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2.2.2 FAUII—DERK

EG 2HIBHELTe- 7050 b ERBRAMEE, KEEKRM PCL F
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Scheme 2.1. Synthetic Route for the Preparation of the PCL
Oligomer and PCL Polyaddition product

I
C—CH,CH,CH,CH,CHy——0
2nl ittt l + HOCH,CH,OH

g—caprolactone l EG
1 i
HAQ)CHZCHZCHch@HZ—c OCH,CHyO—-C—CH,CH,CH,CH,CH,0—H
n n
PCL oligomer

l -~ ocu—@cu,:@—uco
MDI
i i i) "R
OCH,CH,CH,CH,CHy——C——OCH;CH,0—{-C—~CH,CH,CH,CH,CH,0 c—u—@cuz—Q-N—c
n n m

PCL polyaddition product



BHRPICRERE CHERMRRET S ATy T2BATE LK DHEIER
frol.
2.2.5 X EIFAIE

T=FA—F—I X5 X#REHZE (RIGAKU RAD-B) 2, CuKa %
X#E&E L TH A 40KV, 100 mA T 10-35° OB % 4 °C/min O TRIFE
2fTolz. HEROBER, 185 mm, BEE 1 mm TREL ZZE 2FrE 8
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BRIND, ZOEERCHBINS AH, & PCL OFSEBAESL 159 kJ - mol”
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—THdTENDNS, SEORESATIE 2 G OB L ZRANRE SN
7279, Bl EiE & LT Table 2.1 IZR L 7=,

2.3.2 DSC [C& D XRAD ADEGRILFHERT(R
=25 °C KBTS RFHHMZEATHELLEEEDOHRSY > RAT A
(DPNR) @ DSC Hi#R % Fig. 23 IZ/RY . T I THREFFENEDOHE, @F



=uxman  Cat=SnCl,

Cat=TBT

Molecular Weight

Fig. 2.1. Molecular weight distribution of PCL oligpmers based on

standard polystyrenes.
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-<— Endotherm

—  EG-48-14
(Mn=1162)

EG-8.5-1.3
(Mn=1991)

Temperature (°C)

Fig. 2.2. DSC curves for PCL oligomers.
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~————— FEndotherm

S
-_\, AHm=0 t=0min
\ AHm=0 .

t=60min
NG AHm=6.5mJ/mg —120min
N\ t+=180min
| | | | | | |
-80 -60 40 -20 0 20 40 60 80

Temperature ( °C)

Fig. 2.3. DSC curves for DPNR after holding at -25°C
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7 9 AR LS QBB DNERI S N o 256, IrElRE T R E:
T2RATY TEMABRAALTEDBICBEINS AH, ZRETEZEITXD, #
RACEB 2 ERIICIHGT 5 2 EDTTEEEE X 5N 5. Fig 24 IR 2
—ER LU TRFEBEZZMLI L EZICBHEINSAH, 270y M L2HD
ThHh5d, HFICHBTREERLZDIE. Wood 5 W L7z KAT L DK E(LE
ELRELOBEBRETHD., TI MA—F—ITXBEBEELN 5RD -2k
BB IT2HBH OV TERLEZDDTH D, MFOEWIL - LTH
D, DSC X BPED, TIAMY—& U TEANREREEEZRTES
FIRBWTHBEHTH S I EERLTNWS, EEERBRELIINT, H S5 AR
SRR ICET 3 BIEEAE SN B 0, TR LERRLARE S
AbHERbLND,

2.3.3 PCLAYUITa=y hEMIMEOHE

PCLA Y I —2MDITEfE L4 d12y MEMIMAIZGPCHIEL D,
Mi%10 - 1575, M/M, 13K 2 TH ok, EIMEICETSF Y I — D
B (m ) 13 60—80 BELHEEIND (Table 2.1), TNH OEMERMES
O —% MDI THEFELAZY d2=y MEMIMERBEEICED T NRYE
T, RARD L EEBRT LA O —)VEICTIRBE D WIRETdH - 72248 EiE (1 23 °C)
KWHATEZEIKOERIEL. 2F2EET2606H 57,

FU 2= v MEAMIME (EG-6.0-1.3)D DSC 28 % Fig. 2.5 IZ;7:9, —10°C
TOLRFFRR] 0 BKU 60 min TIEHEMRE — 7 IZBRINT, REFFEIES
BB LA A, BHIKT 5T &5, —10 °C TOBRMHIC & D §H
ERLTWS ZENRREND, HRITRLAKN 23 °C PHETERICKREL. Bl
M5 °C FHERH EMEREL T 2FIHBRICAEEI NS, Ziud, —&
FNCAH 5 N B ERRAIORKRAFRBE TRHMAL, BERETIRKEERD
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Fig. 2.4. Relations between AHm and hold temprature
at a constant hold time for the DPNR.
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~€¢———— FEndotherm

Tg
/ AHm hold time
el Ml

60min

180min

23.9mJ/mg 300min
----------- oy o " e

29.5mJ/mg 420min
_____________ o

2 ] L | ! ] 1 1 1 | 1}
-80 -60 -40 -20 0 20 40 60 80
Temperature (°C)

Fig. 2.5. DSC curves for PCL polyaddition product (EG-6.0-1.3)
after holding at -10°C. _
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BURZEN. (BRSSO OBAE. BELEICHES TRBES OAENEL 23
T EDWEDDH B O, KRR E &b IERLSRAIO E— 7 LB IR A
AT RLTVEZENE, RBORMZEURBERMTON TS EEX
515,

Fig. 2.6 IZn & T, EOBMRERT, n KR TIIMEN LIMEFT 5. Zh
WBAEBEEBR L. D TFHOEBEZHTS5U LY EOERINGERN, T,
KELBELTWBIEERBLTVWS, BAOF Y Iy NEMMIMEIZD
WT, —10 °C BT B REFRE AH, EOBfRZ Fig. 2.7 ITRY . PR
EEDBITAH, BERL, HRENETLTNWS ZENEREINS. PCL 2V
ThETAD NETHMHPBER T LS I IA FI—TR, N—FKEFA> b
M PCL DX EHAEL TL XD 2o, FFFEREIRAEARL., 227 & 2000 - 3000
FTid PCL ORISRV ENHEEIN TS 2, LALERNS,
MO LY LS X MY —DREEELT, —BEICERENS 0 2385 O
PCL A1 3% (M, :2000) N5/EENAF) 1=y bEMIME (EG-8.5-2.0
BELY EG-8.5-1.4) IEEREZRL, HRUAT TR, BEESFHEILT
ZEWHERTERN, £, n DEDT BV REIIET L, & 512 M/M,
ERLTHIEICKO T, HREIETIZZEMHASN LR, TN
FV I —DEANTFERSD. TROLBE/ I —EHEROKENIZ Yy bRFY
Jazy FEMIMEORBECEEZSATNS I EZTRRLTNS, L
LTC. DPNR OF—&H ( -10 °C) BIXUORAILDOTmEHEIEREE SN
%-25 °C P IZBIBPWERREMRL Liz. RARTLDET SMP7amE R
By AR L7z A RS 2T, SEETY T2y FO 0 & MM, &I
KO TRETRETH D EERBL TS,
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Tg (°C)

40

45

1 ] ]
-50 3 4 5 6 7 3 9

Repeating number of CL in PCL

Fig. 2.6. Dependance of 7g on the number of repeating unit of CL momomer
in PCL oligomer in PCL polyaddition products consisting of oligomers with
narrow molecular weight distribution.
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Fig. 2.7. Relations between AHm and hold time at -10°C
for PCL polyaddition products.

