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E5: 2 Ao e E|Z2 I3 (polypropylene, PP)/US- AdfH(bamboo fiber, BF) 3|2 E2]4 &40l o
gt old &l -S'l F53HA (ethylene-octene copolymer, EOR)2} BFe] &712] A2l 92 123t EORFY -4
SHIE x3sk= PP/BF H5JAIE olSU=7]00M AlxstaL, 71414 2744, duieh] 54 %8sk 54 55
Fato] o] v E A5 BFS] Aol 717178 84 283 gEE] uslel AN 55 HT o
200 um7t Ak Aoz FrkE Itk PP/BF H§HA9] E8]4 E42 EORY PPl F42#Q1 4 (maleic anhydride,

MAH)°] Ze}ZE¥ EOR-g-MAHS} PP-g-MAH7} &3 AH8-2 wf ##e] 345 JERSIth. NaOH 8902
BFE &712] A2lg w] 1737, 1601 L2]3L 1348 cm'dlX 9] 3 ZAAZHE 2|adsy) v AE2 o 40 A4S
Flstion, drke] Held PP/BF H3Ae] F=4trt S7ksioltt. PP/BF H3Ae] AR HAS4L 1gA 9
& sjehvie] SEM AAS E4) SRlsT)

Abstract: In this study, the effects of ethylene-octene copolymer (EOR) and alkali treatment of bamboo fiber (BF) on
the physical properties of the polypropylene (PP)/BF composite were investigated. PP/BF composites using EOR and the
compatibilizer were fabricated with a twin screw extruder. Their physical properties were evaluated and the formulation
was optimized. Mechanical properties, thermal degradation, and appearance of extrudate were all good for the fiber length
of 200 um. PP/BF composites had the best physical properties when EOR-g-maleic anhydride (MAH) and PP-g-MAH
were used together as a compatibilizer. When alkali treating the BF, it was observed that peaks near 1737, 1601, and
1348 cm™ decreased, which suggests a reduction in lignin and hemicellulose contents among the BF components and the
flexural strength was enhanced. The interface adhesion properties of the PP/BF composites were identified by SEM
images of the fractured surface after the tension tests.

Keywords: polypropylene, ethylene-octene-copolymer, bamboo fiber, alkali treatment, maleic anhydride graft.
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2 B ARg-Rell tek o] a7 E A JJoH, AsAt 4t
JE o7t 2 = vk FATA SollA vlFe] 7P R
< Zg)z 23 (polypropylene, PPy @312 ¢l AFsx}
WS A2 Bo] ARSE L itk 22t PP AA|TROR
© AsA WA G R A8 AMFS BT REATIA] &

st e, B 58 BAAE AR ols A

5o MREee 2710 8] o] F thave AlF
& 2Rl 27} H3 9k,
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A4df-(natural fiber, NFy7} 2858 AAMF 53HA=

T B8 B34A(fiber reinforced plastic, FRP)
AQst 714, A8, AUA] &M 5 i
Fa17] wjitol sk WAAAIE HIES oY
&5 glom, AALRe A8 54
THE FREHKIT 27t AAdfE f
7L 7] wiZell AEHFAELS Bibshs 7 F

gFo] AR HdaAE Aakstar 9l

U Ad-f-(bamboo fiber, BF)= Hl5¢] Yz,
e 7IAA =4S YERH S5 FollA o
Fo g A Q7] W] ARsE Sk B4 Sl
7V 73AEE 7§ e AR T shdolth ! AAd
F BekaAle] Rt 5902 28] 49 Ak OEM Benz,
BMW 22|32 VW 5 $A02 20004t 25 ZolE
g, FEtER, sl=gtoly, A EE, gojdx, ERT EY,
AuiAH, Arie e tFst 2heat UPgiEel &8star
Jow F)Ae-S g ANt EIjlel M T,
ol= 318 LAlghs olfrot o] AEAf v 88
w717k stAlel] tl-g-3at7] flgtelth. 71Ee] AsA; A
§ ANEAAE HEHY Je g3 EFE e zagd
(PP) FAIE A EFAANE A Al Ao T/
of wt i 30%2] 7 FsE 7hsste] ARl =8-S
= 7 A3 b AR AS HlFo] wol HA A
2 A2 Yt

