Journal of the Korea Academia-Industrial https://doi.org/10.5762/KAIS.2021.22.6.275

cooperation Society ISSN 1975-4701 / eISSN 2288-4688
Vol. 22, No. 6 pp. 275-282, 2021

R L e

Effect of High-molecular-weight Maleic Anhydride-grafted
Polylactic Acid Compatibilizer on the Properties of Polylactic
acid-based Wood Polymer Composites

Dong-Heon Han, Jong In Lee, Seung-Ju Oh, Byeong Uk Nam, Jin Woo Bae’

Department of Applied Chemical Engineering, Korea University of Technology and Education

2 2 Maleic anhydride (MA)?} divinylbenzene (DVB) 7RAIAIQ] di(tert-butyl-perxoyisopropyl)benzene
(PK-14)3 A ol& F&7IoA4 &8 =" §HgZ B3l A83AQl high-molecular-weight maleic
anhydride-grafted polylactic acids (HMMA-g-PLA)S 7‘1_:_01'@“—4' A x" HMMA-g-PLAS] E4& E4517] 95|
Fourier transform infrared (FTIR), Melt index (MI), ZL8]3 F&HA-S AA|5}% . HMMA-g-PLA+= DVBY &F
o] &7} urgl MAS] I a8 82 Z75l MIe #4StE+d], DVBY E=Yo 2 PLAS] B-scission ¥H&-0] A
To] BEx}Fo] 711 7] W&o|tt. HMMA-g-PLAE ARESE PLAZ]4E A EA(wood-plastic composites, WPCs)
<= matrix?l PLAY| B EA4} 7] SAAQ talcg H7isto] 4% ?JEﬂE %% EAES %519}11]0]
HMMA-g-PLA7} =8 WPCs: =S A @& WPCs? vliste] o &2 4% 4 $43EE Bt oA

Scanning electron microscope (SEM) 4 E3] HMMA- g—PLA«] 7§7]'i PLAS} ZE319] AW Aol £ ’\OH
A7) g2l AL & 4 AATh AT HMMA-g-PLAS] &e¥o] &2 H= WPCs2 7144 242 A ol
=% HMMA-g-PLA %%9}11]4 Bx}eko] PLA 18R} $AHL} ¢ ‘%LO]' 71AA B85 A AL E st

Abstract High-molecular-weight maleic anhydride-grafted polylactic acids (HMMA-g-PLA) compatibilizers
were prepared by melt grafting in a twin screw extruder using di(tert-butyl-perxoyisopropyl)benzene
(PK-14; as initiator), maleic anhydride (MA), and divinylbenzene (DVB). To determine the properties of
the prepared HMMA-g-PLA compatibilizers, Fourier transform infrared (FTIR), Melt index (MI), and
back-titration analyses were performed. On increasing DVB concentration, grafting vyield of
HMMA-g-PLA increased but MI decreased because B-scission of PLA was restrained by the DVB, and
thus, the molecular weight of HMMA-g-PLA increased. PLA-based wood-plastic composites (WPCs) were
prepared using HMMA-g-PLA by melt blending through a single screw extruder. The flexural and impact
strengths of WPCs compatibilized with HMMA-g-PLA were greater than those of WPCs produced without
HMMA-g-PLA. Scanning electron microscope (SEM) studies indicated that increased mechanical
properties were caused by excellent interfacial adhesion between PLA and wood fibers due to the
addition of HMMA-g-PLA. However, rather high contents of HMMA-g-PLA reduced the mechanical
properties of WPCs. We believe that lower molecular-weight of HMMA-g-PLA added as an
compatibilizer, compared with PLA polymer, caused the reduction of mechanical properties.
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Scheme 1. The mechanism of PLA grafted with MA
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Scheme 2. The mechanism of PLA grafted with MA and DVB
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9] pg-scission §hgol AAE 1EAFQ] AFEIH
(high-molecular-weight maleic anhydride-grafted
polylactic acids, HMMA-g-PLA)E A& & Atk
(Scheme 2)[11,12]. /) e} AxH J&3HA19] 11
I L (grafting yvield T 4F 7F43S &RlsH7] 9
3 42 JZAF AT Melt index (MI) B42 31t} &
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8l Fourier transform infrared (FTIR) ¥4& W35
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o] gi5A] Scanning electron microscope (SEM)
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Table 1. The formulation of MA-g-PLA samples

Sample PLA PK-14 MA DVB
P (Wt%) (phr) (phr) (phr)
103M1 100 0.3 1 0
103M2 100 0.3 2 0
103M3 100 0.3 3 0
2. 28
2.1 M=

£ Aol ARE B2 95 e BX JE Bt
of @2 207 PR 7|7t B+ 40 mesh?] & A
251911, PLAE= Nature WorksAe] 4032D (MI=7
g/10 min at 210 T, 2.16 kg)g AR&3ItE. MASt
DVBE ZZ Aldrich At} SamchunAtollAl 15192
o, gz AAAE 156 TolA #2717 0.1 hrgd
AkzoNobelAl9]  Perkadox 14  (di(tert-butyl-
perxoyisopropyl)benzene) (PK-14)2 AR83F3ich
E3 77 SHAR talcg, UVl 9Jgt HAE wx|st
7] 9l UV S8AE A7Fsotart.

