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E: 98A71Z 7= AR5 (maleic anhydride, MAH) & Z2]Z22d(PP) o] =30 24 PP/=4 118219

A= 2 PP/iller2] B Azl Az} A Alolel] B2 Ag o]l 3leky AS A 7IAE &

1 I7 EAS Sfske 5= ok 2 Ador= siAA)(di—cumyl perioxide, DCP) ¢F MAH &l whe 1ej
E&S FT-IRY 38+ 274 (chemical titration)< ©]-83l0] 5738153tk 1 A3} MAHS] &go] S713rs e
TESo] T8I DCP2 o] 0.06 wi% dujel] 71 322 T E8-S VRSt B8k MAHS] < ulet
£ 35X melt index) 7} $715H= 218 B 5= olor, 4825 W A ¥4 59 47 A% AXFAIEHA
(DSC) W A3 BA71(TGA) = o]8-38l0] MAH 1 ZESo| uk2 W3ls A5
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Abstract: Maleic anhydride—grafted polypropylene has been widely used to improve the interfacial inte—
raction between the components in PP/polar polymer blends and PP/filler composites and to maximize the
physical properties and thermal properties. In this paper, the maleic anhydride (MAH) —grafted polypro—
pylene (co—PP) was fabricated through reactive extrusion process with di—cumyl peroxide (DCP) as an
initiator. The grafting degree of MAH depending on the contents of DCP and MAH was investigated by
FT—=IR spectra and chemical titration. The grafting degree increased with increasing MAH concentration
and also showed maximum value at 0.06 wt% of DCP concentration. Melt flow index (MFI) of the grafted
copolymer was increased with increasing the contents of MAH. The DSC and TGA analysis data indicate
the melting temperature and thermal degradation of PP depending on the grafting degree of MAH.

Keywords: functionalization of polypropylene, reactive extrusion, PP—g—MA, modular intermeshing co—
rotating twin screw extruder.
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g 455 5% PP—g—MA A= 9 54%7} 359

A ek ATolE 859k MAHE PP Aol 18
Esl7] faide S Wk 3t o T1ed ) siisdE ook
St HES- el ool ddulofrs dollux|el Ao it
of|Ae] AeksE 1|3t AR QI3 IEAF AKEO] 2oA)A] F]aL o]
A AP 2R 8l tiE S99 o] 7hs3l ZIck 3HA
W AWA o % WkE JRAIANL] ARGA] EAREE TR VERE R &
£29] MAH TZ|ZES SJslid= PP Al w3t U&7] vell
A ZZHZE Hhgo] dofuhs st AFARE 9 gk B 58
A wEfEiofol Sk AR Qol] oJgt el B4 § nkgo]
A E2 7ATE EEe 5 Qle AREE Algle] 9AFoR v o]
of st} ddtka o2 JAAIS] 7= 125 Colld <F 60x 5t &
50| 7FsslER SkollA] At A3 AFAIRel B2 FES vl
ok gk MAHSE 3 7iA1A12] 712 Qs PPE] 7t wolA]
DE 88 REE o] qlEslo 2 AR Bl B} el
Wh= Ak ZHaAZ = Qlek

28 7S 58 PP AU MAHE 28307 347)7] 9
st 710 JITFES AR W. Qu 52 PP/MAH/ DCPE & 1
B S ol galo] B kollA] fulE ARSI ok RO R AR
22 PP—g-MAE Axsila, ol whe AE 9 28 ZEs 3
A= wEsgich ! e V. Lio] Aol AE veAE PP
Alzel| 718le] PP AKES] Aeks Eola MAH Ze=E8-S 34
AZickar 2SRk #nk ohz), J. White - HFE] AAksiA
2731 AKRO-CO-TWIN® softwareZ o83+ ¥k39l= &
g5 23 95719 LDol w2 T2 E 5837 4 Fafjof| ujE &
A A3} n|wste] Bdo] x| Ay} dxjsh= AE vER
ozx Hrt G829 PP—g-MA WS AA] slgick !

