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Abstract: Wood plastic composites (WPCs) are attracting lots of interests because they are eco-friendly and have high
performance. To prepare a high performance WPC the most important thing is to improve interfacial adhesion strength
between a hydrophobic plastic matrix and hydrophilic wood flour. Therefore, in this study, to improve interfacial adhesion
strength between the PVC matrix and wood flour 5 types of coupling agents were used respectively and to improve the
physical properties of the WPC 3 types of nanosilica were added respectively, and their effects were investigated. WPC
samples were prepared by melt-blending followed by compression molding, and their physical properties were inves-
tigated by UTM, izod impact tester, DMA, and TMA and the morphology of fracture surfaces was observed by SEM.
The aminosilane coupling agent was the best and its optimum content for good physical properties was 3 phr. The nano-
silica with low surface area was the best, and its optimum content for good physical properties was 3 phr. The physical
properties of the PVC/wood flour composites were improved considerably by adding the aminosilane and nanosilica.

Keywords: PVC, wood flour, composite, coupling agent, nanosilica.
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ALt WPCS] mlER X A2 de] AMEE E7E
A 2= HDPE®} LDPE, PVC, PS, PP 5% & & Qltptoo!

PVCE A EA, sto]ZA, uleA)] 59 A2 52
2 gol ALgEo] $ith 3y 37e] FoAo] Hzigel m
2 A2 PVC AFl F=lo] sl SEs=E 9 44 PVC
AFel HEe] d= FEE Fol wAE FAEY. IF
PVC A|F2] Aolle AL 714A] 52 ARO= s
ZE ulE BAZ sldst 9o AZ pvee] Asdlle &
=4 el Fdo] HE oY Al 5o HIE R
=% 3 BEE dAsks 222 ZAIE sidsta k. 2
A= 33318149 PVC/EE WPCE A|%3817] &)
o] WjER 2 $R2 A F5F4 PVC HI=E AME3)
AT}

PVC 59| @i Eefgol B8 Hrtete] 945
/52l WPCE Az fleiMe Sehga B Alo]9
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Al 9 RF. PVC/EE WPC2 WjEZ] A A2 A3
T34 7244 PVC A= de$ Y de HoLs
2 FEYYUSTE NN FFRke ARSIt TFAK] A
Holl 2y FEE4 44 PVC HALE=E (FF)LGEFEH)
PVC(LS 100E)S FAREo 2 FARA|, 7] 44, 75
4 HgA 58 Hubste] Az Aesn BES
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Retenmaier & Sohne Co.(Germany)2] Lignocel C-120($1%
L7, A&} Z271=70~150 um)Z 105°C Qo)A 4847 A
ZAF T ARGFo RN HEO| i o] B4 miA=
BES wiAIstaAL st em e HAATAIE v
2 o] Tl wet F45A WPCe] &/0] HojR]
A] = $HAIEHER] 80 phr(parts per hundreds of resin)2 .
eATE? PVCeF Hie] Az E SXIA717] 217 7
ZYAZ = Sigma Aldrich®] 1,6-hexanediol diacrylate <}
pentaerythritol tetraacrylate, Dow Corning2] N-2-(aminoethyl)-
3-aminopropyltrimethoxysilane, Tokyo Chem.2] 7] ¥l(chitin)
7 7] EAK(chitosan), & 5 & ARSI U4 b=
Degussa®] AEROSIL OXS0(BET 3% =50 m%g, YA=7]
=40 nm, SiO, 3% > 99.8%)3} AEROSIL 380(BET 3X™ %
=380 m%/g, YA =71=7 nm, SiO, $FF > 99.8%), AEROSIL
TT600(BET 3% 2=200 m%/g, YA Z71=40 nm, SiO, T
> 99.8%), & 3 T2 ARSI

WPC AlH H|&f, #3554 PVC HI2= 100 partsE 7]
Foz EHo] 80 phr TFE PVC/EE WPC AlHS Azt
SIth. PVCAR E3Ale 29 Edlol= 2ZE7F 2K vl
AErY  §8§EH7I(HAAKE PolyDrive Rheomix 600,
Thermo Electron Corporation, Germany)Z ©]-&-3lo] &-§&
Gt 5 FUA 4 ASAF7NE ol8ste] 185°C, 3000 psi
oMM 4 Bt E A5 ste] Ad Feje] AEE A st
ATk AZE WPC Hd-S SAAFFA A et A3
= A skt

