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Abstract : Recently, attention has been paid to obtaining bio-polyols from renewable resources. Successful use of these natural
ingredients successfully produced in the industry for the synthesis of various polyurethanes is a very important task. In this study,
a series of dimethylformamide (DMF) based polyurethanes were synthesized from methylene diphenyl diisocyanate (MDI)/1,
4-butanediol and bio-polyol (polytrimethylene ether glycol based on 1, 3-propanediol : B-POL)/polyester polyol (polyadipate
diol based on 1,4-butandiol : H-PET). The effect of different ratio of bio-polyol (B-POL)/polyester polyol (H-PET) on the
physical properties of polyurethane was investigated. As the B-POL content in B-POL/H-PET mixture increased, the glass
transition of soft segment (Tgs) and tensile strength of polyurethane decreased, however, the elongation at break and tear strength
increased. On the other hand, artificial leather was produced by wet process using synthesized DMF-based polyurethanes. It was
found that there was almost no difference in the effect of the B-POL/H-PET composition on the average size and density (the
number of cells per unit volume) of the porous cells formed in artificial leather. These results show that there is no problem in
using bio-polyol (B-POL) based polyurethane for artificial leather produced by wet process.

Keywords : Polyurethane, Bio polyol, Ester polyol, Coagulation, Artificial leather

* To whom correspondence should be addressed.
E-mail: kimhd@pusan.ac.kr; Tel: +82-51-510-2410; Fax: +82-51-512-8175

doi: 10.7464/ksct.2019.25.1.007 pISSN 1598-9712 elSSN 2288-0690
This is an Open-Access article distributed under the terms of the Creative Commons Attribution Non-Commercial License (http://creativecommons.org/licences/
by-nc/3.0) which permits unrestricted non-commercial use, distribution, and reproduction in any medium, provided the original work is properly cited.

7



=)
1
oX
Jo
e
oX
=
-
ox
e
oN
S
%,
ol
=]
o
RN
o
N
e 2
Sl
2

A= %F/]i«] EA4l tﬂr‘“/} Sae: E’l %*éﬁ%
3 e, E9-H g < %HJ@L & AR, P'g
A & g = AHEE ‘ElEH4,5]-
= T U FYESE ARE 7IRte R Az
o, 712} ¥-8-2] 9] polyether polyol¥} polyester polyolo] 1.2
1, polycarbonate polyold} 72 7]€} polyol2 U= 4 QUth
PTMG, PPG ¥ PEG®} Z+2 polyether polyol-2 ethylene oxide
(EO), propylene oxide (PO), tetrahydrofuran (THF)Z €] 21z}
AojAct PTMGY] 7§ 2 elastomer, -7, film 52 A=
of AH&E™ PTMG= W3t 2 Wrkeisi/dol $-4=3 A
o] EAJo]t}. Polyester polyol2 glycol} di-carboxylic acid 2]
Z3t-8-of o3 A&, E3] e-caprolactone?] 7jE=¢t
of] 23} A|Z= polyester polyol-> HAw=7} Wil A zE &9
dlEre] e, WosRs Y, A8 S4o] Sasieh ek
polyolof|+= polycarbonate polyol (PCD), polybutadiene polyol,
acryl polyol, 3¢l polyol 5| 2t}

At B Se HiA YRS Al vhy, wlols
ZoeaE AEA AARAe 22 AgAEe s ARt
Hpo] @ A& o] §sto] AlxH FHo|eeths Tttt &
Sl = A=l E2&3} ojaAlopd[o|EVL AR5 7|4t
oz AlzE7] fwol dFrrae Ao eﬂ—rﬂﬂ‘%J A4k
H7FE Eol= +4 allo|t6]. uwehA )
S st dAAH = ﬁxﬂx* el ﬂﬁ’% J‘:L 401]*1
A A S flske] Af7|ut
5 AZA AR AR s Ao
7. Aol BT AAE 84 2
chabet Hfol2 wj A

B M 2 o ox fr o HU mx £ gr X O
r ol
=g

H ]
e
2
>
a]
ntad
o

= OlN
N
N
ofs
o,
k1
30
£
[\]
L
e
Jig
T
)

1O
o
)
Fﬂ
x 10

N

s '6‘—9—01']:]'
A% mrstol
&-g-5ho vho] 2.-Zf&(bio-polyol) 2
Hho] 9o & AloFH o B CHFA|S A =3t 7] & ro] Tt
3] AP Qlon, Ed| 3)|QoA= thoFst /%lgxﬂ(blomass)
2 29 vlo| Fe) LS AUstT ARSI YLHS-10]

2] FY oA SK7| vio] 2 ZE&]&(polytrimethylene ether
glycol : SK PO3G, B-POL)S 7|ulsto] g %7&]]01] ltHs]

I ookt vhole &S IR EEe-ElEel EH?f
A= ofe] 3late] A AoA 3= 9 l‘?l N E
oA 27|= 4A] 9tk E3t bio-polyolS oG35 ThoF
¥ 728 71 Belgdge) pxe} 4 ke BA

