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£ A of|A = poly(acrylonitrile-butadiene-styrene)(ABS)2} poly(lactic acid)(PLAYS =38 79 43179 a3}
of oI5t 7| A14 BT HEZA] wste] tiste] ATsISitt. 4834l 2= poly(styrene-acrylonitrile)-g-maleic anhydride)
(SAN-g-MAH), poly(ethylene-co-octene) rubber-maleic anhydride(EOR-MAH) 2} poly(ethylene-co-glycidyl methacrylate)
(EGMA)E AME319ItE ABS/PLA S@l=9] el #3735 4 AW EE F3kst 7|A14 4% =74 A3} SAN-
g-MAH, EOR-MAH 18] EGMA 738314 & 7]71]Xq A7t e S #EE 5 Q)8 o]F oA SAN-
&MAH & /\}%0}"3 S w7 S Z1AA AEE vERIS oM, 3 phr I 7S S FAE ERITE

SEM EEZ22)9] A% A 7] 4344 2% ABS/PLA ZA oA PLA] droplet 7|7} ZHAdk= AL < 4= )
Stk eokshi, E@EA 7]74]** A3} RZER A 3 A3 ABS/PLAEA=0A A 579 OL%EW]‘SSAN-g-MAH

(3 ph) F7F5I9ES 1) 7Kg $RE AN SIS ke 48 o 5 itk

Abstract — Mechanical and morphological properties of poly(acrylonitrile-butadiene-styrene) (ABS) and poly(lactic acid)
(PLA) blends containing compatibilizers were investigated. Poly(styrene-acrylonitrile)-g-maleic anhydride) (SAN-g-MAH),
poly(ethylene-co-octene) rubber-maleic anhydride (EOR-MAH) and poly(ethylene-co-glycidyl methacrylate) (EGMA)
were used as compatibilizers. Mechanical properties such as tensile, flexural and impact strengths of ABS/PLA (80/20,
wt%) blends were found to be increased when the SAN-g-MAH, EOR-MAH and EGMA were used. The maximum val-
ues for mechanical properties of the ABS/PLA (80/20) blend were observed when SAN-g-MAH was used as a com-
patibilizer at the concentration of 3 phr. From morphological studies of the ABS/PLA (80/20) blends, PLA droplet size
was decreased by the addition of the compatibilizers used in this study. From the results of mechanical and morpholog-
ical properties of the ABS/PLA (80/20) blends, SAN-g-MAH (3 phr) was found to be the most effective compatibilizer
among the compatibilizers used in this study.
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Vgl Al BEAS HAslEE 3 ZepAE o gA AR AER
e 79 W 7B 58 ekal, 3 aEAkE 38 FAel <
sho] WhEolX EAlE AW © 2 polycaprolactone(PCL), poly
(lactic acid)(PLA) 5] L&A it} B3t v] A& YA 7 8-2= ]
Ago] EoUl= AA EAZEA] poly-hydroxybutylate 50| &
HA AUTHS].

AR DR A R 3 Al Estar, dA
A FepaE Aol AR 1A A8k Sl HlE
1% BIREC Z w9 u]u]$t 2o EFsict. 4] d 7 AT /s
o] kol Awald Al Algo] obA] 27 dAlel mlEe e
olfi= 7H7EAH0] AL &% Jldo] 48] o] Fox|H] %-ﬂ
7] wiolth. &7} 5~61d L‘ﬂ A AF A ks A
shetA|Eel vls 2 35~10081uF a7FAck. #H 1 Azt 501—2—
o] 2.5~7.58] 02 FFItkE s o333] =2 Eolth6).
AR 1Ak 287 B4 71 EEkAaE Al wAA X
& 71& AFe] diA 2 &8 g} grivhs SR g ¢
shE7]= SHX]UP o} A3] EAsitt.