JIHN Ed EH-. WPCY 5 B 2548 S-S
UTM(Lloyd LR-30K, Hampshire, UK)S AF&3lo] ASTM
D8827+ ASTM D790 Al wheh 24zt =3 8loitt. 1=
3L 30 kN9 % S mm/min®] X2 SAEAL, 2H5
242 1kNS 33 6.5 mm/ming] &2 2731t Al
A7)E QAL 100x8x0.9 mm, 2|3 FFHAF-E 8010
x4 mm3Ao™, FAg WPC thafl 6719 AA-S |25t
43 & W+t 7S Fsiich

WPC®| FA7=E 220llA] ASTM D256 t+4°] we} of
o] FZAE7](SJI-103, Sungjin Co., Korea)S A3}
ZA3IATE Al A7) 50x13x4 mm e, FUd WPC
o thall 6 7He] AlH-S Aztste] S & Ht s Fst
At

g 2Y. 259 W] mE WPCe 483 7141
EXe] WistE S fleliM 2714145 73324971 (dynamic
mechanical analyzer, DMA 2980, TA instruments, New
Castle, DE, USA)S ARSI, 2h2te] 242 2 ~180°C
o] =LA 7FEEE 5°C/min, F3+ 1 Hz= S48t
ATk

G2 71 A A E2d 541 7] (thermal mechanical analyzer, TMA
2910, TA instruments)E AH&-3te] WPCe| & % 5443}



ASHA 2

A S ZAREATE N, #9171(110 mL/min) 3tellA] -60
~170 °C7HA] $&4 % 5°C/mine & =431t}

Efst. WPCe] F4 v o] oju|X= FAAF dvA
(SEM, S-2500C, HITACHI, Japan)2 AF&-3}e] 20 kVE %
AFeITE. WPC AE dhdk WS ~TE ol 95l o0&
FEE £ SEM on|AE ZAFeIST

Zn o =2
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o

Lo %

4

dHS = o
omgitt. 1T W Fe] s S Al
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Figure 19] A2 5 PVC wjEZ 29} B35 Alo]e] A
HFAEE soF=d 7P 2330 AELA = N-2-
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Figure 1. Tensile and flexural strength of the wood/PVC composites
with different coupling agents.
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Figure 2. Impact strength of the wood/PVC composites with dif-
ferent coupling agents.

UERHS Figure 29] SAAIY AazRE & & qlvh ke
AL A B3| opn|=Ago] 7Y £ E4E UYEl=
o= oh|:=Ad @] WlEA] L5 (-OCH;)°l 59| -OH =
B3 ASHol 7hesiaL, oA wte] ol 252 PVCe
C-Cl 2t} whgste] FF2A%s AL o Jdou= A
ARE A1 B 4 o) B o A2

Figure 13} Figure 2¢] Z 32 FE N-2-(aminoethyl)-3-
aminopropyltrimethoxysilane2 -3t WPCY] 7%, &= 1
23l FAREI e AZSHAE A WPCel| H]3)] 4t
AHog =2 A8 & Ao ol AE nfEge R
PVC/EE WPC AIXE 93 AZHAIE N-2-(aminoethyl)-3-
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Ao ghekel] wE 71A1A 542 wsle] i AEES W
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Figure 3. Tensile and flexural strength of the wood/PVC composites
with different contents of the silane coupling agent.
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Figure 4. Tensile and flexural strength of the wood/PVC composites
with different types of nanosilicas (3 phr added).

AT} SR, 3 phre] opr| Al AZHAS /1S v
ol gA] =2 7IA14 AEE YR 3 pheEth o &
2 o AT ASFYAE H7HELE We 71413 540l o
Al WOl = S HYS & F om ol 7k ofn]
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Figure 39| A#5 vl o2 opn| =gt ASA Y| T
< 3 phrZ A} W=A27H3 phr)E 212t H7tsted] A
Z3F Z7ke] WPCe] I T 9 2% SAAEE 119
sl9om 1 A= Figure 40 LFERNSITE

Figure 49 UEhd 235 2 Q7 wel 3= 2%
7P WS ¥ A (50 mYg)S 2=, 40nme] YAF =719
AEROSIL OX50 7ttt 49 71 #A] Yepstt. ol&
H]3HZ o] & AEROSIL 380(380 m%/g)} AEROSIL TT600
(200 m¥/g)e] 73%- EHo] AH7] wjFe) 7H F PVC &8
o] Y47t YAE FE3] A A (wetting) A=
(wrapping) 317Fe] 2 dojupA] o} pvC/t=dE] 7t AW
o] 371 o2 @ ¥l F7(void)e]l A HAA A AHRAY
g Asls zsl] el Aoz A7E 4 gl

