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Abstract: In general, most physical properties of wood/polyvinyl chloride (PVC) composites are lower than those of cor-
responding neat PVC resin because of poor interfacial adhesion between the hydrophilic wood flour and hydrophobic
PVC. Therefore, in this study, we treated wood flour with three aminosilanes to improve wood/PVC interfacial adhesion
strength, and eco-friendly wood/PVC/nanoclay composites were prepared by melt blending the aminosilane-treated wood
flour, a heavy metal free PVC compound, and a type of nanoclay. The effects of treating wood flour with the aminosilanes
and adding the nanoclay on the mechanical properties of the composites were investigated. Mechanical properties of the
composites were investigated by universal testing machine (UTM), izod impact tester, dynamic mechanical analyzer
(DMA), and thermomechanical analyzer (TMA). The tensile properties of the composites with the aminosilane-treated
wood flour were considerably higher than those of the composites with neat wood flour. Furthermore, a small amount
of the nanoclay improved mechanical properties of the composites. The performance of the wood/PVC composites was
considerably improved by using the aminosilane-treated wood flour and the nanoclay.
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Figure 1. Tensile and flexural strength of the WPCs (wood content
= 50 phr) comprising different aminosilane modified wood flours.
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Figure 2. Impact strength of the WPCs (wood content = 50 phr)
comprising different aminosilane modified wood flours.
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Figure 3. Tensile and flexural strength of the WPCs with various
wood contents.
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Figure 4. Tensile and flexural strength of the WPCs (wood content
= 50 phr) with various clay contents.

Zg ), 364 A5Z, 20129

Hoh

g

X8 7] W] A es wpee| 1A
Folrmgli= Z 02w Jeker). ogt XS 5wz
A2, e ES 4phr TS WPC 1SS 88537
AN EF Alell Es} jEge] 7191k A 02 Hol= WA
o] Yeph=t o] WAl F2 PVC ARze] A¥-EoIA Clo]
oiz Yrhs A3 (unzipping) E7Jo] dofu} A< o2
TS 2 Elo] DAlsks Zlog AztEn

gubzlom B3RS 170°C odelA doll oJgt Fall7t Al
Zes Zlo® deiA Slrh webA 170 7 de TR E
oA EREEEE ERHES 8T A4S gl o9 &
o] Fal7t BAeR 283 o Stk WPCe] 71A1IH 5
73 AslegloR 2Hgsk= WPC AlFE UiF-e] AHelA 9] 7]
e F2 FE 2Rshe Y S8 tEo] i e
ARG 7 Adite] Dol ffal] EalEHA A7l 71
7118k Aoz k)

WPCS] 8853 7o) wisiol| w2 71414 57499 ¥
3l= A R7] 9J8), N-2-(aminoethyl)-3-aminopropyltrimetho-
xysilane® 2 JHEE Hite] TS 50 phr, F713F WA E
o] TS 3phr, EFEH TREAIRS 60 E AL &
FEF 7R EE 165~180 °CR WsPAA AlZg WPCe]

T HAEE S48 1 A3E Figure 590
UepRth 8853 7R 175°CY W A= 3
AT 7P = S Hole Zlo® e TR
=9 S7hs PVC WiE 2] g Vo] Haist PVC
A &gaol 2 EFHEE molro] WPCe| &/ 5784
ol 8Rlo® ZE3IA|RE FAY Hit 2 PVCe] ERslE &
R WPCS] £ 7841 aRlo Ry 2hggirt. w
2hA] FHAH o] §8EF 7w Aol Fastn 2 AT
o] WeAHEZF $E BEE/PVC WPCY 749l 249
Y 7RETE 175°CHS & 3ok 165 °Collxle
WPC 8-8-E2°] &7t AN E29] a4l #4913 &
FE&e] Fs] =X B3] wieel, 223l 180 °Collx=
LTI Foll BE 2 PVC FA¢] GRa7} =]
izl Z1A1A st JiH o s wol WS o 4 Sirh

Figure 59 Aol we} 8§53 7H2EE 175°C2 2L
getal FLg WPCO tisiA 8-5&st 7ReAIRbe] ®st
WPC®] 71A1A Aol wA= s 2ARE] flste] 86
3 7FAITRE 3~90 8 tEA sled Alxg WPC A1
o] e 9 Z54% AAE Figure 60l WERAICE.