3719 7V 2 7 EARER] 71 AR B Bk 3

&g 3l= fﬁ AlFel 8] 71 2AgE tijlke: ARald 1EAE
ket paEAk Sl=olnh7-18]. AA| ARl A1) A
¢tsl7] 918l PLA, PCLY} 22 ARSI 1 AS TR ofe] ui

EAEE Flo] B8 A7) A A7 &) X

&) 37 9l PCLE] 74 poly(vinyl chloride)[7], poly(styrene-co-
acrylonitrile)[8], polyethylene[9-11]2} polycarbonate[12] &-2}2] &
A=E st A7F BEE S, PLAS] 799 polyethylene[l3 14],
polypropylene[15,16], poly(acrylonitrile-butadiene-styrene)[17] 2 poly
(methyl methacrylate)[18] 53}2] E#=of o8t 4 o] tfjst
A7} #E sl

2 ATl poly(acrylonitrile-butadiene-styrene)(ABS)ell A+
343 Al PLAS SR8l 7|A14 gl REeA] Wsks
Z79starat gtk ABS9} PLA BRIE Alololli= 2-8-/d0] fle 210
& hso] glom g ARe] AH83-E ST el e
S H7lste] AE8HA19) THe) SHgell R ABS/PLA SRI=
o] B4 Wislel] o3l A-staxt it
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2-1. M 2
2 Aol ARSS At AlEe Y AFeEA I BAS
Table 19 UERAITE. ABS= LG3}3F2] ABS 1(TR540)% ABS 2
(DP270) Al&-& AHE31313L, PLAT NatureWorks®] 4032DE A
Siet. Begh At BAEL] S 77T A poly
(styrene-acrylonitrile)-g-maleic anhydride) (SAN-g-MAH)(LG3}3},

Table 1. Characteristics of polymers used in this study

Poymer  ME MM, L6 7,600 TRl
ABS 1 71,600 3.43 - - 21.0
ABS 2 61,300 2.52 - - 38.0

PLA 159,700 1.95 69 170 29

“Measured by GPC from Korea Research Institute of Chemical Technology.
bSupplied by NatureWorks.

Table 2. Characteristics of Compatibilizers Used in This Study

Polymer Type M. M, /M, Supplier
Compatibilizer | SAN-g-MAH 87,000 2.29 LG Chem.
Compatibilizer2 EOR-MAH 189,000  2.39 Dupont

Compatibilizer 3 EGMA 199,000  3.32
“Measured by GPC from Korea Research Institute of Chemical Technology

Sumitomo Chem.

Table 3. Content of components in this study

Blend Compatibilizer Content (phr)
0
1
SAN-g-MAH 3
5
7
1
ABS/PLA EOR-MAH :;
7
0
1
EGMA 3
5
7

XT580), poly(ethylene-co-octene) rubber-maleic anhydride(EOR-MAH)
(Dupont, 493D) ! poly(ethylene-co-glycidyl methacrylate) (EGMA)
(Sumitomo chem., RA-3150)S 4-8-3HA| 2 AREsI9 o, 71 A4S
Table 201 YERASITE.

222, 3= HZE

ABS/PLA Sd == FAHZ 8020 wit%, A-E3AE AFRE
SAN-g-MAH, EOR-MAH % EGMA+= 1, 3, 5, 7 phr& 3715t &
A= AL A 735190, ZHre] 2442 Table 3¢ YERIGILE 1
AL B 3L FHek o]FE7 | (W : 27 mm, L/D:40, Leistritz
Co.)E ARE3IT, o1F9HE7]9) U255+ 230 °CE A3t e
W A2 ﬁ@’—TE“ 100 rpm .2 3T

2-3. 7141 24 3

71AA B4 5792 InstronAte] REsAI A3 7] (Universal Test
Machine, Model 4467)5 AR&-5t0] 27 =9} QI EE S48
11, Toyoseiki®] Izod impact tester(Model DG-IB2)E ©]-23ld &2
J=g SRl Q87 5 ASTM D-638¢]] 2 A3t} T2 3
25 5 mm/min, Al°)A] Z2o)E= 50 mmE AAsH] 45
o, FAXEE ASTM D-256°1 2143101 notched Izod impact
strengths S793FQIC}. B3 Al 9] Ffol| wet 242} s S7dst
o} Ftgks T

