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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 A gEEE Slo] uto] e Skt
(bioplastic)o]tt, BFo] & MEA= YR7F H+= HiO|
AT FARTHENT 7AW Goll whek Al Quj AR AZfete] A4R, T3 npx]uke] A Ea| 7k

o] gk Fof= ulo] & ufjA(biomass)7t MEA F2-E e F 9 (carbon neutral)& 94T = A= AES
19k, 53] HE FEHATEU)0] 20308 7HA] HE H3E7](product life cycle)E 7FA] 7] wfj&of o 4| =}
EZAE QA B G A2 v v AE A ZAY A Ao R He= gk,

S HE| A Zekio A= 2020 U3]EE Aol H A Wol AFHIL FY3}E = vpole dRES =
H FA} A== 5 AAAR SR A3 Setag T(starch), TR (castor oil), AAILF(natural
of gk Aol M= L Qe FepAE Fol7] rubber), AEZ 2 ~(cellulose) 5 &2 hydroxyl
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53| isosorbide”} & E}G).
Isosorbide H}O] @ H -2 A Ho] @ ZgfAE 9]
A&7t 7] ol et A8 742 7HA AL ek,
53], F 709 hydroxyl groups 7HA &= thol&9] +
Z 2 g thFet A9 Alx7t 7Hestthe e
7HRe, A AR R AR 7 = shaL, TS BESE
£3)| isosorbide? epoxy group®] 7§ ¥ 3}
HH SR e A2 4 e S 7 Yol
IsosorbideE Y& =E AEIL §l= Hio] & EetA
El2 Polycarbonate(PC), Polyethylene isosorbide
Terephthalate(PEIT), Polyurethane(PU), Epoxy
A Foltf 0 gheket BA R Fho|EA | e A
SACRE S5A o Yol 230t o]g &
of fFejHol %7t & FHA 545 ey
H7F Eoh | UV Fbgo] 3R E L, WEA,
S7H71E & B85 sk 540l 9l
| o =2,
AL vlo| o AE 7|dlo g A zxH
isosorbided ©]-&3t PUU A& A3t 11 E4
S 2AEA T, Z8 &2 A poly(tetramethylene
ether glycol) PTMG)E A3t 1, isosorbide®}
17 ethylene glycol, diethylene glycol, 1,4—bu-
tandiol, 1,6—hexandiol®] & 57}%] t}o]&o] &4
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52 etherA| poly(tetra—methylene ether gly—
co)(PTMG, M.W 2,000, Terathane, Sigma-—
Aldrich, USA)& 65mmHg, 100CIA 3h F<¢ &
5o ARESFGITE. &5t 97 one—shot WO
2 2343k ttol]- &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)& 80T Y A 2204 8h o4 AA|5}o] AHE-
S, ESE O] AA|OFH|O]|ER 4 4'-methylenebis
(cyclohexyl isocyanate)(Hi12MDI, LupranateMS,
BASF, Germany), A& AA 2 ethylene diamine
(EDA, Sigma—Aldrich, USA), dibutyltin dilaurate
(DBTDL, Sigma—Aldrich, USA)& AME3HaL, &4 2
methyl ethyl ketone(MMEK, Junsei Chemical, Japan),
N,N-Dimethylformamide(DMF, Samchun, Korea)
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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 AT},

FE PUUY 7IAIE £4 24 AAsliA 4]
gHoz d5& A x5, Release paper(RP
film)oll &3t +AE 242 A =xsto] 7|21
Pk, Sl E == EA717] f18ke] dry ovenoll A
80T, 12h AXAA 7144 B4 A= S 5=
Az Sk,

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

Table 2. Sample designation and composition of PUUs

£ A&t FAIsSITh, FTIR spectras= Attenu—
ated total reflectance(ATR, ZnSe crystal) 7|75
AHg-8F6] Tk (wave number) 4000~400cm ™ H
o A 32scan, resolution 1622 =43}t

2.3.2 Thermal analysis
dA B4 #A4S st A=A dFADSC,
differential scanning calorimeter, Model Q—25,
TA Instruments, USA)E AFE3lRom AR E
10.0+1.5mgs &F0lE el §a1 90C7HA F4 s}
A YZEA71 & =804 200C7HA] 10T/ minZ A4
9718kl S2A7IHA G HskE S5,
A5 E47|(TGA, thermogravimetric analy—
sis, Model @—500, TA Instruments, USA)E ©]-&

Composition(molar ratio)

Sample
designation Isocyanate Polyol Diol Chain extender
(Hi2MDI) (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 v OH + HO—R;—OH + OCN—R;—NCO
Polyol Diol Diisocyanate
Catalyzer
N;

I
OCN—RZ{NH—C—O

O—C—NH- Rz—}Nco

Prepolymer
H,N—R3;—NH,
Diamine
Hard , Soft , Hard
0 Segment O Segment o Segment 0

] I3 c Il
i | n m

Hard : Soft . Hard
Segment : Segment : .  Segment o
K : L I

k=3
=

i n m
Poly(urethane-urea)
Scheme 1. Preparation process of PUUs.

