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E8: o]&&7](twin screw extruder)E ©]-g-3le] T = Za| oD (high density polyethylene, HDPE)/& =34
nlo] A2 (thermally expandable microcapsule, EMC) &332} HDPE/EMC/Kenaf S-3A1E AZ=3FT). o5
£719] 23%F &% (rpm), EMC &%, 18|32 ¢&7] tho] %0 ©tE& HDPE/EMC H53A 9] HEAFTE 4
o], 40 rpm, 5 wt% 3L 160 °CE 7 wrxzx7do® MAsict A4E W 2704 HDPE/EMC/Kenaf £}
Aol TxAFT % BAFL Hrisidoer, B3 Azl o8 Kenaf A2 Zol= 1, 3, 5 mmZ 23tk &
gk HDPE®} Kenaf®] EsMdel] & x| e] EAS vlwsly| 9@ E3A= PE-g-MAHE ARS-3FATE E3HA1€]
GHEA LS ARFAFE & FEA71(DSC)9 EFFEA7ITGA)S 833, A2 5= 2 Hele u
ERA] sttt BaAle] Z1A1A B4, BF, & 34 A3 Kenaf Ao o2 20 wt% HIRE ko] Addhs
IRISHAL, HFZ SEMS o8& Il 132 9] A3} A& 28 ofFo| gl BEATF & jolg B
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Abstract: High density polyethylene (HDPE)/themally expandable microcapsule (EMC) and HDPE/EMC/Kenaf com-
posites were fabricated by a twin screw extruder. Based on the foaming behavior of HDPE/EMC composites with screw
rpm, content of EMC and die temperature, the optimum foaming conditions were selected 40 rpm, 5 wt%, and 160 °C.
Foaming behavior and physical properties of HDPE/Kenaf/EMC composites were evaluated at the selected foaming con-
ditions and the length of Kenaf fiber was controlled at 1, 3, and 5 mm. PE-g-maleic anhydride (MAH) was also used
to increase compatibility between HDPE and Kenaf as a compatibilizer. Thermal properties of HDPE/EMC and HDPE/
Kenaf/EMC composites were investigated by DSC and TGA, and there was no district change in thermal properties. It
was checked that the applicable EMC content was below 20 wt% from the results of mechanical properties, specific grav-
ity, and water uptake of HDPE/Kenaf/EMC composites. The effect of the compatibilizer on foaming behavior was con-
firmed by cell structure measured by SEM. The rheological properties of the composites were investigated by dynamic
rheometer. The complex viscosity and shear thinning effect of the composites increased with Kenaf contents and the effect
was obvious in case of the composites with the compatibilizer.
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T= A AYHA ok Aotk w2 =2eM e

HDPEEMC H53AHE o|FU4E715 ol&3atd, BX H|5&
o] &3le] tho|(die) 2%, 2~=F rpm, EMC % 5ol tjgt

A zAS XAAs, AAHE 274 HDPE/Kenaf/ EMC
E3AE Kenaf H-2] 2ol shaks WISIA|A Alzstar &
IAE D EGS Hrkste] dHAAE szt sk
53| PE-¢-MAHE 832 A8 A dxAT 2D =49

stE asin.
M

Mz Y S8t M=, HDPE= 394 -3Hske] J-2200
(Mi=5 /10 min)S AHE-3t 3L, I FA mlo| A2 <&
(thermally expandable microcapsule, EMC)S wl2E{ujx] &
E| = Expancer}e] EVA $Hdo] 65%+191 980 MB 1203 Al
L3t 48342 HE 1700~4500 cPZS ZHE Sigma-
AldrichA}e] 2 Qlake] 2| ZEH Z2 o Y@l (PE-g-
MAH) A&& AR5t EMCE ¥ §5= HDPE= ©1%
Y=71(FFHIA, BA-1DE ©]&ale] 20/ S5, 4E2s
Z W3, L/D=40 cm/11 mme] T}o]Z o]&sle] x5}
Atk T3 EMCES ¥3Fsl= HDPE/Kenaf 23H4= Kenaf®]
skakat Af-20lo) wet 40 rpm, 160/170/160/150/140/140 °C
o] AN AZ3INCH | PE-g-MAHS] TS 1, 3, 5wt%
HEF AYS AL, B8-S st 3wit%=E IS}
21T}, HDPE/(a)-Kenaf(b)-EMC(c)-CA(d)E E-3HA| 2] A5
S FABIA L a= Kenaf 47-2] 4o], b= Kenaf®] ¥, ¢
= EMCY] 3, d= A83siAe] ke JEeRdThH