AFs 2 WAAAE AR A83t7] Qs 1,
= 3 F7 BA 28 7AIA B4 24, b, Bs
4 T3 i 251 (flow mark)e} 2 AEAEE &
Foll TS = F Ue IBA, AF AR T WA 282
TAo] 7t Ao Ak Fo 54 B REAIACL o
o} AgsA = e 9lat F-4-E(maleic anhydride, MAH)®]
Y ZEF PP-g-MAH/} 485 PP/BF £l thet 7]
o] A+ A3 BFe| ol wet 1%, 23542 /A
AR FAEARNE A FFE T 22 ¢ T UV
o|9} 72 FAEA Aste}l I BF 7R At 554
FA 282 IA) ¥4 5o PP/BF 3412 Aex} WA
& AR A8s] flEl sidslof & Aol

A 71AA B4 NAE S8 HS420 PPet AEE o
FE3hsle] FAE Yehle BFY] 4840l tigk weirr 2
ot} Z2]-&d ¥ (polyolefine, PO)YNF E-&x9] A 3
58S A717] Qs A7t AQEAL 0 olE T
012t F-4=E-(maleic anhydride, MAH)S =%]3H= WHH o)
Hol ATH AT Jang#t Kime'? PP-g-MAH”} &
ZRAAMAER 0 AWAY ol a7ARl Aog &
FaL, AEZ 02 g i¥] PP-g-MAHS] k] 3 wi%
o 53A1] A=) 1Y Eo] HAAE YER

g Busich. B A0 A Aaste]” olshy
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135/3E Jang} Kime]? 174 7eh AA| AW PPINF
Bat)e] 4832 PP-g¢-MAHZ} ARSE W] FAEAQ] 7))
Agake vt 23E BoAFint aEAke] SA5AS N
A7) 918k e Wo g IRA FARYAE AL
$kom, PONF 53H41¢] A% 54574 7IAds 918 EPR
(ethylene propylene rubber), EPDM(ethylene propylene diene
monomer), SEBS(styrene ethylene butadiene styrene) 52
JFA FARAE A&ee A7 Bol FRHATP
T3 DR doAH o] E F5FAI(EVA), dlEdlelgol=
deo|E FFA(EEA) 52 183 d7E%E FhHUL,
53] Cai 5" PP/BF E3HAo] MAHZ Z2jZEH ozl
-2-8l 5 Z 2] ¥ (ethylene-octene copolymer, EOC), (EOC-g-
MAHY} AHEE o] A&7 & F08 Frtele A94E
HofFQAh, spAIRE, o] AdE =3 AFEa WS 53
Aol HAE WFATIA Kk FELRE, & AFA =
EORS FHREIAZE AH&38HA, EOR-g-MAH®} PP-g-MAH
£ AR FAlol A&sle A5 T8kt stk

tHC 2 PP/BF E59HA19] A A 24| 59 a4 et
2S935 FAIUEF (NaOH) -89S ©]8-3 BFe| &
7] Ao tig A5 FAsAtt 718 Ardt A
Ao e AR 5 gadel g% sle R RIS
3, @7k ARlE e glad 5o AAL A B4
o] FAIAE et e ATE0] Bol MgEo] ghrp >
Oh 527 Az Af7F FAsEF R Aejd o 5%
Aol &A1, TA5E 2EaL e St 2554
I PR 23]y Faske AAE AR ol
W] AP AfaEne] Eees siekEdo] Al AR A
W 58S WA AU JREES e AAE
Argsiith vIE &7k Art A5 249 s TEA L
712 s AlfrAlElel el AAdfrell E3E o] e §
nAER o2 2l Fo] AAFCREM AFsA WA &
AfeM AR FarEe A EAIE AT 9
7] wZel Fagk Aolgt & < AUrk. wWEpA] 2 AFolA
© FBPEFS] =9 AATHE HsAA S AER
20t 2ladE AAsE HA e 215 AAskar, A2
A5 o]&ste] Az PP/BF H3A|0] £4 52 B7st
34 sk,