19




2.3.4 X#BRER

PCL AU da=vy FEMIMEB LU PCL RERY T—DJAA X BREH/S Y
—> % Fig. 28 IZRT. TLARTHBZEMNIME (EG-4.8-1.4) IFERERU T
—HE DT O— RREHF/NY —NERINZ, —FH, HRELTWSEMNN
& (EG-8.5-2.0) DEH/NF —2iE PCL FERY I —DEFNY —> &—F
TH5ZEMNS, PCL AU T2y FEMIMETET BRI TOS I b
HHIC KSR TH D, MDI ITHRT BT LI HA TR ZRL TWR
WZENHANER D T2,

2.4 # %

PCL AU d2=v FEMIMETET 2HERIIHTOS0 b EEIC K SR
CHY. T OERREIEEEKOKE DLy MEBE LS, 1 BETE
B EHRIERET T2 7, 0 LRERS. THEORELD. MM, I
NEEREA Y Ty FEARLEOSE, 1w hOE R R
BHT AT 5 Ik 5T, MEREATHE L TERE NS MRS
EHIT B = EATIREE 735, OBMBAKEAD T2y b EHRERET S
TR, RS RO BB LD 25 bOTH 5.
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26 (degree)

Fig. 2.8. WAXD profiles for the PCL and PCL polyaddition products.
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£3% RUATOSIIRRUDLS COBEERICELIET
RS Y - I DRE

3.1 F

RUATOS7 b2 (PCL) RUF—IVERY ZAFIVRERY T LY B
FBV T M ETANELTRUICERAINIERTHS. BEAEDRY
IAFINRYFT—INEER E TV - EOEREICLDELND DITH
L., PCL 3E/Y—ELTRRIATNTH S e —HT 05T b2 RKBED
BWEHINVEFIVER EDFEHEABEEYCHBEEMNMEES 2 EICKDRE
55, BBHIOENEKERLZETIEREREALIESIEICKD., 2ER
DRY ZATFNNTIALZERI T ERSEETES, RIGERFL W EHIZ
LS 5KEEE 2 BETHELSTIYA-INVERERE LESE, TATIIVAZ
g R E RS, BEBF Y a—-IbERLEL, mmiZEMhoTI 2 b
DO U ERE TS PCL AV I — BMELND LIk, I5ICH
BRIV AN ORTRNT MM,) DPRTBDIHED, EAOETEOE
AL TBEEZILSND,

RUT LI IS AMI—OREBORY ZZAFINRYF—IViL, HFEN
1000 — 2000 Db DEHNDE T —ANELL, TOXIBHFEEZEFED PCL 4V
O—iE3h 70527 b OEGEELT 10 BETHS, RAKWKRS T F &
BUIBHAAA Y 2V ORI L D BERE 72 5. BAAAIORED PCL 7Y
A —BEORI T LY D OBREICKREREZEEZEZ D IENTRENDG
H, TITiR TOZBETOVWTERLL,
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3.2 £ B
3.21 & ZE

REFRFIZU A=) (NPG) . NNTFTLFUa—)) PXG) BLY
FAEROFI T hFIXROEY (BHEB) (3. BIF/LFZEUSEHE 2 IR
DEERWZ, DU INX—FF81 RidEEHMIE ) #HoONX—-/3)VD %
HIREOEEHA Wz, B TFINVAXFF TR (MTBO) iJBIR/LE R
HKE2WRBDELEHANWE,
3.2.2 PCLAYUIT—DEH

ZNENOT) A—)VEEBHELTe- 7057 O ZRARMMEE, K
BEESRM PCL A IR —2 /2, 97 b2y MOFHEPEH( n )IIBAREA
EE )T EDMEARIT I o THE L2, fillliié LT MTBO ZMHW 130°C
TR ®z, FIGRTRTERFEKTTY, BEE/ - 707 b
757 4 —DRPET 0.5% LATIT/RDE TR L 7. BH5NF Y IT—Id, JIS
K1557 ICHE U T/KEREM (KOH mg/g) ZRIE L., TDENSEFEENTFE OM)
23RS, n 2EHLUE, 2L, FUIT— 1 9 FIBT 3 RmKEERKIZ 2.0
ELTHS, |
3.2.3 BRRUYDLSICDERK

FVUIT—% 100°C MR LZDB, KEEIHLEFEIOTY T R—
NEITHEYS T B MDI 2HRIMES L, 100°C T 5 RIS ®@BIRR ULy
> (linear polyurethane : LPU) &7z, B> IV OAFIIHBERHE R - ¥
EHEE (n) - FUVIX—DFEAHM,/M)DIEICF LTz,
3.2.4 GPCHIZE

FVIAT—BRBRR VT LI > 0nFEMM M/M,) 3RV —8 GPC
SC8010 IZ &k, HY —& TSKgel G5000 HXL 7 T4 1 21:3‘5;1:0“ GMHXL 11 5
A2 BREFNTDRNTRE Lz, BEERIZT S EROT7 S 2 (THF) 2
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AU, #E 1.0ml/min, 7T LRE 40°C TRERBFSHT L O REZRT- 7,
3.2.5 DSC flzE

2.2.4 &Iﬁ%@ﬁs{’ﬁ’&ﬁsfco ZIEL, WHEF OREREE ~10°C &L=,
3.2.6 WAXD HIE

224 EFBEOUMER >, W, BEES 0.3 mm OH 5Ll
2RV, BElZRELZEILE 80 °C IKRE LREZ2HBMI 2%, =EIZ
THHABLS DB, BlEETo 7,

3.3 BRBLVEE
3.3.1 E4«OBRWBAIZYI-IVERV:-PCL DSERBLUTEOMH

BRBAHI & U T, EHEIEIETH S EG. AFINEEETS NPG, HEEEHE
% PXGBLUBHEB ZHWTPCL A IY—2&H L7~ (Scheme3.1) ,

Z7 K23y b®Dn A 6 AT, FxORBEAEETS PCL U 9 —
® DSC #i## % Fig. 3.1 ;"9 ., HHBRE TIIESLICER T 3HRANEEINSD
B, 2EAMOE—IRROLND., BRAOE—ZBEZTVWTNORETHH
2°C ICBRENB, BRAOE— 212 EG 4% 16 °C MiTICHET 5 DIk
L. MEE &72% NPG, PXG BXU BHEB %id 10 °C fHEICEBEREIN S,
I, REYZRFE R L, PCL A I — O BBHIIERREEHEL
TR HEEZEZEND, ARBETIE, BROBMMRICLZEANEHERINS,
BiffE—2 % 2 BT S N, MERITESE Y NPG, PXG BL U BHEB Tid,
WIND EG ZHBF & LZBAXVBADETIRD 5N, Rifgr—7iE
EBLUERILY —27REIS EG>NPG>BHEB>PXG DJEICK T LA, £
R (AH,) BRSAME T3> TR T 3 EEMEEINE, B5h
ZZPCLAY A —DHEE %2 E LT Table3.1 IZRT

Fig. 3.2 IZn 2% 6 {8 T, F 4 OBIAEFIZHF T3 PCL U I —D WAXD 7
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Scheme 3.1. Preparation for PCL Oligomers with Various
Glycols ( HO-R-OH) as Initiator

EG NPG
CH,

HO-CH,CH,—OH HOH,C-C-CH,0H
CH,
PXG BHEB

HOHZCQCHZOH HOHZCHzc-OQO-CHZCHon

0]
I [l
H‘éOHz CH2CH2 CHzCHz C_C>'O"R_O‘<C—CH2CH2 CH2CH2 CHzo%H

n n
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cooling process

initiator

/T PXG

_g ﬂ BHEB
o
=
0
l NPG
J\ EG
PR REE NPT R R R S R
-20 -10 0 10 20 30 40 50 60
Temperature ( °C)
heating process
>
PXG
\/\f BHEB
5
g
g - ‘ NPG
0
l EG
IR DU BT SN ST NN TN R ST
80

0 10 20 30 40 50 60 70
Temperature ( °C)

Fig. 3.1. DSC curves for PCL oligomers with various initiator.
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Fig. 3.2. WAXD profiles for PCL oligomers with various initiator.
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o771V &erRd, BRBHOREICED ST, lﬁJ—O)IEIJ‘y‘?/\"&—f/%ﬁ LTH
D, BEETCHEABH Iy MNITENBZNVWEBLI OGNS, BEREERTS
DIEST K EEDATH S I EZRRL TS,
3.3.2 B\E4«OREBFIYI-IERNEPCLASELSNDS
BRRUOLS > OHE

BAfEAI & U TEG BLUPXG 2F TS PCLN5725 LPU % -10 °CITT%
BEisRE S ERBICHE IS DSC ¥R % Fig. 33 R”Y. H#ks LT, DPNR
ZE—RE THBMEIEZRICBRERINIHRZMHELE *. BBE—213
DPNR &AM UK 2 BRI N5, 1 I —0 DSC BB & FKICES VBN
HEEBNWAD PXG 288 LPU ORMRIREEX. EG ZHWZb DX D BETT
5 ENbng, i OBRBEFIERNTESNS LPU @ -10 °C ITBT 54
Rl & AH, & DBAfRZ Fig. 3.4 IZ/RY . fRFRIH & & BITAH, PR U RL
AETLTND Z ENBRENS, n MTFHELVK 6 DO THET S &,
NPG, PXG BXLUNBHEB i3 EG ZB#AIE LeHE XKD, HELBEAE TOH
BHMOEEBIOHEEELEREDEKTARD 5N 5. HRIELEEIX EG>NPG
>PXG>BHEB ODJEIZ{KT L %, %%4EE§%E< T B DI A FIVEAISH
KOFERDED DRV RENWC ENHAS N ER >, £/, BHEB I3 PXG
I R AGBIES R I EN DA, ZOBEE & LT, PCL HEHITH U RRAIR
BERDMBHODFENRENIEBION S AEBAN LR LAY TFHHDE
DILHN LI 72072 ENEAENS, ke LT DPNR ORIEH R ZHf
Lz, RADLDOWIPIRREEZ R 2 ERBEERESTHIT. 0 2EE
EWENTRET SN PCL FY IV —Z2HNS LK D/END I EEREBL
T3,

Fig. 3.5C BHEB Z A& L Tn 22 S €7 LPU @ 10 °C IZ BT B4R FF
W& AH, EOBRZERT, B2 EBETRENLEMBHTFL 7Y a—)VEMH

29



~———— Endotherm

Y
..‘ "
\ ¥ PXG62.13

EG-6.0-1.3 < !