sho] Lo FADAE SHSHAT. o] T AR Model Q-800, TA Instruments, USA)E AM&5}¢]
£ N 917 oMW 0TolA 800C7HA 10T/ minZ 43k, AHFL 20m, Aere 1Hz, 9F 2
Zo Wol2 243190} ZREZ -100CoA 200C7HA] 5C/mind $& 4

B 7|AH E4S olir] Y5l BH A AL S m A
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&-slo] S| A€ S &
Aotict, o] w | Z M ¢ (generator voltage)= 40
kV, 2|4 F(tube current) 30mAZ ko] 20 =10~80°
Hol| A WY A2 | scan step size 0.02°, time
per step 7° 9] ZAL 2 IAYHS L4513},

2.3.4 Mechanical properties
ANATE= WA EAE 7] (UTM, universal
testing machine, M—130, Instron, USA)S A&
AT A== ASTM D 412: 2016 +4f =3}
o 100mm/min?] Al &= Q14 /‘a‘fﬂi stoict.
AlHL Zo] 20mm, & 5mmo| 7|0, 3t 24 &
87H94 APHO 7 A S sto] Hatghe AHESHAIT
+g-HFPE JA(S-S curve)= ©]&3to] otk Q1%
i} gk ARES S5

0%0
x rﬁ

i=)

i

olo o

2.3.5 Transmittance

UV, 7HA38A4 9 2 @) 4dof] et 3 £t e+= Mecasys
AF9] single beam UV/VIS spectrometer(Optizen
2120UV)E ©]4-3}14] 200~1200nm H$Jof A Z7g 3}

At B FHEE HAES] fsf 4T #Zli
Mg st U= 55 ol&skqltt. 559 PUU 2
S §Qto & v R gt

2.3.6 Degradation test
ThEol Xl Al o njAEof o3t AR EE otk
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74(S-4200, Hitach, Japan) 2= Scanning Electron
Microscope(SEM) ©|v| 2| & &35} T,

3. Znp A nE

= Figure 1o YERH I, oF Tetof o] 44|
O}Lﬂ °|E7| & 7MA& -N=C=0 q%u PUU-pre-
polymers @438k, o] F oful& H7sto] PUU
dukz o 2 pUUE &2} o]
2AJot[o| E W AREARA| &R A= o] 1o | soft
segment® A3l Z2| 20| Fefo] ThE LR
Hep i o= w7] wzofl 2384 £4 Al Eo&
o] E4o] wjf- =2 YepA Heh, B3, Eeo]&1 o]
aAlotd| o] E7L £HA 3] §EG-SHA EH o] ~Alofd[o] E
54 2 AR AL Sgg 2 fglobe] EA w7}
e 202 o 53 o ik,
2250~2270cm o] A 2] o] Ao 0] E 9] stretch—
ing vibration®] YEtUA] gk= A0 & T
o| Aot O] EV}F A A A9 2h 8] BH3 A&
gele 4= olSitk, PTMGOlA BIZEH AT & 4= 9
+ —C-H groups°| 2860~2940cm™'o|A] Le}L}IL
Uth, SdE A4S st 7HHb o] E Q] —CN
group< 1520~1540cm o A &1} t), g
Aete &lE 4= 9l —N-H stretching peak®}
carbonyl —C=0 2] stretching peak & 3300~
3350cm™!,1675~1725cm 1o A &5, = of
£ free —N—-H stretching peak$! 3450cm ™ol A 1t
B peaks tHE 9] —-N-H group®l 93] hy-
drogen bond< FAsH AS & 4= k. 3450cm™'<}
3300~3350cm ™ 'F=Hof| Al Uehd -N-H groupe= +

4€ PUUSY| #25 FT-IRE Akﬁ—é‘}orl =4
E
E
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Temperature (T)

Figure 2. DSC thermo grams of synthesized PUU films.

#HEt719] carbonyl oxygeni}t ether group?| oxy—
gen®l 27 hydrogen bond< @A gtct, —N-H ab-
sorbance peak -7t Al isosorbided Z3¢Hst PUU
o] wavenumber7} o7t B &2 GG A HERE Ae
sholgk 4= 9lth, o] AL ISB-PUUY hydrogen bond
o] gFoletar & = le=dl, tHE thols Kt o Zet
hard segment®] Ag-S 714 7| wjizo]ekal s A Elchy,