Polymer(Korea), Vol. 39, No. 4, 2015



574 SEPR

HAE - A

&3, g4 54 340 A8 DSC= TA instrument DSC
Q202 42 = 9| 50~250°CollA] heat/cool/heat modeS
o[§eL, S B W7k S 10 °C/mine 2 A3lo] N,
9718l A BA41819H. TGAE TA instrument TGA Q50
< o831 800°C 7HA] $-2 &= 10 °C/minSE A8l
N, 91718l A S8 6150tk §-87delolx o] eHdEx Ea
H X (complex viscosity) S92 fl8l AMES E8-FHSA 7]
= Anton ParrA}¢] MCR 3012 A}8-3}4] strain strain
sweep A APHE o] KA == 20%, T (frequency)
£ 0.01~100 Hz9] A2 = 190°ClA =4 &3tk 273
25mm®] parallel plateE A3t AEE Fas o™, Al
He 170 °Co] 7FEZ| 2E o]gale] Attt FHEH
400 tigh A 18 fl8l 7 AR T Y AAst
R, T Ao AxE F A 13] FUHE AAESIT A
E20 25 v FH3tal 3= Kenafd] 735 &gl =
o H3A] FrE(WAYS Sex7d0lA ARl wat 57
H3E SAste] A (D2 ARtsIATh?

W(t)-Ww,
— %100 1)

0

WA(t) =
W) = AZ32] AR FA|, W,=x7] Al8e] FA

= YA 7] (Hounsfield, HIOKS, 9)& °]&
3] 1 mm FA2 AlES £% 5 mm/minZE S50, A
o M gl S dotry] flste] FAPIAFER A (Tescan
Mira3, scanning electron microscope, SEM-EDS)S ©]-8-51%]
ot SEM Al 59| AwH-S 43k (gold sputter coating)
25kVe] 75t R At WA 8] H|FS water
displacement method&'® ©]-§-3}] ZA43FATH

HDPE/EMCS| &t& =4 ¥ §
I FL thololae] &9} 9F =
UHA Uk F, 23F rpmy PEwo FA G W
7] witol] -4 HDPE/EMCS] ¥&%9} 2357 rpmol o
g YIS aFsle] HA e vhg 2718 2 stk EMC
3 5 wiv, 235 pm 50 7104 HDPE/EMC 2HEA| 9]
H|5-S tho] 2% we} Figure 10 YERAATE

tho] LW B]F =H A} 150~160 °C 23] olA FZ 9]

[o

o A TEAR] HEAFTLE 88782 (melt strength)ll

F TS B, HH o 854S K= AeE dEA A

t}18 o]9} 7k ggE e o] F IS W] ufitdl]
E A

Zan, #3948 A43, 20153

-2 tho] &% 150, 160 °CollA EMCE] §hHaFat ==
pme] S Tetatr] 98l 7 2ol ik Ads
8)3ted, Figure 201 LYERHSITE.

