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Time-Temperature Superposition Principle for the
Predicting Creep Behavior of Bamboo—Polylactic Acid

Composites

Tung-Lin Wu! Jyh-Horng Wu?

[ Abstract] In this study, makino bamboo (Phyllostachys makinoi) residue and polylactic acid (PLA) were used as raw
materials to manufacture bamboo—plastic composite (BPC). Effects of bamboo particle content on creep behavior of BPC
were evaluated by long-term creep test and dynamic mechanical analyzer (DMA). These results showed that the activation
energy of BPC increased with increasing bamboo particle (BP) loading up to 40 wt%; after that the activation energy of the
composite slightly decreased at 60 wt% BP loading. Moreover, the compliance of BPC also increased with increasing BP
loading. In addition, the time—temperature superposition principle (TTSP), a short-term accelerated creep test, can be
simulated or predicted long-term creep behavior and lifetime of BPC. Accordingly, the BPC with 40 wt% BP could
effectively reduce the creep defect, and its lifetime could be extended to 3.5 times as compared to the neat PLA under 10%
average breaking load (ABL).

[ Key words ] Bamboo—plastic composite, Creep behavior, Time-temperature superposition principle, Average breaking load,
Lifetime.
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Fig. 1. Effects of creep test temperature on creep
compliance of neat PLA.
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Fig. 2. Unshifted creep compliance data and
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Table 1. Master curve equations of BPCs with different bamboo particle loadings

y = yo + ae™ + ce™

Sample R?
Yo b c d
PLA 0.0003 1.09x1077 0.7607 5.66x10716 3.0961 0.9991
BPC with 20 wt% bamboo 0.0008 4.25x10°¢ 0.5269 5.50x107%7 7.4726 0.9943
BPC with 40 wt% bamboo 0.0008 2.82x10¢ 0.5523 1.01x10% 7.8029 0.9949
BPC with 60 wt% bamboo 0.0008 7.00x10 0.0828 1.51x1013 2.2292 0.9971

y is compliance and x is log t.

% 2~ PrRLFr i #E BPC i LhEZ 522
Table 2. Effects of bamboo particle loading on
activation energy of BPC

Sample Ea 2
(kJ/mol)
PLA 470.2 0.9919
BPC with 20 wt% bamboo 472.7 0.9890
BPC with 40 wt% bamboo 494.2 0.9932
BPC with 60 wt% bamboo 481.7 0.9915

Ea=-R * (d(n())/d(1/Ty)

Aot 4 FrfRERE A LA G - PLA
HiG{bAERy 470.2 kJ/mol » Z1% » FHRIE R
Bl E R AR Z ARSI 1 (log ar) -

logar=E, (1/T—1/Tir) /R x loge

DAZERIE (Ter) 25°C (298 K) Foffil » H 3B
J& (T) By 30°C (303 K) Kf » HAKSPAZREIA T (log
ar) By —1.360 o FIRERIRE ZARAIRBIN TR
SERki% o DGR PLA 2Bl - HEk
A antEl 5 R o ey DA - SEABRIEE
M BRI EA RiF 2B E IS - KRl
B 7% %% B = i B 88 it 55 Bk R ( Exponential
growth) HhfR - H R* &5 0.9991 (A1 1 FoR ) »
HURDA TTSP FH#l PLA RAEFHITEEITRFEAR
SR EETE - S50 - Al RABRI ) i T i
FEZBARATDHER - S 10% ABL #(EH K

25°C ZERBE 1% 30 1% HAmEERRRE 30%-
(1ID) PrRLF#sEE BPC 8T Ry 2 s %

By VIR EITRL R ORI S BB T R 2 5
2 ARRBEST TR RNy 20 wt% ~ 40 wt%
Bz 60 wt%;Z BPC » i&Ejth TTSP JEfT RIFRITES T
By T » Horp» 5% 2 B ANFEIVTRL i & BPC
TELREZ 2 o R a] DARH > B VTR a8
FAKA 40 wt%olif » JEALRERE TR Fr A =5 i
WA o TE AR 60 wi%ely » HiF{breHIfE.Z
TR - BEsbh o B 6 RARENTRLI R U INEZ BPC
H R VAT T R 2 TE E dhiR - PTG
1 EPIRLFT IR 40 W%l » BEZTRL Y
IR > H VSR B KT8 2 AH B HE
RE RS RS Z B o DA 60 SR HATESERER s 5] »
PLA EZPRE Fr¥siiE By 20 ~ 40 K 60 wt%Z BPC

0.0010

A 25°C
30°C
0.0008 - o 35°C
40°C
X 45°C
o 50°C
Master curve

0.0006

Compliance (1/MPa)

0.0004 -

0.0002
0

log t (s)
5~ PLA JAARNE]GABRIR L < AR SARS B R
Fig. 5. Shifted creep compliance data and
corresponding master curve of neat PLA (Tir =
25°C).



PREE T2 FOREST PRODUCTS INDUSTRIES Vol.34 No.2

30yrs 60 yrs
0.016

—=— BPC with 60 wt% bamboo
— 0012 1 —=— BPC with 40 wt% bamboo
& —+— BPC with 20 wt% bamboo
= —o— PLA
% 0.008 -
(8]
C
8
a
£ 0.004 4
o
(@]
mmees AR RAAAAAAALEEEEREEEEEI S
0.000 4
0 2 4 (; 8 10 12
log t (sec)
AN TR =X N A = =5
6 ~ PriIFEsinEY BPC MR E T 52
2EE

Fig. 6. Effects of bamboo particle loading on creep
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