7P =2 7R s Bl S8ER TRAIES 6
2 Ut 327 885 /e A9 523 PVC 7
TLE7L SFERT] WFolA F28] HolA] kAL, 9Tk
S8EY 7He Aole &3] uiRelM $88% 7
= A v o8l vt Adssie] B 9 PVC A
Zo] I FRaEE Aol HeR] wiEel dtHeR
1A 7wt EA4) & 2o aE)

d
o:

ot
F{F
o = > e

e —

h=d)]

N

N



oln|iz Ao 2 AR ZE/PVCAEHE B34 71A1% EA 577

70 80
170
60 |

= % * =
Le0 8
% 50 z
- -
= i 50
D 40 % — 7]
(=g
o é 40 @
S 304 - (3
o 130 =
(o)) =
= 0 =
2 L2g =
o S
104 2

L 10

0 T T T T 0

165 170 175 180

Mixing temperature (°C)

Figure 5. Tensile and flexural strength of the WPCs (wood content
= 50 phr, clay content = 3 phr) prepared at different mixing tem-
peratures (mixing time = 6 min).

70 80
70
60 - s
c - 60
& s0- L
X
£ ; ; 50 &
£ 40+ N
g’ 40 ¢
-
Fol L
0 g
= 20
i 20 2
< =
)
10 - R
[ 10 s
(] T T T 0
3min 6min 9min

Mixing time (min)

Figure 6. Tensile and flexural strength of the WPCs (wood content
= 50 phr, clay content = 3 phr) prepared with different mixing times
at 175°C.

50| sl w2 WPCe 574 - 71413 59 Hals
ZA4sl7] fleled DMAE ol&sisiom 1 AiE 259 ¥
slof] W& AAEES tan 59 WSS Figure 70 YERSL
o} PVC WEZ 2] fejdo] de] Yehts 25299l
90 °C ZFellX BE WPC| AEdEC] w43 HojA|3L
2 oe] REoMs AT e Aol nR AR Eol
uf-9- gobx] A9 Btk 3k Hole AS & 7 St A
T FE ol e E T} vk 2o o) A ES B
NAEA] b H5H-S 50 phr T3 WPC(W50PVC)el Bl
op| =g (N-2-(aminoethyl)-3-aminopropyltrimethoxysilane)
o7 NEdE 58-S 50 phr 3+ WPC(SWS50PVC)Y7}, SW-
S0PVCHTR= olni=aldto & sjdg B8 50 phr & verd
E 3phrg 33 WPC(SWS0C3PVCYF 84 =8 38 1
o3 lof ofmi=te] o]t HEo] AT} {75t =y

—— W50PVC
2800 - —— SW50PVC
—— swsoc3pvc - 0.9
©
o
= 2100
» 0.6
3
5 Py
'g 1400 - 5
€ Los @
[
o
© 700
]
S
7] 0.0
0 T T T
30 60 90 120 150

Temperature (°C)

Figure 7. Storage modulus and tan & of the WPCs.

B9 H7Pt WPCE] AFEIES A TTRIFHSS &
UTE PE 7|9 WPCE] Aol ade] #7138 Y=dE
A7V WPCY] AR ES IA S7HTIE ZeE By
# uf Ak

Tan 89 S WPCO fejdolEs FHato sliAis)
B WS50PVCe] faldolLw=r) 71 vl SW50C3PVCe)
ol =7F 7HY =2 Z10E YRt o] AlRde] gk
o] i /718t e Ee] APt fEdolews] F
7= Tt G X ZoE UET) opreAghs
ARSI JdE BRo 7 wEojd WPCY 7% /NEER
0o BH-S AREEle] THEo|Zl WPCHUE 55/PVC Ao
Aol Hzbo] R AR E 2 fEldolemrt
Sole 89107 Agatal {78t W= ES] A7k vhied
E7F PVC mlEZZ: YRoA] 4k A F ve]xE gt
Al =0l PVC ARES] A2 5 7531 mEZAE
AvsHA EE AFEE 2 fEele=Es: A=
fQlo= A3t B 4 ot

TMAES °]83f] WPC| EoiAIsrel 2x/dsol e
ATHFE(ALYS EAEI90™ 1 A3 248 Table 19 &
ik exAeel e AFHEPEES F 25(60°C ¥
140 °C) Ate]€] WPCE] 2| ztolE WE-&= LERH Zlo|t),
op=Agto 2 JAE Es AMSIAE A3-9-(SWS0PVC)

B85

Table 1. The Thermal Expansion Coefficients and Dimension
Changes of the WPCs

a b c

WPC Sample (umO/Lr]n‘) 0 (umO/ern‘) 0 EAO/LO)
WS50PVC 68.5 387 2.54
SWS50PVC 60.3 336 2.12
SWS50C3PVC 47.4 319 1.79

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