d

M2 ¥ S8 M=, PP 71AY B4 384 MAS
EX 07 33} QIFEA 0] 43l AfE?l teisky
A(F)e CB5290(melt index(MI)=100 g/10 min)# 245
o] -3 SKF3t3}ste] BX3800(MI=30 g/10 min)S &3
ARESISITE ARk o2 S EAS BAFRE R o] 9]
3, BARpo] e F AEAPT 50/50 E3E ) EAFEE
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Table 1. Melt Index and Mechanical Properties of PP/BF
Composites with Various PP Ratios

a b c
CB/BX (g/ll(\)/[r]nin) (l\ljlia) (hﬁ%a) (JI/?n)
100/0 375 294 15.0 38.7

55/45 259 211 9.6 487

50/50 253 19.8 1.9 452

45/55 233 18.1 122 456

0/100 16.8 211 12.9 86.2

“FS: Flexural strength. "TS: Tensile strength. °IS: Impact strength.

10°

CB/BX = 100/0 (Wt%)
CBI/BX = 55/45 (Wt%)
CB/BX = 50/50 (Wt%)
CBI/BX = 45/55 (Wt%)
CB/BX = 0/100 (Wt%)
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Figure 1. Complex viscosity of PP/BF composites.

T7F 7P & AS=E o EF] o] CB5290(CB)F BX3800(BX)
o] 45/55, 50/50, 55/45 B]&E E5H¥ PP/BF E3HA1S A%
sl 71414 B4 57931 Table 19 A2ttt CB/BX
o] H|7} 55/4591 7% A= Astrt A vERY A9l st
RN, 45/559F 50/509] A 71AIA B0l Akt 2 A}
o] UAIRF Figure 19] &FFE} MI 7k, & S84S L
H3te] 50/502 PP 3|2 AASIATH ALY A
4 ol9lo| BFe} 7o F3H](aspect ratio)s 7= A&
7t 7P o AEEe] FEHP S o8 ¢ e wiEely
frozen-in strain 5°] 7o) FEEo]of 3t} 71E ZPAE o]
43] YR CB/BX H&¥E ZEo] d3dvd Agds A
Fr ool & ZpolE HolA] ko), o)== EEE o
st AFom AEAY T4 BAE Y

A AA AR A, 53] EolEd 2

<]

Jot

- I
ogh

o 7
[ﬂ

2

WA = Qo] AET|E o] &3 F1EQ A
5 olof gk Age 1Yt Aot}

BF= @Al Sa7dellx] Akt AFS A7E= &
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Figure 2. Mechanical properties and sheet pictures of PP/BF com-
posites with different fiber lengths.

& Bl A71E & Ak mERA 500 pm W] ¥H] BFE ©]
gato] Aol wE A5 2793, Figure 291 20|
200 um¥ ® 71A1H B0 FHHoE HHOF YeR} BF
7ol 200 pmz LA AT

EOR< Dow Chemical CO. LTD2] Engage8401(MI=30 g/
10 min)& AFE-3FR 3L, 834 (coupling agent, CA)Q! PP-
gMAHE Zt|3}8te] CM1120HS AHE-3192H, EOR-g-
MAHZ ZH|sletol|A] 7 Z21 AlF-S Aol A3l
t}. EPRS F548-f3l8ke] KEP-070, SEBSE= Shell®] Kraton
G1650 A3t 71EF H7HAIQ] &=, 2P|, tid
WAA], UV QPEA], W2 XA, color MB 5-2 71&¢] 2}
2 WAE 02 ARSShe AlES AR ZTEH Al
ol FUgh wigho 2 ARSSIGATE A Az ARSE &
A 5= 80 °CAlA 2417 B FF B0l A3t A}
sllom, o]&U=7](HF-HIA, BA-11, L/D=36)2 ©|-&3}
Azttt BFe] &8l 52 st 7k 25 7S
o] ALAFE ulgo B rho]&w 7]F 0 F 210 °CE AR
slgom, 235 HEEE 100 rpmeE A3k A
3}A| gS 5 phr(parts per hundred resins)=, BF2] &3
6 phr= 314 ste] HAE A zsI3dt.

