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Study on LLDPE/ PS Alloy and Plastic Alloy/ Woodfiber Composites

Guo Wenjing Wang Zheng
( Research Institute of Wood Industry, CAF  Beijing 100091)

Abstract:  The preparation and the properties of liner low density polyethylene ( LLDPE)/polystyrene ( PS) alloy were
investigated . The composites of woodfiber and LLDPE/ PS alloy in different blend ratios and blend te mperatures were prepared and
the appearance quality and the mechanical and physical properties of the composites were evaluated also. The results indicated
that the melt flow properties and physical strength of alloy were different with different blend te mperature and blend proportions .
The properties of plastic alloy/ woodfiber composites are relevant to the blend te mperature and proportion of LLDPE and PS. The
LLDPE/ PS alloy of 50/50 blending at 200 C has a good compatibility with woodfiber and appearance and physical properties of
their composites are the best. The DMA data indicated that the thermal stability of plastic alloy/ woodfiber composites is more
excellent than correspondent plastic alloy .
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1
1.1
( LLDPE) : DFDA7042 ,MFR 2.0 g*10 min" ', ;
(PS) : 666D,MFR 5.6 g*10 min ', ; (PP) : ;
( WF) :
1.2
:DMA2980 , ; : XRZ7400 s ;
:GH- 10DY, ; 2D25 W, TOYO SEIKI SEISAKU-SHO
; :80 t s ; ;5]
1.3
1.3.1 LLDPE/ PS LLDPF PS s
s 2 1 s
1 LLDPE PS
Tab.1 The manufacture factors and variables of LLDPE/ PS alloys
, 1 2 3 4 5 6 7 8 9 10 11 12
Experiment No.
LLDPE/PS 25/75  25/75  25/75  25/75  50/50  50/50  50/50  50/50  75/25  75/25  75/25 75/25
LLDPE/ PS
Blend
; 200 220 240 260 200 220 240 260 200 220 240 260
te mperature / C
1.3.2 / LLDPE PS 60 % 40 %
s 3 min,
3 mm, 180 ~190 C.
1.3.3 ( MFR
) . 190 C, 2160 g.
/ .
10 s 1
> 10 93 >
. ( GB 9341 - 88) . (GB/T1040 - 92) . (GB/T1043 - 93) .
DMA2980 , (single cantilever) R 35 mmx 10 mm X
, 3 Cemin ', 10 Hz .
2
2.1 LLDPE PS
2.1.1 2 LLDPE/ PS MFR 2 LSD( least
significant difference) ,
34. 3 . LLDPE/ PS 2 LLDPEPS  MFR
Tab.2 The MFR values of LLDPE PS alloys
MFR
MFR  MFR MFR  MFR MFR  MFR
> Exp. No. value/(g*10 min~') Exp. No. value/(g*10 min"') Exp. No. value/(g*10 min~")
LLDPE PS 1 1.70 5 1.86 9 1.74
( 11996) 2 1.35 6 1.64 10 1.52
3 1.48 7 1.22 11 1.32
MFR 4 1.28 8 1.22 12 1. 40
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3 MFR
s 220 C Tab.3 The ANOVA for MFR values of plastic alloys
240 C ( 4) . F
Source DF Sum of squares Mean square F value Significance
b
Model 5 0.407 0.081 4.65 0.044
’ LLDPE/ PS 2 0.004 0.002 0.13 0. 881
, Blend
3 0.402 0.134 7.67 0.018
te mperature
’ Error 6 0.105 0.017
( 9
1996) .
4 MFR
2.1.2 .
Tab.4 The T test (LSD) for MFR value of plastic alloys
Variable Mean T T grouping Significance
5. 200 C 1.767 A 0.000 1
Blend 220 C 1.510 AB 0.000 1
e mperature 240 C 1.343 B 0.000 1
6~8 6 (LSD=0.264) ' ’
’ ° 260 C 1.300 B 0.000 1
, LLDPE /PS 5
Tab.5 The mechanical and physical properties of plastic alloys
Impact
’ Experiment Density/ strength/ Flexural Flexural Tensile
. No. (geem” ) (kJem~ 2) strength/ MPa modulus/ MPa strength/ MPa
1 0.99 4.7 32.9 1 573 16.20
2 0.99 3.4 29.2 1571 12.87
. LLDPE
3 0.99 3.5 26.4 1 438 13.35
5 4 0.99 2.9 22.8 1 458 10.57
. . 5 0.96 5.0 13.7 716 7.46
LL 6 0.97 8.1 16.2 831 8.01
DPE 7 0.95 2.1 12.0 742 5.15
( ,2005) , 8 0.95 1.9 10.8 749 5.23
, LLDPE/PS :50/50 , 9 0.93 19.0 9.7 370 9.10
10 0.94 21.4 10.7 380 9.54
11 0.93 21.2 11.2 414 8.45
s 12 0.94 21.6 10.9 395 9.02
78 LSD ,LLDPE/ PS
9 b ° 8 b
LLDPF PS =25/75 , LLDPE/PS 75/25 . LLDPE PS
, , (
6
Tab.6 The ANOVA for the mechanical properties of plastic alloys
Impact strength Flexural strength Flexural modulus Tensile strength
Source F E F ja
F value Significance F value Significance F value Significance F value Significance
Model 81.79 0.000 1 192.5 0.000 1 1 068.8 0.000 1 72.5 0.000 1
LLDPE/ PS 203.9 0.000 1 459.5 0.000 1 2 664 0.000 1 160.0 0.000 1
Blend
0. 41 0.745 0 14.5 0.000 1 5 0.003 0 14.2 0.000 1