-80 -60 -40 -20 0 20 40 60
Temperature ( °C)

Fig. 3.3. DSC curves for LPUs after holding at -10°C consist of PCL
initiated with EG and PXG.
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AHm (mJ/mg)

40
—e—EG-6.0
35 —=8— NPG-6.0
ok ——PXG-6.2
== BHEB-5.9
25 - --._-DPNR
20~
- 4
15 ;
1
1
10 |- !
1
'.
5F ,If
’
O L 1 L1 1 III 1 1L 1L L_L L 11l

10 100 1000 10*
Hold time ( min )

Fig. 3.4. Relations between A Hm and hold time at -10°C for

LPUs consist of PCL with various initiators.
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Fig. 3.5. Relations between A Hm and holdin time at -10°C for LPUs
consist of PCLs initiated with BHEB.
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BIZ, S7RE/R—0 n PRELBDDIRERSLPITHRLT DI L5
MNErolz, iz, EG RELBLZHE, RFOEBE TORBEEEB X
DHERACBAE TORERMITE< 22 L0 56, 97 M EEZHTRS
Fazy bOEBICXLD. RUT LY ekoEREZHFHETESEEISN
%o

3.4 & @

PCL OBA#AFIE. PCL BX U MDI OEMIMETH 2R U T L F > OfE&@ME
WREREER2E525ZENHEN LR Tz, fELEEIZ EG>NPG>PXG
>BHEB DJEIZ{EF L7z, PCL ESHITH L. ARAIMIE L7325 FaHI 00T
BIZX D EREBEENRELBTE LT, BEEEF YV Iy MEAR
LY557 hHEEZERETIISY MERBYICRET S IECIDRY DL
5 RO BERFIETES ZL2RR LTS,
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$4E c-hAOSH/RAVTAZy FPLBENEISAMT—
DFEFHE

4.1 F

WoBBIUE 3 BT, PCL AU Iy FEMNIMEIZBWT PCL AU d
T—DFEHEE (n) BRUODTFEHM M/M,) Z2HRHETZIEITLD,
EAFHEEROKRENHETE, RADLEMOKBEEBIBHRIETS
5l ZHUIRERAEEZ S 2BRERRFLLEE o CEESHEL
AINT A= LXK DERETSSTFETEN T 7 AMETESZLEZRLEDD
T, BEOEH T TRRATL LFAKICHERREEZRR TS I LATRSIN
%, T TAETR, MEKEELRIFLZIY M OE—HEEZ2GOERFOE
HRET T A MY — DA TFREHES 255720, BEMEERT PCL AU T2z
v h& MDI EDEMMEZEBIETHRLENSTIA MY —IZDNT, FU
2=y D n BEXOEEHHENL T R b — O RLBEHCE X 5HE LR
L7,

42 £ B
4.2.1. BEEISRMY—DEHK

A dazyw FEMIMED 100 BEEFICHL 2 EEFROD 7 I NVN—FFY
A RE2A—=TO0—IVERAVWTHDAALZDS, 160 °C IZHEL7Z&ET 20
STV ZAREETY, BEBIS A N —2577. BEIRS—FFT 1 ROM%
BEIC LD ERTAMET NIV MDI DAF L KREFEKRE, SHIE
RUEAF I PHNVELREREETE2HDEINTNS ¥, KK 2 Fig. 4.1

2R,
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R rg’MWR M 5\55) (JJJ‘
R M ; M~~ueR
a q J
‘JJM RvvM™YY Rrs) Zz_‘
M 5 R
R A,
R
R
: : .
M LR M MM  crosslinking point
M M~V R'Jv M urethanelinkage by MDI
R‘S) % R initiator of PCL
oV R
mR’U"M IQ’L v PCL oligo-unit

Fig. 4.1. Model of crosslinked PCL oligo-unit elastomer.
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4.2.2 SFIRYEER

RERE ) ZHoBRERBRE (X MOJ/ 57 R 2AWT, 23°CIZTH
& O FEE 500 mm/min T 7z,

4.2.3 BhRIRSEMERIE

HEEEEE (BB "L AN T2 2N, AIEEER 10Hz, -60°C 22 5 220
°C OHiH % FIRFEE 2.5 °C/min THIE L7z,

4.2.4 SHEMAZE

TAA—A D AVIVA Y () BB AT L (EXSTRA6000 DMS6100)
AW TRIE U7z WIS 3 mm, . 1 mm 7% L 2 508 (4 23 °C)
TEDD, FIEOHRICHESELDE, FIREE 2°C/min THEIRDN 5 50°C
ETHRIEZ0E, EREETRERZ T, SRAREZTVINS ORRZE
{bZRE Lz, FTEREICELERORAZ f (0 . t FHEZEORIZ £ (O
EUILIRFFES (1) /f (0) &R,

43 HBBLUEE

4.3.1 BA9H

Table 4.1 ICEMIEB X OBRBHROH 5 AEB R ERT. BEEIETEN
ﬁﬁxﬁﬁﬁ%%btﬁ\Zhﬂh@I@%?V?ﬁﬁ%%%ﬁKﬁé&&%
W, HOAEBRZ LAIEZ T VY B0 FRMEERNTEED, D
DTFEBMERRPCLA Y T2y MOEBICESG LianzH EBbih 3, Fig
4212 -10 °C T 240 HEEEM R 2 B Z /2o REMIMED L CEBEOFE
RRZBUT 5 DSC 22 RT, AH IFEMIMED 20.1 mI/mg I3 U TG
104 mJ/mg AL TS, AT ORRIE 2 ¥R INSN, BEfEE
S U TR ORI, EIBANE 3.9°C 05 54°C I LR L, EiEAIDRLS
1223.9°C 05 188 °C I F Lz, RARDLDHERETIE, KRB DORAIL S A
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~¢——— Endothrm

S __A Hm=10.4mJ/mg

Temperature (°C)

Fig. 4.2. DSC curves for PCL polyaddition product and crosslinked elastomer

after holding for 240min at -10°C.
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SHEBEEEL, BRAOBAIERFRECHEETS ERESNTNDS ¥ &
BREEDBAIZLD, NR ORlE® 20°C LEDETHNHREIN TS 2 DIT
WLT, FEEsNEF) Ty MIT S X MY —TIEAROE TSN,
ZHE NR OEBHANEREMERDZAV T2y FTHEDIIHL,
VI w MIT I X MY —TRHERILZENT S MDI 1=y MR
RO/, BEZEBRTS PCL AV J22y POEBIES Lanzn LB
N5,

Fig. 431 -10°C TOHRMAFREEBM IR EED AR, OBLZRT,
SRR BT B X DR RALE O FARD SN B25, LRAEHI OBt
DFERIEEE 2 KR L THB O, EERBENEAIND Z LK HERHRRINE
DM, FELOWEREOEREZSZLEIBNEEZRLTVS, ZNEFII A
N — DGR ENEMIMEOBREMN TH S A Iy hOMHIRZEREICK
B2 EERBLTED, FUTI=y FDn BERM/AM, 2HETEZ &
&k, T MY —ORIMZEE 2 LR ERICHETES ZEBRRLT
W5,

4.3.2 WS

II5XAMI—D—BERIZ, TIXI—EULTINT P ADENIZEZRL
TW?3 (Table4.1) , Fig. 442 PCL ZI X R —DiH— 0T HHIRERT,
300% {HEX DISADILE L0 R 51, HERHEEREEEIHRS
N5, BWETRE ORISR ABER 28 Ei0H T L BBRIEYEGERE L T,
EKEDETH S 20 MPa LA EERLZ. NR EOUHENSD, KOEWREZ
BREWELONSE ZENRBENS, Fig. 45 12 PCL TI X b Y—DOHERICH
J5 WAXD 707 71 I)VERT, HER 200% T TRIEREZRT/ND—
DHADVEZEINDDITH L, HER 250% XDEHFE—INEEIN, HER
DEREEHITHREDEKRT S, £k, ZOLEHBINZTOT 71 IVid PCL
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AHm (mJ/mg)

—a—6.0-2.1-G
35 ==o==6.0-2.1-C
—te— 6.0-1.3-G
-=p==60-1.3-C
—e—438-14-G
o 4.8-14-C
20 —+—DPNR
¢ DPNR-C

