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4.4’ -diphenylmethane diisocyanate (MDD$t Z@olxdl2 & g3 14-butane
diol2 38 Zg$aets Axstn RE2X9 dF S Wstd d+a%ctk.  Fourier
transform infrared spectroscopy (FT-IR)E o] &% Z2|$dee RE&2x #AFdA F4
A%%E N-H 929 C=0 Jat E$ddar = A 1HE(hard segment)d] §Ho]
Z27E4E 2 Fogedg Ao FHe 4 Hie] FFE & & UM AE FA E
BEA7NDSCIE o] &8 43 EAo i 7oA ZEeedge] R (T)E =
AaRES o] Fr1ge] wel /s HY. Y AZE AIIWE(soft segment)?] T,
= 328 4 gglen ozrE B dFOA Azd EesdES MDY =& FEU|2
st 33t Ajte] o3 HE wgoz FIH YATZRE JHNL Y&E & F AN
E3 DSCEREY #2F Z$dee T,= Fox Jo2REH o8 T8 & Ao|& e
yon ol Az wgoz Qe ZfHE AlEe &F5Ao AYHY HELZ AT
"det. B4 AR QBN (DMTANIANE AZE AI1HES Hol2xE #AEHA gke
o o2 RE £ dFoA Azxd ZSdgdN sty A& e REIZAE U F
AT

Abstract — Morphology and thermal properties of polyurethane synthesized from
4,4’ -diphenylmethane diisocyanate (MDI), polyester polyol, and 1,4-butane diol are
investigated using fourier transform infrared spectroscopy (FT-IR), differential scanning
calorimeter (DSC), and dynamic mechanical thermal analysis (DMTA). From the
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FT-IR study, it is found that the stretching peaks of hydrogen bonded N—H and C=0
are shifted to the low frequencies with the increase of hard segment content of the
polyurethanes. The shift of the stretching peaks of hydrogen bonded N—H and C=0
indicates that the degree of hydrogen bonding is increased. From the DSC study, it
appears that the glass transition temperature (T;) of the polyurethanes is increased
with the increase of the hard segment content. Also, it is found that the polyurethanes
investigated in this study have the homogeneous network structure due to the high
functionality of the MDI. From the DMTA study, transition of the soft segment was
not found. Therefore it is concluded that the polyurethanes investigated in this study
have the one-phase morphology which is consistent with the DSC results.
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2.1. Ale}

Zg sk AzAle] ALE3E t]o] kA ohv o]
E¥ 4,4’-diphenylmethane diisocyanate (MDI)
2 BASFAIY] AFoldlen ZFE&d Ego
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£ triethylene diamine (TEDA)E dipropylene
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Table 1. Characteristics of the chemicals used in this study
Chemicals Sample code Functionality Equn_ralent Comments
weight
4,4’ -diphenylmethane .
diisocyanate MDI 2.9 1335 polymeric type
polymerized from

Polyester polyol ES 2.0 175.0 phthalic acid
1,4-butane diol BD 2.0 451 chain extender

Al BB AL dog Zpztel EAXE
Table 19 eI

22 EZo|sye 8N

MDI, BD, 2&8]lx &< 3000 rpme&
Fursly 18 3027 EFT ¥ EFoE 593
I 30&AM 183 F7E avksis dhEAH
. Zgge ¥ AF 6= 10002 nAYst
3 BD 2 MDIY &€& #H3AA FsA&9
e AaWE §FE WAZT = A
HE gL 3= HIAHEE FA3= MDI
s} BDe FAs AA AR FAZFEH AL
H %tk Table 201 §4€ Felfdas 24
3 = AagE FFE Jehlidd.  Table
2014 MDI$} Z2l&, 283 BDEHE AzF
Zaedere PU-XXE gHsl¥ e, XX&
B AaNES FHFS el