te mperature
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7 LLDPE PS ®
Tab.7 The LSD test for LLDPE PS ratio on the properties of plastic alloys

Impact strength Flexural strength Flexural modulus Tensile strength
LLDPE/ PS
T T T T
Mean T grouping Mean T grouping Mean T grouping Mean T grouping
25/75 3.6 B 27.8 A 1510 A 13.2 A
50/50 4.3 B 13.2 B 759 B 6.5 C
75/25 19.9 A 10.6 C 390 C 9.0 B
LSD=1.8 LSD=1.22 LSD=31 LSD=0.76
@a =0.05, DE=66, T Critical value =2.00 , The same below .
8
Tab.8 The LSD test for blend temperature on the properties of plastic alloys
Impact strength Flexural strength Flexural modulus Tensile strength
Blend
te mperature/ 'C T T T T
Mean T grouping Mean T grouping Mean T grouping Mean T grouping
200 9.58 A 18.74 A 888.33 B 10.92 A
220 9.78 A 18.72 A 927. 44 A 10.14 A
240 8.93 A 16.53 B 865.00 B 8.98 B
260 8.81 A 14.80 C 867.11 B 8.27 B
LSD=2.11 LSD=1.41 LSD =36.06 LSD=0.88

2.2 /
2.2.1 1
/ .
9.
9 1 ,LLDPE/ PS = 50/50
/ , ,
LLDPE/ PS =25/75 ,LLDPE/ PS = 75/25 220 C
, . LLDPE/PS = 50/50 /
LLDPE /
PS/ ,
PP/ : : !
Fig. 1 The composites of woodfiber with different plastics
) . and LLDPE/ PS alloys
, 50/50 , (
) / . MFR
, MFR , o >
9
Tab.9 The evaluating results of appearance quality of plastic alloyy WF composites
Exp. No. 1 2 3 4 5 6 7 8
Appearance quality 7 5 5 10 8 8 10
Exp. No. 9 10 11 12 LLDPE/ WF PS/ WF PP/ WF
Appearance quality 3 6 3 3 4 3 7