15

10

10 100 1000
Hold time (min )

Fig. 4.3. Relations between A Hm and hold time at -10°C for PCL polyaddition

products and crosslinked elastomers.
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Stress (MPa )

25

O 4, 8-1.4-C
g e 6.0-1.3-C
m—{_p=6.0-2.1-C
=== DPNR-C

20

15

10

0 100 200 300 400 500 600
Strain (%)

Fig. 4.4. Stress-strain curves for PCL oligounit elastomers.
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Fig. 4.5. WAXD profiles for PCL oligounit elastomer at various elongation.
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FERUR—OEHFTAT 7 1INV E—HTBILENE, BRICKDERT DH
I TV TR — MNMTHRTEZU LY 2T A2 bOETIERL, PCL F1
Ja=y MZHRTZHERTHDEELALNS,

433 BEEEE

Fig. 4.6 IZ PCL T35 X hN—OBIRREHERIE I BT DErE#tER () B
K OB LR/ IE R L (tan 6) DBEKEMEERT, PCL AU T2
v MO MM, DI 6.0-1.3-C 13H I AEBIKETT2-10°C < 51WhH 7T
R—IMERER SN, BALAMAE S 200 °C (HEETEET Sy M E 25RT D
WLy MM, DJEW 6.0-2.1-C T 50°C €T I h—8BIcBE LW, DSC
BB HROBMBETOFMEEEHOETELAS L, TOERKREEEICLS
HOEWRIND, Thabb, BHBLUOFERICBWTEBLRERETE
R DRERRO DGR RITEEEZEZE5ND, ZOHRIT cold-hardening
EIEENERFECEREEZBIIET, LAENS>DTIZIARY—ELTERER
EAT 30T, BEMMERL TEIENEZTH 5. BEELH OB
6.0-1.3-C 1L 0°C 2 5 100 °C £ TOIREFIHKICBWT, E' 1333 - 3.5 MPa B
X tan 612 0.1-0.05 THY. BT ARHMEA E LTORHER L,
4.3.4 HEM

ERAIZEDBIEMIRRITLACBWTHEINTED 2> hOoE—iH
HEOMEPBIPERHEE *ITXE2BDEINTWS, Fig. 4712 -5 °C, 50%{H#
EICBI BB HBMEB 2R, M,/M, DJEW S DRSS HEME R U
N, MM, < TEHZERXXOIBNZRFELTNWEZENDNS, Fig 481
22°C, 100% {HEIZBITZIHTIHER & WAXD IZ & B EHTHRE & ORERERT,
IRAIAERIT DI LN WEHTERENBER L TWS Z &5, HRlkicks T
> hOE—HEOHRNE OBRMICERTSHDEEZ L5, MakicL?
BAERIL, HERB X ORELERGEREI K> TIEE NS Z &0 S
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N LY
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Fig. 4.6. Temperature dependance of £’ and tan & for PCL oligounit elastomers.
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Fig. 4.7. Stress relaxation of PCL oligounit elastomer at -5°C under 50% elongation.
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Fig. 4.8. Plots of stress relaxation and WAXD intensity for PCL
oligounit elastomer at 23°C under 100% elongation.
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50% LAFOERAMRMEESICBN CIIERMHRELERNL, T2 oY
— RS T AHEEELTWEbOEELLNS, Thab5, n B
MM, 2 L ZEEELTY 22y 2B EHTFRENT., TARRME
BEOHDVEIRERBEEREDE ) T —EH 2 ESEET 2REROER T LD
BEEANDBEMEICLEDDOTH D, HEHOKRMEEMBEROIERLE
WHEDNTG A EBHTRDPENDRFIEENZ D,

BN 22y N THB PCL A I — &) 3\ MDI TE#T 3
ZEWKD, HBENIEMMEZBBIY TERBLAETLI A MY —IT, B
EMHRIEER LR, FUT1oy O MM, #<T32EI&D, T2k
O —lkk & UTHERTE D REMRNANS Z EMH LM E o7, Bk
K0, MM, 3 Lz LT o 2H#T252ECL0. BhidEgREER
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5N/ET T X b —3ERA 2 EI Ui WK T LB LM ZEBRITB W TS 20
MPa Pl DMEZE R L,
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£58 RUATOSHPRRUIVY COEREICELET
HEENMOEE

51 F
BEATFEORYAETOTY 2 (PCL) IREMEREREERY T AT
VTHO, BERHIRICKDEREOD DM * 2T 5 ENFRETDH 2.
F/r, TORIAIIH 60 — 64 °C TH Y, ReHlsRREZMHEE Uiz R B
ELTEEAFTARLEIAVWSNTWS, —F., AFEETFUTOFIIT
—ERDOBDRRY T LI ICRESNIHEOMR TS A MY —0DY T by
AP RELTHEWSN, WK MRE, TAMEME, MESIUOmMERERER
ENBEEE U TTENCEERMMZ 5D TNWS, ZNH5DEL<IEPCL 23
BERELTERLTWS, B7050 RV Y T LY > OHTHE EMERE
ICBET BIZE PR ENTVWBHT, L0, VI METAZFTHS PCL
DHOFEBIUVDAVI TR — MNEEHD T —NVEEN OSBRI NS N— R
FAY NOED B WITHMERIZDOVWTHE SN TWBHNL N, T OMY
E%&ﬁKOWT\%%BMﬁfﬁﬁﬁbyﬁﬁtﬁﬁéﬁﬁﬁﬁkﬁﬂﬁﬁ
B (n) EERBTIZLIEDHEESREZEL. HOEENLMR(LE
B U RRILAZEMUERERLIA N —2FHUTELLZ2E 4 ET
BT, AL, ESEETEERWLHREL VoREEFY dJay b2
BREAME U CRAMCEEZELT I EICED, EROMNFRERESRED
BLERZ AW THIEFICHEE * L3 MmEERESEEROIEREEREE
BRSNS BEARILDREEAREETEHDTHS. ZOHTRETEAY
Jazy NEERETIEBEONANEERRKREZRED, TITEETE., HH
ﬁﬁﬁ%%méﬁtﬁiET%QKDmféEmﬂﬁ%%étb\ﬁU?—f
L ROBAD BRI ETY, TORBRCOVTRNS, FHHTRNEER
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CTHTROE M) DRI 2 O PCL 4) Tv—EH, CN5E
MDI TEMMIETHELNSEHORITLF &, BERY ) (BEEH
=50/50) KO/ENZFVIT—T L RRUTLF > (N'W) BIUEROD
BEfiMEz2ES (EEL=50/50) LRI —TL2RRUTLEY > (N+W)
DABBEORITLY > RFE L, N-W 2 PCL AU I —0 M,/M, (2
LEEAMZREDOOWIIM L, NWW I FHLV )V TRE(L L ZEE L %
FoOEHEZAOND, HEEODHAHEROERSZINSORY T LY > Ok RL2EE)
BT 52 LK DI IR bR —2EROHK BEZBDYEITHE L ED KD 7R
BEERIFTNMNIONWTHREF L,

52 % B
5.2.1 EENOREDIRYI LYV OERK

N-W ZEERBETREALEZFVIT—2HWN 2.2.2 ZHEWHFHELZ, N+W
N BIUOWMNSH/HELSNEBEMORY T LY > EF—T 20—V T 5 2
BEDT 5 EICK D7z, Table 5.1 WEMIMED K OEBEO—RIER 2R
T TV RAYIT— N-WP BE—E—JBKRD GPC 7O M I ALZR
Lz Ens, SEFAEL =R BHIER R0 27 DBl (unimodal) & &
1Y ENTE D KEEERY PCL 4 1) I3 — & MDI & QEMIMATH % LPU
D M/M,1E, F)II—0 MM, \TBREL<K 2 2RT . THUIERDIFEN
MEHIZITbNEZ E2ZRLTWS, £z, A—0F VI —MRkEEFTS
- N-WLPU BL N+WLPU ZFRBEDAFEZRLEZ. /o T, MZFDEWNZ
ATOT0 N EEOHMHRRICH S, N-W id PCL 4 U I —D M, /M, iZH
S U722 DO DI L, N+W 34T L NIV TREML L ZEES 1A
EEDEEZILSND,
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53 ERBLUEE
5.3.1 EmSHE

Fig. 5.1 12 —-10 °C TOZERLER 22 E®2 LPU ( N ) OFREEIC
BRIND DSC ZHERT . REFRHE 60 LT TRIBIMBE (AH) PEAEIS
NENZ ENS, TITHREINDS AH, XFRAFINIELETERL ZER
BEIZHHRLTWB EEZ 5N,

