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Abstract: Wood plastic composites (WPCs) are attracting a lot of interest recently. In this study, wood flour/
polyethylene (PE) composites panels comprised of a coupling agent and nanoclay were prepared by melt—
blending followed by compression molding. Five maleic anhydride grafted polyethylene (MAPE) coupling
agents were tested, and the best choice and its optimum content were determined. The mechanical
properties of the WPCs were measured by UTM, and the thermal properties were measured by TGA,
DMA, DSC, and TMA. Adding just a small amount (1 phr) of organoclay made the tensile and flexural
strength and the crystallinity of the WPC somewhat increase and the storage modulus and dimensional
stability of the WPC largely increase. SEM images showed that the coupling agent drastically improved
wood flour/PE interfacial bonding. Selecting the best coupling agent optimized content and adding a small
amount of organoclay resulted in a high performance wood flour/PE composite.

Keywords: wood flour, high density polyethylene, maleic anhydride grafted polyethylene, organoclay,
composites.
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WEE 248)0] 7FE $55 MAPES A95)7. 9ake HRalelglo
o 23] % WEWPCe] Bl vl 43E 2Aksic
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Mz, £ A%l ARg-¥ PE A8l (HDPE JH-910, U%=0.963
glem®, $FBEAFMED =85 g/10 min)2 SKefdxlely 15t
itk ZR/PE ANAZES] S Aslo] 2 Al AZHAR
AR DERIRSE T e ZeleEEle DupontAle) Fusabond
MB100D(MFI=2 /10 min, GeiFFpE shel=19, Ur=0.06
g/cms), Fusabond MB226DY (MFI=1.5 g/10 min, e -<r5
21 %, 9==0.93 g/cm®) 9} PolyramA}] Bondyram®5108
(MFI=8 /10 min, TeAb4% ab=1%, WE=095 g/em?),
ClariantA+®] PEMA4351 (MFI=3 g/min, Do) 358 S,
AT=0.99 glem?), 18)T FEAR8I8Le] EM—200 (MFI=7.5
/10 min, BeolF5E 3ek1%, WE=096 g/lem’) 07 % 5%
ojrk.

- (lignocel C—120, 23 HA4|, AR471=70~150 pm) J.
Retenmaier & SohneAboll A F9)8F9th. HE (Cloisite 204,
Southern Clay Products Co., USA)+ dimethy!] dehydrogenated
tallow quaternary ammonium s 3718} /jdg 2rgsjo|es
AME-ack

WPC i M= =8/PE/ARE W23 wiEs) 8483
71 (HAAKE Rheomix PolyDrive R600) S AMg3lo] Alz5151c) PE
o] 3R 60 parts, H-2] FRE 40 parts, AZHAL) ke O~
5 parts, §7178E2] RS 0~1 part® slo] WPC S A2kl
o Table 10| WPC #1&2] &4 9 8§88 7lx0$ Aelslod
HERSICE WPC A3E2) o523 WA0P60C3M1 2} o] vehliols
5 o= E&-(wood) & 318R| 40 parts, PE 0] 60 parts, #AZ
A{coupling agent) &} 8] 3 parts, 9718 E (montmorillonite)
o] ghdol 1 part?] WPCE 2u|shch 18 478l islo] H5
& S5E3E] Aol 105 T QB0 1A7F B9t Axrjzict

SEEDY 455 MR dplAdgSs Ax 150 T2 A
Aeoich WA EH-S A3 nE AR-S 48E30l 9l EQ
A7} Pk Wk F98) 8-5EY0] HES o o BRE T

latol TP 62 Bt S5ETHS BHE ALgsle] A B8

Table 1. Composition and Mixing Conditions of WPCs

Eito] H= gink HE FYP] 7o) SHEGARRE &
7VRE L iAE Afels 980 R AAEiont H71HES 1 part
FIhs Aol 239 vherlE 2719 & 947} PE iEE
2 A el 98] BAL Bl BRI 2402 itk &
FERHYL v WPC S8R F94 @ A5 e
oJle] 150 . 1000 psi, 652 & 598l sl 44
- sled did gele] WpC AlEE AAsialc Z1AlE 54 8l <
2 B4E 27487 918 WPC AFEE ASTM

