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Mechanical and creep properties of Pinus massoniana and Cunninghamia lanceolata wood flour
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Abstract : According to the problem of the degradation of mechanical properties due to the creep behavior of wood-plastic
composites (WPCs) under long-term loading, in order to clarify the mechanical properties and creep characteristics of WPCs, seven
Pinus massoniana wood flour and Cunninghamia lanceolata wood flour reinforced high-density polyethylene composites were
prepared by a two-step molding and extrusion method, and the effects of the additive proportions of the two types of wood flour on
the flexural, dynamic mechanical and short-term creep properties of the WPCs were analyzed and compared, and the changes of the
WPCs' creep with time were simulated by using numerical models. The results show that the higher the content of Cunninghamia
lanceolata in the enhanced wood flour, the better the flexural properties of WPCs, but the creep properties become worse. The energy
storage modulus of WPCs is the largest when the content of Cunninghamia lanceolata wood flour in the enhanced wood flour is
83.3%, and when the content of Pinus massoniana wood flour is reduced, the energy storage modulus of WPCs increases, but the
loss tangent decreases. Increasing the content of Pinus massoniana wood flour effectively reduces the 24 h strain value of WPCs at
10% stress level. The creep behaviors of WPCs fitted by Findley model and ExpAssoc function are good, and the modified ExpAs-
soc model simulation is better,and the fitting correction coefficients R’ of 7 kinds of WPCs at 10% stress level are all above 0.99.

Keywords : high-density polyethylene ; wood-plastic composite ; creep property ; mathematical models ; Cunninghamia

lanceolata ; Pinus massoniana
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Tab.1 Mass fraction of each component of WPCs
%

Pinus masso- Cunninghamia PE
Samples niana flour lanceolagta flour PE-HD - MAPE wax, SA
1 60 0 35 4 1
2* 50 10 35 4 1
3" 40 20 35 4 1
4 30 30 35 4 1
5" 20 40 35 4 1
6" 10 50 35 4 1
7 0 60 35 4 1

1.4 Hgemlx
1.4.1 &y bk K

HH ASTM D 790-03—2003 {3z, 7 Ff WPCs i
5 g R R RIS P A X B B RSl sk
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mm, BEFh WPCs i3URE 5 42 I 5 OF - Y E
YER RS
142 A4 FHRNRK

i3 = 5 R 7 A WPCs I B S I
SEPERE , TR I Rl N 20~120 °C, s R 5
A5 °C/min, FFBEE N 1 Hz, il 0K N (40+£2)
mm, F& 5k (10+£0.2) mm, JEE A (3+£0.2) mm, 40
WPCs i 3 4~
1.43 & dh AR IR 2157 0K
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JE B Sy (40.2)mm, 250 25 FE R B 43 51 1 R 64
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W0 R R B B REAEEA R A AR AR T AZ
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FE 7R WPCs T EAR . BEE A2 AR AN 5 H RAAAR
T H AN, WPCs (1725 il s A 02 il i
JER R TR 7R WPCs Y, 42 K ARy /PE-HD
AMBH S P RE SR AT, 25 R AR R S i
£ 439k 4.0 GPa F163.9 MPa, #H H. &5 EEAA AN /PE-
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Fig. 1  Flexural properties of WPCs
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WPCs it BER i 5 I [ 3, X 0 iy T I BE 1
Jngx{di WPCs 19 N #8431z 20 B It BR, DA T F3
IR 7R E . YA AR KR 5 H A AR 1Y it
B TR R T, WPCs 1 fif RE A i R R B0 |
THE, Hoh 184 6° (R AR A TG 2R A v i 5T
N 83.3%) Mt et AR E iR, ORI
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Fig. 2 Storage modulus of WPCs versus temperature
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Fig.3 Loss tangent of WPCs versus temperature
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FAAE A E V(A AR RE IR B TS AR K X R R B
TR T, PE-HD 43 155 1912 shiig B 3 R, i
FHUMH B Z 18] Y BE ARG K . E R WA AR B/PE-
HD &4 8B GREE 1) B9 WPCs AL M IEVIE foK,
WL T B BARAK BRI PEAR T A2 AR AN (BB
5T AZARAN . FAAN/PE-HD B A 41Kl 79
(A5 FE AR LE DL B I B8 1) P v B2 P /), B o
FAFE/N X — 2 UEI T A2 AR AN 5 PE-HD Z 8] 2
A RAF A g AR .
2.3 WPCs#y % W FRET 5 10% & A K-F

Zeaed = a5 A 7 WPCs 1425 A B
i far 51 T 3% 2, T AR Ry P S iR PR e 1Y
10% , % g 1 T4 A (DR IF AR 2, Bl
FEARAMGTETR B A TS0 L 1) 38 T, A0 IR 28 A
WK XAEE A 5 25 ik e A2 SR — 2