E£3. 47lE](NaOH) #2]¥ BFe] 31z 3212 93|
2 2] 55371 (FTIR, Perkin Elmer, Spectrum 1000)7} AR&-5]
AL, A A FAdlE EFHEA71I(TGA, TA instrument
TGA Q50)7} o] &5 1th TGAE A-29llA 800 °C7HA] <&
%% 10°C/minZ FA2E$]7] slolA] SA AT A7
o} 7% S = WFsAIE 7] (Hounsfield, H10KS, =)
7} ol &E e, 1 mm T2 AHE QA EL 5 mm/min
2, ZHAES I mm/min® 2 SA3ATh 44 EE ot
ZE FAXNEZI(AHNY C&T, eH)E o831 2 mm F71<]
Al =215 = O SAEISITE IIAIE & Tde] §
HE 7&317] $18] SEM(Tescan Mira3)yS ©]-83I0.2.H, A]
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o] AubaS F18Fso](gold sputter coating) 25 kVe] 715
AggellM =it 717414 B4 58S g Al 190°C
718 Z# A (hot press)E o83t AR oM, 7AH &
e 7F AlEE 53] AAlste] gt ks ARSIt Ba
% (complex viscosity)oll= 52578 7] (Anton PaarA}2]
MCR 3017} AFEEIQ O, straine A Hedo] fAE =
20%, FIE 0.01~100 Hz8] 27102 190 °Collx] S35}
Atk A7 25 mm2] parallel plateS ARg-sle] 23S =385}
Rom, Al HEL 190°Ce] M ZHY 2E o]§-3te] A=ttt
frisks 540 gk A3 RS Qs 2 AR 33 A
AlSHATE B3AE 25x25x1 mm A|ALE THE F SEO A}
9] phoenix HEFZF 58715 ol&3dle] E& Hol=d § 3%
59 715 S48kl FASAT

2t ¥ EE

OlEa-sH 3SEH et 42sH M0 e 4. PP/
BF 53A¢] 84 & A77F 8k SA5A3 NS sl
4 EPR, SEBS ¥ EOR %5 THRJAZ 483 PP/
BF 5§A¢] $454< Figure 3] JePAITH EORS &
35t B3HA|e] FHEA ] 7P & Zo= s, o]F A
oA 1F-2] FFE EORE 3y ate] 713gat9iet.

Figure 4= 483142 EOR-g-MAH7} 2-8% PP/BF &3t
Aol 71A1A &< EOR ol w} Ve 1ejjazolo). Q1
Adwel F37re] 749 EORS] & S/l weh &% 7
ashs AFS e 9o, $A549 A= S718t
o7t 20 phr oVdolXe dANA = HFS BofF0] EORS
g2 20 phr2 IABISITE T4 540] S7ske Al A
o] R7Fa el ofgt Ao|ar, 1oy w3 50| Tadle
AL EOR H= EOR-g-MAH7} PP} BF Alolo] AW H=}
< WeEllsh] Wi ® A58 < U

AF7A 8] AEAIE nEeZ CB/BX HlE- 50/50, BF
= 6phr, 3834 5phr, Z8]3 EORS 20 phrZ2 I A 1L
73-83A1e] FFet BF 471 Aol e E48 s
3l Table 22] A0 E EIAS A XL

A )

oX
)
‘@

M

200

Impact strength (J/m)

Type of Rubber

Figure 3. Impact strengths of PP/BF composites with various rub-
ber types.

70
—&— FS: Flexural strength(MPa)
—O— TS : Tensile strength(MPa)
60 - —w— IS : Impact strength(J/m)
50 » -
s
40
30 F
20
10 + O\Q\‘Q\D—/’/O
0 L L L L L
0 14 18 20 23
Contents of EOR

Figure 4. Mechanical properties of PP/BF composite as a function
of EOR content.