LLDPE PS
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2.2.2 10
10 Tab.10 The physical and mechanical properties of plastic alloyy WF composites
Experiment Density/ Impact strength/  Flexural strengtl/ Flexural modulus/  Tensile strength/
° No. (geem™?) (kJem™?) MPa MPa MPa
1 1.10 5.1 44.5 3 146 21.05
s 2 1.08 4.5 39.9 2 852 18.84
3 1.09 5.1 47.9 2 950 20.88
4 1.08 4.9 39.1 2772 19.77
° 5 1.07 6.8 36.2 2148 19.75
6 1.06 6.2 25.5 1829 14.04
7 1.06 6.2 25.5 1 885 12.41
’ 8 1.07 6.1 29.0 2018 16.38
. 9 1.04 8.2 24.0 1 464 15.16
, 10 1.05 10.7 21.8 1 353 12.40
. LLDPE/PS 11 1.02 8.8 20.3 1 300 11.63
12 1.03 7.9 19.4 1190 11.01
. . aN% 99 %
11 /
Tab.11 The ANOVA for the mechanical properties of plastic alloyy WF composites
Impact strength Flexural strength Flexural modulus Tensile strength
Source F F F F
F value Significance F value Significance F value Significance F value Significance
Model 94.8 0.000 1 243.2 0.000 1 308.2 0.000 1 68.7 0.000 1
LLDPE/ PS 233.59 0.000 1 550 0. 000 1 751.8 0.000 1 139.6 0.000 1
Blend
2.24 0.09 38.5 0. 000 1 12.45 0.000 1 21.4 0.000 1
te mperature
1) / 12 LLDPE/ PS
LSD .2 /
12 .
, LLDPE PS 25/75 , .
12 LLDPE PS
Tab.12 The LSD test for LLDPE/ PS ratio on the properties of composites
Impact strength Flexural strength Flexural modulus Tensile strength
LLDPE/ PS
T T T T
Mean T grouping Mean T grouping Mean T grouping Mean T grouping
25/75 4.9 C 40.87 A 2 930 A 20.13 A
50/50 6.3 B 29.05 B 1 969 B 15.64 B
75/25 8.4 A 21.37 C 1327 C 12.55 C
LSD=0.33 LSD=1.18 LSD =283 LSD=0.91
2a , / /
, LLDPE LLDPE s
, . LLDPE/ PS =50/50 75/25

(7.1 kJ*m™ *)(

,2005) .
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250 700
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2 LLDPE/ PS
Fig. 2 The mechanical properties of wood fiber composites with different LLDPE/ PS ratio and blend te mperature
2b s / PS/ LLDPE/
. / LLDPE ,
. LLDPF PS =50/50, 200 C /
PP/ .
/ LLDPE/ PS
( 2c.,d). , LLDPE/PS=25/75 PS/
o k] ° 2 /
2 . ,LLDPF/ PS = 25/75 LLDPE/ PS
=50/50 / PP/ .
2) / 13 /
. R 200 C
> . 240 C
13
Tab.13 The LSD test for blend temperature on the properties of composites
Impact strength Flexural strength Flexural modulus Tensile strength
Blend
te mperature/ 'C T T T T
Mean T grouping Mean T grouping Mean T grouping Mean T grouping
200 6.69 A 34.9 A 2 252 A 18.65 A
220 6.52 AB 29.0 B 2011 B 15.09 B
240 6.71 A 28.6 B 2 045 B 14.97 B
260 6.27 B 29.2 B 1 993 B 15.72 B
LSD=0.38 LSD=1.36 LSD =96 LSD=1.05
2 s / LLDPE PS R
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LLDPE PS ’ 10000 (a) LLDPE/PS=25/75 4 10.00
. LLDPE/ PS =50/50 s 200 'C 260 C
&
° K w3
220 C 240 C 53 1 1.00
s 200 C / § E ©
£ 3 :
2 g 1 o0
, 1 . . . . 0.01
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PP/ o
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( 2. “E %
2.3 E 2 100
o
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2 2 10
LLDPE/ PS 3
b b l
T, 0
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) @ _§ 10
E [ 1 . . . . . 001
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’ @® Composite (E” ) O Alloy (E” ) A Composite (E' )
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25/75 LLDPE/ PS 130 C 3 LLDPE/ PS DMA
5.7 MPa, 130 C Fig. 3 The DMA curves of LLDPE/ PS alloys and their
200 MPa , , woodfiber composites
3
LLDPE PS R , . MFR
, . LLDPE /PS
LLDPE , , ,LLDPE/ PS = 75/25 ,
/ 9
LLDPE/ PS =50/50 , 200 'C 260 C s

> ° /
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