T2 ZelA 40rpmd W 7P SR WIS YERRL
, 53] 160°ColA 9] vF vt FEHES & 4 U9
0 ripme 71522, 71 °|3k9] rpme] A AFAIZHo]
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A7) Wil LA o] HlFo] =2 o= AT 5 9
o} WA 40 rpm o] ZAoNAM = AFAIZre] UF Fol
EMC7} 53] E3=A] £33 sAlol ti71s ez s
g uf BA e FES AHES TR B wwol
H|Zo] A Yehs Zo& siiE 4= k. th2& 160 °C
of|A] et Wk o] g Wsle] wE WE HFE Swi%
o wf Ao A5 e EMCe] Eigo] i wo
W ZESE vt o]Fofx|R] Falar, WA e Fhge] |-
F2 9ol BEA B9 FA7L Al 23] W v
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Figure 1. Specific gravity of HDPE/EMC composites with extru-
sion temperature.
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Figure 2. Specific gravity of HDPE/EMC composites with screw
rpm and EMC contents.
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Figure 3. SEM images of HDPE/EMC composites: (a) 1 wt%; (b)
5 wt%; (c) 9 wt% of EMC.

o] FoA7] WjF o2 A& 4 93, Figure 39 1, 5,
9 wt% EMC gl thdt SEM ARS YERIT

SEM A¥= 1 wi%d wf AHo] WaE7} o] Roj2) 2] Lo,
9 wi%2] 7J-g-oll= & Ate]=e] 7]l Kol AE g1
4 AUt

HDPE/EMC 53A|¢] 727 8 2 AsE
7k, 160 °C, 40 rpm, 5 wt%ellA] A e] W w53 Al £z
= UeplE 3S & A8k

TGAE ©o]&3dt 8§25, AYsler, gy, #8les 5
S =431, Z7= Table 13} Figure 40 YERAATE #3)
2L Swi% FAEEE 7IEoE siith

AATS ALt BE A5 1] HDPESH 534

Table 1. Thermal Properties of HDPE/EMC Composites

T, AH, Tm AH, Ty
0 (/g (0) (@) 0

HDPE 117.1 2299 1319 2352 4320
HDPE/EMC1 117.2 2299 131.9 2352  429.7
HDPE/EMC3 117.6 2245 1319 2245 4247
HDPE/EMC5 117.6 2438 132.0  227.7 4240
HDPE/EMC7 117.5 2424 131.6 2274 4219
HDPE/EMC9 117.6 2577 1315 241.0 4094

100

8o
s 60f
:

2 40— o
— — —  HDPE+EMC 1wt%
————  HDPE+EMC 3wt%
20} ———-m- HDPE+EMC 5wt%
< HDPE4EMC Twt%
————— —  HDPE+EMC 9wt% L
0 . .

0 200 400 600 800

Temperature(C)

Figure 4. TGA curves of HDPE/EMC composites.
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7F & ApolE HolA] %58 1T + UL, o]= HDPE/
EMCE ¥k 22 AF020] 7R Al 727> HDPE
o} 2 zjo|7} Q1S Ao w Foken) thwt HDPE/EMC 23t
Aol 739 200 °C F-ZoA] A £48 HAFA U=, o]
= EMCE] &zo] ot FA &4 o8] Yehde Aol

HDPE/KenafEMC SgfHe| Wz I S4. ov] 43 2
3} Kenaf®] o] 20 wt% Z3=o] FY=H, =4 A3t
A vepH, 53] TGAd ot Ftg/de] Asirt A
Uel}7] wjio HDPE/Kenaf/EMC E3k4|¢] Kenaf &&-&
Hd 20 wt%= 3t AFS F&YsISA

4 DSCE ©]83 €457 HDPE/Kenal/EMC &34
o] HrtA} &§25E HDPES & 0|2 Holx| ¢gte
U, &-gelev|el Ral 2= Kenaf 3Hko] 27182 7h4a
e AT BT, ¥ Asere STk 4
S YERHATE. Table 29} Figure 59 o5 F4EAS 3
glato] LRSIt HDPES] M52 ARstAEH vlud
HDPE/Kenaf/EMC2] AA3} =7} F715k= A2 Kenaf 44
frEol B¢ A= 2Hgste] A gl Fetoz
A3t 257t F7Fhs A= o SEnt

