a Elastomers and Composites
«q,/ Vol. 54, No. 4, pp. 279~285 (December 2019)

Print ISSN 2092-9676/Online ISSN 2288-7725 \8\
DOI: https://doi.org/10.7473/EC.2019.54.4.279 checl(cz'm

Synthesis of Biomass-derived Polyurethane by Chain Extender Type

Mi Hyun Sohn®, Xiang Xu Li", and Ur Ryong Cho™"""

"School of Energy, Materials and Chemical Engineering, Korea University of Technology and Education,
Cheonan, Chungnam 31253, Republic of Korea
“Research Center of Eco-fiiendly & High Performance Chemical Materials, Cheonan, Chungnam 31253, Republic of Korea

(Received August 19, 2019, Revised October 4, 2019, Accepted October 7, 2019)

Abstract: Bio-based polyester polyols were synthesized using esterification with azelaic acid, sebacic acid, and 1,3-pro-
panediol. Polyurethanes were prepared using chain extenders (1,4-Butanediol, 1,3-Propanediol, and isosorbide) and 4,4’-
diphenylmethane diisocyanate with a mixing ratio of 1:1:1.1. Subsequently, the properties of the polymers prepared using
the different chain extenders were compared. The synthesis of polyurethane was confirmed by FT-IR, TGA, and GPC. The
mechanical properties (hardness, ball rebound, and tensile strength) of the materials were analyzed using shore A tester,
taber abrasion, and UTM. heat, chemical, and water resistances of the prepared materials were measured by comparing the

tensile strengths according to external changes.
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AR B, A F2d3ke] RISl o] Absteta WS &
A 4= e iAol AE AEE FAAE 8l o4kt
g5 2RstEE vlo|eujA {f A E Ao R
H Jof olitsteka: WA RS 2| 4x3He 4= Qi) Hio] Quf A
= 3A A Ad /A4, 52 A, dx{E EFEd

1 5 AEAE Ad A= SEAIE 12RO 378 A4
o] Z%H EFZA|o| =R o|FoA it EFFEA|
o) EE FAISH= g A Q] A HMAFS 2 = oleic acid, linoleic
acid, linolenic acid, ricinoleic acid, stearic acid, palmitic acid
So] glct.

A HPAHE 5 ricinoleic acide F- Q31| dHe] =FA]7](-OH)
£ et ot? AEA FA F 9ukAlfE F2 ricinoleic
acid2 o]Fo|A Q11 } o] EEA|7] 9] A Z 2lg| 0]AA
ofdjo| E9} wh-g-5te] Z]$-HehS AT 4= lth? Ricinoleic
acids Z eI QA F2 29 HA FA & slo|=EFA]
715 F7hsiE=oof k.’ 1 ol epoxidation,’ hydro-
formylation,” ozonolysis®7} §Jt}. Ozonolysis(2-& E3)E &
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Corresponding author E-mail: urcho@koreatech.ac.kr

& H7HE E3l stol=E8AI7IE =Ygt
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A EE FSAIA oaH 23 B YA F st
o $&3to] 2EH=EdES Eo HEE St AT A
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Experimental
1. Materials

Azelaic acid (Emerox 1117, Emery Olechemicals), sebacic
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Table 1. Chemicals for Synthesis of Polyester Polyol and Polyurethane

Name Abb. Structure Mw (g) Supplier
Azelaic acid Emerox 0 0 188.22 Emery
1117 )I\/\/\/\/u\ Oleochemicals
HO OH
Sebacic acid Q 202.25 Arkema
OH
OH
O
1,4-Butanediol 1,4 BD OH 90.12 Daejung Co.
1,3-Propanediol 1,3 PD HO_~_-OH 76.10 TWSISChem.
Isosorbide oH 146.14 Covestro
O .
Q/l\l\/g Chemical
“T-0
HO
4,4’-methylenebis MDI 250.25 DONYANG
(phenyl isocyanate) Oy, -0 Chemical
Csy W

acid (Arkema), 1,4-butanediol (1,4-BD, 99%, Daejung Co.),
1,3-propanediol (1,3-PD, 99%, TWSISChem), isosorbide (90%,
Covestro Chemical) 71.2] 31 4,4’-methylenebis phenyl isocyanate
(MDI, 99%, Dongyang Chemical)E Table 1] Y AT &
7t/ ZEeEE AN ARER 23122 60T EF2El
A AFOR EAA AREBEAIL, o]aAloH o] E HA] Y
T EA% MDIE 60C 2294 Aoz g3jr1A A5t
et

o 0
”OJ\/\/\/\/'\O" + MO~ _OH
(1) 180-200°C with nitrogen
(2) stannous octate as catalvst
(3) 200°C with vacuum
° 0
A~ o4 + 2H,0
0
)KN\/\/\H/O"
O + W oM
: \/\/
(1) 180~200°C with nitrogen
2) stannous octate as catalyst
(3) 200°C with vacuum
o
N NN T 2O

Oz

Scheme 1. The mechanisms for polymerization of bio-PE.

