Journal of the Korea Academia-Industrial https://doi.org/10.5762/KAIS.2019.20.4.76

cooperation Society ISSN 1975-4701 / eISSN 2288-4688
Vol. 20, No. 4 pp. 76-85, 2019

Ho)Zd AAAE o] €3 MA-PLA AZ E ulo]Q ZelAE
PLA/PA11 Edx=9] A&A A

ok

ol
T
olo
oo *
oy
o
of

ol
&
g
ol
o
kil
o,

v
o
o
B
2
re
o
B

L) e U A2 8k

Preparation of MA-PLA Using Radical Initiator and Miscibility
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Abstract Recently, various investigation of vegetable oil which is extracted from natural resources is being
progressed because of its low cost and environmental aspect. However, double bonds in vegetable oil should be
substituted to other high reactive functional group due to its low reactivity for synthesizing bio-polymeric materials.
a-eleostearic acid ,which is consist of conjugated triene, is the main component of tung oil, and the conjugated triene
allows tung oil to have higher reactivity than other vegetable oil. In this study, tung oil is copolymerized with styrene
and divinylbenzene to make thermoset resin without any substitution of functional group. Thermal and mechanical
properties are measured to investigate the effects of the composition of each monomer on the synthesized thermoset
resin. The result shows that the products have only one Tg, which means the synthesized thermoset resins are
homogeneous in molecular level. Mechanical properties show that tung oil act as soft segment in the copolymer and

make more elastic product. On the other hand, divinylbenzene acts as hard segment and makes more brittle product.
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2.1.1 Aok 9 Als
B Aol ALE-% Polylactic acidi= Nature Works A}
9] Ingeo 4032D A%< AHE3H12H Polyamide 112
Arkema A}9] Rilsan BMNO AJ35-S AF&-3FATE 712 A
2] A48+ Maleic anhydride= Sigma Aldrich A&
ARSI AL Bz AAAE w71 7E 156 °CollA] 0.1
hr 1 Akzonobel A}2] Perkadox 14 (Di(tert-butyl-peroxy
-isopropyl)benzene) & Al-&-3te] A8t
2.1.2 2-83A Az
PLAS} 7|AIA, 714
2L A % Bautek AFe] ©]Z$F=7](Twin
o

olgstol WedE AL AW
E

&2 99

screw extruder)E

t}, o]E&tE V]9l By BA-199|3L L/D=40, 1732
199, Co-rotating E}Y-S AHEFAATE 4&7]9] 2% &
4L 170 ~ 190 °C o2 AdAsidon, ~37F9] §]7ﬂ

£ =150 pmo = IAEIHTH HFS k=8 A=

4E7] 2359 conveying zoneZ} kneading zone,
"S- QF=%| 11 water bath zone
3l A2 ez A

reverse zone 7] HA]
oM Yz+& AR 5 Aeelo| A=

ol =
Z33ATt o]k o] A|F3 -85k F/d2 Table 1
3} 2},
Table 1. Compositions for MA-g-PLA Prepared by
Radical Initiator and Modifier
Materialy Base Resin Initiator Modifier
Grades PLA Perkadox 14 |Maleic anhydride
X0IM1 1
X01M2 100 0.1 2
X01M3 3
X02M1 1
X02M2 100 0.2 2
X02M3 3
X03M1 1
X03M2 100 0.3 2
X03M3 3
2.2 783 s B7t
2.2.1 H'=NMR
Aol AHERE PLAS] 72 4 3 ZiAA 2 2
4k F4E(Maleic anhydride, MA)Z 714 % PLAZ

92 HelE gR187] $18t9] deuterated chloroform
(CDCL)E &mi& ARg&to] Agilent AFS] 'H-NMR
(Proton Nuclear Magnetic Resonance) 400MR-DD2 &
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2.2.2 Grafting Yield