Fig. 5.2 12 —10 °C TOHRAFREEBLI L EED AR, ODELERT,
TRTOBREHIBWTY 7T I IR ORRNBERINDG. FLHECTETDE
HEINSAH_IZIFIFELL, 40 mi/mgBETHD., TDAH, % PCL DR
BlfREEL 15.9 ki/mol 2 SiERLEZRE T 5 &, 30%2BEDELELS. JOHER.
RABRTLMTPBNWTEHE 20 INTNDB 27 -31% IZiEWV, FUIY—TL > RIZ
o THRENEN-WREEF VIR —DOM/MMPSBEEINE N & W OHH
BB 2R, —FH RUT—T L2 RTH2 N+W I W EIZIER—D2EE)
BRI, B7057 NEEOT T ONRAMNELVWICHEDS5T, N-W
BI N+W OliEFEOENIKREBRS, 2OZE@F3ATOIT N EEHHE
DEEZOBDEF TR, HFRICBIT 5 EERI= Y b OETF OEEH
RUT LI E2EOBREICH LURERZEEE5ZH5ZLEZRLTHD, BR
LA OERNERICE DOMBIH U TEERZE Z2H> TS BN S,
¥/, WLPU BLXU WP OHFEBIR MM, N5, ZOEFIINFERTE
EORESEMEEINDS,

5.3.2 BT

T NI —D—MIR%E Table 5.1 1RT . KFEMENE <, BEHRE, &
BN RENEVN S FRBRARILDOREITEYUTEINSG ADENTfER
RLTW3, Fig. 53 I N-W B N+W DB —OFT AR ERT. WTi
DFRBLD 300% (HELVIEHDILE ENDARD 5N, HARRHEERLR(EED
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~¢—— Endotherm

Tg Hold time

0

60min

180min

300min

29.0mJ/mg

-80 -60 -40 -20 0 20 40 60 80

Temperature ( °C)

Fig. 5.1. DSC curves for LPU(N) after holding at -10°C.
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AHm (mJ/mg)

50
Mw/Mn of PCL oligomer ( Mn=1400 )

W 1.87
40 |
N-W:1.66
N:1.20
30
20 N+W — 4

10

10 100 1000
Hold time ( min)

Fig. 5.2. Relations between A Hm and hold time at -10°C for LPUs.
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Fig. 5.3. Stress-strain curves for CPUs.
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DERIND. BETR QIR IIMMFBEA 2 & L2 Wil D L BBRICMERGE &
LTIEEKEDETHS 20 MPa LA EZERLU. IKADILE EARDITRY v—
T2 ROEIBEND, BEREOREIIF Y IX—T L Y RO BMENT
Wk, 2, RUT—T LY RROEI NMEEHRLCBNTbRERIERE
DRENZEEXRFLTNS. MREEZE<ST D LRADIUSE LD HEL
720, WETREBERT S ERARD 5D, IUIREEEE ISR UIE
HBEBIZBNT, KORMBADIZNEEFIINERENS D EBDbNS,

Fig. 5.4 1T 250% fHERIZBITS WAXD 707 7V ERT. N-WIIN &
W ORI EHREZR T, NHW I W EIFIFEL W, ORI Fig. 5.2
NEMEINSHEEEOHEME—KT D, £/, ZOEEHEEINLETO
771 INEPCL RERY T—OEFTOAT7 7N E—FKTBHI ENnGE, HEIC
LOERTHHERIITY T R— MNCHRTEIT LS BT A NOFRETIR
72<, PCLAV Iy MIHXRITIHETH 2.

5.3.3 EhRuHSHM

Fig. 5.5 I LLBHB W FHREEE (1 °C /min) KB BErEERIER (£ OREE
KEERRT . TS ABBOWEHN 20 °C TMTTHEINSED, ZDTF7
IR L TWBREFESIIEBII A M —IZBI 5 TLRBEERTH D, 435K,
E" OREREFERDBRVBEERBTH S, FUIT—0 MM, BEVEET
id. 10 °C D5 40°C ITBWT E' O EFPHEINDS., ZHUIRREERDR
HREMRRTH S —10°C 7ifg * 2WBT SHRICER L ZH&ENI 7 OB
BEEED, MENEBRELUTERALEEDEEA6NS, E' DLRETZE
BWIEW>N-W>N £720, DSC Tk B RIERmDOFF&E—B L7z, Fig. 5.2
DERKE BB EN SHE SN DRI LD, DR TH RIE OZEN
BlERans, AH, LU TREAREERAEROVMBEZRHTIFREL
TEPTHS, EERLTOEAORVBETSNS, WElET S AEE A
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Intensity —=——————

ﬁ"’w’w .""»b:.,
. W"‘M’g ?%Mw“ N
it asscbot e W 4
L i 1 L ! 1 I Il 1 ' 1 L 1 2 I 3 1 2 1 I 1 1 2
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Fig. 5.4. WAXD profiles of CPUs under 250% elongation.

o6



heating rate : 1°C/min

. i e 1 . 1 . 1
-40 =20 0 20 40

10°

Temperature (°C)

Fig. 5.5. Temperature dependance of E’ for CPUs.
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LTOBEMPSARBEZETTOBRIALT RO B EERIL (cold
crystallization) V&, BlEMN 5 #ERLE B 2850 (hot crystallization) KD B
FERIETBZEDHENTVS, ZOEROD EFIT cold hardening & A
MIZACTHD., BETEREAREINS EHELZEIL, T5AXAT—4&
UTHREL < 2B T EBRL TN B,

54 # @

FYUdAT—T L 2 RTIHEEIEE SN 5 TR SN S HREEZRT OITH
L. RUYS—T L2 RTREBREEZRTEHMMOENTY IX—0 555
NBZRVT LY > OFEREERIC SN TR ENT, TEEEFILIAIIY—OD
BERKREEBHIIBNT, FUVIY—T L RRREBRLAUTY—T LV RR
T, BHDLE LR NELS BRI, DSC BLY WAXD X5 ERMED
FolE—B L. BERI T LY 2 OREBACEBITIRIRETH SRR YT L
OB ERZRMLTED, AVIT22y SOFEELRER T TR Y
NESONEEITRBEERZTDLENHLENER o2, T ORFBRITHERIE
E&m?%ﬂﬁ@%m\?gﬁ?®7ﬁh/@ﬁ$@ﬁﬁfmm< EIHB D
REWTZ b EHIZ Y MPREER L) FEBITORIIVF Iy MEE
MEFELTNWBEIEZRRL TN,
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g6 FTrSEROZSFAVUITI=y LB LNDS
ISR MT—OEHY

6.1 F

RUFTFITFIIAFLZY )V PTMG) 34 I A ANMEL, I
LBEICEA, BRENEWEDRUT LY 2D, AU IT—FIVIT ATV,
RUVI—FTINT I RBEOSERHESBBEISA NI —DOY T META M E
LTAWSNE A IY—TH5, PIMG RLI A MY —NEHREZRT DL
PTMG 2HEEOREREEET 5720 TH 20 HREOEVWRY I —ILERAN
B FEREF TR LIS (cold hardening) IKHEETIHEND . Kii
ZEFEEL PTMG R Y b U —27 ORI 2B EINTNEL DI, TIA MY —
DYV T RETAZFELTPIMG ZRWSGEITILEY RN FRETNDBLETDH
%, cold hardening T 3 ERRMREEL T, BRBEE /I —LOHKEARIK
K BEEREOME 2 2 ENDH BN, THUIFBRER Y F—IVOREZEN L
DFREHTBARD B Z EERL TS, PTMG 13, BBEHTH 24 —IVE
12 E DIEEARILEMITE ) T —2 IS ®THSN S PCL ERRD HEEN
RWed, NTEMFEZEEMM EARTIENTES, Thbb, RUTL
5 EBRLUIEBOT VY U EERICBIT 5 EEAFIEIAT Y I —D0FES
f MAM) TRHRTEHEEZENDS, £ T, HELMOHAGF SN/ PTMG
DER/ENDRY T LY > OR &M EHEREE OBIEICDWT PTMG DE#H
DTNRBLTTHELRHMN L, TOBRITOVTHET 2,

