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Received_August 22, 2019 Abstract Polyurethane-ureas(PUUs) were prepared from 4,4'-Methylenebis(cyclohexyl
Revised_September 09, 2019 jsocyanate) and various diols including isosorbide. Isosorbide is starch-derived monomer
Accepted_September 18, 2019 that exhibit a wide range of glass transition temperature and are therefore able to be
used in many applications. PUU was synthesized by a pre-polymer polymerization using
a catalyst. Successful synthesis of the PUU was characterized by fourier transform-infrared
spectroscopy. Thermal properties were determined by differential scanning calorimetry,
thermogravimetric analysis, and dynamic mechanical analysis. It was found that by tuning
isosorbide content in the resin, their glass transition temperature(Tg) slightly decreased.
Physical properties were also determined by tensile strength and X-ray diffraction. There
is no significant differences between petroleum-derived diol and isosorbide in XRD analy-
sis. Moreover, their physical and optical properties were determined. The result showed
that the poly(tetramethylene ether glycol)/isosorbide-based PUU exhibited enhanced ten-
sile strength, transmittance, transparency and biodegradability compared to the existing
diols. After 11 weeks composting, the biodegradability of blends increased in ISB-PUU.
The morphology of the fractured surface of blend films were investigated by scanning
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electron microscopy.
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.M E teto 2 g WA gEEE Slo] uto] e Skt
(bioplastic)o]tt, BFo] & MEA= YR7F ¥<= HiO|
AT FA R 7AW Goll weh Al Qe AR AZfete] A4R, T3 npx]uke] A Ea| 7]

o] gk Fof= ulo] & ufjA(biomass)7t MEA F2-E 4 Z 9 (carbon neutral) 949 = A= AES
19, 53] T FEHATEU)0] 20308 7HA] HE H7](product life cycle)E 7FA] 7] wfj&of o 4| =}
EZAE QA B G A2 v v AE A ZA Y A Ao R HeE gk,

S B HA ZEkAo A= 20204 L 3]E-E Aol H A Wol AFHIL FY3} e = ol HRES =
H FA7} A== 5 AAAR SR A3 SetAag T(starch), Tl (castor oil), AAILF(natural
of et Aol M= L YT, FepAE FolY] rubber), AEZ 2 ~(cellulose) 5 &2 hydroxyl
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53| isosorbide”} & E}G).
Isosorbide= H}O] @ H -2 A Ho] @ ZgfAE 9]
A7} =7] ool et A8 742 7HAI AL ek,
53], F 709 hydroxyl groups 7HA &= thol&9] +
Z 2 df thFet A 9 Alx7t 7Hesstthe A
7H e, AR 2 AR 7] = shal, TS BEEE
£3]| isosorbide?] epoxy group®] 7§ ¥ 3}
HH SR E A2 4 e S 7 Yol
IsosorbideE Y& =E AEIL Gl Hio] & EetA
El2 Polycarbonate(PC), Polyethylene isosorbide
Terephthalate(PEIT), Polyurethane(PU), Epoxy
FA Folth 0 ekt BA R Fho|HAy | FuA
SACE S5YA o Yol 230t o3 5
of fFejHol %7t & F5HA 545 UEd
H7F Eoh | UV Fibgo] 3R e WEA,
S7H71E & B85 MAskE 540l 9l
| o =2,
AL vlo| oW AE 7|dlo 2 Az H
isosorbided ©]&3t PUU A& A5t 11 E4
S 2AEA T, Z8 &2 A poly(tetramethylene
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22 etherA| poly(tetra—methylene ether gly—
co)(PTMG, M.W 2,000, Terathane, Sigma-—
Aldrich, USA)& 65mmHg, 100CIA 3h F<¢F &
5o ARESFGITE. E2]51 97 one—shot WO
2 2343k trol]- &2 4 isosorbide(Samyang, Korea)
7} ethylene glycol(Samchun, Korea), diethylene
glycol(Sigma Aldrich, USA), 1,4-butandiol(Sigma
Aldrich, USA), 1,6—hexanediol(Sigma Aldrich,
USA)E 80T 9] 252004l 8h o] FA|5}o] A&
ST, ESE o] AA|OF|O]ER 4 4'-Methylenebis
(cyclohexyl isocyanate) (H12MDI, LupranateMS,
BASF, Germany), At& A& A2 ethylene di-
amine(EDA, Sigma-Aldrich, USA), dibutyltin
dilaurate(DBTDL, Sigma-Aldrich, USA)& AF&3}
I 8A| 2 methyl ethyl ketone(MEK, Junsei Chem—
ical, Japan), N,N-Dimethylformamide(DMF,
Samchun, Korea)& A3t}
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Table 1. Diols used in this study
Sample Characteristics . Mw
designation (Polyol/Diol) Structure of diol molecules (g/mol)
EG-PUU PTMG/ethylene glycol HO_~"oH 62.07
) HO OH
DEG-PUU PTMG/diethylene glycol \/\O/\/ 106.12
BDO-PUU PTMG/1,4-butylene glycol HO _~"Son 90.12
HDO-PUU PTMG/1,6—hexamethylene glycol HO/\/\/\/ Rl 118.17
H OH
O
ISB-PUU PTMG/1,4:3,6~dianhydro—D-glucitol 146.14
o
HO H

