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Abstract : The synthesis of bio polyol from renewable resources has attracted attention in recent years. In particular, it is
important to take advantage of bio polyols in the synthesis of polymers. In this study, a series of dimethylformamide (DMF) based
polyurethanes were synthesized using polycarbonate polyol/bio polyol (PO3G: polytrimethylene ether glycol prepared from 1,
3-propanediol produced by fermentation from corn sugar), methylene diphenyl diisocyanate (MDI) and 1,4-butandiol (BD). The
properties of prepared polyurethane films and the cell structure of wet type artificial leather were investigated. As the bio polyol
content increased, the tensile strength of polyurethane films decreased, however, the elongation at break increased
significantly. As a result of thermal characteristics analysis, the glass transition temperature of polyurethanes increased when
increasing the content of polycarbonate polyol. As a result of comparing the cell characteristics of wet type artificial leathers
prepared in this study, it was found that the number and uniformity of cells formed in the artificial leather samples increased
when increasing the content of polycarbonate polyol in polycarbonate polyol/bio polyol. From these results, it was found that
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DMF-based polyurethane containing an appropriate amount of bio polyol could be used for wet type artificial leather. The bio
textile analysis system according to ASTM standard was used to measure the bio carbon content of polyurethane. The content of
bio carbon increased proportionally with the increase of bio polyol content used in polyurethane synthesis.
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Table 1. Macroglycols used in this study
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polytrimethylene ether glycol (M.W 2,000, PO3G, SK Chemicals,
Korea)¥} &Z2]71HY|o]|E Z2]& & polycarboante diol (M.W
2,000, C2090, Kuraray, Japan)< 65 mmHg, 100 Col| 4] 3h Eot

Yaoto] AFal AT, AHo] AL8E B Le] 54 Table
19] Q9F 3%t} Methylene diphenyl diisocyanate (MDI,
Lupranate MS, BASF, Germany), 1,4-butane diol (1,4-BD,
Sigma-Aldrich, USA), dibutyltin dilaurate (DBTDL, Sigma-Aldrich,
USA), N,N-dimethylformamide (DMF, Junsei Chemical, Japan),
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Macroglycols
Polyol Product name Characteristics
M-PCD C2090 Polycarbonate diol based on 1,6-hexanediol/3-methyl-1,5-pentanediol
B-POL PO3G Polytrimethylene ether glycol based on 1, 3-propanediol
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Table 2. Sample designation and composition of polyurethane (PU)
containing bio polyol

Composition (molar ratio)
S?mpl? Isocyanate Polyol Chain extender
designation -
MDI M-PCD/B-POL | 1,4-butane diol
PU-M-PCD 0.2 0.05/0 0.15
PU-M80/B20 0.2 0.04/0.01 0.15
PU-M60/B40 0.2 0.03/0.02 0.15
PU-M40/B60 0.2 0.02/0.03 0.15
PU-M20/B80 0.2 0.01/0.04 0.15
PU-B-POL 0.2 0/0.05 0.15
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Scheme 1. Preparation process of DMF-based polyurethanes
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Figure 1. Viscosity of DMF-based polyurethanes.

54 gRom Az 44 Beleee BEe vlolo g
4~ 3eF(bio content)}2 ASTM D 6866-16 +fZ(standard test
methods for determining the biobased content of solid, liquid,
and, gaseous sample using radiocarbon analysis)of] +3}¢] &
A3l & 71&AFFE A 7] (Biotextile analysis system part 3,
MICADAS.14, TONPLUS, Switzerland)2 =74 3}%ch

=

3.z

31. ™M
2 AtollA A E Ee A" A9 HE=E Figure 1]
UER QTR 7R Yol E 7|8 £2]&(M-PCD)E ©]-&3to] &
ARt e A Jrert 7P woke, 3584 &
ele2A ALgT uole Eel(B-POL)2] FFol oldlol
whe FEt volde o 4 glglch Hlel e Felge] Fagol
271048 B de HES Uil ol utolo 7
2o) y Trg) 27]9) Aolo] 7L Ao AZFRT. u)
ole EeIEel RIS 98 by T} 4 el
@ FOROIS B8 A A 28 Wl
MPD (3-methyl-1,5-pentandiol) &
Y F % o 7\ 0ulky)et

;L
Atk 54 g0 w}a} 4l 23

2 S 549 F2E FTIRS AHgto] 24
3 ZA2E Figure 20] Leh ek Auba o2 Ee e
RO 2 Belu olaloklo|E U AN =
U S glom, BeSdg TxelA ATE A IHEso
segment)2 AHg-5H Eel o] gagol T FAA R 4
AOE gl o] Bysha BA| A Bel2o S4o] o)

5 3A YEUA "o E2ERA E27HEY0lE &2

2028 08T $4 QxS Be oY A A By 117

PU-M-PCD I
\/"“\/
PU-M80/B20
U-M80/B20 . , .
PU-M60/B40 - W
" \/““\Jf QM
<
Z  |Pu-maoBe0
BT Y Y
g
= |pum2os0 S
\/MW/ WW
PU-B-POL
4000 3000 2000 1000

Wavelength (cm'l)
Figure 2. FT-IR spectra of DMF-based polyurethanes.
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Figure 3. TGA curve of PU films.
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Table 3. Thermal and mechanical properties of PU films

. DSC result DMA result Mechanical properties
Sample designation . . - 5 -
Ty (O) Ty (O) Tensile strength (kg cm™) Elongation at break (%)
PU-M-PCD -9 -8 445 398
PU-M80/B20 -13 -11 429 431
PU-M60/B40 -14 -13 348 447
PU-M40/B60 -18 -16 321 543
PU-M20/B80 -53 -48 276 547
PU-B-POL -55 -52 334 662
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Figure 4. DSC thermograms of PU films. 400
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Figure 6. Stress-strain curves of PU films.
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Table 4. The weight ratio of bio polyol to total weight and bio carbon contents by ASTM D 6866-16 test method PU films

Composition (weight, g) . Bio carbon content (%) | Bio carbon contents by
deif“ﬁgifon T"tal(w)e‘ght calculated from feed bio | ASTM D 6866-16 test
£ MDI M-PCD | B-polyol | 1,4-butane diol & polyol and total weight method (%)
PU-M-PCD 50.05 100 0 13.5 163.55 0 2
PU-M80/B20 50.05 80 20 13.5 163.55 12.2 15
PU-M60/B40 50.05 60 40 13.5 163.55 24.4 28
PU-M40/B60 50.05 40 60 13.5 163.55 36.6 38
PU-M20/B80 50.05 20 80 13.5 163.55 48.9 49
PU-B-POL 50.05 100 100 13.5 163.55 61.1 61
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