3.2 8- ZHsHH EY

Figure 2°] PUU €59 35S doti7] 93
DSC curves® YEFW T, 27] —=70~-80T Aol <]
L2z A PUUY Heat Flow?] H3a}7} Uttt o]
213k M3t etherd E2&< o]85to] &AsS7]
| Fof PTMGY] soft segment 58 A o] 2= (Tg,
SS) a2 T 4= ATk, 155~160T 7ol Al
hard segment 48| A 0] 2%(Tg, HS)Z Qg algtn
" et AS S0 4= ook, Rigidgt
hard segment®] 3812 7} Agto] A= hard
segment®] F3|7} AXEE packing©| o] & $IXITt,
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Figure 3. TGA curves of PUU films.
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Figure 4. Storage modulus of PUU films.
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04
—e— EG-PUU —— EG-PUU
s o =
) T =
E 100
TTam @ @ m . » a P
Temperature (T) Temperature ()
Figure 5. Loss modulus of PUU films. Figure 6. Tan delta of PUU films.
& S e, o= &7t S7Feel i A HIE ot 7] s X-A 38 £A4S 3. o
PUU Z&59] &40 fashal 1940l 57Hk= o2 Ze-Ye 20=19.5 o4 34 937}
ojn)3te}. ettt Figure 7& B BE ARofA U3t
Figure 69 YE tho] & F7of 2 PUUY| Tan T7E1 26=19.5" oA 11-§-9] 34 1| =27} vpepd A
8 & Uetsl=l, vlE2dddolA Y T4 HedA = SIS THEI9,
T2 AT 4= Q= LA A IHIE 9] 250] Yojut o ft7to A Uetili= ] == hydrogen bond 4%
= Ao 2=E 21T 4= §lt}, HDO thol &2 AHES g3k yh o] ikl g A ok, ISB-PUUS| 7
B Y e 2= 2Tt YAk AL 314 w2 Z=rh tha F7bE o] YEbgET, isosor—
isosorbide® AH&-RF 7§ thE 424 o M| 5l thax %3 bide?] /g0l M7Hgol wet Ay o] F7HE S+
2rg o] gazt YA TS AT 4= JAATH?. oA oujstrll o] A& isosorbide®] hard segment?
2 DSC Z23e}t 458k F 22 & Rigiddh 449 3t amino group® etheroxy group AF]2] hydrogen
ot# 7bil A3 O packing density®] AR AW bond= 13 AH&2] packing®] F7Fste] A4 Egt
et 7t A o= weko] Hr,
Table 39l &3t PUU HE2] Tan § o <Jgt 2
Aol &&= (Tg)E UEH ST, 3.471AX =4
Figure 89 &A% PUU 259 S8-813 A
3.3 XM S[HEAH (Stress—Strain curve)= YEYLm o] Iz
PUU ZEolA thol &9 /o ot 24 +29 9] Young' s modulus, 34 E E AIFES Table
Table 3. Thermal properties of PUUs
DSC result DMA result
Sample designation
Tg(SS, ) Tg(HS, C) 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

Textile Coloration and Finishing, Vol. 31, No. 3
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Figure 7. XRD curves of PUU films.

4o Jeff ik, S-S curved] =9 A3 7|7
Az st Y& e d4E E= 9
(Young' s modulus)©]etal gttt tho] &2 A isosor—
bideE AH&-Et PUU B&59] - 100 % B4 &Y
AE7E 7P = A vEst AL, R 2 AEE S 7H
S2 54 Byt 294 EA2 2 4%, hard

A=, 54 AA == hard

e

v

A 2+ petroleum”| tho|23} &
2] ne|tx = Qlel 7t AR =5 7HAA "ok, E3

2 I8l #2+9] packing©] A5}=7] of
ol freado] oha WA U Ao ' wdE

3.5 4sIX EY

Figure 991 433t PUU Z&9] £7EE YERY
k. 2719 200~380nme] A4l o Hoj A o] F}
T ISB-PUUY EH =7t =8 A& & 4= 3l o]
+ isosorbide”} 7FA= F2 A Q1 EA A 7| s

RO 2 A petroleum | tho]&9] £ BT} QA 23

c

)

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

F2E 7R PUUS HIEA F9E& F7HA 7] 7] o
102 goto] Hohd,

A
B oA EAT PUU 229 4% oF 85%9] o]
o] -t F B E YER S 2 | isosorbideE
thol &2 ALEEF A5 OF 90% ol 0] W EWES 1}
EPH-S 1E 4= gl
120
100
LR
b
g
£ 60
E
&40
—— EG-PUU
DEG-PUU
20 i BDO-PUU
/ —s— HDO-PUU
—s— I1SB-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 FE )X A 318 A 3%
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o

EG-PUU DEG-PUU BDO-PUU HDO-PUU ISB-PUU

Figure 10. Transparency of PUU films.

Figure 109]= 259 FH =& Uttt 25 Petroleum#| thol&Z o83 PUU Z52 1~2%H
2 BE YA 0. 1lmme] FAR s AlEE A off A el FA4E FAdstaL Stk IsosorbideE At
ystoict, Al Ao ® gRlsty] Qo ZHEH 211 9 43 PUU 259 4 o2 5ol Hl8l 2% o =2
of 255 Faselct, B AYH 25 R = AR =S et it o]+ isosorbide”} 7HAl= A
5ol Aol A 21 E WA = US HERE /3 wiZell 7] AlHE i8] kRl 7 e dojd
F =7l S5kt Ao & o=t

Figure 120] &5 AlH 9] ¥ XEEXE SEM +
3.6 Msta) 13 N E3 st ofzhe] 281 HRS WAY

43t PUU 59 Ais 542 dotir] 98ty T UG oL T 9] FHof| & S AREA 2
ASTM D 5338-92 & 583 2o s fsi74 A AT 4= ek, A2 A A3t isosorbides
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