2ol 5 Afgksiol
A
7N 8N &Y. I U F5UE Y2 weAEARY

(UTM, Lioyd LR—30 K, Hampshire, UK) & ol&&l3ic), &4 %
Z(crosshead speed=5 mm/min, 1 kN2} 2= 2) & ASTM D882
Z73o] wle Agsiolnt Sk AEIRE Eol7) A8 B WPC
Aol sl 671] MBS viEe] H4% & Hahd FHalilrk

Qg BN 2ro LUl mhE FEAE FAsl0l WPC AEe
A7 eFdgE S3] Hste]l dFEFEAVI(SDT 2980, TA in—
struments) 2 o}g-38103t Ak&ollA 700 T7HA 7144:% 10 Tmin,
Ny #9712 F48lch

29 7l e WPC &9 $EEAQ 744 5449 wst
S F4s7) flete] TA7IAE EA3EA7I(DMA 2980, TA instru—
ments) & ol &85tk Aol 170 A 719855 5 Clmin, F
¢ | Hz® &788i9ich

WPC MZ9] 8§ A% 2 BAIEE 47| sl AMRAE
AEA7)(DSC 2910, TA instruments) & 0§31t} ARl
200 T7A 71E94E 5 T/min, Ny B71E S48igict. 2bzke)
WPC A& A3 (D= the 4 ol&sle] AXlsisich

x, =2 1000%)

S AHw

o] Aol A = Z42ke] WPCe| G819, Ak = A48k 100%
1 PEY] Gl r=2931 J/@® T2l wiz WPC & Uiy
2] PR 7% ok,

HA7)AA EAREA71(TMA 2910, TA instruments) & ©]-4-3}
o] WPC WZ2] 993 543 34 A5 F9E 2RI N,
F97)E —60~70 T7H] 7145 5 C/min @& £7813ich

I BM WPC AEC] ghdd 3o ofujlE FAbEAE A
(SEM, S—2500C, HITACHL Japan)-< o182l 20 kVE 2}t
%tk SEM ovIlE FARL| el AEe) vhdt BRiE AEFel
ejslo] Fow dAgsialtt.

- Wood Polyethylene  Coupling agent MAPE  Montmorillonite Cloisite 20A Mixing time  Mixing temperature
Sample . ,
{part) {part) {part) (phr) (min) (0)
W40P60 40 60 0 0 15 150
W40P60C2 40 60 2 0 15 150
W40P60C3 40 60 3 0 15 150
W40P60C5 40 60 5 0 15 150
W40P60C3M1 40 60 3 1 30 150
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wE B30 H3lE o5 Qlnk Al 7K WPC AlAEl B 448
TEA] AIF F 2R 2] 9325 $28  Qled o= PEV
2 FelE FFE7] wiEel Fhl2 $83] §-80] dojux] g ¥t
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I 3500l sgele) w2 BEag Vel Z0R A4e 4= gl

v 3 A e § 2E WPC Algleld PEZE o= A% 48
wo] W B o7 PRl 218 B 47 Qlt) 3% A ¥ RS
518171 A1 937k]9] QPaE dellMe] B 3ks B W40P60
o] EA o7t 71 #3 W40P60C3M1 (coupling agent=
Fusabond MB10OD) 2] 2 4lo] 7F¢ & A& & 4= itk W40P60
AAEE AZHA 4 F71HES T8 200k wfEel e 99
o] B3 go] & F WPC AlABIECE Wb 3hs B9l 7108 Azt
& 5= 9)om W40PB0C3M1 9] B glo) 71 & olf 37189
FREES Rk Q] mite] At mobd AnE e 4
Ak

WA40P60 AR 25l PERRS, W40P60C3 (coupling agent=
Fusabond MB100D) AlAEEE A3 HEUAIE PES} 3 931
T OERE FE3] S5ES ¥ HiES Wksllon B dRsz
g EHAEE Haslel] Hsle] i A7 ¥ 6% BRI 468
ke Aslo] F 1587 S-§E75IICE WA0P60C3M1 Al2-ElL-
Y BAAEA 71EES 1 part T3 QloV 2 A71EEY &
FS Ak U EXE 98] PES} B, RV IHES Al Aeel 3%
F 2403 FR8) EReiglon BR-g e Folle v F AlRE
 ERHA 683 TP B 7 Fells B9 30l 29
7t 5728 s3] whiell Al 7B WPC Alglo) B Ao & 74
< HROR B glol wsHA Adsioirt st £-5-830 28l
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72 £ 610 Aok HH T8 QFgslE Bk ohg L 71 A
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Figure 1. Torque changes with mixing time during melt blending
of WPCs.
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afat sglor 11 d5E Figure 3¢ WERISITE Figure 32] dlo)
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Figure 4= AZEZA 9 #714E7 H5&/PE WPC Al2§19] <)
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Figure 2. Tensile and flexural strength of WPCs having different
coupling agents.