23. 24

ZgsdgdA 2 49 WsiE #Fs)
& FT-IRS AHE3tAth  Perkin-ElmerAt
9] FT-IR Series 2000& A}£3t 4 cn'9) &
A2 ANgT 10084 FAHscan)d At
A Eg el 43 EAE #Fdr] A
o DSCE o|&3tHth Perkin-ElmerAl¢] DSC
7€ o] &35ld -70C~200C7A 2% 20K/min
¢ &x2 £&39ct %3 RheometricsAH9

advanced rtheometric  expansion  system
(ARES)E o]&38led DMTAE s
05%¢] W&(strain)g& 1 Hzel =2 7}38ld

-120Cel A 200C74A 5K/ming] €& £E&
ddsAch

3. 23 % u@
3.1. FT-IRE 0|88 2Z2x| o7

7 8} ¥k-S(crosslinking)d Z8$#H e 4
& HEA7E F8F AAFY FURA £
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Table 2. Chemical composition and hard
segment content for the
polyurethanes synthesized from
polyester polyol(ES), 1,4-butane
diol(BD), & 4,4’-diphenylmethane
diisocyanate(MDI)

Hard segment
Sample code® Weight ratio content wt %

(MDI + BD)®
ES:BD:MDI
PU-43 100:0:76 43
PU-54 100:10:106 54
PU-61 100:20:136 61
PU-66 100:30:165 66
PU-70 100:40:195 70
PU-73 100:50:224 73
PU-79 100:75:299 79
PU-83 100:100:373 83

*the number in the sample code denotes the
hard segment content of the polymer.
bcalculated as weight percentage of MDI and
BD per total polymer weight.

Aol % 2y A3t wEH 20 )49
Z471E e YBREAL ALY S 5E
Aol 23 38x HF3} vhge] . Fi
A%e Zgsde e N-H 718k C=07]
Aol A dojun = NIUES 3= A
HE Abolofr] EAEY ZeldH2 EE Lol
U Zoagza Z&3 2o AR FE 7
(electron donating group)’} E&Ases L
o] A% YoM E = HIUES AZE
ARE AoldlME EA4F & Yol ol
g F4 4L d7siEd YoM FT-IRE
W$ ZEe fol F2 3300 ~ 3500 on'

B3t A A2E A1z 19989 4%



AEY - AT - AL - A o9 - FAE

A}ele] N—H stretching 3 1700 ~ 1740
en 'A}el¢] C=0 stretching M3 & g}
°la vae 4 28E A g2 das ¢

A ZA%S & g3yt EelgezA 4 d%
—4 AXE #FFF 5 Uo57-9]. Table 39
71&d BnEHolW N—-H =39 C=0 HJa &
Vet duyem F4 Aol LA
7']‘—} a2 Axrt A83E4E FT-IR 3j3ae @
& Fasgg Aoj(shift)Hv Rez A
A tH5]

Table 3. Frequency of the N—H stretching
-and C=0 stretching mode

Wave number {cn™)

Group non;::greggen hydrogen bonded
N-H  3451° 3342 ~ 3328
3448 ~ 3440° 3347 ~ 3300°
~ 3460° 3260°
C=0 1734 ~ 1731° 1725 ~ 1715
1740° 1720 ~ 1720°

*data from reference [6].
®data from reference [7].
‘data from reference [8].
ddata from reference [9]

Figs. 1 ~ 29 Az¥ PU A|8&¢ N-H ¥z
¢ C=0 9=ag 44 veudch. Fig. 194
PU9 N—H stretching $3 ¥+ 3= AIHE
o) o] Zte42 3321 cn ol A 3316 cn”
2 HMolsEm 3400 cn ¥ shoulder’} e}
Ui A 33 + U o = Aad
E9 %o '67}12-’}"- Eg9de & e
Fa 4A¥eE ¥ £ dEe N-H/Y C=071&
Z7bste old mel i Aol FUEY
2 ZAYE N-H a7 ¢ ?—ﬂ-’?—“ﬂi # o]
e Aoz AP EE 3400 cn” B2e
shouldere 4 AR &< N-H vaz
N = AaRE el W¥e PU-439] AS