Figure 6& HDPE/Kenaf/EMC 239 TGA 23S Ye}
A Ao|t}. Kenaf 42 €t do] oz dAlshr]
ool Kenaf &Heo] S7FerE deg/do] fashes 43
S YeR L 97, o]+ Kenaf gHgol tigt 71EXE AA| st
= Aojth

The-& HDPE/Kenaf/EMC E3HA|A] Kenaf Al Zole} A
S5 A7 HEAFT D B vX = dTFS 2FIAT
Figure 791 HDPE/Kenaf/EMC E-34¢] Aol 2 A3}
Al Hgoffo] w2 v u)F HWals YeRlt)

Kenaf 43 Zolo] wp& warz)e] ujFe 2 z}o]7} gl
O}, A sHol 20 wi%e?! g0l A L] HFo] &
Zo= IUtele S ¢ 4 UAEH, o= Kenafe] o]

12
— HDPEEMCO
PR HDPE EMC5 ~
0F HDPE/1-KenafS/EMCO/CA3 7Y
—..—.—.  HDPE/3-KenafS/EMCO/CA3 o
— — — - HDPE/-KenafS/EMCS/CA3  /; \' 1
8 — — — — HDPE/3Kenaf5/EMC5/CA3 /. N

Heat flow(W/g)

2 . . . .
100 105 110 115 120 125

Temperature(C)

Figure 5. DSC curves of HDPE/Kenat/EMC composites.

Polymer(Korea), Vol. 39, No. 4, 2015



576 ol - AXE - At - A7

- A9

Table 2. Thermal and Mechanical Properties of HDPE/Kenaf/EMC Composites

Sample Tn AH,, Ty Tensile Elongation at Impact strength
P (°C) J/g) °C) strength(MPa) break(%) (kgf'cm/cm)
HDPE 131.9 2352 432.0 7.4 344 10.0
HDPE/EMCS5 131.6 242.4 424.0 43 10.0 17.0
HDPE/1-Kenaf5/EMC5-CA3 131.5 171.9 364.9 10.0 53 10.3
HDPE/1-Kenaf10/EMC5-CA3 131.5 177.9 322.1 15.9 5.4 133
HDPE/1-Kenaf20/EMC5-CA3 131.6 172.1 342.6 14.3 6.9 22.8
HDPE/3-Kenat5/EMC5-CA3 131.4 180.3 350.6 9.4 6.2 17.8
HDPE/3-Kenaf10/EMC5-CA3 131.2 126.2 3504 15.5 5.8 16.0
HDPE/3-Kenaf20/EMC5-CA3 131.4 120.3 300.4 13.8 53 16.1
HDPE/5-Kenat5/EMC5-CA3 131.2 220.3 400.0 9.1 5.0 9.1
HDPE/5-Kenaf10/EMC5-CA3 1314 186.7 338.9 9.1 44 10.1
HDPE/5-Kenaf20/EMC5-CA3 131.2 146.8 300.4 14.1 33 12.4
HDPE/3-Kenaf5/EMC5-CAQ 132.3 219.5 360.3 13.6 6.7 5.5
HDPE/3-Kenaf10/EMC5-CA0 1323 199.4 330.6 13.0 6.5 3.1
HDPE/3-Kenaf20/EMC5-CAOQ 132.0 1352 306.2 12.3 2.4 3.6
100 0.95
v ® HDPE/KenafS/EMC5/CA3
0.90 F v HDPE/Kenaf10/EMC5/CA3
v HDPE/Kenaf1 0/EMC5/CAQ
80 085 | . B HDPE/Kenaf20/EMC5/CA3
»
-‘E 0.80
£ 60 g
= o
5 L 075
2 S -
2 40 2 070} M
w
. fonat 0.65 | .
20 - - HDPE EM(eZnSa .
T P Kena0ENCSCRS 060 f o
—— o — HDPE/3-Kenaf-10/EMC5/CA0 v
————— HDPE/3-Kenaf-20/EMC5/CA3 _— 0.55 1 L L 1 L
0 == ==
0 200 400 600 800 0 1 2 3 4 3 6
Length(mm)