AT D AR BR/BGYA B B )AE 9T 127

60: 70
504 I 60
o ©
0. 50 0.
= 40 % } i"‘* %
£ =
=) 1 ! o ©
c 1 c
g 30 c
;’ 1 130 (_w‘7
= 20 1 oo £
& } 3
[ —— =
104 o &
0 - T T 0

[=
o

2 3
Coupling agent content(phr)

Figure 3. Tensile and flexural strength of WPCs with coupling
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Figure 4. Tensile and flexural strength of WPCs showing the
effects of the coupling agent (100D) and organoclay.
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Figure 5. TGA curves of WPCs showing the effects of coupling
agent (100D) and organoclay.
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Figure 6. Storage modulus changes of WPCs with temperature.
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Table 2. T,,, AH; and X, of PE and WPCs

Sample T (T) AHJ/g) X (%)
HDPE 133.32 184.5 63
W40P60 134.62 123 69.9
W40P60C3 135.60 127.7 72.6
W40P60C3M1 135.92 129.9 73.9

Table 3. Thermal Expansion Coefficients and Dimension Changes
of WPCs

Sample o at =30 T ag at 40 T AL*
{(pm/mT) (pm/mT) (%)

W40P60 88.9 129 0.98
W40P60C3 76.1 124 0.81
W40P60C3M1 66.9 81.8 0.73

“Dimnension change between —30 C and 40 C.

Figure 7. SEM images of the impact—fracture surfaces of (a)
W40P60; (b) W40P60C3; () W40P60C3M1.
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FoF AZFEt WA0P60C3M1 2] ZAEET) 718 B8 7os
AEg) ol AT 248 Sie AAmA) o

N o

o

§E

E2H, #3554 A23, 20114

-3

o5

wlE) Zlo 7 AzbEick

WA40P60, W40P60C3 (coupling agent=Fusabond MB100D),
W40P60C3M1 (coupling agent=Fusabond MB100D) AlZ~El<]
GapAARe) 243} Table 3o YR glek WPCel Ad A9l
FE& AZE) 5871(-30 O 2 71340 O %9 =
ol izl RAAT vlolEl g SF3IoH T 2% Alelelre] X
FHEE 378190ck WA0P60C32] A8 X523 4o] W40P60
Hr} §8t A0 7 VR ol #EYA 98 H#/PE A
wAsEo] $3ly] whiel Ao AZhE) fYHES a3
W40P60C3M10] THE 7 572 WPCHI} Aekg/do] &4 b
ERt] 7 o)l 7180 YR iR = o8 oAt
vERAS X5} QP T 5t AldAagEe] gRdEo] 9} T
g Yehd= Ao= A7Ech

SENst, Figure 72 W40P60, W40P60C3 (coupling agent=
Fusabond MB100D), W40P60C3M1 (coupling agent=Fusabond
MBLOOD) AlHe] 34 debag SEMO R @8 Alg Hojay
Ut Figure 7(a) ¥ W40P60S] FAutdw oz B4 2529 18]
et okt A )y 2 ERlEA] R AR BA ol AR
o] BojzIt}. B A ATIAY) XA k& WPC Hwd) 31
2 3 Alolg] okt A3t 7T 88 & 9 $itk Figure
7} (& 22 W40P60C39 W40P60C3M12] SEM ARde.
E A4 & Z2& 39 &5 HogEd] T o T ERY WPCH
MAPE #Z34ll 2Jal] PES} B8 Alo]e] 22 AbZ2g#s 7F7]
izl Aoz Akt 2 Aol ASHAE 2188k MAPE: H]
49| PE A Aol SAS e MA 88 2704 ez 2t
3L Q)71 wiEel v=d PE $2-2 PE WlEY A9} A8Ade] w3
42 MA 588 533 13Pde T ER AWddEE 24 71
A7) Fio] 7hssich

2 E

T8 59 SE/PE WPCE AZ3l7] S8l MAPE AZHAI9
T 9 @ H9geln HES Bt 1 9% 2RI
o} 5 F2] MAPE AZHA 5 22| MAPE AEYAE A9ske
AFE AT A MAS) g0l §31 MPIVE 22 ASEAPT &7
A o vebor] AEYAY] S 3 parts® 8131E ™ WPC
o) 71A1E BAdeo) 718 2 A o= velkit) E1/PE WPCS Al Al
HerlE] 719 7 HEE 1 part 7RIS 3% I L 2F
A, ARsher) S7IRIS o 53] AR ES Ak g A
F7IBISict HE/PE WPCY) wthd oJu]<§ SEMO% FAI3% A
AZBAC! A% ADZEH F ZI e 5 & 5

ZALR] Z: o] =E-E 20100 S sk sl galel o)
A7) A el elaio] ATE|GS.