742 &5 W PP/BE a8 7144 E42 Figure
5ol VERISITh EOR-g-MAHE 488115 AHE8 735 PP-
g MAHE 488 3900t 3245490 glolie AN ase
den) 3 ok, g3 FHEYS Paske 2L Bl

g 2
EOR 3= EOR-g-MAH”} PP} BF Ale]e] A 52t FUT}. ¥HHol|, PP-g-MAH7} A-8-% 73-9+= PP} BF9] 7
P FEAE TR Els] 918 PP-g¢-MAHZ} & A H&o] S7kste] A=l 5= /A1 E Y, EOR
Table 2. Compositions of the Materials for PP/BF Composites (unit: g)
Samples CB/BX Talc EOR BF mEOR/mPP Other”
PP/BF-mEOR 36/36 8 20 6 5/0 1.65
PP/BF-mPP” 36/36 8 20 6 5/0 1.65
PP/BF-mEOR/mPP 36/36 8 20 6 2.52.5 1.65
PP/tBF-mEOR 36/36 8 20 6 5/0 1.65

Total Base (100 g)

“EOR-g-MAH. "PP-g-MAH. ‘BF treated by 15 wt% NaOH solution. “Antioxidant, UV stabilizer, antistic agent, anti-streching agent, color M/B.

Zay, Al408 A43, 2016\
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I FS : Flexural strength(MPa)
[ TS : Tensile strength(MPa)
I IS : Impact strength(J/m)

60

50
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0

PP/BF-mEOR PP/BF-mPP PP/BF-mEOR/mPP

Figure 5. Mechanical properties of PP/BF composite with different
compatibilizer types.

Figure 6. SEM photos of PP/BF composites with EOR-g-MAH (a);
EOR/EOR-g-MAH (b); EOR/PP-g-MAH (c); EOR/EOR-g-MAH/
PP-g-MAH (d).

3} BF Atol9] 842 2318 #|8t=7] wZell EORl €]
g 54 BRI HolA= Z o= sME. F FR7]
&3HA7F 742} BFell thgk PPeF EOR®] AW 4212 7HAd38h
£ Aol 2etslo] EOR-g-MAHS} PP-g-MAH7| &3+ ARS-E
PP/BF 53HA|9] 71A1A &4 5783t Figure 59 Yehd
AT T FFE &SV = ARE A 1, == 2
2|3l $74 EXJ°] EOR-g-MAHS} PP-g-MAHE T502 A}
S8 EARHT 2 2S ERIT 5 AUk A2} BF A
ole] A 54 1S 8l A E F i s &
&kt st

Figure 6 EOR 2|-& &% Z18]3L 834 S/l wE
BalA o] <1gAd 5wkl thk SEM Aot} ARe3t
A= EOR-g-MAH7} A8 H3A1 Figure 6(a)} (b) E
th= PP-g-MAH7} 285 E3A< Figure 6(c)e} (d)2] 7
7t Ml ER] 29} BF Alo|o] AW Hzho] a3k HoFal

10° |+ . o

EOR(0) y
EOR(14)
EOR(18)
EOR(20)
EOR(23)

Complex Viscosity (Pa*s)

L= el J

102 . i .
102 10 10° 10' 102
Angular Frequency (1/s)

Figure 7. Complex viscosity of PP/BF composites as a function of
EOR contents.

ATE =3 PP-g-MAHZF =522 AM-E 7d-9-(Figure 6(c))
HUE F 357 887 £ AR-E Figure 6(d)2] 7%
njEg 20} BF Ato]o] 840l & dudhs & 5 A,
o] Figure 59 25435} A5 Q] Sl tgh Ao
2t & 4 Sl

