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EE: Azelaic acid, sebacic acid, succinic acid®} 1,3-propanediol(1,3 PD)S H-&3}o] nlo]o Zgjo2g 2%
AT e EE)2ol AREAEAl $le] MDI(4,4'-methylenebis(phenyl isocyanate))E 1:1.1 H]-&Z &35}
npo] Q. FrkAaA Z2E-dlES IS T Poly(1,4-butylene adipate)S Z2| &2 A5l 712 H|EE MDIE &
Fate] gt vk EZEledes §AS ¢ BAS vlwsislth @7t Eeledee] AR B s w46
7] $1814 FTIR, TGA % GPCE AM-SIATE. JEA7FgHA17(RPA)S] W& 29 (strain sweep) 715 ©]-8-5}o]
A7t e ewee] AedS EASISITE Shore A A=A, & WhE BAAE], UTMS ARESte] d7kad &
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Abstract: Bio-polyester polyol was synthesized by using azelaic acid, sebacic acid, succinic acid and 1,3-propanediol
(1,3 PD). 4,4'-methylenebis(phenyl isocyanate) (MDI) was mixed in the ratio of 1:1.1 without chain extender to syn-
thesize the bio-thermoplastic polyurethane (TPU). Poly(1,4-butylene adipate) was used as polyol and MDI was mixed at
the same ratio to synthesize general TPU, and then physical properties were compared. FTIR, TGA and GPC were used
to analyze the composition and structure of the TPU. The viscoelastic properties of the TPU were tested using the strain
sweep function of the rubber processing analyzer (RPA). The hardness, ball rebound and tensile strength of the TPU were
measured using a Shore A tester, ball rebound tester and UTM. In addition, heat resistance, water resistance, and chemical
resistance were analyzed through the tensile strength retention ratio according to external environment change. The bio-
TPU with sebacic acid and 1,3-PD showed the best viscoelastic and mechanical properties. The tensile strength was lower
than that of general TPU, but the retention ratio change was relatively high according to the external environment.
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Table 1. Chemicals for Synthesis of Polyester Polyol and Polyurethane

Name Abbr. Structure M, (g) Supplier
0 o]
. . Emerox Emery
Azelaic acid 1117 )J\/\M/u\ 188.22 Oleochemicals
HO OH
0
Sebacic acid o MWOH 202.25 Arkema
0
0
Succinic acid OH on 118.09 Bio amber
1,3-Propanediol 1,3 PD H O\\/\/OH 76.10 TWSISChem.
o]
Poly(1,4-butylene adipate) SS106/8S206 D 1000/2000 SONGWON
0 Industry
Q n
4,4'-methylenebis DONYANG
(phenyl isocyanate) MDI Oﬁcﬁ /C,:,O 25025 Chemical
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(1) 180-200°C with nitrogen
(2) stannous octate as catalvst
(3] 200°C wath vacuum
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OH + H:}WQH
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(1) 180~200°C with nitrogen
(2) stannous octate as catalyst
(3) 200°C with vacwum
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Scheme 1. Reaction for polymerization of PEs.
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Table 2. Formulation for Synthesis of Polyester Polyols
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HZ Al glycolo] gl

Amount (g)
Sample M, . . .
Azelaic acid Sebacic acid Succinic acid 1,3 PD
PE 1 1058 167.57 - - 101.39
PE 2 944 - 169.6 - 96.63
PE 3 2948 - - 69 62.3

Zay, A|4398 A63, 20193



2 FRo) wE E

1o O

Table 3. Formulation for Synthesis and GPC Results
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Sample

Amount (mol) TPU 1 TPU 2 TPU 3 TPU 4 TPU 5
PE 1 1 - - - -
PE 2 - 1 - - -
PE 3 - - 1 - -
SS106 - - - 1 -
S$S206 - - - - 1
MDI 1.1

M, (Daltons) 31786 54640 79974 123092 125813

M, (Daltons) 86549 152346 124805 196932 188572
PDI 2.722852 2.788174 1.560572 1.599875 1.498836
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Figure 1. FTIR results of the TPU samples.
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Figure 2. TGA results of the TPU samples.
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Figure 3. Derive. weight vs temperature of the TPU samples.
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Figure 7. Viscous torque of the TPU samples.

S AR 2 Be 98] EAEe] 5 e
7) g ZFe @ AEst "olR]7] wjio|t),
Figure 99141 TPU 27} 71 &2 Wbk 348 Btk ol

gde] 7H3 %:—— oju)gitt, I B ] 7l Do
Hlglshet] &9 A" 7 7hedS ole Al 471 TPU
27} 78 ©7] wjiolt}. TPU 3, 55 BAlo] £X] 2
ol EE|&o| EAFgo] Eol o] o] wiEoltt.

Figure 10, 110 TPUS] 177 w=e}t AAl&-S vEF WAt
524 Az}, 9147 == TPU 5 > TPU 2 > TPU 4 > TPU 1
> TPU 30|13, 4A18<S TPU 4 > TPU 5 > TPU 2 >
TPU 1 > TPU 3°]2ith. Autd o= gul TPUe| H]3) vfo)
< TPUS| A= F Axlgo] A ettt sHA T ol
F okl WEA, W4 240 E7FsA ™ TPU 590 Bl
TPU 2% N73=7t 9 8748 WsiA|7]7] e Hls)] A
sk=] 7] YA LU¥t TPURTE 953] =9k 3 Aalg

ek A1) T4 829

80

70
80
50
40 -
30 -
20
10 -
Q

TPU1 TPU 2 TPU 3 TPU 4 TPU &

Hardness (Shore A)

Figure 8. Hardness of the TPU samples.

50

40

30 =

thh

TPU 1 TFU 2 TPU 3 TPU 4 TPUS

Rebound Value (%)

Figure 9. Resilience of the TPU samples.
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