1.1. Hjo|2 Z2|olAF 2252 St

Azelaic acid, sebacic acid®} 1,3-propanediolE < v =
gfazo] =eka, B8 rhehEA w9 A wAssc)
160~190T oA 2A17F, 200CoAlA 2417t F<t mREAI T A
HEQ] Bo] oA T AAEH =02 stannous octateES 2
o|F=3iet. o, :Hk £X= 400 rpm, ZH &= 90~100C
£ A8t BREo] 80%7F HH AAE A AL, AR
+(40 torryg o] RS JPAZ T A7 S48 19]
71 HH AZFQ2 torrye 2of 2AFE 2ET F 60~70
T 2 YAA7E FEES EE 5 YohP0 EFoa &
2|2 %3 HH8-2 Scheme 19 UERRSIT. o714 RgS 2
olF £ olfre JALEH= HY oA AEE F s =

= AAT Auke-& X317 iAol

12. Hlo|2 EAlo|AE| Eajge| M7l EXI £

Eo|2H 282 HES £7317] $13] ASTM D7253-
06 (Standard test method for polyurethane raw material)o]] @
ohA AHE SRHAT T A 2 e A 28 A
F3}to] Methyl Ethyl Ketone (MEK)o]| =21 &, #|z2ghd| 2l
ZA|2FS Ea 0.1 N-KOHZ Z A3} ol 4] (1He=Z A
4bgtet.

AxNx56.1
= M

A7t =
A =& Aol anlE AR Hof(ml)
N = 0.1 N-KOH 4~899] L2 5=
W = AI29 ¥(g)
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Table 2. Formulation for Synthesis of Polyester Polyols

Sample Amount (g) Acid value OH value Mw
Azelaic acid Sebacic acid 1,3 PD
PE 1 167.57 - 101.39 1.63 106 1058
PE 2 - 169.6 96.63 0.5 118.8 944
Table 3. Formulation for Synthesis of Thermal Polyurethanes
Polyester polyol Chain extender Isocyanate

Sample PE 1 PE 2 1,4 BD 1,3 PD Isosorbide MDI
TPU 1-1 1 - 1 - - 1.1
TPU 1-2 1 - - 1 - 1.1
TPU 1-3 1 - - - 1 1.1
TPU 2-1 - 1 1 - - 1.1
TPU 2-2 - 1 - 1 - 1.1
TPU 2-3 - 1 - - 1 1.1

Zeolay EY&9 S S5 Al 2] B
ol shtel SAWIZME £ASIETEY ASTM E222-10
(Standard test method for hydroxyl groups using acetic
anhydride acetylation) ®}-S o| &35ttt A7 17F 24 7
HE o2} Aloks EEE BESAI7IAL, W) A ]
N-NaOHZ Hgste] ol 9] 4] )22 At

24177} = (A-B)xNx56.1

o @)

T Aol A" ZAA o] Hu(ml)
B Aol Au|E ZA N Hul(ml)
= 1 N-NaOH &=gle] 2 e

= A 29 (g)

£ Zw >

BAFS FAZ7HE T8 F ol 4 ()02 At

56.1x2,000
Bzlek = —— 2o
'\__X]' o /\}‘\l_7] 7]_ (3)
Zolo|2g 2o Az A Foldh 4Rl o U AWt 4

A4717}, BAFS Table 20] WrERfGict.

13. @712y S2|REEH(TPU)Q| B

Table 3o Uehdl ZAY E|o28 &2, AH&AHA,
o] AAJoRIO]ES 1:1:1.19] H|EE 23 T mulslgr).
150~200 rpm o2 2~3E7t wHlsla HZ2 A Eo] 2ot
100T EF2200A 6Uzt Basto] of o] L& vhe-&
T35k, SAIZE Aol A SAdEtA . ZHA Al HAIZ7] (10084,
Ocean Science)S AF&-31e] 170C oA 10 MPag] o8l o 2 A}
799 2F NS AR, 1 AHeR BAS AIFst
o

k.