Iﬂ 0\'

24. 878 54

ABS/PLAERI=C] 97812 5745 ¥Es}7] flsl] Ui Hitachi

A}2] S-4300SE field emission scanning electron microscope(FE-SEM)
71715 o] &3Sl #2-g AL hot pressE ©]8€3F0] 230°C,

20 MPa2] oHe dlolA] A BS mE T oz A o) 2087k 3H2

- updsiglon, meo g FYAL F 15 kve] 7RG

st

._,__6
.
_r.6

Korean Chem. Eng. Res., Vol. 49, No. 4, August, 2011



440

=1

3. 24 ¥ nF

3. 74N 24 &AM

A 71AIE BAdo] U F $72] ABSE PLAS) El=3}
o 71414 BAS B23ISIT) Fig. 1> ABS 1/PLA(80/20) L-#l=
of| tiste] A-gsiA|e] FRet ol wE RS S A9E
vEeRfar itk ABS 1/PLA E@1=] EOR-MAHS?} EGMAES 7
S3AZ 71 S 1 pho] 23 A9E ASlskal dso) S
zﬂ—oﬂ U}E]— o]xW]—g]. 71—5\_0}__ 718 0 OL _/F o) o u% SAN-g-MAH-J

Folli= AgshA| 9] ko] STt wt QU A7t STkt
t A& & T Uk Al T72 FE-sAIE vl e Z-¢- SAN-g-MAH

7F A S LSR8 IAAE A JER e,
3 phr 7181538 ) 313.7 kgfem®A 374, kgfem?% 71 & ¢l
A7 =2 VER)QIT). Fig. 22 ABS 1/PLA Ed =0 3t 37435
7943k vhEpiaL ik, QU Ao} %*H?ﬂ EOR-MAHS}
EGMAE “3-&3H|2 371 790z 1 phr TS AlLlakal -8
sHA|] Fepo] STHEE 2 e O}T: AvE vEbdith

HhHo] SAN-g-MAH = 7383412 7kt 7ol vhA] 4
L3AE H71eE R 22 FEE e, 3 phr 3718}
G2 v 574 kg /em®IA 937.8 kg fom 7 e FHYEE 2

A
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—O— ABS 1/PLA/SAN-g-MAH
—4— ABS 1/PLA/EOR-MAH

400 —O— ABS 1/PLA/EGMA
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Tensile strength (kg/cmz)

150 |
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Compatibilizer content (phr)

Tensile strength of ABS1/PLA (80/20) blends with compati-
bilizers; (O) SAN-g-MAH, (A) EOR-MAH, (1) EGMA.

Fig. 1.
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Fig. 2. Flexural strength of ABS1/PLA (80/20) blends with compat-
ibilizers; (O) SAN-g-MAH, (A) EOR-MAH, (CJ) EGMA.
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Fig. 3. Impact strength of ABS1/PLA (80/20) blends with compati-
bilizers; (O) SAN-g-MAH, (A) EOR-MAH, ({(0) EGMA.

= 2e & otk FAE 5795 A Fig 304 € 5 Q%
©] SAN-g-MAHE “&83HAl2 A7t B97F v 5 38341
B} g8 FAEE YL §low, 3 phr FRllA 11.8 kgyem/

emellA 21.7 kgem/emiz 7HE 52 T2 UEREE & 5= qlt
Fig. 1~3914 el ule} 20]SAN-g-MAH, EOR-MAH 4

EGMA Al F79] 443141 2] H7}ol 213k ABS 1/PLA E-1=9] 1
A=, 2 Y SAMNEE ST A A 834 BT ABS
17} PLA BRIE9] 84S 7= gk sk 3ls & 7 3l
om, Al 72 83 SAN-g-MAH & 3 phr 3715191S

7V =2 215 UERNEE. SAN-g-MAH 7} v#] Ag%g}zﬂ
Huh o 58 71AA AEE ehlE A 0E Kol ABS I/PLA &

