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2 ok : Poly(tetramethylene glycol) (PTMG), hexamethylene diisocyanate (HDI)/dicyclohexylme-
thane-4, 4'-diisocyanate( HoMDI) &% &, 18] 1,4 -butane diol& AM&3ta] Z2| et 49AE
gol =3tale], B4 A Wl hard segment A3 ¥ <1 HDI/H,MDI feedH] 9} soft segment$] PTMG 2
Bziako] wigte] w2 249 #islE zASIE T HDI/HpMDI feed Y] 3ko] E4 %, PTMGY &
A ao] F4 % hard segment} soft segment®] F¥e YE=vt F& FHALL, HAH £FLA,
FAE AolA TFE 7 AT

Abstract © Polyurethane elastomers were synthesized from poly(tetramethylene glycol) (PTMG), hexa-
methylene diisocyanate(HDI)/dicyclohexylmethane-4,4'-diisocyanate(H;,MDI) mixture, and 1.4-butane
diol by solution polymerization. The physical properties of polyurethane elastomers at various feed
ratios of HDI/H;xMDI and from PTMG’s of various molecular weights were studied. As the HDI/H,,
MDI feed ratio and molecular weight of PTMG were increased, phase segregation into two domains
of hard segment and soft segment was more evidently shown from thermal properties, infra-red spec-

troscopy, and tensile properties.

A =2 segment®} diisocyanate$} chain extender 4 #2.2

T4 5= hard segment 7} 42| # two phase

Z2 94 e(PU) g4 A= 74 4+ macrogly- £ Axed 7108, A 3EE PU &449)
col, diisocyanate, 12]1 chain extender®] “*+=. FA B wet 274 e AT
24, ¥Rl wa} chekg 2A4L 2=tk 70 PU Ay =54 macroglycol 2 poly (tetramethy-
B4 Ef9 EAE-L macroglycol &< soft lene glycol) (PTMG), diisocyanate® 4,4 -diphe-
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nylmethane diisocyanate, chain extender2 1,4 -
butane diol(BD) & A}4-3 7 soft segment?] ¥
A7 S Wl mE PU egAle) 92423
Bzl MatE zAEQh? o]z RE PTMGH
A}ko] & hard segment$} soft segment?)
e dx7t 8 32 £ e, 7 seg-
ment?] 25t JHH segment] FaFo] F7}
SHoll wheh i, 2As £+ Z271EHe #EE
T AN

PU g4dxo] Wi mAdel 48 A3 waH
diisocyanate th4l 2¥kZ: diisocyanateE ol A&
3 ledl, o] A% diisocyanate &9 7% Wiz}
ol & PU gAdAle] 4 H3lE Aoz 47
¢ =BES 20k A kR may B =8
ol ¥ Tz A= diisocyanateQ] hexame-
thylene diisocyanate(HDI) & 12|73z A9
diisocyanate?l dicyclohexylmethane-4, 4'-diisocya-
nate(H MDD & AMg-3te] oj2i7}x] PU &A1&
sk, olg9 d3F, 7IAH HEE zAEY,
diisocyanate AJE 2] T2 ¥alo] 2 PU €rAd 9]
A4 HslE AL

O.

ox Mr
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HDI= Wako ChemicalA} A5 A2+, H,MDI=
Mobay ChemicalAle] #AES IthE ARRSIY 1,
BD:= Junsei Chemical Abe] S-FA|ko] 4A mole-
cular sieveE 73t o] Hx3o AHR3FAT
PTMG+= Kyoken Chemical A} #ES 100TC, 10
mmHgol| A 747t AZxsbe A1g3slet,

Zu) 2 A3 dibutyltin dilaulate(BTL)+ Jun-
sei ChemicalAle] dFA)eke 1ulE AR}
% w3 A] &uf 2 A}&3F N, N-dimethylformamide
(DMF) &= ©2b 813te] dF Aleko] 4A mole-
cular sieveE 7Yt Fytol Azl AR L,
eSS ¥ 85 FH3b A3 Th
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Z2|H #1449 A6z 19909 129

PTMG¢} diisocyanateE H A ¥h2-A]# prepoly-
merE Y ¥F BDEZ chain extension A]7]& pre-
polymerf o2 PU &4 A& FAatgc).®

%, 57 B3 M32E 110CE 22 A=R7|
oA F83] A2 ¥ Axd PTMGE A3y
YWeth ojojA ¥z E W RPN F 100TS
FABAA wt71E o 110 rpme 2 wyksha A,
N, 7}28 £ ¥1, v BTLS 3% 13
0.03 wt.% 7tgd. 7tEg FA8tan ¥k
70C2 431 ¥ H ,MDI¢} HDIZ FA|o] ukg-
FA8hH whg-do] AUEE VA = Aok, o)
4 F 718 FHOE A 70T7A] A3 719§
F 4AZE B9t whS-A1A prepolymerE $H4d g,