1.4. Characterization
1.41. FT-IR

Zojolae Bolg, Qrhay Beloane) fat 728 F
Sjo Wgk Holdl Bayom ZAelglc MM AHEY
2 Perkin Elmer Spectrum 1002 643] AZ08}1, 4 cm™'9)
=R 7|1E3t9ct 29 EY ] 5 M= 650~4000 cm™
o] it}

14.2. TGA

grtay Zedey € 5% #4249 TA Instruments
TGA Q500 V20& AHg-alglch A4 £217](200 ml/min) 3}
oA 10C/ming] $& £E2 &% HY 30~800T oA £
Sk

£

1.4.3. GPC

Q7had Beledae) BARe A Fit 2znhEddy)
(Waters, USA, ACQUITY APC Core System) £4 9] Q]3] =
=t AlH 0.02 g& DMF 1 gofl ¢ & THF 9 g2 2 3
Hato] 4087k 28T} Aejet 5 Wejsto] BT

1.4.4. Tensile test

ASTM D412-A 77 9] o} 3 AgSH] Atad =
g ogete] AJHE AL o] AlEE UTM (AGS-X,
SHIMADZU Inc.)& AF231e] Q1A 4= 100 mm/min &2 =
5ot

E o
=232

1.4.5. Heat Resistance

A7ty Z2odE AHS 1000 DF QB4 2447
5ot 31171 & UTM (AGS-X, SHIMADZU Inc.)2 AMg-
sto] QI &= 100 mm/min &= G =E S5
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1.4.6. Water Resistance

Grtad E2 e A EE 2 57104 459 7H70
T, 95%2] T2 & AR HII T UTM (AGS-X,
SHIMADZU Inc.)& AHESHe] Q1% £ = 100 mm/min &2 Q1
7 Ee 2tk

1.4.7. Chemical Resistance

A7har Be) AR AlBES A2 10% NaOH -§eio] 7
A7t AAAZ] & UTM (AGS-X, SHIMADZU Inc.)& A
3t A 4= 100 mm/min &2 JAFFEE SASAT).

1.4.8. Hardness

7t EEdee] =& Shore A ZF=A|(TIME,
TH200)E ARESFo] ASTM D22-400) w2} 53] &34 & Hd)
A3t A2 AT el S Fastel T

1.4.9. Ball Rebound

Q7haA EelSeehe) vk B B vk SAAEY)
(Hildebrand Ball Rebound Tester)& AR&5lo] ASTM D3574-
17 0] wet 33] 24 5 P@eke] Fakck

1.4.10. Abrasion Resistance

Arhad E2ldee] Yt AL Taber nhz AE
7] 51355 ARE3} T ASTM D10449) w2} 60 rpm/min]
gA SEE 3000 Abo]29] uhmolA] ek

Results and Discussion

Figure 1(a), (b)oll bio-PE, bio-TPU2] FT-IR 4] A1}= o}
e St} PE 43 vl 2 PE of, S ee] AP 1
35 1T 5= Aok SH" IF(-NHCOO0)2] -NH 4Al% X
523300 cm™, -NH ¥Z} 2152 1530 cm ™' F2of] Yept
I, >C=0 A& AZL 1730 cm 'Ol A YAt} 3000-2840
cm™ B2 A= azelaic acid, sebacic acid®] C-H shoulder7}
=3, PE A A] 1300-1000 cm™ oA Z2]&
Ao o EAA 93 E T 5 Utk AREAFAR
isosorbideZ AMEEF TPU 1-3, 2-3 A4S 2H, 1220 cm™
(C-0 1% A%) 737} 1170 em™ (C-0 A% ) Bt 2
Al vrebdtt. W3S tolaAlopdlo| EL] WAl 112]= 1600
cm oA PaE .

Figure 2, 39 TGA &4 A= YeE STt IsosorbideE
ARE3E TPU 1-3, 2-39] 7] Q83| LxL oF 260C 2 thE
TPUo| Bl3f 20T A& Wohth ®3t 7MY & $F S4S 2
ol F WA FAoA TPU 1-3, 2-39] HAE (%7 7H =
L 0 F Hol isosorbide®] YA TRZ Q3| 220 Yo}
Fofl thgt A £ R3S & o ok S 39A 9

(@)

e
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Figure 1. FT-IR results of all the bio-PE, TPU samples.

Weight (%)

200 400 600 800
Temperature (°C)
Figure 2. The TGA results of all the bio-TPU samples.

A7 Bal7} dolhizdl, ol Sale el Bajrl WA o

ot T £ZE AITES] Balrh olupy] Golch
Table 4= GPCE T AT 4 Aot 4oz

sebacic acidE AF&38F TPU 29] B-x}&Fo] TPU 1of v =LA
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Figure 4. The hardness results of all the bio-TPU samples.
Figure 3. The Deriv. Weight vs Temperature curves of all the bio-

TPU samples. 25

et I FAE AEAZAR isosorbideE ARE-EH
TPU 1-3, 2-38] EAtFo] ddid e g 33, vwd F2 £
= X5 7HH

Figure 4= 7 =9 Zfo|t}. A| =3t TPU EF 80 o FL
2 22 A= S Yehdth o= AARA H7ERE SHEA
JHEZL 718 A B3 37He= ¢ & o