6.2 £ B
6.2.1 EHBLIVHFT
AT =, REBSEETIE W) LOREZRILEITEIMHORS
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ZRIVAFFTRIAFL 7Y a—)V PIMG) ZRWE,
6.2.2 HBRRUDLSDERK
PTMG DKEEEIZH L, FEILDIY Y F— FEIHETS MDI 2Kk
IH, PTMG—MDI #IKARY 7L %> (PTMG-MDI based linear polyurethane :
TMLPU) Zf7z. FHEMlIdE 2 BICHRRZHERZE L TiTo 2.
6.2.3 EEISRAII—DERK
TMLPU @ 100 EEHICH L 2 EEHOZ V7 INN—FFY A Red—7>
O— VI TR DRAAZDB, 160 °C IZINR L /=& T 20 27 L ARE 21T
VY, ZBET I X Y — (PTMG-MDI based cross-linked polyurethane : TMCPU) %
&7z (Scheme 6.1) . B>V OAFKIFHEEK (n ) - PIMG HFES
i (M/M,) - ZBEEE GBRIR L/ 28484 . ©) DJEICRE L.
6.2.4 BIRYER
B TV Ty r7EOTREBRE (52282 RTC-1225A) ZHAWT,
23°C, 53R 0 HE 500 mm/min TITo 7, MEBRAIZES 1 mm, 183 mm, WNEE
30mm QU T FEAW, SME3mm O — 1) —IZHED 7z,
6.2.5 BERIREMRE
) FV LTy IELUFNA T (DDV-0IFP) ZH, BIEREEEK 10
Hz, —40°C )5 40 °C O#ifH 2 FIE®EE 0.5 °C, 1°C BEX Y 2.5 °C/min THIE
U7z,

6.3 BRBELUEER
6.3.1 #RKRUDLSOHE

Fig. 6.1 n 2% 20 (T8 1422) @ PTMG @ DSC fi#R#mR7 ., BRiR
BETIEIHBEICK SRR 7D, FRARE TEHERMRIC XD REALE — 708
RBIND, ZOLEFRINDAME (AH,) & PTMG DfERRIRE (12.6kT -
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Scheme 6.1. Preparation of TMLPU and TMCPU

n \ / —_— H-(OCHZCH20H2CH2 9— OH
n

THF PTMG

ocn—@cm—@—nco
MDI
o
OCH,CH,CH,CH, )— o- c—u—@cuz—@-
n

PTMG-MDI based linear polyurethane (TMLPU)

=2—T
=0

l DCP cure

PTMG-MDI based closs-linked polyurethane (TMCPU)
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~————— Endotherm

-80 -60 -40 -20 0 20 40 60
Temperature (°C)

Fig. 6.1. DSC curves for PTMG (Mn=1422, Mw/Mn=1.48).
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mol?) *N 5 ERILERZEHT S &, K 40% TH o, Table 6.1 IZHWZ PTMG
BELUER L7z TMLPU OERZERT, PTMG Tid n 2MBXT % E@AI3E T
DEFRZERT, n NECTEHEHAHARIZ S TH, AH, KRREZENVITEHE
iz, TMLPU Tid PIMG @ n @A 9 21 L7z, S AEBRIT L
593, ZIULEENEEYTS MDI RO L& 2T A2 MEINT 572
HEEZEZEND, n BE LTS, EHAMPERT 21N, H 5 A8 R
HTHET I S HEmMARE SN,

Fig. 6.2 I TMLPU BX U DPNR @ DSC 2K % —20°C IZBF B EEHRE
DORREE 2R T SEARKREINERT I, AR, ERL, RN
ETLTWBZENDNS, MEEBIHEEBEMICEE—I7RH0, HREED
BRIZEXoTEE—IVRERIZFEAEALLRVDIME L, KERMDOE—71Z
BRRRDIEMT /2B BLEDHEARE EDIHRANICT T M 2R FNE
B/IND, —5. BRAEOETICEDRD NI AEBHOBLIIRESEE->
TW3, DPNR (3fERAEMFIEFRINL TWTHH I ABEBBOEA DI nD
iZxt Ly TMLPU TIIEBHE TIRENFHAKICZD, SRACT T LTV S,
ZOTEHD DPNR IEAEA SR RILEBIZ & D, TMLPU AR SR 5
EbEEHZEEEDDEEZIHNS,

Fig. 6.3 IC AH, SR LIEE OBEfRZ/RY . TMLPU DRt S biREIIN -
25 CIZBBIE ., DPNR &IFIERROHEAZR LUz, T Ok R{biRELS
B TR BB LT MM, KI5 DA LR, —H. n 420
N5 17 KRS LR T, BERERKEBEET L TWIRTFIREINS,
FNFNOFEEE LU THWE PIMG ORIRBIRNAH, OEMN S THILEHN
BRTHD,

Fig. 6.4 1Z TMLPU D AH, ERERFHEE OBEIGRERT . n BWEKRT 2 &M
{CEELIEINT 5., £/ 0 DRERCHE. EELMIENIZE EREIEER
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30

25

[\
o

AHm (mJ/mg)

10

—O— DPNR (180min)
—{—20-1.5 -L (60min)
—C— 17-1.5 -L (180min)

Fig. 6.3. Relations between A Hm and hold temperature for TMLPU

at a constant time.

Hold temperature ( °C)
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AHm (mlJ/mg)

40

351

2017

10 100 1000
Hold time (min )

Fig. 6.4. Relations between A Hm and hold time at -20°C for TMLPU.
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EBLRBZENHEEMNER D/, DPNR &R B(LZEE n SEBESH &
ERETLIEICKD, BRITHELNDZEERBL TNV,
6.3.2 EERUDLSYCOME
1) BAREIRHE

Fig. 6.5 IZ TMCPU D /1-Ud HH#RZERT . HEE 300% AT OEKHER
B TI3Ze4E DPNR ITHANR 15 - 2 fEQIRAZER L2, INRHFHEEHOE
WEEZBND, HUE 400% LA ETIE DPNR ERZDKTI OIS L0 NE
g, RIFERHEREZR UL, BEROBIBIOMES DPNR ZI1FIE
HETHo 7. |
2) XHREHT

Fig. 6.6 IZ 20-1.5-C RABHI D W THER L WAXD 707 71 )V & DORERF%
ZRTHER 300% X TIRIEREZRITNO—DHLPEERINIRNA, 400%
PLETIIBRERRBI T ZRTRKDITRD ZENLIRIDILE LR IIHERKGRIC
BERTEHDEBEZEND, £z, 2OTOT7 7L PTMG FERY 7 —#E
BOTOT 7 A INEFE—HTEHIENE, HEICXVERT 2HRIE PIMG
DR THBEEALNG,
3) BIROKGIHEME

Fig. 6.7 12 n 2% 20 TESEOANEIL D TMCPU I2B W T, FiEHEZ21b
IR LEOIEHEER (B) OREEREEEZRT. I 2B OHEH -30°C
NI TERINBED, ZOTITIERLUTWAHRERBIIEBFLIRA M —
BT D TNRBEERTH D, Ak, BEREFEEIRWEEERRICH S, HH
DTDIENY > T IV TRFREEMET T 2R, -20°C 5 10 °C T8V
% E OERENEZECHRIND, CNIIKREROBRERERB THS —25°C
Rz @m Y SRHCER U ED, BERZERITLZOEEZI NS,
ZDHARIE cold hardening EAEMICHUHRTHD., HMEBETRESINS &
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Stress (MPa)

12

ol | ==--- 20-1.5-C

— = =20-1.9-C

Op 100 200 300 400 500 600 700
Strain (%)

Fig. 6.5. Stress-strain curves of TMCPU.
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Intensity ———————

20-1.5-C

elongation

450%

 400%

350%

300%

- 200%

PTMG

260 (degree)

Fig. 6.6. WAXD profiles for TMCPU at various elongation.
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L 0.5 °C/min

1.0 °C/min

" 2.5 °C/min

106 | | | | | | |

-40 -30 -20 -10 0 10 20 30
Temperature (°C)

Fig. 6.7. Crystallization behavior of TMCPU from £’ at
various heating rate.
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mEZEILISAMY—ELT, BRLARRZRSZEEZRLTWVS, cold
hardening 129" D HERRERIIER TITHOND T —ANL NN, FIRO X DIk
RALICIIRERRERENEET 5720, BEZ2EET 3 BHEIEEIITMES
HEELTERDTH S,

4) JRFIRERD

RKATLAZBUITBHMFETIR, EFETFIIBWTHRITER T 3K BN
HIZpZE 2 EMREOKEEY BIEHEWTEIS AR OEINER
BICHET S ZENMMEINTNS *, Fig. 6.8 12 50% HEI /R 20-1.5-C I
BT B TBERMEE DREKFEERT. —20 °C 15 -25 °C fHEIC, o &
BISSEMAETT 2 IRERNFEET S, ZORELVESTHEEITHEH
BIIRBE SR D, ZOMERAI Fig. 6.3 I2B1F3 DSC 12k % TMLPU O Rk
FEEREE L TnS, ZNX DEERICBT 561 OFMidEE TR
BRINBEBMTIRARL, BRLICKB I b OC—HEDHEETH S
ENHSNTH S, Fig. 6.91n WFIFEL L, EHEOMOEKR S PTMG M 5
‘o5 TMCPU DR EMEZ/RT, EELMORNAY I—N5/F5
NET 52 Mo — BRI TSHEREL TV DI L, BT
DI FR TR IR U 7z,