Table 2] YeH ATt

FE PUUY 7IAIE E4 24 AAsliA 4]
gHoz d5& A x5, Release paper(RP
film)oll &3t +AF 242 A =xsto] 7|21
Pk, Sl E == A7) f18ke] dry ovenoll A
80T, 12h AXRAA 714 &4 A= S 5=
Az Sk

235 A &Y
2.3.1 Fourier—transform infrared spectroscopy
(FTIR)
FAE PUUY #A T2+ YA EFF A
(Fourier transform infrared spectroscopy, FT-
IR 3D analysis system, MB 104, Bomem, USA)

Table 2. Sample designation and composition of PUUs

£ AHEsto] FAIsSiTh. FTIR spectras Attenu—
ated total reflectance(ATR, ZnSe crystal) 7|5
AHg-3to] Th4=(wave number) 4000~400cm ™ 9]
o A 32scan, resolution 1622 =43}t

2.3.2 Thermal analysis

d4 54 4= flsko] AAFA A (DSC,
differential scanning calorimeter, Model Q—25,
TA Instruments, USA)E AH&stolom A=2E
10.0+1.5mgs &FolE el §a2 90C7HA F4 s}
A YZAZ1 F -804 200TC7HA] 10T /minZ A4
7St A S2AI7IHA A HekE S5

A5 E47(TGA, thermogravimetric analy—

sis, Model Q—500, TA Instruments, USA)E ©|&

Composition(molar ratio)

Sample
designation Isocyanate Polyol Diol Chain extender
(H12MDI) (PTMG) (EDA)
EG-PUU 0.20 0.04 0.13 0.03
DEG-PUU 0.20 0.04 0.13 0.03
BDO-PUU 0.20 0.04 0.13 0.03
HDO-PUU 0.20 0.04 0.13 0.03
ISB-PUU 0.20 0.04 0.13 0.03
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HO wmwwww OH + HO—R;—OH + OCN—R,—NCO
Polyol Diol Diisocyanate
Catalyzer

I
OCN—RZ-(NH—C—O O—C— NH- RZ}NCO

Prepolymer
H,N—R;—NH,
Diamine
Hard : Soft | Hard
0 Segment O Segment o Segment 0

] I r 1l 1
HN—C-HN —R2£ NH—C--0O OE—C— NH-R» NH—C—NH—R;
' : n

m
Hard , Soft . Hard
0 Segment Segment ﬁ) Segment (I?
] I |
HN—C-HN—-RZ-GNH—C-E-O O-+C—NH-R; NH—C—NH—R;
i i n m
Poly(urethane-urea)
Scheme 1. Preparation process of PUUs.
glo] 2o FAGAE SHSAT. o] T AR Model Q-800, TA Instruments, USA)E AF&-3}¢]
= N2E9)7] OMW 0ColA 800C7H] 10C/minZ  &A3FAE, &S 20m, NEre 1Hz, I 2
T IS S48 ZRER -100To)A 200T7HA] 5C/min] 52
A 7IAA EAS ot ] st B4 71AA & T2 S5
AE47](DMA, dynamic mechanical analyzer,

= AR re] A A 31 A 3%
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Figure 1. FT-IR spectra of synthesized PUU films.