Temperature(C)

Figure 6. TGA curves of HDPE/Kenaf/EMC composites.
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£ WEA|S) 1)F A3IE AR Kenaf Fo| 5, 10 W%

T =2

Q1 Aol 13~39%2] HF #4a T3 yehues RS 821
g AU} LA AEA] Bl Fo] Hadh= 21> HDPE
¢} Kenaf Alo]9] AlHH 2 o] Z=713}ed, Kenaf’} HDPES}
o] 8§ = o] Kenafe] EMC 3ol thgl wlsl] 2kg-o]

N

FAEh7] wliEoz s Ed)

Kenaf 42} o] AEEQAE Hshe 74 AEeE
7HEAl S50 ot AE EEFo] Wol| wAST whetbA
HDPE/Kenaf/EMC £-3A|9] A7k & s8-8 5785
A% 34 Tl 7% A52 &8 a7} vk Figure

d
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Figure 7. Specitic gravity of HDPE/Kenaf /EMC composites.

> 16 B9t AJ7kol| whE HDPE/Kenaf/ EMC =34 ¢] &
& WskE YErd Zlojth

H|=/9 A1 HDPE®] 739 & W3t A9 gle
WA, Kenaf®] o] S7HE4E g ®ishs 34 vEl
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6
® HDPE
¥ HDPE/3-KenafEMCS/CAQ ™
5 ’ HDPE/3-Kenaf10/EMCS/CAO0 o
W HDPE/3-Kenaf20/EMCS/CAO0
v HDPE/3-KenafSyEMCS/CA3
<> HDPE/3-Kenaf10/EMCS/CA3 [
? 4 [0 HDPE/3-Kenaf20/EMCS5/CA3 "]
2 o
k3 [m] [m]
s 3
s [ ]
=
g, o
s 3 ¥ v
<& v
1 <&
9 v 7
0 * L ] L ] ®
2 4 6 8 10 12 14 16 18

Day
Figure 8. Water uptake of HDPE/Kenaf/EMC composites.

o] Z71gl Wl F7kshs v 28-S asle AES U
ERfiic). 2831471 2-8% HDPE/Kenaf/EMC £34¢] <1
Aol Alge] 9= A8 A ARt & AolE YERiA
SEUTE. H3F Kenaf 437 Aololl tigh 1 S0l & 4
HAAAE HolA| LUt} Kenaf A-72] Zol7t 1, 3mmd o
ok o] $470 == HDPES| A =R & g 1ol
W, Adfe] deolzk Smmel A N FEr) eieshe U
BRIt 53] 48sAlE A88hr] HE A8 Fo B9}

A FANE MG 453 58S & 5 Ut o]
= A-831A)7} HDPES}F Kenaf A-5¢] AHEZES =714

7171 wEoltt.

HDPE 2327} 2Fs2H8 WA 5ol 282 o 71 &
A BHEY] Fhiolnt. o]9f e ofE ¥ Eo] A
o2 F2 Kenaf 1#2] #-8°] HDPE LEA o 212 =Y
3L, Figure 99l HDPE/Kenaf /EMC E3A9] B &S UEL
Sibei=

HDPE/Kenaf £ 3| ¢} HDPE/Kenaf/EMCS5 W] L5
HDPE®|| H|a|A] € &) F7tste A g1 4 UTh
HDPE mlE2]2 Uellx] ed&o] %2 Kenaf A7} 8lE
g Hol7] WFo 2 |Ad 9L, o] E= FEsA
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Figure 11. SEM images of HDPE/Kenaf/EMC composites.
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