HHERAY &S Figure 59 JEM Tt ALS 2 azelaic acidE
AFESE TPU 1-1~39] et 80| ¢ =9t} o)== azelaic acid 5[
9] wd#7]7} &4=0]2& conformation o Z| 7} 52 ¥
SN A7} Yo} 'hgo] £7] mjEoltt” 1 Fo A& A
EAFA 2 wdA7 7} E21 1,3-PDE AME-EF TPU 1-2, 2-
29] ghdo] 7P Tt T, YAIF oL Tedt Stz
£ 74 isosorbideE ARESE TPU 1-3, 2-39] et E0] 713+
2ottt

Figure 6°f Wut2A gAE AHE YeR)At). Sebacic
acidE AR&-sto] A 23 TPU 2-1~39] Agf &4lo] A2 Ao
2 Ko} Yutr/do] 943 gRIstqtt. ol HE= 7|7t
=2 conformation X7} o} 2L o|F1, O <l
3 3ol £7] f&oltt. A, isosorbideE ARE-FH TPU
1-3& 71 FHoket Ymt2AS B Hot. o]32 isosorbide 7}
&S AT o LA Aol= QIste] EA A& &5
& Wfiste] HET) wobA| A, S A o= ofHs] &
2] 5740l Rot AMolR = EAS 2L Q17| ol

20 -

15

Rebound Value (%)

TPU1-1 TPU1-2 TPU1-3 TPU2-1 TPU2-2 TPU2-3

Figure 5. The resilience results of all the bio-TPU samples.

Mass Lose (g)

0.00
Figure 7, 8, 9% o= X a|3}%] gk TPUS| QA7 &9l 4 TPU1-1 TPU1-2 TPU1-3 TPU21 TPU2-2 TPU2-3
- . - - 5 < Figure 6. The Abrasion resistance results of all the bio-TPU
Z SFA] % A % 5 0] QAT E v| W3l 11
q2], Wakshd A, Wed 28 9 $AEE v samples.

Table 4. The Results of GPC Test

Sample TPU 1-1 TPU 1-2 TPU 1-3 TPU 2-1 TPU 2-2 TPU 2-3
Mn (g/mol) 42,993 49,242 53,282 62,972 49,861 65,057
Mw (g/mol) 127,193 135,696 109,767 134,046 132,905 124,223

PDI 2.958447 2.755710 2.060108 2.128674 2.665529 1.909429
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Figure 7. The Heat resistance results of all the bio-TPU samples.
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Figure 8. The Water resistance results of all the bio-TPU
samples.
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Figure 9. The Chemical resistance results of all the bio-TPU
samples.

g zolt} 24 Ao F sebacic acidE ARE3H TPU 29 Q1%
w7k TPU 1o ¥18) Rkt 1 S % W ds|sh B
¢l sebacic acid@} 1,4-BD7} A%3E TPU 2-19] Q1A =7} 7}

Sttt ol WA BSY B9 FRAOR

2 AT 4 odrk A2 ARA A2 SEAIHES
o] F7b5te] WA o] FATNSE & 4 gt vl st}
A, WA ZHel A 240] Hojye SAPET, TPU 1-
3,22 iAoz 945 YotakA, 44 S ekt

Conclusions

Z|HFARS] oleic acide] @& B3| "oz YA azelaic
acid, T upRpfro A &3t sebacic acid®} S44FS LA st
of A4kt 1,3-propanediol &2 Hlo] @ Fe|oAE E2E&E
skt o 7)o ohFet AFSA7EA|(1,3-PD, 1,4-BD, iso-
sorbide)2} MDIE H7}sto] 2| 9-aehS A 2T O 2N A&
A 7l T2 EEee 24 Hastitt

AFS 2 sebacic acidE ARE-SF TPU 2= TPU 13} v 3] &
A, Yok, QAT A S8 EAS HYlth Ate 2
azelaic acidE ARESH TPU 12 431 &t4-& et o]
= WEdAl7|7} BgeolH ol Fot AAAol w7 WE
of A=, WrtrA, Q=7 Spstar, W'l 7| 7h 0]
H S o] oA v AAAGE Ueto] o] oA=&
d fiZolth I FAME AREAFAR dE A7 7F B2l
1,4-BDE AHE-3H TPU 2-19] QIR =7} 7P =9k, vig
717k 4721 1,3-PDE AREEE TPU 1-2= ©H4d0] 71 $ ol
Wtk &9 isosorbideE ARSI W YA HO|HA Aba
£ ¢ Hol 33t 553 +22 Qs 4 A, it
oA okt B HQ WA, 2 AR E=E YERNGI L,
TPU 1-39] 7% =3 U4, HsksHdS b it
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