2.3.3 X-Ray Diffraction

XRD+ X-A1 -84 7|(XRD, X-Ray Diffrac—
tometer, XPERT-3, UK)& AH&-5lo] S| A€ S &
Aokt o] w | M ¢ (generator voltage)= 40
kV, 2|4 F(tube current) 30mAZ ko] 20 =10~80°
Holl A WY A2 | scan step size 0.02°, time
per step 7° 9] ZAL 2 IAYHS A5},

2.3.4 Mechanical properties
ANATE= WA EA S 7] (UTM, universal
testing machine, M—130, Instron, USA)S A&
SFATH A== ASTM D 412: 2016 F40f =3}
o 100mm/min?] Al £E= Q14 /‘a‘fﬂi stoict.
Al HL Zo] 20mm, & 5mmo| 7|0, 3t 24 &
87H94 APdHOo 7 S sto] Hatghe AHESHAIT
+g-HFPE JA (S-S curve)= °]&3to] otk Q1%
i} gk ARES S5

0%0
x rﬁ

a=)

i

olo o

2.3.5 Transmittance

UV, 7HA38A 9 2 @) 4dof] et 3 Tt e+= Mecasys
AF9] single beam UV/VIS spectrometer(Optizen
2120UV)E ©]4-3}10] 200~1200nm ¥l A &7 3}

At B FHEE HAES] ofsf 4T #Zli
Mg st Uh= BEE o83kt 559 PUU 2
S §Qto & v E gt

2.3.6 Degradation test
ThEol Xl Al o njAEo] o3t RS EE otk

gl 169

7] 93 ASTM D 5338-92 ¥4 H& 383t 24 A
Agstact o 24 G 1A AgHes Bge A
71% 5em X 5em 279 AAZFE o2 AR5k, B
L7 2AL 25T, &E 10%E R&q7|dHgs
A 714 AR AA R (718 30%014, 718 df
A20) ¥] 40 ©5h & AHGSIAT, FE 2AAA FR
EAE 238 COLES &olsHA 3 A5F Y
basecl| |22 2 é%% Zi%—*l A 15 R

AAE Agsoict, 45
0|7 (S-4200, Hitach, Japan)2 & Scanning Elec—
tron Microscope(SEM) ©|0| A& & 3}4]ct.

-

3. Znt A nH

= Figure 1o YERH U, oF Teko] o] 44|
O}Lﬂ °|E7| & 7HA& -N=C=0 q%u PUU-pre-
polymers @438k, o] F ofulE H7sto] PUU
dukzg o 2 pUUE &L} o]
2AJot[o] E W AREARA| & A= o] 91O | soft
segment® 283} Z2]20] FHefo] ThE LR
Hop i o= w7] wfofl 2384 £4 Al Ed&
o] E4o] wjf- =2 YEpA Heh, B3, Eoj&1 o]
aAlotd| 0| E7L £HA 3] HEG-SHA =W o] ~Alofd[o] E
54 2 AR AL g 2 fglobe] EA w7}
1,].5]_14— oz 01]2?51— 2 011;}13{

2250~2270cm™ of A 9] o] & A] of Y] o] E ¢
stretching vibration®] UElUA] &= A2 g
Z2|H o] o] AJob|o| EZ} AR A A ©F 2h1 8] RE-g-
gt A& I3 = it PTMGOllA] Bl Z = qlcka
= 4 %+ —C-H groups°| 2860~2940 cm '] A
e ik, felet 23S x3kshe b o] E 4
—CN group< 1520~1540cm ™o Al gelalict, &
et 23S &91e 4= ¢l= ~N-H stretching peak
9} carbonyl —C=09] stretching peak+: 3300~
3350cm™!,1675~1725cm 1o A &lstet, = of
£ free —N—-H stretching peak$! 3450cm ™ol A 1t
EfUb= peaks HFE9 -N-H group®l &3l hy-
drogen bond& 34 A& & 4= tt. 3450cm ¢t
3300~3350cm ™' FH ol A Uebd ~N-H groupt ¢

4€ PUUSY #25 FT-IRE Akﬁ—é‘}orl =4
i
E
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Figure 2. DSC thermo grams of synthesized PUU films.