Prepolymer7} £0] Q& ¥h-32& 4712 WYzt
A2l ¥ BDE AFdtd HF AME-F9 1/5~1/40)
#g3l= DMF9 87 wkg-zol H71ste] 3087
wHS-A Zle}, o]0y 80CTAA MAYE] ZtdEHA HA
o we} J&o] DMFE #H71ebHA 2047 St
Ll R Edl=

8 ¥hgo] B¢ ¥ nNkg-9] isocyanate7)&
T 899 0.5wt. %ol AP LS FUsle
70T A 1AIZF B2t vhe-AIA A A Sk, E4o)
= 80T A&7)NA| 4~5A]t casting 3 F AFE A
Z3 AR E L83

87 B2eH(M,)e] 1000, 2000, 300031 3ZF
9] PTMGE A}43t1, H,MDI/HDI®] EH|E 2z}
100/0, 75/25, 50/50, 25/75, 0/1000.2 H3}A1A
AT 152759 PU &4 A2 hard segment wt,
%, &% P 22A%M,)& Table 1o JeRHY
o, BE AlgEolA PTMG : (H,,MDI+HDD : BD
9] feed EHlE= 1:2: 182 34t
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PU &3 & 9] #2432 WatersAte] A%} 20}
E 289 (Model LC-240) & AHg-3td A3ttt
Column& rbondagel E-Linear 271 & AZ3}o] A}
239111, tetrahydrofurand] lmg/ml FEE o
f% L.5mi/minZ &F33A. EFAEE &
El--& AME-3 T
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Table 1. Polyurethane Elastomers Synthesized
Name of M, of HDIHMDI "t O B, of PU
Elastomer PTMG Mole Ratio Segment Elastomer
PU-1- 0 1,000 0/100 38.6 81,000
PU-1- 25 1,000 25/75 36.5 103, 000
PU-1- 50 1,000 50/50 34.3 137, 000
PU-1- 75 1,000 75/25 32.2 70,000
PU-1-100 1,000 100/0 30.0 154, 000
PU-2- 0 2,000 0/100 23.0 132, 000
PU-2- 25 2,000 25/75 21.8 98, 000
PU-2- 50 2,000 50/50 20.5 113, 000
PU-2- 75 2,000 75/25 19.3 146, 000
PU-2-100 2,000 100/0 18.0 211,000
PU-3- 0 3,000 0/100 17.0 103, 000
PU-3- 25 3,000 25/75 16.0 165, 000
PU-3- 50 3,000 50/50 15.0 122, 000
PU-3- 75 3,000 75/25 14.0 152, 000
PU-3-100 3,000 100/0 13.0 208,000

o M A A L MettlerAF¢} DSC(Model TA-3000) &
o] &3ted ZAVEHTE A8 12,0+ 1.5mgs °‘TUI

B Wl Y2 240To A 2% , 340
C/ming] £53 —150C7A] 3 AZ] $ —150C
o)A 240744 20C/minZ $&A|71E A Fe o]
LE(TY9 m=H/(T,)e S48k
240C oA 287 88471 THS, 240Co|A —150C
74A) 20C/ming] =2 ZF2A|UAM &FAHs2
(T, & A3, thA] —150CTAHN A 240C7}A
20C/ming] £E2 $2A7|HA T & Z435%th

29X BB Ao BrukerAte] FT-IR(Model IFS
88) 2 3}tk casting 3+ HEL AM&3H
t},

AAzel 248 InstronAte] 174418 7I(Model
1123) & AMgsted 3 Algo) i) 53] st o
e Faldch AHE ol B £ foR
9lol) YA AR casting A7) F 80T AZ7|AA
4~5A12F Az A vhE BES AHEEATh A&
Z 6mm, 7 0.15~0.20 mm, gauge length 30
mm?) 2AzE gejo) RS AHE-EF L, crosshead