2 AelMe BEe AT s 34 o1F 7] (Modular
Intermeshing Co—Rotating Twin Screw Extruder) S ©]-&s}o]
MAHE PP Akzel Z1EZESY] S5t WS T8I o=
271 9 AFARE] mE #HRe] 2715 o MAHS 53 74
Alo] ke gelsle] TaTESS SISt 3t MAHYE =%
PPl €4, f1184] 545 H7sISic
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ME. 2 Aol AR A50] 5/d= Table 1ef] HERASI: =
AT AME WA (semi—crystalline) 522! PP ofg @l ¢
A7} PP ARzl 2% =39 co—PPE ARE3ISLom, AF FEa)
7MAN(di—cumyl peroxide, DCP) = FlukaAtllA] Az 97% o3

Table 1. Characteristics of the Materials

Polypropylene Maleic anhyderide Peroxide
Manufacture: Manufacture: Manufacture:
SK Chem. Fluka Fluka
Melt index: Boiling Point: Physical state:
1.5 g/min 202.0C Particle
Melting point: Melting Point : Melting point:
135~137C 52~54TC 39~41 C
Elongation at break: Molecular Weight: Boiling Point:
>500% 98.06 130 C

O] 5 7P A EH AR ARSIl
=

BsHH 314 34 2£317](20000 rpm/min) S o]83) 73
o $8S 1~3 cm F719) 243 MAHe| Adsle] 2 A4

A} o] MAHE 1 mm o] P e|= vlgo2a) A 3
PP 3] MAHZ} B9 ] fdapA] ik e siolth &3
X2 PPs} 3 = 7} glepa® 9 % 20000 rpm/ min 45
TR 13 B3 £ 1geglon, o] DCPE Yol th
QF E53ISItE MAHS] ko] PP el 2k 2alks]x] 9k
TS PP—g-MA & A& 5 SIS0 F3] TAle] o]Fo
5 AIRES oy A Ure] 3RS X8 om, DCP2 714l
o] 40N 7hssh® E3A] 5 Ad5S Este] HEAR]
FAITEE ATk
QHEZTA gl HIZ UES S5t PP-g-MANMIZE. 115 311 23]
= 53 E3d PPMAH/ZIAAL] kS b 378 S=38sk7] Slsl
1501 30 mme|™, L/D7} 4291 252t 2|38 543 314 o)5 ¢
7)1(LG Machine co, BT—-30—S2—-421)Z AM-35th. PP—g—
A Azl 9bA] ARESE 23R 23} ARAR Qs 2z A4
WS AN AR o R SAeb] flal 9= S (hopper) ol
A QFE(TIO) & FJ310 to](die) 2 k& w7iAe] AlFAIS
3] 575l Hghs Toolch Eah 2 AeflA] ARESE DCPe]
15 doliy] S13l 4 (D (2)F o83l Akl 1 A
=7 dlelM 9] Bz A Wk owleF a7t E3E 9l
A Uy E=(kneading block) olx] F58-S =385tk o)l
21 (DeXe B @3} eluviRloln A 35 RE 71V, T
Al A= veRdck 2 ()8 Tips WR7IE vEkie 2 (1)
oA 79 Ky #k= ol83te] 7 4 ltk
DCP % MAHS2| glegof| up2 7ereg 2 A4 fuisk 5749 o
75§18l DCP2 &7e SU8l 1ydstal MAH 4= 0.2~2
wt% = gejslo] Alzsiglom, kel Aol 7 e YT ES
< 1Ol =Rl 2 w9 MEslo] DCP2 35 0.02~0.2 wt% 7}
2] g2 slod AES WasIALE PP—g-MAE #AZ3] S5k
A Age] 7o) Hi= Rkg 9 &1 9 DCPe] RRP71E Table 2
oA ek, A3 FEE Figure 1ol YERASITH
FT-IR &8 Y slaid MgHs S5 TRIZES. Rk o= 332
2 AzY PP—g-MA AlHS MAH TJ8ZESS S48 8] 4
9171 (hot—press) & ©]43}01 200 C, 1000 psi®] ZHlow HES
Azsiolom, 9 FES AMg3lo] FT-IR 4% 574 Was F3
TJHTESS oS3eltt B3 a1k RS ol8sled MAH 1)
TELS Tk AL Bot TYTESS A7) F35} uks-
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Table 2. Reactive Extrusion Conditions

Screw Vent Die Residence DCP half—life
speed barrel road time time

24.7 sec/130 C

100 rpm Cy6 10.5 sec/140 C

55~60% 180s

Barrel temperature (C)

Cyl Cy2 Cy3 Cy4 Cyb Cy6 Cy7 Die

130 140 150 160 160 160 160 150
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3 KNEADING BLOCK CONFIGURATION
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STANDARD BARREL

FEED BARREL BARREL
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VENT
BARREL
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Figure 1. 3—Keading black screw configuration.