#HEt712] carbonyl oxygeni}t ether group?| oxy—
gen®l 22} hydrogen bond< @A gtch, —N-H ab-
sorbance peak -7t Al isosorbided Z3%st PUU
o] wavenumber”} oF7F ¥ & @ ol A et A=
greolsh 4= 9k, o] AL ISB-PUUY] hydrogen bond 2]
Folefal & 4= Ql=t, th& thol& Kt ¥ 73t hard
segment®| AgE 7HA|7| wjzol ekl s A FTHY,

o _1
ool

3.2 8- ZHsHH EY

Figure 2°] PUU €59 E3EAS doti7] 93
DSC curves® YEFH T, 27] —=70~-80T Aol <]
L2z oA PUUY Heat Flow?] H3}7} Uelgtt, o]
23t W3l ether? Z8 &S o] &5to] &A% 7]
| Fofl PTMG 9] soft segment-f-2] A 0] &= (Tg, SS)
e 21 4 9otk 155~160C +7tel A hard
segment 2] Ao L= (Tg, HS)ZE Qg ollgty] W]
7F ety = A& e 4= A9tk Rigidgt hard
segment®] 38124 7} Agto] A M hard seg—
ment® F3 7} AXEZ packing®] o] H A}, 7F

o A3t hard segment o] Wobd 45 37+ A
ko] A packing densityS 72844 vHECHY | g
AAHPUULSE Heat Flow?] ¥s}ol| A & 2}o]= Lbe}
uHA] gkoket

Figure 3°| PUU €59 € ¢HPAS doti7] ¢
3lo] TGA thermogram=a YelUY St &3
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£ dad7t AR EE 22 9F 250T B e &
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Figure 3. TGA curves of PUU films.

2 SAE ez, o]F utZ 22 weight 74 ©HA
£ H 3t} Isosorbide7} 3 o] 9= PUU7]— oF7k
o ool A 12 R AZFE 9T, 23} B
= OE FAof vlgl] ot w2 2E oA AZtE = F
F& B

Figure 4, Figure 5 Z18]3 Figure 6°] DMA —“i—/ﬁ,
of o3t A% et E(storage modulus, G'), &4 &
*JE(loss modulus, G'’) ¥ Tan § & YEIY ME}

2o w2 M A A e Eet &4 74

S22 Aa 4= QltHe tho]| & £330 [L]—_E_ puuE=
o] A& S EL isosorbideE AFHE-3H A 2 27
=719 XVP ey E% ‘%E}‘/}ﬂ Aol &k

O:
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Figure 4. Storage modulus of PUU films.
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Figure 5. Loss modulus of PUU films.

& S UEr it
PUU &9 &0l fasta
ou| gttt

Figure 691 ‘/}E}ﬁ

ot 27t F7kg] W2 YA H
O

FAREADO] F7HES

Eoﬂ w2 pUUY Tan
Ao A 0] = AHEFA
/\ﬂl‘ﬂE—J =50l dojut
el . HDO t}o]&-& AHg-3t
=g oAzt YAeHE
Ao vlgf thA %3
3} 2= 9ojth o]

2 Rigidgt #A+¢] 3k
Hag Ay

o fr off o
o o wu
(]

isosorbideE A
299 737} 92
2 DSC 23t A5

54 7L 2

]1

sl BEO
T T —

O & packing density?]

& 4= oot
Table 3°| 348 PUU ZE9] tan § o 23 &7
Aol &&= (Tg)E UEH ST,

3.3 XM SHEAMH

PUU BEoA thol &9 7o) m2 24 72

1o

Table 3. Thermal properties of PUUs

171

—— EG-PUU
—— DEG-PUU
BDO-PUU
—a— HDO-PUU
—=— |8B-PUU

Tan delta

-80 -60 -40 -20 0 20

Temperature (T)

Figure 6. Tan delta of PUU films.