F=2 WPCsHIZHRRET IETHET PSR A
Tab. 2 Flexural ultimate load, creep load P and stress of WPCs

Flexural ulti-

Samples w/% mate load/N P/N Stress/MPa
1" 0.00 317.354 6 31.60 4.446 211
2* 16.67 352.559 1 34.30 4.940 940
3 33.33 372.164 7 36.26 5.371 586
4 50.00 407.201 1 40.18 6.048 176
5* 66.67 424301 9 41.16 6.201 885
6" 83.33 444302 0 43.12 6.477 717
7* 100.00 467.540 1 46.06 6.893 541

Note: w is mass fraction of Cunninghamia lanceolata flour in

compound of Cunninghamia lanceolata flour and Pinus massoniana flour.
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2.4 WPCs#¥%E T 4g

FE 10% [ J1 K- T, 7 Flt WPCs (1) 17 2% Bl i 1]
FIASfE NI 4 Fis . i 4 T LU H WPCs B B A8
TEFRAY R 2 B B, BRI AR B B TSR B, WPCs
FERT LR B BEGRER 7= Az s 7 A8 Fnn] o] & 1k 13 AR |
AR TR I, S AR R M A I B
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10,0020

g

g 0.0015

g

£ 0.0010 —Sample 1’
s —— Sample 2*
) —— Sample 3*

—=— Sample 4*
—+— Sample 5*
—«— Sample 6*
,—— Sample 7*

0 6 12 18 24
Time/h
€4 WPCsTE 24 h | YR AS- ][] il 2k
Fig. 4 Strain-time curves of WPCs at 24 h
7 F WPCs 7E 10% [ 1 7K I A8 e e 22 19
A2 AR ARM/PE-HD & A A BLGRFE 77), 24 h )W 28
Epum M 0.002 585 mm/mm (L35 3). BEEAZA AN
TG R A A 1) [0 it HE 8 2L, WPCss [ i A8 & A
RN H N IR BRI K. YA AR
oS hn i o5 TR A AR BT & 19 83.33% B (1A FE 6,
& pan T AZARAN/PE-HD & A ML GRE 7 ZE AR/
(3:21%); 4 A2 A AR ¥ U fin 3t 4k 22 % 11K (66.67%,
50.00%, 33.33%), &4, & W/ IAE 57 IRE 470

w3 e, 47 1 b 0.002 002, 0.001 888,
0.002 145 mm/mm ; 42 AR AR B8 i i 7 A AR
R L BIHET 16.67%, &40, X— U B E /N, 1R
21 & 0, SONIRRE 77 (F2 AR ACKY/PE-HD & & A1 EH 1Y)
57.29%; T R AA A NS/PE-HD & 44 R GRAE 1)1 I
PERE AL, H ey, [N 0.001 135 mm/mm, & i Ff
7" (AR AN /PE-HD & A4 EH A 43.91%,

#®3 WPCs7E1,2,4,12 h 124 h IR 3 ()

Tab.3 Strain (¢) of WPCs at 1,2,4,12 hand 24 h

&

Samples
lh 2h 4h 12h 24h
1 0.000 577 0.000 727 0.000 949 0.001 069 0.001 135
2° 0.000 898 0.001 065 0.001 279 0.001 410 0.001 481
3" 0.001 531 0.001 684 0.001 940 0.002 063 0.002 145
4 0.001 216 0.001403 0.001 666 0.001 818 0.001 888
5" 0.001 360 0.001537 0.001784 0.001914 0.002 002
6 0.001 863 0.001 998 0.002279 0.002402 0.002 502
7" 0.001 909 0.002 038 0.002350 0.002491 0.002 585

ARKRK BN AL R T WPCs J12: 1k /8, (HEH)
el LA AR PR BE A, TR IRLAE T 10% 1 1 7K IR AIG
AT A B 3K B AL IR ARy FLR & W L1 25 A )
JEE I AN AR HE TR AR AL AR B N AT Y R
I R N E e 7 - S W AR o N N o A S s
/INEEART R N FH BR85S v, WPCs (1358 44 1] LA 5 B A
AR AH RS AR AR R s Ak}, AR bt
b BRAS )[R T H e B AR M RE
2.5 WPCs #y %5 & M AR B

I ] Findley #5 AU & WPCs (1) 24 h 48 i 28,
JIT AR S AR WK 4, %% 4 9] Findley
BRI AR, RRYHE 0.93 LU, Hoh e s ik
#]0.972 3,