7F 84171

T AEE

ANge
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speedv 50 mm/minZ 3%t}
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PU et 341 & 240CoNA] 287 854171 & —150
C7HR] YA 7|2, olE 20C/minE £ A7) 7
%, PU-1-100, PU-2-100, PU-3-100 A|7}#] *lgoﬂ
Ay hard segment®} xS HES B £ gl9lon],
A 2o A hard segment?) T, & ztz}+ 77C, 87C, 76
T ok, Umx] Algel A= hard segment?] T,
< BEY F gl Ae
trans, cis-cis % A|7}A] o)A Aol EFEo|mZ
A%t & 5 g7 feoz YEg, B gy &
ZpeFo] 200091 PTMGE AF&3F 4%, Extako] 10
001 PTMGE AM&-3F AeH T o] =& A2
hard segment$} soft segment®] AF&E2}7} =27 uj
#og Hztsn, 81 Baaro) 300091 PTMGE A
88 A9 OA Tol Fadhe A
gtero] @Wol hard segment®] domain =77} 4

_‘::-_2

12MDI7} cis-trans, trans-

soft segment 2]

3t7] WEoR @ﬁﬂq“aT Hals dgshs
Flory®] oh2 sJ() = RE, F5FAG 281 &
Ao oA A B Ho|= zg b A PR
o] 3ol @ol a7t 12 HE hashke AL Tol
T, 2 %8 248 A4S 438 £ k!

T—L - Tl(’m = ARHU In a (D

714 R Z1A%, LHE B B8 B =g
A, T,# T 424 BB 2Aske 3% &
53 A weAolw, al BeRo EA sol 4

Z2ge gFrolrh

Y3 PU &435 20C/ming 5247 4%
F2E] = soft segmente] T, ¥stE Fig. 1o A
stk PTMG 9] &2l 30001 73-5-7H PTMG 2
Aol 200091 Ae-ETh Tol =A vehgs,
PTMGe} #=}aFe] 100091 Z9-+= soft segment2]
T,& Fglo] wagt

e e

T Ak o= PTMGS] £
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2}gFo] E4-2 soft segment$} hard segmento] 4
28 A7t A wE Roz ygen BBl
PTMGY] ¥#30] 245 PU ©4A F soft seg-
ment2] gFo] & A% 3 HUloz AZtArt. Hard
segmentE 7413l diisocyanate % HDI2] Ao
BotAFE T ol 37lele ZA¥S Holed, ole
hard segmentZ T 4%} diisocyanate7} HDIQ! 7
2 H,,MDIS! 7o) 8]3] soft segment}e] AHE2]
g7} A7) fEog AztEd, PU-21009] T,ol
PU-2-759) vl3] 238 27 #A4ATS Holal Je
dl, o] hard segment®] Z%3}o| 23] soft seg-
ment 9] ZAs}7} el ol o Aoz A4 2
t}. o]2]§ hard segmento] AA3}ol| 2] soft seg-
ment9] 243} W] A== 240CoA =0 PU &
ARE —150C7HA] 20T/min2 APAZ F oA
20C/min2 SA171HA T, & B33 Fig. 2914
U] Fslo] #AT 5 glon, ol AEE YA

< T,.°] soft segment Bt} ¥ hard segment”}
223 B4 AAslste] soft segmente] AH3I}E
wasty] o g Az frh

Soft Segmente| &S

240To) A 227 5417 PU gt A E 20C/min
2 MUAF)E 79 soft segment?} AR S = &
§ 2338e5(T, ) & Fig. 19 T, e zol&
Fig. 3o =A5l9ch. PTMGS] E-z}eko] 300021 7
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Fig. 1. T, of soft segment(quenched samples) © (A)
PTMG 2000, ((7) PTMG 3000.
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Fig. 2. T, of soft segment(slowly cooled samples) :
(A) PTMG 2000, () PTMG 3000.
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Fig. 3. To-Tne of soft segment . (A) PTMG 2000, ((J)
PTMG 3000.
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&5, diisocyanate ¥ F H,MDI¢] ol
2242 soft segment9} hard segmente] AHEz]
Azt A7) W&oz 49 & ¢ Aok

EAFFo] 300091 PTMGE AM-3 7% HDI/H,,
MDIH]gto] E42 soft segmente] ZAA3lo] BQ 3
izt vt F7HE B 4 e, olE hard
segment % HDI®| &go] B&45 PU &34 A}
£9] mobility7} 743} soft segment 2] #ulj x] 7}
o]g7] hFo 2 A7+Er}, & hard segment 3 dii-
socyanate®} chain extender$l diole] E¥AF7} R4
 AS oy 2EH o] B 4 AFo] &
ate] B QlEge] aH, Aol A7} o)z
Aoz AztE 7] o}, 2