6.4 & W

TMCPU D& MEIE TMLPU OfE&MEEMIELTH O, PIMG @ n SEH
METHBTEDEEZASND., n ZETIES LHBRERJMETITBE05,
HEEA M OXETEN TERSY OBREICH S EELENS, Tabb, V7
METAZ M ERZRBAMEBRT 25T OFT, MEEEZETIRAOE
R —HHE—EDOERILUTIEAMTZ2 LK DT IR MY —2kOH Rk
EURITED I EERRL TS, ZOREEEZRTIINZT S X b—Id,
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100
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80
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40

F(t)/£(0) (%)

20

0 - 1 1

0 50 100
Time (min)

150 200

Fig. 6.8. Stress relaxation behaior of 50% extended TMCPU(20-1.5-C)

at various temperature.
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£(t)/£(0) (%)

100

Time (min)
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7.2.3 TUVARUT—DERK
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Fig. 7.1. GPC chromatograms of prepolymers and their respective PTMGs.
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Fig. 7.2. Stress-strain curves of polyurethane urea elastomers.
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Fig. 7.3. Temperature vs storage modulus (£’) and tan 0
for polyurethane urea elastomers.
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Fig. 7.4. DSC curves of polyurethane urea elastomers.
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PCL polyaddition product
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EG 2RI & LTe-h 7o 352 + v EREBMAIDE
W, JKEREKIE PCL £ Y o= — %18/- ( Scheme 1).
PCLAYIT<=—DildEGEE/ v —LDHASH
KL - THELL SFERAHR, BSMEY ERIGE
FLick-THELL HTFESHOEVRGAMES L
T TBT 2HW 170C TRIGE ¥, BLRIBIFLE—=2
ZEBWV 150C TRIGE L KERTRTEXRZH
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Fig. 1. Molecular weight distribution of PCL
oligomers based on standard polystyrenes.

150000, M,./M, %12 Th - fc. BEffIEIc B 54
Y o= — DR R 1 0~B0BELHESNS
(Table 1).

3.2 EEYEEME A

PCL # Y == — @ DSC %8 % Fig. 2 IcRd. MER
BB tERbick R - BAH o0, FLFE
BEICBOLTHERORMRIC X 2 BEMEE IR, D
L EICHES N BRI E, PCL O RRIMRE, 15.9 k-
mol™' & h SEER(LEERIHT 5 & 60% BEDEER
L, BEHOFWAY Tv—THbZ b, b, 4
DRELEMTIE 2 LAFTOREE L 2BlEsEEs hicr
W, FbSEGEFHE LT Table 1 ISR LA THhoDOERSR
A ) T=—%2 MDITEFE LAY T2=y FEMMD
FISHECEC T 2RKMET, RARTALEKRT LH
o— WIS TIRBE D TRET H - 008, ER (#923°C)
KKBHIT s iR ERILLEEPEILT 20 b
Hote, AYIT2=y FEFME (BEG-6.0-1.3) D DSC
BB & Fig. 3 IT;RY. —10°C TORERER 0B L T 60
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T (Mn=1162)

G-8.5-1.3
""" (Mn=1991)

Endotherm
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Fig. 2. DSC curves for PCL oligomers.

min TRAMRY — 7 BIBE ST, REEESELNLS
KHEW AH, DSHEKT 3T & D, —10°C TOERRE
KL VESPERLTWA T ESRRENS., BROR
B 23°C fHEDSEICEREL, BlE 5C HESH LS
BELTL 2B FHIEEcBEEh S, Thid—iic
& 5N B EREN O R FEEE TR LBERLT
ZHK LR KRN, (BRSNS oMK ERE
K-> THEES OAHRBIEL B3 n L oREXH
305, FERERE & b IcERSEMo -7 AESE
BRI~y 7 b LTWBIENS, BEOXRMESUREER
ERSThATHnE EEZTHS,

Fig. 4 lcn & T, LOMFRERT. A MRS 5 ICHE
WT 3ET T 5. CHB/KERSEFR LS FHOE
ARG 3 L vEDE VSRS T, It KX HE
LTWBIZEERBLTVWS, Lot T2=y +E
RIEIC 2V T —10°C B 3RS/ & AH, & D

‘BAfRE Fig. 5 KRT. REBEELE &b AH, SHERL

HEASETLTWA T ENHEEEINS, PCLEY 7

Table 1. Properties of PCL oligomers and polyaddition products
PCL oligomer Polyaddtion product
Sample o T 9 AH e MO T.9
M, 7% M./M," o " " M./M,° af o

§ (C)  (m/mg) (xi07H) )

EG-4.8-1.4 1162 4.8 1.35 35~39 . 86.9 1.04 1.90 73.7 —-37
EG-6.0-1.3 1430 6.0 1.25 38~42 64.6 1.16 1.87 69.0 —42
EG-8.5-1.3 1991 8.5 1.27 44~48 81.8 1.33 1.90 59.4 —438
EG-4.9-1.9 1184 4.9 1.94 41~47 71.0 1.11 1.88 77.4 —38
EG-6.0-2.1 1432 6.0 2.10 47~50 74.8 1.26 1.98 74.9 —43
EG-8.5-2.0 1991 8.5 2.00 46~51 83.1 1.43 2.01 63.8 —438

3 Calculated from the hydroxyl value by titration. Average number of repeating unit of caprolactone in PCL
oligomer. © Estimated by GPC on the basis of calibration with standard polystyrenes. ¥ Measured by DSC from
—120°C to 100°C at a heating rate of 10°C/min. © Heat of fusion. P Average number of repeating unit of PCL

oligomer in PCL polyaddition product.

TSR, Vol 55, No. 1 (1998)
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Fig. 3. DSC curves for PCL polyaddition product
(EG-6.0-1.3) after holding at — 10°C.
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molecular weight distribution.
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Synthesis and Properties of Elastic Polymer-Chains Consisting of Highly Crystalline Oligo Units

Hitoshi SHIRASAKA™' Atsuo HAsHIME*!, Toshio ENDO*?, Yukio ONoucHI*, Shin-ichi INOUE™®,

and Hiroshi OxaMoTOo™?

* Hokushin Corporation (2—3—6 Shitte, Tsurumi-ku, Yokohama, 230 Japan)
*Daicel Chemical Industries, Ltd. (2—1—4 Higashisakae, Ohtake, Hiroshima, 739-06 Japan)
*®Department of Applied Chemistry, Aichi Institute of Technology (Yagusa-cho, Toyota, Aichi, 470-03 Japan)

Poly(e-caprolactone) (PCL) oligomers, prepared from PCL and ethyleneglycol (EG), were allowed to react with
4,4'-diphenylmethane diisocyanate (MDI) to bgive PCL-polyaddition products. The crystallinity of the products
decreased not only by decreasing the average unit number (71), but also by narrowing the molecular weight distribution
(M,./M,) of PCL oligomers. The crystallinity required for elastic polymer chains was thus able to be controled by 7 and
M./M,.

KEY WORDS Poly(e-caprolactone) / Oligomer / Oligo-Unit / Molecular Weight Distribution / Crystallinity /

Elastomer /
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2.8 EhAUASHEIERIE

YAV x5y s8LA/54 7o (DDV-OIFP)
RV, MERBEE 10 Hz, —60°C 5 220°C OFaf*
FEH#E 2.5°C/min THIE L 7=.

2.9 IEHERNHR

A D=4 Ay NA Yy (FRBIESF Y R F L
(EXSTRA 6000 DMS6100) 2 FWTHRIE L 1. RIER
f83mm, B 1mm iR L ZZR TR H1,
FFEDERICHR I /0D, FiBHEE 2°C/min TE
B 5 50°C ETRES 0L, FAEREE TEES
T, ZEREEETOVICHOEBZILERE L. ¥
IBHRBFEREICE LK E EDEH% f(0), t %D
% f(1) & LISHRERR £(1)/1(0) %R T-.