—

OH
= rsL' Mo ot

rO
N
i=)
e
N
N
\_@
@
oX
i=)
‘I (-
flo
o
ox,
o
Jo
o
B
>
il
ox
lo fr
N

=
i)
]
i)
o
£
)
filo
o
oo
ol
ok
Q
oy I
1>
oH
ox
He
o Y
H il s
é

gL
oo M 2 T 1

lo 1>
KU ol

4
ol o
eI

i
)
o
)
)
4
B
_10
2
o
juisl
SL
2
My Jx Mo
)
b

[
o
o

9] non-solvent, -3-31-8)<50] Z=x
A(F3HAIAIEE ojuf =i} *o”o“é
Toluene)= &=l &Jsto] FZ&/%
u]AIRE 718 (Hs7d) ol & 6‘
o] AlxHrh dRtyog Q%
olm, 4] =
E)E 4%‘3}
Alere

upba] 2 ?ﬂ—?(ﬂ]/ﬂ% H}o] @ Z2]-E(polytrimethylene ether
glycol : SK PO3G, B-POL)/Z 2o AF ZE&]&(polyadipate diol
based on 1,4-butandiol, H-PET)2] ZAJ-2 2|3} DMF 7|4t
o] ZejeeeS Alxstal, E2&0 24 e et
o] 5449 HekE ARSI Z19jal & Ao A= PET/
Nylon F2]3Z} DMF &A1& ARE-Sto] 54 2= fﬁﬂg Al
zofo] Hiol @ Fe|&/Ee|oAE EHeE 240 TE
FelE Soll FAE vha/d Al(cell) BHe] /ol EHOPOE] =
Asee.

ﬂ o
_>|:
i
ic)
T
£
-“1
é

Mlo O}m
N
o
o
By
rC
FE
I-N
=
e

gN
32
=
O
N
=

2. Al

21. A JE L A2k

Ze " A9 S fisto] Hiol L EE&E poly-
trimethylene ether glycol (M.W 2,000, PO3G, SK Chemicals,
Korea)d} o] AE| A &2]&Z polyester polyol (M.W 2,000,
HP1020, Heung IL Polychem, Korea)2 65 mmHg, 100 Coj|A]
341 FOk &psto] ALgStla, Aol G Beled &
A2 Table 19 Q9F A5} k. Methylene diphenyl diiso-
cyanate (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), antioxidant (Irganox 1010, BASF, Germany)

Table 1. Macroglycols used in this study

Macroglycols

Sample | Product
designation| name

HP Polyadipate diol o ‘
1020 based on oH
1,4-butandiol "

Polytrimethylene
B-POL | PO3G | ether glycol based
on 1, 3-propanedio

Characteristics | Structure of repeat unit

H-PET
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Table 2. Sample designation and composition of polyurethanes
containing bio polyol

Composition (molar ratio)

; ngpl§ Isocyanate Polyol | 4-butane

esignation MDI Polyester Bio ’ diol
polyol polyol

H-PET 0.2 0.05 - 0.15
H80/B20 0.2 0.04 0.01 0.15
H60/B40 0.2 0.03 0.02 0.15
H40/B60 0.2 0.02 0.03 0.15
H20/B80 0.2 0.01 0.04 0.15
B-POL 0.2 - 0.05 0.15
FEE EFdE 7IAA 24 B4 HEiA vy

g2 oR Id58 Al=3FAH. Release paper (RP film)of]

AR AE 44 =5 5, SlE ﬂ%(dry Oven°ﬂ*1 80

E 71Ael 54 &=
=50 FAAA S

(coagulation)A] FH Tt 31 ZA-2 25 C, DMF 10% 522 3}

of 8% 7t SAIZ]

Polyol

MDIat 80 C forSh

in DMF

HO{\/\/\N\/\/\/‘O-}H + OCNNCO
MDI

NCO-terminated urethane prepolymer

Chain extension using | 4-butandiol

at 80 °C for2 h

—Ri—= —(CHJa— or —(CHs—
DMF based polyurethanes

Scheme 1. Preparation process of DMF based polyurethanes.
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Figure 1. Viscosity of PUs.
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Figure 2. FT-IR spectra of PUs.
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Figure 3. DSC thermograms of PU films.

Table 3. Thermal and mechanical properties of polyurethanes

films
r]e)ssu(ljt g;ﬁﬁ Mechanical properties
Sample - -
designation | T T Tensile | Elongation Tear
(gés) (cés) strength | atbreak | strength
(kgf cm™?) (%) (kgf cm™?)
H-PET -34 -32 411 417 69
H80/B20 -43 -33 415 429 71
H60/B40 -45 -34 328 437 76
H40/B60 -47 -37 324 502 85
H20/B80 -53 -50 268 522 101
B-POL -58 -57 302 641 118
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Figure 4. Storage modulus (a), loss modulus (b), and tan delta (c) of
PU films.
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Figure 5. TGA (a) and DTG (b) curves of PU films.
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Figure 6. Stress-strain curves of PU films.
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Figure 7. SEM micrographs of wet-type artificial leather based on
nonwoven fabrics coated with DMF based polyurethane.
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