EOR#} 2+ LA S3A|9] 735 PP/BF E9HA19] 8§
AEE F7THA 5349 7HHEE8)] 98 & + 3
T} EOR®| H7pol| 2 &8 =9 F71 BEE AvE7)
98 EOR $hhd =z B4dw2S 24351 Figure 70| YFER
ATh FIF7E e PollA= EORo] W BAHE
7F & o2 FTIANE FuTE w2 F9elAl= EOR9
A7t 571 PP/BF EA| o] B4t re] & 9 FA &
2 H9FIL Ut PPol= @8] EORY 79 A-53)
(shear thinning) 7o) =LA Ve AGEE(Fayt 2
FAoM = §§ F=rt TA e |t oy AE
I & EA 7 Al 7RE71719] 235 pmell QJEiA #
AEE Al S5A 9] AdEEe JHHOE 22 o]
7] WiZol]l EORS] 7t M 5= & zel7t 9l
Ao = o et

BFe| MSIEE 89 2| o A= AE=Z
ez AER o~ Bad o8 FAFo] =], 3
[ AERZ QY gladoe] WA gsl 55 dole AL
2 dEA o] ol A AAE A sk Aol ik
AFEo] Ay o] Yt} o]E 71E9] AFE AW A
o] THUY 4 Toll wgh Aol nxle JFg 727] b=
A Yehe A8 BTN, ¥R Uehve 542
S8R S7h &3t 2 HA] A, A 57 522 9ok
o] Xit}. PP/BF EAI7F AsAt A& A= 28
=7] SEiME 71A1A S48 SAle] WA Sl gk ezt
ot b 2 A7 A% NaOH &9 e A TA|

Polymer(Korea), Vol. 40, No. 4, 2016
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7 E adst e AEZ 20 A A F&3 EA 1
e e @33t} Figure 82 318kx]2] 2159] BF A|

B9 gk FTIR =¥ EH-S VeIt 848 x2] 43 3
nAZE 92 COOHE 7HE7)(C=0)2] A&2%F ]=9]
1737 em’!, Bl2d9] Wk C=C 91321 1601 em’!, 2l d}
B ASE 020 C-0 A I|=2] 1248 cm oM 2] 747}
1= AT

AT 1AZEe 2 g 31aL NaOH =0l 12 FTIR
2 E & (Figure 8(a))ollA HAE s A ek 15 wi%
FroA n-AERE 021737 em)E A AAHE v
211601 cm™)e] A5 FA°] A= Fashy "ol e
Ag BRI o Blade] 79 AT o A
2 AdEY g A WAl Sle Aoz It vk,
59k &2 Figure 8(b)o] A&l that A2|rZte] 9
2 vlElEkA et

Figure 9= 3}3tx]2] 52 BF7} 2-8-% PP/BF &3]
=} o 1l O - =Z]l=]
7IAA EA4E UER Aot} #3459 7= SV
@ — &
—————— Treated by 10wt% NaOH
—, (i Treated by 15wt% NaOH
Hemicellulose —.—.—.—  Treated by 25wt% NaOH
Lignin
@ A
é /CL/ "t\ Lignin and Hemicelluluse;{
£ ~ \A A
2 A b, 4
a '/ ’r .
< y 4 ! \ \
4 \
B 5 S \!
v NR "_:\ b~ |
// ; .‘\ ¥ ¥ \
~ 1} \}
4 S WA
Z "\
Z
T T T T
1800 1600 1400 1200 1000 800
Wave number (cm™")
(b) — °BF
Treated by 25wt% NaOH-1h
o m————— Treated by 25wt% NaOH-3h
Hemicellulose —.—..—..  Treated by 25wt% NaOH-5h
—_——— Treated by 25wt% NaOH-24h
Lignin
8 Lignin and Hemicellulose
: v
£
[=3
173
Kol
<C :
v
= vm em e = \\
A A AT A 4
-~
I/C N \\
A N
v
T T T T
1800 1600 1400 1200 1000 800

Wave number (cm™')

Figure 8. FTIR spectra of treated BF as a function of NaOH con-
centration (a); treated time (b).
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7AES VEpY, T4 EAEe heke AEe W
ERfSith. dubd o2 BFE ¥vlel AElshd i< FA7t
A2817) Wil (Figure 10) 22 ] BF7} £302 of 53}
A A 53A W] BF] 7t iAo R ol nits
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