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Fig. 1 FTIR specira for GPTPS( stored for 0 and 70 days) and FPTPS{ stored for 0 and 70 days)
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Fig. 2 The styles of the most possible hydrogen bonds in both FPTPS(a,b) and GPTPS(c,d)
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Fig. 3 SEM micropgraph of native comstarch granules{a} and the
fracture face of UFPTPS(b)
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Fig. 4 The diffractograms of the compesite before

thermoplastic process(a) and after thermoplastic process
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Fig. 5 The diffractograms of five TPS stored at RH 50%
for 25 days, which were preared by the different

plasticizers
10+-]a a) 30%Urea
bg 20%Ureat]0%formamide
¢) 10%Urea+20%formamide
8 d) 30%Formamide
i ¢) 30% Glycerol
=9
= 6y
<
!
o
2 (
¢ d
4] I ] 1 1 1
0 20 40 60 30 100
Strain (%)
Fig. 6 The stress ~ strain curves of several TPS

plasticized with different plasticizers
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Fig. 7 The effect of the proportion of urea and formamide
contents on the mechanical propertics of urea and/or

formamide-plasticized TPS
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Table 1

(20 w1% ) and formamide (10 wt% } (1) and by glycerol (30 wt%)
alone {2) stored at RH =33% for one week

The mechanical parameters of TPS plasticized by wurea

Stress Strain Stress Strain Energy  Youngs
peak peak vield vield break  medulus
{MPa) (%) (MPa) (% } (N'm) (MPa)
| 4,829 104.656  3.769 31.529 2,176 44.355
2 4.706 49.857 4,292 20,029 1.012  181.183

R 20% I ¥ BEBE 10% 8L &) TPS HIBTH
MEMBRESSKENLRE WE S . HE
FOKEIEI TPS 38 B T ML X B T KR H
YT AL A R RN, 5 T R AR
HKEH 9% ~34% Z B, TPS HREETFH
K Z(60% L E).
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Fig. 8 The effect of waler contents on stress and strain of TPS
plasticized by ure a(20 wi1% ) and formamide( 10 wt% )
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storage times at different RHs RHO, 25% , 50% , 75% and
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Fig. 10 TG scans for GPTPS and FPTPS
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THERMOPLASTIC STARCH PLASTICIZED BY THE
MIXTURE OF UREA AND FORMAMIDE

MA Xiaofei, YU Jiugao
{ Sehool of Science, Tianjin University, Tianjin  300072)

Abstract The main disadvantages of the conventional thermoplastic starch (TPS) are the retrogradation, poor waler
resistance and unsalisfactory mechanical properties particularly under wet or dry environments. In this paper,
formamide and urea were used as a mixed plasticizer to prepare urea/formamide-plasticized TPS(UFPTPS) with both
the good mechanical properties and the good retrogradation resistance. FTIR analysis indicated that the micro-
environments of the chemical groups in formamide-plasticized TPS{FPTPS) changed less than in glycerolplasticized
TPS(GPTPS) during a period of 70 days. This was related to the fomation of more stable hydrogen bonds between
formamide and starch . By Scanning Electron Microscope{ SEM) the native cornstarch granules were proved to transfer
o a continuous phase with the destruction of all crystallinity. The effect of water contents on the mechanical
properties of UFPTPS was also studied, and UFPTPS had good duetility al water contents of 9% ~ 34% . After being
stored for one week at RH = 33% , the tensile strength, elongation and energy at break of this TPS reached 4.83
MFPa,104.6% and 2.17 N-m, respectively. The influence of formamide and urea on the retrogradation of TPS was
studied using X-ray diffractometry . It was found that the mixture of formamide and urea could effectively restrain the
retrogradation and prevent urea from crystallization . On the other hand, both the thermal stability and water resistance
of UFPTPS was better than those of TPS plasticized by each single plasticizer {including glycerol). The TPS
properties mentioned in this paper were ameliorated by the mixture of formamide and urea(10%/20% weight based
on starch) , mainly for it could form more strong and stable hydrogen bonds with starch hydroxy groups than glycerol
could. As a novel plaslicizer, the mixture of formamide and urea would be potential in extending the application
scopes of TPS.

Key words Thermoplastic starch, Formamide, Urea, Retrogradation



