA u|F3} =2 b -2 P
(Droplet) & FAITFo =M, Y7o 2hF3t ito] S/
Zw0] AEsHA oh7] Yo 2 wekEch v, 5718
jE o]-&3F Al of| A= DSDs7} &) =]l Al A 4=9]
FAbo] o]0l o 2 a) X ko] autE o2 A AE S
t}. £E3] DCMI} Toluene2 23] A& qto g ZA(pH
7.0+0.2) e 5 SHE g HHH, MTBE«= o= 27| 9} 2
A d AL R Q8| Fhtel FRFTREY o)F

R
o] AlgHE|on, 71 AT} 3519 H1H F FA (pH 7.00.2)
o =stgic.

Table 3 7% g4 o] w2 DSDso] A% AZHE: Hlmet
Arolth FR4AH FEAAXE 48T A, F A=
AZHe 20417F o] 22 H Ylek. o] FAAE B A
g ERel AT oS Sotel v, Ui gge
4424921 DSDs Fzjo] EBElo] 93 29] Fato] A3t

Table 2. pH variation of DSDs solution as a function of washing

solvent
pH variation
Washing -

cycle Solvent extraction DI water
DCM MTBE Toluene washing

0 2.1 2.3 2.4 2.4

1 6.9 44 5.1 5.1

2 6.9 5.5 6.2 6.2

3 6.8 6.8 6.4 6.4

4 7.1 6.8 6.5 6.5

5 6.9 7.0 6.8 6.8

Table 3. Effect of drying method on drying time

Solvent Time (h)
DCM (39.6°C) 24
Vacuum Drying
MTBE (55.2°C) 8.1
Toluene (110.6°C) 24.5
Conventional method 20.5
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Fig. 4. Drying time of DSDs
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FHo] Be4s S7leh 4ee Rtk 47 43 DM,
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DCM (39.6°C)2 Sufj 2 A28+ 79 Toluene (110.6°C) oj
H] ZZA7o] oF 90% o) 7H48l3irt. o]2f]h Zloli= Rotary
Evaporator 5 ¥HgollA B0l whet 27] 8l Al A
o] Tkl o] % g e oA g F=ol A
Z g HEHer 2837 fEo s HekE

3.3 PLA/pDSDs €X HE 24

Fig. 5= PLA/pDSDs®] DSC £4] A utE el A o]t}
PLAL 55.2°CO] G2 Ho] &% (T )7} ¢a=|9lon, pDSDs
Fefol Sotatel uheh Tyt Aashs AdE 2ol 59
pDSDs 10 wt%7} H7FEl Bl A Tz} 49.1°C2 7Has}
At} o] 23t T o] 7= pDSDs7} 4424 A1 eha 27
I 'heke] =4 28718 S0l AYaL glo] PLA Aks 3E
A2 E S7HA7IAL A QS S Sk 7t an
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Wi 3
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Fig. 5. DSC result of PLA/pDSDs
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Fig. 6. TGA result of PLA/pDSDs
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Ho A= T, 7} 128°C o] 55}3L 7|2 Hx7} Yol o]
= 7hashe L8 PLA Ab&o] Hl o] 2] A E 98-S ofu|
St} Fig. 62 PLA/pDSDs?] TGA 541 a2 thehdl o]
o} PLAL 361°CO| £a) A2 LE(T)E tehd v,
pDSDs7} H7bEl AJHo| 4= T,7} 340°CE 7+458}9it}. o
£ hasle] B AS 7t AEAE AR o Y7} ol
34 ARzt wh=A] e Aow gk, PLA 71
2% W9(180°0)8 AT ) 1 HF b L
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3.4 PLA/pDSDs 7|AH|X &M

Fig. 72 PLA/pDSDs®| $-8-HE & A =5 el Z o]
t}. PLAY] pDSDs 7}A| & SFEE H7sto] 71414 7
= B7IeE 23, pDSDs9| gteo] F7hgto] whel &5 o]
T A/ Wy o] UEbE oof whet Fig. 8of et
v} Zo] pDSDs 7.5 wt%7} A7FE A|#He] 01L& 5.844 MJ/
m*2, PLA (0.530 MJ/m®) tjd] 1,102%2] ¢1A4Jo] FAIE|S o

@ 5 mm/min, RT
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Fig. 7. Stress-strain curve of PLA/pDSDs
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Fig. 8. Toughness & Young’s modulus of PLA/pDSDs

Table 4. Compare the toughness of pDSDs/PLA composits vs PLA

Hydrolysis Toughness
k
Cor process (MJ/m?)
Expanded Reflux 1,102%
Raw Grinding 1,148% [20]

of, Table 4o]] A1l HHAT Aol FARE AL WY
t}. ¥, pDSDs7} 7.5 wt%ZF 7He Al oA = 7=
7} PLA tjH] 5-7 MPa 7435111, 9E(Youngs modulus)
ESE 2-3 MPa Yot} pDSDs 10 wt%7| 371 7Z-$-ofl=
Wk 7kt Qlsf miEY A f A7t WAsted, Q)

73 (50 MPa), ¢14 (4.15 MJ/m?), (24 MPa) 25 714
ke

3.5 PLA/pDSDs E2f 235}

Fig. 92 PLA/pDSDs9] EoF Haj A3 o] o
Eldl Aot BE AJHS oF 30 F9F 5
T, 459 VI o R HRF AT 7HEE 9
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= 404
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