H 6
I\II—C-O—(CHz)r—O—g—I\[I—(CHQ)s'*
. H
H 0
~—(CHy ~N~C~O0—(CHs~
0 H

~(CH2)6_
Il
O—C—N—(CHz)s~
|

PTMG2] ¥=bgke] 200091 74 $-+= PU-2-75, PU-
2-1000 4 T T, .7} 23|14 c}’ s E 4 e,
o]x soft segment®}e] Az AEst &AL Hy,
MDI¢] 3tako] 7+4 3t soft segment?] A3 E
7} Z7gl 9@ Floz Az, old e
Aol g3k soft segment®} hard segment?] 4
g Ax7t 23 PU €44 = hard segment &3
ol & A% (PTMGPJ -'vj‘z}a“] 300021 739 Hoh
£ 200090 A9) o F3lo] vehtes ez A4z
"}

F|Mo|2T

240Co A 287 8417 PUBAAE FYAI7
3 20C/min2 &A1 71HEA T, Z33}lod Fig, 4
o) Jelfict. Fig. 4914 HDI/H,MDI¢] /]
7} 100/0]1 725 PTMGS] #A4o] 25
gment®] T,7} Z44&E & & Uedl, o= PTMG

= goft se-
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Fig. 4. T, of PU elastomer : (O) PTMG 1000, (A)
PTMG 2000, ((0) PTMG 3000.

o] ¥ zjeko] F4-E soft segment 9} hard segment 2]
ARzl Awrl AR soft segmentZ o} Sole
hard segment®} o] ZHagel o5t Aoz AR
o}, g, PTMGY ¥=}3ko] 30000 HDI/H,,
MDI¢] F4H]7} 0/100%] 73-9-9} PTMG9] #-z}3o]
10003} 20000)#A HDI/H,,MDI®] FAu]7} 75/
25, 50/50, 25/75, 0/1009]1 A]ZolA 23 T =
#2g 4 Ql9l=dl, o] soft segment 9} hard seg-
ment®] FEe] ATrt AA] ol &) Wt
e 2 oA dojdel o3t Roz Azt

HelMd Z&EM
PU &A% oA hard segmentE FA3dh=
HDI/H;,MDI9} 43u|o) & Bzt 423 4

=9 W3lE o} H7) fJte] Eabgo] 3000<
PTMGE &3t A48 5% F2 PU g4 9
1650~ 1750cm o) A &3t IR spectra® Fig. 5¢i
=AEEY. (@94 ()2 #4545, %, HDI/H,,
MDI9] +#/du]7} 0/1001 4 100/00.8 Z45& 1732
cmlolj Kol Saetvle] w44 AR C=0 stret-
ching M7} 7+4dka, 1705cm ol Me] FaFF
stretching o 37} Z718¢& & & Uk olefg 4
= PU €4 & 248} hard segment 9] diisoc-
yanate 3% 5 HDI7} &5 A&d A=7t &

718l L@Et7]9) C=0 & $£A4 4%, hard seg-
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Fig. 5. FT-IR spectra of (a) PU-3-0, (b) PU-3-25, (¢)
PU-3-50, (d) PU-3-75, and (e) PU-3-100.

ment Aol EAsHE Fo] 371 §E Bl Ful, olE
o) 9 QAN BEE Aot YH@ep, 12
=
Fig. 601 200% 9% @458 =4 shged,
PU &t A1E 7438l diisocyanate 4% 3 HDIS]

ol Z7heel Wal BAASTE okt Zasho

Z7vebe AL Holx uth ol E BFE 1
729 H,MDI thal A2ke] M8z e] HDIZ} 7}
A7 A9 nEA AEe) FH Aol st @A
£7} Zrastizt HDI9| geo] gobd 49 el
A upel go] EAZL FAET Y=7t FUHtL
hard segmente] 2387} 7hsdlA BAAS7 T
7h3he A2 g

HDI/H,MDI2] 741]7} 100/0) 34+ PTMG
o Balgo] A&4E ol & @AATE #ed, o

£ PTMG] #x3Fo| 2te 2$ PU &84 & 2

gl 147 A6 1990 129

200% modulus (MN_/m?2)

"
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Fig. 6. 200% modulus of PU elastomer : (O) PTMG
1000, (A) PTMG 2000, ((C]) PTMG 3000.
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Fig. 7. Strength at break of PU elastomer : (O)
PTMG 1000, (A) PTMG 2000, ((J) PTMG 3000.

A4l hard segmento] §Fo| Wotd @A F7}
Z7hske Aoz Azbgd, w2, HDI/H;,MDIe)
TAu) 71 0/1008] B9 PTMGS) 21| 245
g A7 AX e, o] F9-E PTMGE £439
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Fig. 8. Elongation at break of PU elastomer : (O)
PTMG 1000, (A) PTMG 2000, ({)) PTMG 3000.
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