HILE dotH 7] 98 X-A 34 £4E 2Pt o
o2 Ze-Ye 20=19.5 o4 34 937}
UEh=d], Figure 78 HH 2E A R4 FY%
241 260 =19.5" 0|4 159 214 w27} vehd A
o 3}ola}odTHE.19)

o] 7t Al YetY+= 3] 3= hydrogen bond A&
283} ghedo] Qlrkal e A ek, ISB-PUUS| 7
+ 3A 92 FEvt vha S7HEO yEyied,
isosorbideiﬂ /\C—)] H o] ] 7].5] oﬂ u:]-a} 7376 ] o] 5_7].5]
A ugeyy | o)A
ment® amino groupd etheroxy group Aol <
hydrogen bond& 13l A}&2] packing©| %713}
2774 E3F 7k A0 & seho] Hot

isosorbide®] hard seg—

3.47|1AX =M

Figure 8| &€ PUU 259
(Stress—Strain curve)< LERY
9] Young’ s modulus, AFZE %

DSC result DMA result
Sample designation
Tg(SS, C) Tg(HS, ) Tg(SS, C)
EG-PUU -89 158 -67
DEG-PUU -89 158 -67
BDO-PUU -89 158 -65
HDO-PUU -89 157 -56
ISB-PUU -88 157 =70
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Figure 7. XRD curves of PUU films.

40 ettt S-S curved Fx9 Ag 7| &7+
Az dost Y& e d4E E= 9
(Young' s modulus) ©] gt gt} tho] &=
isosorbideE AHE3H PUU 259 49100 % & &
U E A 7}% =7 ‘/PEPXJYE = AES
Vg EAE =
hard segmenti OH —1@ e, 259 A es
hard segment®} U3 A o]

9] 7% A& FHE o] F 1A Q)= petroleum| t}o]
0 g et r s et A =E 7HAA E
o}, E3F, rigiddt EA 2SR ¢l B9 packing©|
Aot 7] whiZoll f-Agol thas WA v A o2 wet
o},

_1or

3.5 4sIX EY

Figure 90l $4J8 PUU ¥ 59| R =5 YetY
Aok, 27]9] 200~380nm 2] 2|4l 4 <ol A o] F3}
L= ISB-PUUY §H &7t =& AS &4 4 g}, 9]
+ isosorbide”} 7HA= 2 A Q1 S A 7| dls=

Table 4. Physical properties of PUUs
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Figure 8. Stress—strain curves of PUU films.

Ao Z A petroleum”| tho]&9] 42 Hoh A A<l

TRE 7N ERE PUUS B AH 99& Z7HA1717] of
2ol Aoz Bto] Hef,

= ﬂ?"ﬂ*ﬂ 49e PUU 59| 45 ¢F 85%9] o]
Ao 93t 3 Bt & YEMY %12 | isosorbides

tol &% *P%ﬁi A9 o 90% o149 ¥ FIEE 1}

120

100 +

Transmittance (%o)

=
o

—— EG-PLU
—+— DEG-PUU
20 4 BDO-PUU
—s— HDO-PUU
—s— ISB-PUU

0 T T T T
200 400 600 800 1000

Wavelength (nm)

Figure 9. Transmittance curves of PUU films.

Sample designation Young's modulus

Tensile strength Elongation at break

(kgt/cm?) (kgt/cm?) (%)
EG-PUU 6.96 277.82 625.94
DEG-PUU 12.76 376.05 561.72
BDO-PUU 24.66 377.89 472 81
HDO-PUU 6.97 347.30 469.29
ISB-PUU 13.53 382.58 390.44

S H A7 SF3IA] A 314 A 3%
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EG-PUU DEG-PUU BDO-PUU HDO-PUU ISB-PUU

Figure 10. Transparency of PUU films.

RS SIS 4= QlalTt. petroleum”] tho] & o] &3t PUU E&F2 1~2%H
Figure 1091+ 259 FH =& Yetiigltt. 25 off A Al FA4E FAdstL Stk Isosorbided At
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