2.2 SE3M9 gy

PLAS} &zt 7§AIA] & MAE Table 19] ZAY=E
dUHA 3619t MA-g-PLAS] 432 co-rotating

type?] °©|F ¥&7] (Bautek, BA19, L/D=40, 19 )&
ARg3to] BES & (8§ ad=H uR)EIch T4
A2 &5 150 rpmlE 45190 H, feederF-E
die7tA9] L& 165~190 TE  AA3ATH13).
HMMA-g-PLA9] 332 A9 MA-g-PLA ZA]
DVBE F7I2 #7Isto] MA-g-PLASE 54%E 2702

WS 9EL S

2.3 PLAZ|Et WPCs2| HZ

PLA7I¥ WPCst: A%E HMMA-g-PLAS B
PLA, tale, Z2]3 UV PgAI9 9 H7ste] U= <F
Z7] (L/D=40, 30 ®)ollA &8 EA=sI9ch YE483
2 205~210 T B4 %4 50 rpm9] A3F &=
2 APsto] F FeiE AUk o]EA AxH
PLAZ|9F WPCs HEZ 195~270 €9 2%=¢F 100
kg/em®e] o FEAPste] AAFHOR WPCsE
A =53t

24 ME HNM

o= ™

A|ZH MA-g-PLA E+= HMMA-g-PLAS] 1j=g]
&2 GAPES olsto] et 2ol S5kt mst
SH MA+= °oMIE 500 mLell 88iAlA AAT F 60
T AR7IA 2447 AZSFEE 1.5 g9 AMES
chloroform 200 mLel &3fAl7]2 1 M| HCl 1.5
A7kote] wRkelith ol #FY methyl
alcohololl HAAIZ & HAES 60 TollA 24417 A
Zolt. AZR" AE 1 g& 100 mLe] chloroforme®|
&H3s] 234171 & phenolphthalein AA|2FS 1~2
mL 37kt o1F 0.03 N KOHZ A3t th29]
Ao wat I EReS ALlstTH13-15].

mlE

(my Ko, )

Acid number

g
VX COx M

w

w

Grafting yield(%) )
Acid number < 98.06
= S eeio0 x 100(%)

Eq. (oA V, C, M2 ZH2F KOHO] 25 (ml), &5
T (mol/L), 3FMEF (g/mol) UEIYH, W=
MA-g-PLAY] AT (g9 UERATE Eq. (2)°lA 98.06

2 MA9] EAF (g/mol), 561002 KOH (mg/mol)2]
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BAFES YERdTE M= Melt indexer (Tinius Olsen,
MPG600) ZH|E ©l-8sted ASTM D 1238 3+l whet
210 T, 2.16 kegollA Z7stlch FTIR (Bruker,
Alpha T 4000~400 cm™ B JolA 270 5= 1602
Z7519tt. WPCs2el 237+ UTM (Tinius Olsen,
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WPCs9] REZ=2XE 3QI5l7] Ydl SEM (Emcrafts,
GENESIS-2000)& ©]-85 Be 74 Fol 2o
7 WPCs9] oS = 000HH9] Hi&= &Y
shoich

stof 57
79 %3

3.

my

22 23

3.1 dEaH9 gY R S
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MA9] 3&Fo] J7Istell wt PLACIA A8H 2oz
RS & Qs MAS] £7t S7H6l97] W o= stk
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Fig. 1. Grafting yield and melt index of the MA-g-PLA
with different addition amount of MA
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Table 2. The formulation of HMMA-g-PLA samples

Sample PLA PK-14 MA DVB
(wt%) (phr) (phr) (phr)
103M1D1 100 0.3 1 1
103M1D2 100 0.3 1 2
103M1D3 100 0.3 1 3

Fig. 2= 103M1°] tis] DVBE ofst o= 3
7¥sF HMMA-g-PLAS] I =gg3 Ml 23S v
Jejzojct. olo] tigt 2442 Table 20| YeRJCH
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Fig. 2. Grafting yield and melt index of the HMMA-g-PLA
with different addition amount of DVB
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Fig. 3. FTIR spectra of (a) PLA (b) MA (C) DVB (d)
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Fig. 4. Flexural strength and impact strength of
WPCs
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3.2 WPCs2| 714X =4

##3glE HMMA-g-PLAZt =99 WPCsel 237
ot 3A7T tigt XS Fig. 40 Yepich oo
gt WPCse] 2/32 Table 30 YeRict. HMMA-g-PLA7}
A7k WPCse 7R g2 WPC0x} Hlwsto] o
2 I3RS FALEE Bk &3], WPC32 =
ITRES} FAREI} 42 11%, 20% A5t o=
HMMA-g-PLAS] =10 & QI3 PLASL B-& Alo]e] A
W Aol oA 8/g0] A=) wiZeleh21].
AU HMMA-g-PLA7} 4 phr 371 WPC4+ 3 phr
ZA7FE WPC3ET ¢ W2 2377 nst 3AYEE B9
t}. o] =95 HMMA-g-PLA7} PLA T8A} $=A]0]
H|gl| g or EAlgo] ol 7|AH &4 A g
A7} Y= Aoz HaLh

3.3 WPCs8| REZX|

HMMA-g-PLAZ}  H71ER WPCOZ}
HMMA-g-PLAZ} A7VEl WPCs &, 71412 &4Jo] 74+

[e) Xe)
L*c];—\:_“

Table 3. The content of different raw materials in the WPCs

Sample Wood fiber PLA HMMA-g-PLA Talc UV-stabilizer
(Wt%) (Wt%) (Wt%) (Wt%) (phr)
WPCO 60 30 0 10 2
WPC1 60 29 1 10 2
WPC2 60 28 2 10 2
WPC3 60 27 3 10 2
WPC4 60 26 4 10 2
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Fig. 5. SEM images of (a) WPCO (b) WPC3
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o] HEZXE SEM 42
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