Ky=Ae ™ (n

:( 1’12)/Kd (2)

o

©

£,=118.159 kJ/mole
A=5.782E+13s—1
R=8.3142 J/mole - K
7=(273.15+TC) K

1 g2 80 T xylene 100 mLel| ¥o] 3iA7] F 30% E<tre—
fluxinga}al - A7kl FrE7 18 7EREslEele:. ) =
78 gu) U 0.025 N KOH/C,H;0HS o] 5 x|AJekel 19
o] sisaeelels ) e Holme 302 B9 A9 WskE ¥
stk 9 W ok 1 g1 lo|= MAHY T ZI#IZEH PP
9} 424781 PPoll KOH/CoHsOH & 28-3R0 24 s E3) 4
Al AREE & = glom] 1 AXkaS 2] (3) ol LERISITH

3—1:10

98.06xcx(V—1;)

x100% (3)
2x1000x m

Grafting degree of MAH =

ol (mL) 2+ T5(mL) = KOH/C:H;0H §-912) 335 vkehdl 2
o, 98.06- MAH®] ¥4k, 2% 7R A=iks: vlskal, cmoll)
& KOH/CoHs0H 8919 Edseoln], me MAHY} 1832 EH AJH
o] FAje]ct.

AN EM. 97 54 9D gis) WS AT R flEl DSC
(NETZSCH, DSC 200 F3 Maia) &} “d=245E] #9310 TH <
23p 250 CT7HA] S7dsIsiom, 7] 4 el 2= 2 Rl 2F
A4 2744 28l TGA (thermal gravity analyzer, Q500)E 30 Cell
A 3520 T 223 600 T/ S50

FHsHE £4. MAH 22i="e] uh PPo] o 28l Hies o=k
How B 98] 8452705 Z47](Tinius Olsen, Melt in—
dexer MP600)E F3ll ASTM 1238¢] 214 2.16 kg2] dsollA
190 CA SH4srsitk

du A EE

MAH 2! DCP & ZES, A= MAH
% DCPE] el whe MAH TEESS B s}ﬁiﬂ%, Akl
"S- Al PP ARl MAHZ| ZEH;%EH Sk el WA
Figure 29 YeRISLE Figure 20049 2] MAHZ} PP AREU)

Z0|M, A33¢ #l4%, 20099

B-scission

Succinic anhydride grafted onto PP

Figure 2. Simple grafting mechanism of PP—g—MAH by means
of reactive extrusion.

TJHEER Ay 1 S gelsly] 98 FT-1IR 4344 Figure
3 ol Yehfiglor Figure 3ol Wehd <=5=8k PP 3! MAH7} “12)
zEY PP &2 u3= X3 MAHZF AE& 02 PP EA U
o TAZER AL FeIEIG: FT-IR AHEH =4 A k= A3

oS =T R
< B3l Al FE-S PP ARE Wk FElkal Holglis MAHS)
WIS 45 AR w1l AAS] 58 PP—g-MA E5& Alx
si3itk FT-IR AHEHelM LR K= PP—g—MAZS] 95 Figure
4o AL wl, 1796 cm LelA] FhRd7]9] st 137 el
whom, okt F= ¥)=171 1860 cm ol BRESILE. o] F ¥=E:
Q18] PPoll MAH7}F C?Jﬂf’* o= ERIs = QIglom, o]=PP &
e Ulel] Z1EZER Y] Q= &4 —‘nj*r 112 (Succinic anhy—
dride ring) el T¥ C=0 Wi=9] AZ=x%ET} vty C=0 =9