G7EAad Ak 73e- fExle], 8ol F 2k Ws)
of w2 Holof| oJsl £49] W} Fo] vjg- At 2%7] o
woll 7k EARY] A EAS Yot I vg 5
Qe & 4= glom B ] tiidel WPCe| mEE A~
FAQ1 PVCE HE4%] E7kAaAd AiAl 59 shvol7] o
ol TMASE DMAE o]&3f 2LEwslol] m& X|ebdd=t
T2 71AA 549 Mk dolrdtt.

£ o] &3l =43 WPCe X4UAA dHolHE

Table 1 “g&]ate] VFERASITE. opr|=det ASHAE AL
3t 74-9-(PVC100/Wood80/silane3, ;=40.7 pm/m°C) PVC ul
Eglzo} Bf xjole] AHFRIE o] FTlsIA Flo] AZHA

& Arhs) e
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Table 1. Thermal Expansion Coefficients and Dimension
Changes of the WPCs

a b c

WPC Sample (C) i) (%
PVC100/Wood80 48.1 311 1.480
PVC100/Wood80/silane3 40.7 180 1.286
PVC100/Wood80/silane3/ 353 62.4 0.420

nanosilica3

“Expansion coefficient measured at 60 °C (below Ty).
"Expansion coefficient measured at 140 °C (above T, o)-
‘Dimension change between 60 °C and 140 °C.

o Hlgll X o] wolAl= AHE SRIT F AUt
3k =4 2] 7HAEROSIL 0X50, 3 phr)ZS 3713k 7
(PVC100/Wood80/silane3/nanosilica3, «=35.3 um/m°C), &
WAA T 22 F71EER] YA 7t PVC X9 &
FA o2 Y BdAlE A8t PVC A AREe] Al

& ol5E &R Ao] ThestEE 2k9] ¥isle)] uE
THHSIE JHH 02 FHAAA AePgdo] A7) e
< & & Utk

Figure 5= DMAZ 43, WPCS| 53] 71414 5454
AAghe Tzslst Zo 2 259 Wl whE Ay
(storage modulus)?} tan § %S| WsHE BHAFAL Q. A
EdE0] 7P 48] "ojAle 252 frEldolk o|sle]
277k AR E S BH oA T ASETA
£ 718k PVC100/Wood80/silane3 WPC7} AZHAIS 7}
] & PVC100/Wood80 WPCHE} U =& 7H8 2= A
o Ut o]R o= ofn| AT AFHAZF PVC HIE
o} B3 Alo]o] AWPAE S =AFUTE AS & &
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Figure 5. Storage modulus and tan & of the WPCs.
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off ERARI. ol AEA1E H 18] 92 WPC(a)
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o} Sle F obe A H Hite] FHlo] wiEsH adE =
ot BES Wol A5 & qUrh o3 PVC W{EY 29}
B Ato]o] AP R o] w7] wjEe] dojue AR
PVCe} E2 Ao]e] st o] Ytk 718 SHslEtt. opv
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At} o) op|Ae AZYA|7F PVC lEY A9} B AL
ole] AAHAHE S SIAMNHTE As dFSske Asolth of
m =g S A TE PVCSE HiE Aleolo] XSS SV
A Y 7R AaAg e oJsiA Fe] PVC viER o)A
Wz o= AL vol 3918 Wk ofuEl AHA 9] 117
Hrh= 23]8 PVC wEA Hie] o)y} 2 dofut g}
ol wiEEE o < QU opn| AT AZSYA 9} e
7P7F FAll H7FE WPC()9] Aol opn|=ad AZ
HATE ARE-gE WPC(b)S] 73-9-9F A9l AR shk o] 3
e Hepilem ole vheAEzte] A7t B Rt
| ER] 2 Alo]e] AlHH A= FFS T4 9L PVC A&
o] ¥EF2 AlFsle 5 AR UFAzA e g

Figure 6. SEM images of fracture surfaces of PVC100/Wo00d80 (a);
PVC100/Wood80/silane3 (b); PVC100/Wood80/silane3/nanosilica3 (c).
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ApgE),

4 =
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A A 7P 2 BAS B WeAEgke] S 3 phr
2 aAsta AFs A3 vgEHAdo] e YAt
(AEROSIL OX50)7} 71 2 245 Rt ofr| A
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