Az3 8842 Grafting yieldS T-817] $15}ko]
4 HS ol gsksith 1| wheE LRI ¥R
171 913 A& 5 g oFAlE 500 mioll &3)A]
AAG 3 60 °C QB4 247+ AN ZITE gk
Z 15 gS FEEFE 200 mlol] &ajA17I}
Me] HCIS 1.5 ml #7718k 300 rpmel Al 30
sict hake] Mo Mzl & Y
AEL Az7)914 60 °C, 2443t AZA]
S 100 ml FZRZEE 3] A
#2l &9 1 mi& H7H8th 0.03 N KOH=

JO:.
X
ol

ol X e 42

()]

oAn A o [
o
n>~
7]

[9,10].

ml KOH X N KOH X 56.1
g Polymer

Acid Number (mg KOH/ g) =

Acid Nmber < 98.06
2 X 561

MA Grafting Yield (%)

2.2.3 Melt Index (MI, &&#5)

Azg dgstAlel dis) AAA FHER HEA S
Fhgol whE A Wstel f54d WEkE 3457
3lod Tinius OlsenAte] MP 6003 Al-g-3to] MIE
BTty ASTM 1238 2ol FestA =
As}. olm =4 210°C, 2.16 kgf2 33t}

==
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2.3 PLA/PALL E&= A%

2.3.1 Ak 4 AR

8314 A Zol| Al ALE-3F Nature Works AFS] PLA
Ingeo™ 4032D gradeE It ARE3I%l oW PAILS
Arkema AF] Rilsan® BMNO grade A3%-8 AF&-3IATE

SHRZAR AL Al 7] AREE 3 HAR
Elvaloy 5160 grade=Z*] Dupont A}2] ogdl F&ol=
deolE FejAdrelad g o]ER 4% Terpolymer 7l
FARZAMI=12 @190°C, 2.16 kgf)olth F HAl=
Mitsui Chemicals AF¢] MH 7020 grade2A] A&
TafmerZ =20 o2l Rg Algo] @il F45E
o] agtZHH AFMI=1.5 @230 °C, 2.16 kgfoltk
m}x]2}o] Asahi Kasei AFS] M 1943 gradet:= 2E]dl

78

gl 2R AlEol] DRI FEe] aHtERE AE
(MA-SEBS) (MI=8 @230 °C, 2.16 kgf, Styrene :
Butylene Ratio = 20:80 by wt%)°|t}.

2.3.2 E= Ax
Table 2, 3, 49} o] ZAEZ E¢3 ¥ Bautek A}
9] o]% 7] (BA-19, L/D=40, 199, Co-rotating) S
ol &3l = TS At 4=V 2= &2
£ 200 ~ 220 °Co.2 AAsPon, ~aFe] 3 &
T 200 rpmo.® wAS] AaEtr). oA et
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Table 2. Formulations of PLA and PA11 Blends with
Compatibilizer (X01M1) Content

Materialg Base Resin Compatibilizer
Grades PLA PALL X0IMI
L100 100 - -
L75N25X2 P
oo | s s ;
oo | .
L50N50X2 P
m 50 50 5
“sonsox10 | -
L25N75X2 P
s | s . .
o0 | =
N100 - 100 -

Table 3. Formulations of PLA/PA11 (75/25) Blends by
Three Types of Compatibilizers with 5 phr
Fixed Content

Materialg Base Resin Compatibilizer
Grades PLA PAIl | X0IMI | X02MI | X03M1
L75N25 75 25 - - B
L75N25 1X5 5 B _
m 75 25 . 5 i
“L7snas 3% | T
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Table 4. Formulations of PLA/PA11/X01M1 (75/25/5)
Blends Incorporated with Three Types of
Impact Modifiers with 10 phr Fixed Content

Materialy Base Resin Compeartibiliz Impact Modifier
Grades PLA |PAIl| XO0IMI |Elvaloy|Tafmer sl\ggs
L75N25X5 | 75 | 25 5 - - -
L75N25X5E10 10 - -
L75N25X5T10 | 75 | 25 5 - 10 -
L75N25X5M10 - - 10

