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Study on the rheological, thermal and mechanical properties of
thermoplastic starch plasticized by glycerol
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Abstract Thermoplastic starch (TPS) was prepared by mixing starch with glycerol as a plasticizer. The glycerol
content ranged from 20 to 35 wt. % and TPS was prepared in a twin screw extruder. The shear viscosity, thermal
and mechanical properties of the TPS were investigated. The viscosity of TPS exhibited typical shear thinning
behavior: decreasing viscosity with increasing shear rate. The power index, n, increased with increasing glycerol
content. This is because as the content of glycerol, a Newtonian fluid, increases, the viscosity behavior of the TPS
becomes closer to that of a Newtonian fluid. The thermal behavior of TPS showed that starch and glycerol are
miscible. In addition, when TPS was aged for more than one day at room temperature, TPS showed a partially
miscible phase structure. The moisture absorbed into the TPS was assumed to change the phase behavior. The
mechanical properties of TPS were found to be strongly dependent on the content of the plasticizer. Both the
toughness and stiffness increased with increasing plasticizer content. DSC showed that this unusual result was due
to the combined effect of humidity and the high amylose content in starch.
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Fig. 1. Two rectangular dies used in this study. H/W = Fig. 2. Shear stress of different TPS having various
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Table 1. Flow consistency index, K and power raw
index, n for various TPS investigated in this
study.

Sample Temp. (0C) K(Pa.s) n
100 40740 0.407
TPS20 125 0.412
140 0.413
110 21880 0.467
TPS25 125 0.457
140 0.465
110 5128 0.618
TPS30 125 0.627
140 0.637
110 2398 0.693
TPS35 125 0.689
140 0.703
10°
B O TPS20
® O TPS25
[ORY
_ A A
]
A
N’
]
]
& 10°F 7
«» L
St
<
L
=
7
lOZ 1 1
100 1000
Shear rate (1/s)
Fig. 3. Shear viscosity of different TPS having various

Fig. 39 110 °Col
o). TPS9] A=+
FelE Belrh
= W2 23} (shear thinning) 3

oA &=

compositions as a function of shear rate. Open
symbols represent data measured from a die of
3 x 3 (mm/mm) and crossed symbols represent
data measured from a die of 2 x 8 (mm/mm).
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Fig. 4. DSC heating thermogram of TPS. The glycerol
content in TPS is 35, 30, 25 and 30 wt. % from
the top to the bottom. Heating scan was from
-120 to 100 oC with a rate of 20 oC/min.
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-100 to 50 oC with a rate of 20 oC/min.
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