4 AT N-H dasg F4 A3 &2
N H a7t FH(overlap)Eol dtt7t 3=
AaREe FF Fotd W F£ix AHPS) F
712 2 A% N-H dar ¥ F=544
2 Ao|gd wa veue Aoz AZd.
F4 A¥SA ¢S N-H mH3aes a1 At
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Fig. 1. FT-IR spectra of the N—H stretching
eregion of the polyurethans
synthesized from polyester polyol
(ES), BD and MDI.
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Fig. 2. FT-IR spectra of the C=0 stretching
region of the polyurethanes

synthesized from polyester polyol
(ES), BD and MDIL.
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Bl AlaHES o] FARel dASFATH
olg 3t 4 AYY Fltd o =g A9
= Fig. 29 veEld PUS C=O0 stretching ¥
AqHE HJE & gltl.  C=0 ¥z g4
F4 2T dAas F£4 2EHA gL Ha
7t FHH 49d ez EAsg Az ¢
& PU-439 A% 1732 an'el A PU-739 %
2 1720 cn'2 HolHE AL ALY £ Ytk

32. DSCE o/ 8%t d& EM P

DSCE o] &3tq FE& Efday 4
Z dEde A7 B AFdA AL &
golxdz2 Fe&9 FHo2%(Ty)= DSC
2HE -51.8C=2 #@HJes MDI¢ BDE
gk o] Fo3 Fl= AIaAUE FEe] 100%YU F
Adee T.7F 1425TCT2 vehygr, Z3e
22 Z&3 MDI 2831 BD2¥YH #§4
#3 EYsdEey T,= 759C ~ 1169C= 2
JHgen = AadEs] ol FrYS
& Zgdee T, Z7M8le 43S el
At Fig. 391 PU-54¢] DSC thermogram$
vetidel. Fig. 3914 -70C ~ 200C7H 9
1st scan (Fig. 3(a))ollA 59.8C¢} 829TC9 5
7he]l Aojz} &A= 1Ist scan F -70C
2 YgAzl F -70C ~ 200C7HAIY 2nd
scan (Fig. 3l A& 59.8C2 Aol7t AlgtA]
2 81.3TCelA  slvtg] Textel #FEHUD
Fig. 3@A F 7le AF & 2xdA
dojute Heolx EfHE T A Fig
3bNAMAE A 4 drt. WA Fig. 3(a)9
wo 2xda dojyE Mol tih EEHsE)
U AtEdoelrt gau A EHSAR Ale
9] Tgol® Ist scandd EAe Ao 93ty
AlgtAl e Aoz AZEd.  Brunette F[91&
TDI$}  hydroxy-terminated  polybutadiene
(HTPBD), 218]al BDE AM&%t -9
DMTA EA4A FA% dAvdzg dud
ut glt}.

DSCo 484 A3, AL ojddAs oy
3 HolE AR stk ol B Al
A ALEE MDIZF 299 #4715 Zton o&
g 337 A3 Wkl 9% ggoz AZ
"ok FAL47171 209 dojiAjolvie|ES F
&g AL ASE = NIOUEZY F4
Aol EY$Ag AlEAteld F Az Lo)
g0 ol Qe F= MIAUEE = A
HEEZ o]Fojz 3= v Ad(hard domain)
S FyAYyslm AZE MNIOHEE YA AZE
AIREZE o]Foz AXZE  =w(soft

domain)& Alste] AHEE](microphase separation)
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Fig. 3. DSC thermograms of the polyurethanes
synthesized from polyester polyol
(ES), BD and MDI.: (a) 1st run
curve; (b) 2nd run curve.
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Fig. 491 DSCE #29 PUS T T, =
Aol FAAQY Fox 4[10]ez2XRE A

PUY T, uehltk. Fox 42 5 FF
A 444 (miscibility)el v nEA £
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SREY Te2A A7lME ZEsdey #g
Mol 2= & YUY Tt Tes g AR
TEA 17 29 T,2A £ A3 E AZE
AMIPES] Teo 3t= HadES T, & e
A9 wid wee 42 AR &R 18 29
AFEEEAN A7 E 2ZE AIREY
E AadES fHAe]2EE it E
AFAMNE T Ed2sz L9 T
-51.8CE& At&3t929 Te= MDISH BDYHe
2 Azd ZY9HEe Tl 1425TE AHE
&tk Fig. 4914 DSC2¥H #2g T,=
HHoz FAE Fox Ho2iH 39 go
ZRH & Aol vedE AL B F Uk
UE GA = § uiel ol A3} wgo) s
o ESHUE AMEY LFAl IA Adee
d 710 Rez AZgdn.
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Fig. 4. T; of the polyurethanes synthesized
from polyester polyol (ES), BD
and MDI: (-) observed by DSC;
(---) calculated by using equation (1).