=g

MO
ret

1. B. A. Kamal, P. Shusheng, and M. P. Staiger, Compos. Part
B. Eng, 39, 807 (2008).



10.

11.

12.

13.

14.

M
S
ot
2

poss

. K. Oksman and C. Clemons, J. Appl. Polym. Sci,, 67, 1503
(1998).

. A. K. Bledzki, S. Reihmane, and J. Gassan, Polym. Plast.
Technol Eng., 37, 451 (1998).

. M. M. Stain, B. V. Kokta, and C. Imbert, Polvm. Plast Technol,
Eng., 33,89 (1994).

. J. M. Felix and P. J. Gatenholm, J. Appl. Polym. Sci, 50, 699
(1993).

. D. Maldas and B. V. Kokta, Composite Interfaces, 1, 87 (1993).

. R. Gauthier, C. Joly, A. Coupas, H. Gauthier, and M. Escoubes,
Polym. Composite, 19, 287 (1998).

. L.john Z, Q. Wu, and L. L. Negulescu, J. Appl. Polvm. Sci,
96, 93 (2005).

. J. U Park, J. L. Kim, D. H, Kim, K. H. Ahn, and S. J. Lee,

Macromol. Res., 14, 318 (2006).

G. Malucelli, S. Ronchetti, and N. Lak, J. Eur. Polym., 43, 328

(2007).

F. Omar and M. Laurent, Compos. Sci. Technol, 68, 2073

(2008).

S. Zhang and A. R. Horrocks, Prog. Polym. Sci, 28, 1517

(2003).

S. Bourbigot, J. W. Gilman, and C. A, Wilkie, Po/vm. Degrad.

Stabil., 84, 483 (2004).

F. Gong, M. Feng, C. Zhao, S. Zang, and M. Yang, Polym.

Degrad. Stabil,, 84, 289 (2004).

HEZL 5E/E5204E

A BgAe] B4 nlAE 9 129
15. H. Qin, Q. Su, S. Zhang, B. Zhao, and M. Yang, Polym., 44,

16

17.
18.

19.

20.

21.

22,

23.

24.

25.

26.

7533 (2003).
. G. Marosi, A. Marton, A. Szép, 1. Csontos, S. Keszei, and E.
Zimonyi, Polym. Degrad, Stabil, 82, 379 (2003).
G. Beyer, Piastics, Additives and Compounding, 10, 22 (2002).
M. Ahmed, 7Zextile Science and Technology, Amsterdam,
Elsevier, p.10 (1982).
H. G. Jeon, H. T. Jung, S. D. Lee, and S. Hudson, FPolym.
Bull, 41, 107 (1998).
E. Manias, A. Touny, L. Wu, B. Lu, K. Strawhecker, J. W.
Gilman, and T. C. Chung, Polym. Mater. Sci. Eng., 82, 282
(2000).
L. Minkova, Y. Peneva, E. Tashev, S. Filippi, M. Pracella,
and P. Magagnini, Polym. Test., 28, 528 (2009).
H. S. Kim, B. H. Lee, S. W. Choi, S. Kim, and H. J. Kim,
Compos. Pt. A—Appl Sci. Manuf., 38, 1473 (2007).
A. K. Bledzki, O. Farnk, and M. Huque, Polym. Flast. Technol.
Eng., 41, 435 (2002).
T. Q. Liand R. K. Y. Li, Polyin. Plast. Technol. Eng., 40, 1
(2001).
Y. Q. Zhang, J. H. Lee, J. M. Rhee, and K. Y. Rhee, Compos.
Sci, Technol, 64, 1383 (2004).
J. H. Lee, D. S. Jung, C. E. Hong, K. Y. Rhee, and S. G.
Adavin, Compos. Sci. Technol, 65, 1996 (2005).

Polymer (Korea), Vol. 35, No. 2, 2011



