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Abstract: In order to develop the environmental-friendly new materials based on soybean protein which is
plantable macromolecule, thermal characteristics of the soybean protein resin (SPI) modified by plasticizers
(1,3-propandiol, glycerol) and cross linking agents (glutaraldehyde, epichlorohydrin, glyoxal, urea) were
analyzed by TGA. Mechanical properties of modified SPI were investigated and fracture was observed by
SEM. As the result, flexibility of SPI film was increased by adding plasticizers; 1,3-propandiol and glycerol.
Plasticization effect of glycerol was relatively greater than that of 1,3-propandiol. With the application of
crosslinking agents (glycerol, epichlorohydrin and glyoxal), strength and thermal stability of SPI increased with
their content. On the other hand, in case of addition of urea, thermal stability of SPI decreased and its strength
was reduced because cross linking between urea and SPI was somewhat difficult. Fracture surfaces and
domain interfaces of the modified SPI resins were observed with SEM.
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Figure 1. TGA curves of the SPI resin without glycerol
and SPI/glycerol and SPI/glycerol blend resin with various
glycerol content.
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Figure 2. TGA curves of the SPI resin without 1,3-prop-
andiol and SPI/1,3-propandiol blend resin with various
1,3-propandiol content.
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Figure 3. Tensile properties of plasticized SPI resin with
glycerol.
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Figure 4. Tensile properties of plasticized SPI resin with
1,3-propandiol.

Figure 5. SEM images of tensile fracture surface of (a) neat SPI resin, (b) plasticized SPI film with glycerol (20 wt%), and

(c) plasticized SPI resin with 1,3-propandiol (20 wt%).

o2 7taA7F Y] wie I o)dte] HrtaFel A
ZA%e 1HERoH, 35 7tuAe] HE&og A%
Eo] oAl fadte AS At JtaAe] Hoh =
A& oF 30%9] AEES UERA glycerol 20 wi% s &
AFA e HA 2o A3

3.1.3. B4

Figure 5= IEAIE 39 & ¥]gk SEM AR
olth. 7hAaA7F H7 E A 82 SPI A= A (crack)©l
o] o T AGHES e AFFHA AL
(brittle fracture)E X.o]™, glycerol?} 1,3-propandiol®] 7}
of oJaf 7}A3tH SPI A= A4 3 (ductile fracture)
&S Holal At} 1,3-propandiol®] 739 glycerol©]
A7 R SPI A By W2 Y wA F=o] dzEy
3 Yt} o] 1,3-propandiol”} protein-rich =W 1ol F
3] FAFEHA Hoto] E3o] A Faol wet
At oF F=0] A= Aer Addn.

3.2. ZtuA o mE SY
321 €3 54

Figure 62 7}&AIR0 glycerol S 20 wt%s 7|EoF
ko] 7Fu ARl glutaraldehydeE ZH2}F 5, 10, 15, 20 wi%
A7vste] 7kaAlzl sPl BE0 dEd2EE AT
ZA¥olt}. Glutaraldehyde®] 7ol F7fel wel At
ol S7kske Aoz UEsth 210~290°Cel A €]
ThaeAe] Fre] ZHAEHAL 300°C ol el Al A&
&7t SV ALE Hol 7larl 2 glycerolrich
S RlofA o]FoA= ASRE FHEHT, 355°C H&
oA Hol dEsiE=E el 9l

Figure 7= ureas 7t A& st H7beFo| theh SPI
TA9] IS el Aok Urea® 4% i+
i ato] 7l ) go]skA] gfof Aol 23|y W
olA = A#E YER AT o]= SPI 49| pHell 93
urea®] NH> group®| 7}ulE o] FA] X3tal 238 O
A stetE AFA HIREHE AoE AdHT

Figure 82 epichlorohydrin®] 7}aloll m& SPI 43| 2]

HaF o oAE A 12F A28, 2011



ZhaAl 9l 7kl ofsl AjdE oA e 54 77

100 F
- —— SPl/glycerol

| N glutaraldehyde 5wt%

N glutaraldehyde 10wt%

80 == glutaraldehyde 15wt%

- glutaraldehyde 20wt%
X
<
ot
=
2
2
-
=
£
&
-
2
Q)
£
el

1 N 1 : 1 " 1 L 1 L L

0 100 200 300 400 500 600 700
Temperature (°C)
Figure 6. TGA curves of the SPl/glycerol (20 wt%) resin

without glutaraldehyde and SPI/glycerol/glutaraldehyde resin
with various glutaraldehyde content.
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Figure 7. TGA curves of the SPI/glycerol (20 wt%) resin

without urea and SPl/glycerol/urea film with various urea
content.
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Figure 8. TGA curves of the SPl/glycerol (20 wt%) resin
without epichlorohydrin and SPI/glycerol/epichlorohydrin resin
with various epichlorohydrin content.
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Figure 9. TGA curves of the SPI/glycerol (20 wt%) resin
without glyoxal and SPI/glyoxal resin with various glyoxal
content.
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Figure 11. Tensile strength of cross-linked SPI resin with
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Figure 12. Tensile elongation at break of cross-linked SPI
resin with various content of glutaraldehyde, urea, epichlor-
ohydrin and glyoxal.
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Figure 13. Tensile fracture surfaces of cross-linked SPI res-
in with 10 wt% of (a) glutaraldehyde, (b) urea, (c) epi-
chlorohydrin, and (d) glyoxal.
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