AT Qe T2 eRES & ‘E} w35} 1710 em A=
SAke] C=0 AlFRFol 28l ¥=77} UepdS 218 5= gl9le.
v, o] ¥]=3= PP AR Yol I EE e gl Salake] me]dd
2 kg0 Qla) Welilo] TesER Aotk 810 cm™ ' o] Hgk| 2}
841 cm™! Wgal7|i= PPo)| Ueh K= 15 9= 24 MAH 182 E
G dAgle] veEhA drk
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Figure 3. (A) FT—IR spectra of resulting specimens prepared with varied MAH contents: (a) Blank PP, (b) DCP 0.2 wt%/ MAH 0.2
wt%, (¢) MAH 1 wt%, (d) MAH 2 wt%; (B) FT—IR spectra of resulting specimens prepared with varied DCP: (a) Blank PP, (b)
DCP 0.04 wt%/MAH 2 wt%, (c) DCP 0.06 wt%, (d) DCP 0.08 wt%, (e) DCP 0.1 wt%.
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Figure 4. FT—IR spectra of blank PP and PP-g—MAH. (a) and (b) partially enlarged spectra.

FT-IR 2~9E39] 574 J|=oi]M ehk= MAH Z8ZE &
7 I3JA AirosT Agun 8] AEE 57310 T T=22) A7)l
UeRd = glom o]9) e TJYZESRS ] S8 A (D) E o]&-

sle] Hrlsisick
Grafting degree of MAH=0.2508 X A1796/ Asa1 “4)

Figure 594 DCP 2 MAHS| §lgol uhe 1| =Ed W3ls
Lz 9lom, DCPoF MAH®] 9o me} ez ego] 7} &=
= AR 28 B 4 ik AR MAHS) $gol e 1=
EfolM MAHZF 2 wt% F7FEks W) 7P & T2 ESS
ERll= AS 8161917, TR DCPe) 3ol we Jejres =
o= DCPE o] 0.04 wt% ) 71 328 TYZESS 1}
ERJISICE: Figure 5] A¥jellA] MAHS] o]l whs T2 Eg2]
371 7P 2 YeRskom, o] Anfs wpEke @ 4ske] DCP| #7f
2 8242 PP—g-MA Az} 7Fsst 218 RISt

¥ EM. MAHS}E 7WNA| §goll wet Alx¥l PP—g-MAS]
DSC &447E Figure 60l YERISITE 575k PP2] 745 MAH

7 TAEEES ) 1wk oRE 58 847(7) & Uehigi, ol
ARz9] Holg. o Qs Wlshe ARge] 1t 1 fglelek %
W 4+ 91om, PP—g-MA Al529) $8 o) 230 T ¥ b
B WelikeS MAHY} Tel=g] PPARS I Al Zoflo]
Psle] AR e sl ThL FE wige] AEel e F5
3 < Qlrk DSC Asjollr] Lheht Wedikg0 % Q18 MAH 1oe
£9| W52 An7) $la) DSC 24 F e A7 RS FT-RS
olg3lo] Zgalgion, FT-IR 275 ol MAHS] ez Q1 2
Al At m)=19] 715 SR1sle] Figure 791 Uehigie) 7 2
7} 230 C Fo) MAHZ} PPARsoIN Ralslit o) <18 whie
PPAK:9) efigo] Agtele] Vet Auleka ket 4 ol sk
olo} e Ralikg 9 kS Ael] Sla) B8t viAVIZe)
T} SAo] $45] FEsolof & Zloltk TGA Aoz v
W MAH IRl e u) 7] Ralesrh dashe 218
Figure 81 LERIgIEk Qe Lkl DSC Astsl vk 54t
0| P Q1% AN o 5% 5 9low, 230 T el 2]
ek Al 28 Selsiink

QuIsx B4, 7S] PP-g-MAS] 7hgs B 1
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Figure 5. Effect of MAH (a) and DCP (b) concentration on the grafting degree of MAH.
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Figure 6. DSC thermograms of blank PP and MAH—grafted forms.
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Figure 7. FT—IR spectra of (a) PP—g—MAH and (b) after DSC
test PP—g—MAH.
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Figure 9. Effect of different MAH (a) and DCP (b) contents on the MFI of the PP.
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