4 Findley R SH R ARBKR

Tab. 4 Findley model parameters and simulation results

Stress Value of a Standard Value of b Standard Standard Residual zv alue .
Samples level/% (x10°%) error (Lfa (x10°%) error (fb Value of ¢ error of ¢ of ){8 Adj. R
(x107%) (x107%) (x107%)

1* 10 2.688 2 1.8747 3.8814 5.5516 0.278 9 0.110 7 5.7333 0.9332

2* 10 2.5232 3.366 9 1.482 1 1.708 0 0.190 2 0.080 3 4.696 2 0.9577

3’ 10 6.939 1 42674 2.3065 24827 0.165 1 0.0712 44737 0.964 9

4 10 2.807 1 5.1892 2.5371 2.999 3 0.166 4 0.078 5 6.802 8 0.9578

5" 10 6.467 4 3.5248 1.607 8 1.776 5 0.191 6 0.077 1 5.284 1 0.961 0

6" 10 7.9750 5.093 5 3.308 8 3.248 8 0.147 1 0.062 1 4.1350 09723

7 10 7.846 2 54670 3.468 4 34733 0.1479 0.063 5 4.860 9 09711
| FH % F ExpAssoc PR X 1 18 1F #5411 & #10.998 8.

WPCs 14 24 h 1575 i 28 B A5 A 0 2 50 K AR HUURE R L
F25. 25K IZBALE WPCs 24 h B4R {2 1)
RORAR T Findley 87 | R*Y7E 0.99 LA I, f i {3k

38 1 1R X i AR 56 28 | Findley B3 78U F1 3G
T ExpAssoc PR %) 465 1 AR YA HEL T AR ith 28 (an & 5
FIT 7R )45 H LT ExpAssoc PRAL A IE E R RUAR S 7 Fp
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Tab.5 ExpAssoc model parameters and simulation results
Stress Standard Value of d, Standard Value of d, Standard Residual 2value o
Samples lovel/% Value of a error of a (x10°%) error of d, (x10°%) error of d, of x Adj. R
’ (<107 (<107 (x107%) (x107%)
1" 10 2.3123x10°" 3.358 3 6.598 0 2.464 5 4733 8 3.730 4 11.278 0 0.991 8
2f 10 1.1112x107" 1.7450 7.189 1 - 7.466 7 894.000 0 3.0450 0.998 6
3* 10 7.119 6x1077 2.4862 13.200 0 27712 7.990 2 1.758 3 6.1814 0.998 4
4 10 1.473 8x10°* 2.0155 8.994 6 1.4297 9.697 0 2.2839 4.062 1 0.998 8
5* 10 1.290 1x10°* 2.609 5 8.238 8 1.859 6 11.600 0 29377 6.809 4 0.998 1
6" 10 2.8212x107° 3.3344 16.100 0 - 8.628 2 3.136 1 11.1180 0.9979
7* 10 9.127 0x10°° 3.629 3 16.300 0 42184 9.1773 2.586 1 13.1720 0.997 6
0.001 2 0.001 6 0.002 5
£ £ 0.001 2 £0.0020
8 0.000 8 8 g )
g =) £0.001 5
) ; £0.0008 )
£0.0004 E Test of sample 2 0010y
£0. r —— Test of sample 1" £ | — Testof sample 2" & — Test of sample 3*
« ----ExpAssoc model 0.0004 ---- ExpAssoc model 0,000 5| -~ ExpAssoc nrl)ode]
~---Findley model ~---Findley model .- Findley model
0 6 218 24 0 6 12 18 24 0 6 12 I8 24
Time/h Time/h Time/h
(a) Sample 1* (b) Sample 2* (c) Sample 3*
0.002 0
oo 0.002 0}
00015 AT 1
g , £0.001 51
= g
£goooro £0.0010
E g — Test of sample 5
s —— Test of sample 4* s
n 0.000'5 ---- ExpAssoc model & 0.000 5f }]i?(pdjl\ssoc rgoldel
~---Findley model ~ o rndiey mode
0 6 12 18 24 0 6 2 I8 24
Time/h Time/h
(d) Sample 4* (e) Sample 5*
0.002 4¢ 0.002 5
& " E0.00200 7
g 0.001 8 £
= £0.0015
£0.0012 &
g — Test of sample 6 .£0.0010 — Test of sample 7
s g ---- ExpAssoc model
& 0.0006 -+~ ExpAssoc model @ 0.000 5} ~--Findley model
- ---Findley model ’
0 6 12 18 24 0 6 12 18 24
Time/h Time/h
(f) Sample 6 (g) Sample 7*

€5 WPCsifHE 17~7 Ay 22 i th 2 Sl th 2k

Fig. 5 Creep testing and simulation curves of WPCs samples 1*-7*
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