A=) AgsAEA 7 Agtsittal g 4= Sl

o] A7}= ulEro & 5lo] SAN-g-MAH = AHg3HAl = H7)slo]
ABS 2/PLA SRIE=2] I E S48 oH, 1 AFE Fig. 49
YERNSITE ABS 17} ABS 201 tist PLA Ed=0] AT 54
@l’]- ABS 2 Oﬂ/\] /\]—_g.i};q] 61—&3] éﬂ.oﬂ [q_g]_ 0170—7]—1:7]. é‘l:f\lg
T 2E 5 lem, s phr F7FE A9 2002 kg/em®™iA 227.6
kgt/cmzi 7V = PAE HEREES & S Q) o9 22 A
= vl O 2 SAN-g-MAHZ} ABS/PLA B0l A1-8-3k4 24 2
altks 2s & 5 Sl
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Fig. 4. Tensile strength of ABS/PLA (80/20) blends with SAN-g-MAH;
(O) ABS1/PLA blend, (A) ABS2/PLA blend.
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Fig. 5. Scanning electron micrographs of ABS 1/PLA blends (80/
20) with compatibilizers (3 phr); (a) neat, (b) SAN-g-MAH,
(c) EOR-MAH, (d) EGMA.

32. REZX| 24

ABS/PLA(80/20) £ = WAL vlA)] 42 9 F41e] A7)
WEE B3 A S WS SlEl SEM BEEAE 5733
ojuff Bt} Aekst =742 9510] PLAZ ethylamine solution ©]-&
319 etchingd}2ith Fig. 5% SAN-g-MAH, EOR-MAH %! EGMA
Al 572 4SS 3 phr H71EI1E l, ABS 1/PLA B2

2oy

ol

(o]

Fig. 6. Scanning electron micrographs of ABS 1/PLA blends (80/
20) with SAN-g-MAH content (phr); (a) 0 phr, (b) 1 phr, (¢)
3 phr, (d) 5 phr, (e) 7 phr.

Fig. 7. Scanning electron micrographs of ABS 2/PLA blends (80/
20) with SAN-g-MAH content (phr); (a) 0 phr, (b) 1 phr, (¢)
3 phr, (d) 5 phr, (e) 7 phr.

SEM REEZAIE VAL Sk Al F5-2] “H838iAE 717 ABS
1/PLA E#=0]] 27151332 W PLAS] droplet 1717} 667 umeilA]
SAN-g-MAH = %73} 73-¢- 367 um, EOR-MAHS] 7%= 186 um,
EGMAS] 7ol 577 um2 #4shs 218 & 5= 3101, SAN-g-
MAHS$} EOR-MAHE #7Fst Z4-¢7F EGMA & Z7het 791t
2k droplet 718 WERNIL QIT}. Fig. 6 ABS 1/PLA S31=0]
ti5to] SAN-g-MAHE 7838l = 71t 7Z-9- ghgell W SEM
REZAE WskE Yepdla itk 54 29} 3 pheollA] 78 2>
PLA droplet 7715 UERNGIOH, o]i= ok 7|A1A = 574 4
e} FUTS o 5 Qi o] AR vFROE ABS 2/PLA HIIE
o] thslo] SAN-g-MAH & &2 7kl on, sk u
ABS 2/PLA E#=2] SEM REZX] ¥3}E Fig. 79 YER)SIT)
BERA 2 A5 phr 7S W 910 umelA] 468 um= 7t
% 2> PLA droplet 1715 HERA O, o] oJA] S AT
=74 Ao} FUFE & Aok

o]’42] Fig. 1~7¢1A4 LR nfel o] 71712 =9} SEM K&
A 5447 ABS/PLAE =] 37k Al F57-2] A48-5HA4] 25
FEBAEA S s 7L s & 5 9191, SAN-g-MAH
7F 7P &A1 SIS & Ak

4. 4

rhu

2 A7= ABSPLA BHIES] 48748 o= Flol wet Aow,
SAN-g-MAH, EOR-MAH %! EGMAZ 483k = 742t H7)sio]
Shefol| w2 7AIA el RERA] WIS BBtk 7141 &
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