24 EH= J5 A7t

2.4.1 Melt Index

B2 AAE B4 thate] QA7 tu] Ex}ek
xfole} 2,100/ Axd 485419 PAL1 7] Aol w
2 2 Weks dEsta 645 MDE SA43
%t} Tinius Olsen AF2] MP 6008 AF&3tlom S

= 24 =9 YRS nag A5k e 249
210°C, 2.16 kgfZ TAHAIA AR

2.4.2 71AH &4

Az A= B0 A B 23 54 AE
RS Ba AAS Axslo] 474 ASTM D638

ASTM D790 4] ¢735te] Tinius Olsen A UTM
(Universial Testing Machine)S A&-3te] Z43Ath
ZANGTE A 23 AHS E3}o] A
5k § QMESYS A SA7E717 QM T00AE At
&3to] ASTM D256 120l St AlZtste] Z4 519

=3 4971

o

2.4.3 FE-SEM

A Z3k WAIA 2] PLASF PALL Aol 3-84S sdts)

7] $18to] FE-SEM (Field Emission Scanning Electron
Microscopy) S ©]-&3}ith FE-SEM-S Emcrafts A}<]
Genesis 10005 Al&3l% oM, o]& E3alo] B4 54
o] RERAE gt "L%i}xﬂ Shgol o2 "L%
N 75 dEst A siinh 74 Al oA
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3.1.1 H'-NMR

'H-NMR gz zhzte
A 57 JehgE 998 HojFE) 'THNMR =3 A
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Fig. 1. 'H-NMR spectra of (A) PLA and (B)

MA-g-PLA.
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ol ol c2 YER - CH; WE 7] doublet signal
o] 15687} 1.586 ppmoll Al LFERCT) H3E g5 HAIF
-CH- Wg7]¢] 437} quartet signal 5.132, 5.150,
5.167, 5.185 ppmollA] UYEhdth T8o] v A7 = Y
Elt doublet signal> Ztz} Wdel Q= alcohol 2
=AM ast 2 BT WE7]
a5 g A st o vlaE 47 1.7613%
1.412 ppm o|t}. bS} eZ FAISH I HE3H alcohol
carboxylic acid “LFOE Eihe Teel] e H®] Ul
o] kAl 9xolm 1 A5 E 52377 4.970 ppmoll A

carboxylic acid L&

18 5 QIri11].
B)°] AFME AH  AxF MA-g-PLAY
'H-NMR 275 Awsigiet. ol Azt 283449

mjRke 2 v whell A2 A
& 5 ek A (A9
Al a ~ f7HA] Sla= Wge] YA het
A 5 AU PLA 4 &

Grafting yield”} 1 %
He v A7 g Aes
EE N
J A AR AdEE g
Fholgk o] AgE j FEAE MAE o] F= F 719
AFE FEA hY FAE A2 25 E YETh (B)Y
h, j 5 A9 SA7F e 2 Kol MAZ} wwkg
R EAshE A2 jle
+ PLA| 1

N
T

3.1.2 MI ¥ Grafting Yield
A28 MA-g-PLAS] A& -2 Table 137} 70|
ol X MAIA (PK-14)9] S M
—‘?—-’FE MA)°] A7t s omgith
Fig. 2014 B3 7jAAe] gtgko] Z71e4== grafting
yield % M7} S7Fehs A3 & o 3=t ¢]= PLA
7} radical initator®} ¥H&- Al, PLAS| e 7]e} At of
A= B4 (Fig. 1(A) Y] d signal)ell 2htjZte] =&
o], o] & YF= MAS} grafting 23S A4 =
YRE AlEo] duky]= B-scission ¥H3-o] dojulA ©
ok 27] vl AN A k] SrtErE g
Aol g AgstE MAS do] F7tste
Grafting yield7} 5 7}8HA| Wt chain scission B3+ 5718}
A Eol Abge] o)zt FropA| A Ho] #Aje]
A =H, 1 A3 M7} S7Veke Ads Belth
Y8 Maleic anhydride®] $3Fo] Z71845 gzt
o W gl #Ee] S7K8] Wl Grafting
yield7} Z7}8-tH12-14].

st

80

[ Melt Index 1 fos
~ 809 _._Grafting Yield T
2 =
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60 " LEn
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w 03
3 40 [ =
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= 02 &
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S
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Fig. 2. Grafting yield and Melt Index results
depending on radical initiator (PK14) and
maleic anhydride (MA) content.