3.3. DMTAE o| 8¢t ¥ M o3

Fig. 591 PU-54¢] DMTA thermogram< t}
eluiglch.  Fig. 89lA 80T &WollA storage
modulus (G)Y 729 loss modulus®] A
7t el AYAHA T, A%S & & oy
ol DSCE2RE ZAE T,¢ 81.3CYE ¥
3te dFojtt. -80TC =9olA loss modulus
o] o3l Hag B 4 gled ol storage
modulus= W37t flm 1 37 =2 v gE
5 Egd2Hz Egg&y T,= -518TE #
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Cooper [11]1& -125CoAM AZE NI1HESY
local vibrationo] 2]% #Ho]E& AFE ul glo
o, £ d7oA #FE -80C I Hole
olgigt ZEfHw Al&e RE 234 9%
B -transition® 2 AZtgvd, uwlgli] DMTASY
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wgo 9ty dhute] Ao HuE e AS
g 4 AUt
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Fig. 5. DMTA thermogram of the PU-54.
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oA 3316 en'2, C=0 HAIE 1732 cn ol A
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2% PUOA 3lute] Tpote] BaHE A Al
£% MDI7} 299 & AE7E /HPo=EA
73 g o5t FYFY FATFE FHE
i &S ¢ F Ut DSCERYE #F
€ TgE Fox 2 o248E dFd T, & Ao
g Yehiiny o] A A3} ukgo] 2t 4
Set A& EFAl Adde wE AYS
4 4 A
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DMTA ZFolA AZTE HIHEY T,
#38 4 o ol DSC A} A3
ROZ2A, o]2HE & AFAN Az PU
s}&t Aol o 3 g °i ste] A
YetdE PATERE ZE RS ¢+ AN

£t S rie rL

Nomeciatures

Tgp: glass transition temperature of the
polyurethane [K]

Teit glass transition temperature of the soft
segment [K]

Tg2 glass transition temperature of the hard
segment [K]

wi:  weight fraction of soft segment in the
polyurethane

wy.  weight fraction of hard segment in the
polyurethane

Hnzs

l'-l[l

1. Qertel, G., "Polyurethane Handbook”, 2nd
ed., Hanser Publisher, New York (1993).

2. Woods, G., ”"The ICI Polyurethanes
Book”, 2nd ed., John Wiley & Sons,
New York (1990).

3. Camberlin, Y. and Pascault, J., J. Polm.
Sci., Polym. Chem. Ed., 21, 415(1983).

4. Vilensky, V.A. and Lipatov, Y.S,
Polymer, 35, 3069(1994).

5. Kontou, E., Spathis, G., Niaounakis, M.,
and Kefalas, V. Colloid Polym. Sci.,
268, 636(1990).

6. Thomas, O. Priester, Jr., R.D. Hinze,
K.J.,, and Latham, D.D., J. Polym. Sci,
Part B: Polym. Phys., 32, 2155(1994).

7. Wang, F.C., Feve, M, Lam, T.M, and
Pascault, J.P., J. Polym. Sci, Part B:
Polym. Phys., 32, 1305(1994).

8 Xiu, Y., Zhang, Z., Wang, D, and Ying,
S., Polymer, 33, 1335(1992).

9. Brunetter, C.M., Hsu, S.L., Rossman, M.,
MacKnight, W.J.,, and Schneider, N.S,
Polym. Eng. Sci., 21, 668(1981).

10. Lee, H.S. and Kim, W.N,, Polymer, 38,
2657(1997).

11. Wang, C.B. and Cooper, S.L,
Macromolecules, 16, 775(1983).

_65_

b3 A A2¥ A1Z 199849 49