3.2 PLA/PA11 E4= Ax}
3.2.1 2838k =l w2 PLA/PALI/MA—g—PLA

=

PLAS] Tl & Jofoln FeaAS Bol 17t
D4F PAIL the] ofi171sh Ggal] Weelt 4
B 719] 38 WSO oFIE (Imide) 5719 A%
7 ol A o] $4 Aol AolAx o] el £
AG7h gashs A AT 5 ATHIS). 88
o] MI7} 35 g/10 min .2 EFol% B7-skal o9 &+
F71el W o] =3} whgo] Th4atsle} ko] Lolsk

el

AGE 7] o] M7} 8k A3S Fig 3904 2
= 9lth T3 PAL1C] Richd & ol Al 4-8-314<]
ghagoll olEskA] edar mlad AT MI g Hol=
A& olv =g} wkgel] o @ BAlw Aol @AHol 9l
v A= dddrl6]
100
== 2phr
90 =0=Sphr
~ 80 =t=10phr
=
g 70
S w
=
& 50
g
= 40
= 30
% 20
= 10
0
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Fig. 3. Melt Index variation depending on compatibilizer

content of PLA / PA1l blends.
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Fig. 4. Impact strength results of PLA and PAIll

blends with 2, 5, 10 phr of Compatibilizer(X01ML1).
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ste] @8] PALL 7] v A S A =4S
Hhdte Zlow 5 o)2ld FaS PALLY §HEF

L

9] 7% PLASH PAL1ALe] 9] A WA o] TS 2h4s}7]
w7 PLA/PALLS] AWo] EAlele g4 wr}
PAll WEZX i Exets Aa3HA9 do] &
A ojw] =3} whgol o)k MIgh W7t vt o
Al H L PAIL WiEZ 2] o] HYGgh AFE-3tAel ¢
3] PA117Fe] A= o] ofslE o] =A4do] Aadts Hrt
3, FHEA & (Flexural Modulus) 2 IAA T
(Tensile Strength) A3} Fig. 5o YERAALE PLAE
PAL1 ty] 2HA] FFed&9 A=} H =
< /M gtk EFEAEE A BT
A oJEA ¥v= EAol odrkh Fig. 5
PLA/PALLS] /W =Fed &2 PALLY 3 S7)

of wet sk Aol TS & g vk B, 7

81

= AH23kA)71 PLA 7)HEe 2 A%

E42 ul$- HA (Brittle)©]

L50NS0

o~
=
—

w
=]

Tensile Strength (MPa)

X2 | X5 | XIo

Fig. 5. (a) Flexural Modulus and (b) Tensile Strength
results of PLA/PA11 blends.
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0.54 %oltt. =, J-83hA] Az Al
phr Hubo 2 =5ty g x
Tk 0.1, 0.2, 0.3 phr2 F7FAA Zﬂi?_
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K-149] 32
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Fig. 6. Characteristics of PLA/PA11 75/25 blends with
three types of compatibilizers; (a) Metl Index
and (b) Impact Strength.
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(a) Impact Strength and (b) Flexural Modulus

results of PLA/PA11/X01M1 75/25/5 blends
reinforced by three types of impact modifiers.
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Fig. 8. FE-SEM images of PLA/PAll/compatibilizer
blends; (A) 25/75, (B) 75/25, (a) O phr, (b) 2
phr, (c) 5 phr, (d) 10 phr of compatibilizer
(X01M1) content.
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