3 RBRIER

3.1 B

Table 1 IKEfIOAEL L OEBEOF 5 REEHB S %2R
7. BEEOEHBEFECS S 2B EER LM, T
NI MDI D X F L VDB EEIRAIC/E s & & bic, o
5S2AEBER FRIEL Y LY VESODTFEHEEER

DEFED, LOFTFERSIERLPCLA ) T2 =y b

DZEFICEE LiaWwieh LB DhA1S (Fig. 1). Fig. 2 1
—10°C T 240 S RERILET > L ERNEB LU
BEADOREKRICET 5 DSCEH)%2RY. AH, RER
Ho{E® 20.1 mI/mg o3 L TER#EIKRIL 10.4 mI/mg & 7@
HLTWE, B TORSIT 2 pERBEEh 5, Eff
POk & b L TRBEORSE L, EEMIE 3.9C 1o
54CIKERL, SERMOFELSIE 23.9C » 5 18.8°C i

Table 1. Properties of PCL oligomers, polyaddition products (G), and elastomers (C)
Oligomer Polyaddition product (G) Elastomer (C)
Sample M. T.0 T.0 HD R T.» EM
MM i M./M,° " 1% 1/ M, o o ’ i > °
" (x0T MMT ey oy ) o Py ()
48-14 1162 4.3 1.35 1.04 74 1.90 -37 -38 58 74 22.4 550
6.0-1.3 1430 6.0 1.25 1.16 69 1.89 —42 —44 56 76 20.1 580
6.0-2.1 1432 6.0 2.10 1.26 75 .1.98 —43 —44 56 77 24.2 620

¥ Calculated from the hydroxyl value by titration. ® Average number of the repeating unit of caprolactone in PCL

oligomer.

© Estimated by GPC on the basis of calibration with standard polystyrenes. % Average number of the
repeating unit of PCL oligomer in PCL polyaddition product.

9 Measured by DSC from —100°C to 100°C at a

heating rate of 10°C/min. " Hardness, JIS K6253. ® Rebound resilience, JIS K6255. ™ Tensil and Elongation at

break, JIS K6251.
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Fig. 1.
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Model of crosslinked PCL oligounit elastomer.
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Fig. 2. DSC curves for PCL polyaddition product
and crosslinked elastomer after holding for 240 min
at —10°C.
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ISA T —-O—ERIE, TS5 P& LTS
YADENIfEER LTV S (Table 1). Fig. 4 12677~
U#&@ﬁ%r? 300% fHif & D BEHDILE by B8
EHoh, BFRGERESCEHsEES NS, W
@ﬁﬁuﬁﬁ%ﬁm%aimw%:Aﬁ@w% A &
LTHEKEDETSH S 20MPa Ll E%E/RLI. NR &
DI S b, IOFOEELEEBICEL LN TES
CEDPFOHTH B, Fig. 5 IC{@RIFICH T 5 WAXD
707 A NERYT. HER200% UTCRIERESE
RE N —DABBEINIOKIL, BER 250%
IEife— s BEESN, HERBOHAE L HITHE

S FRLE, Vol. 56, No. 1 (1999)

Joazy b AHBRELET A5 A N —DOERKERE

35

30

: 1
°fotifvy
1) 1]
P
Hdodhadd

[oN o NENY. W, e e Y

SxLLLLALA

f
O

ggaraqnac
ZZPPRPR9

AHm (mJ/mg)

10 100 : 1000

Hold time (min) '
Fig. 3. Relations between AH,, and hold time at
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Fig. 5. WAXD profiles for PCL oligounit elastomer
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Fig. 6. Temperature dependence of E’ and tan 6
for PCL oligounit elastomers.
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Fig. 7. Stress relaxation of PCL oligounit
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Synthesis and Properties of Elastomer Containing Highly Crystalline Oligounits

Hitoshi SHIRASAKA™!, Atsuo HASHIME®!, Toshio ENDO*?, Shin-ichi INOUE™, and Hiroshi OkAMOTO*

* Hokushin Corporation (2-3-6 Shitte, Tsurumi-ku, Yokohama, 230-0003 Japan)

*2Daicel Chemical Industries, Ltd. (2—1-4 Higashisakae, Ohtake, Hiroshima, 7390695 Japan)

*3Department of Applied Chemistry, Aichi Institute of Technology (Yagusa-cho, Toyota, Aichi, 470-0392 Japan)
Polyaddition of well-defined poly(e-caprolactone) (PCL) oligomers, with 4,4'-diphenylmethane diisocyanate

(MDI) gave oligounit elastomers which was crosslinked with a peroxide. The effect of average number and destribution

of oligounits on crystallization behavior of oligounit elastomers was studied by DSC, WAXD, and stress relaxation at

a constant extension. The crystallinity of the oligounit elastomers decreased not only with decreasing average unit

number (7) but also with narrowing a molecular weight distribution (M./M,) of oligomers. The elastomer designed

here, showed good strain-induced crystallization behavior and less stress decay.

“KEY WORDS Poly(&-caprolactone) / Oligomer / Oligounit / Molecular Weight Distribution / Crystallinity /

Elastomer /
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ELASTOMERIC PROPERTIES OF POLYURETHANE PREPAR-
ED FROM PTMG REGULATED MOLECULAR WEIGHT DISTRI-
BUTION

Hitoshi SHIRASAKA, Megumi YAMASHITA, and Tadahiro INAGAKI (Hokushin Corpo-
ration, 2-3-6 Shitte, Tsurumi, Yokohama, 230-0003, Japan), Shin-ichi INOUE and
Hiroshi OKAMOTO (Department of Applied Chemistry, Aichi Institute of Technology
(1247 Yachigusa, Yagusa, Toyota, Aichi, 470-0392, Japan)

Linear polyurethane was prepared from a well-defined poly (oxytetramethylene) glycol
(PTMG) , with oligomers having a various molecular weight distribution (MWD), and a reacted
4,4’-diphenylmethane diisocyanate (MDI). These linear polyurethanes were crosslinked with a
peroxide to produce polyurethane elastomers. The effect of average number of repeating unit (i)
and MWD of PTMG on crystallization behavior for polyurethane elastomer was studied by DSC,
WAXD, and stress relaxation. The crystallinity of the polyurethane elastomers was reduced not
only by decreasing i but also by narrowing MWD of the PTMG. The polyurethane elastomer
designed here, showed good strain-induced crystallization behavior and less stress decay.

(Received on October 1, 1998)
Key Word : Poly(oxytetramethylene)glycol, Oligomer, Molecular weight distribution, Crystallinity,
Elastomer, Stress relaxation, Strain-induced crystallization, Polyurethane
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Fig.1 DSC curves for PTMG (Mn=1422, Mw/Mn=
1.48).
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Table 1 Properties of PTMG and TMLPU

PTMG TMLPU

Sample  Mnp" av Mw/Mn” Tm® AHm®® Mn”  Mw/Mn" Tg® NHCOO"

(C) (mJ/mg) (X1079) (‘C)  (mmol/g)
17-1.5 1230 16.8 1.53 21.7 71.6 1.22 1.97 —57.9 1.35
20-1.5 1422 19.5 1.48 22.7 70.2 1.33 1.86 —61.7 1.20
20-1.9 1426 19.5 1.94 22.9 70.8 1.31 1.84 —63.0 1.19
20-2.3 1432 . . 19.6 2.33 22.4 69.7 1.43 1.99 —63.7 1.19
23-1.6 1660 22.8 1.59 23.9 74.7 1.65 2.01 —67.2 1.06

a) Calculated from the hydroxyl value by titration.
b) Average number of repeating unit in PTMG.
c) Estimated by GPC on the basis of calibration with standard polystyrene.
d) Measured by DSC from —100°C to 100°C at a heating of 10°C/min. .
e) Heat of fusion.
f) Calculated urethane (-NHCOO-) content in TMLPU.
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Fig.9 Stress relaxation behavior of 50% extended
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Introduction

Poly(oxytetramethylene) glycol (PTMG) in the molec-
ular-weight range from 500 to 4000 is often used as the
soft segment of high-performance multiblock-type elas-
tomers such as polyurethanes, polyether—esters, and
polyether—amides because of its low glass transition
point (Ty), good rubbery elasticity, and high strength.
The crystallinity of PTMG provides the high strength
of the PTMG elastomers. However, studies on the
isothermal crystallization of PTMG network polymers!
show that a cold crystallization phenomenon (cold
hardening) is sometimes observed, which restricts their
applications.

In the case of multiblock-type elastomers, segment .

distribution and composition ratios of monomers are
important parameters for control of physical properties.
Effects of the chain length and distribution of hard
segments on the physical properties of elastomers have
been examined by using well-characterized hard seg-
ments.?2=5 There have been reports® on the effect of
unreacted tolylene diisocyanate (TDI) on the domain
structure of a polyurethane urea elastomer consisting
of PTMG, TDI, and aromatic diamines. On the other
hand, there have been few reports’ on physical proper-
ties of elastomers having a monodisperse soft segment
(M/M, < 1.1). In using polydisperse PTMG, with its
index from 1.5 to 3.8, the effect of the molecular weight
distribution of the soft segment on the polyurethane
properties has been examined.?

In the present paper, synthesis and properties of an
elastomer having monodisperse PTMG unit with uni-
form hard segment are described. The resulting data
clearly showed that the elastomer properties could be
controlled by changing the molecular weight distribution
of the soft segment and the hard segment distribution.

Experimental Section

Materials. Monodisperse PTMG was prepared by fraction-
ation of commercial PTMG (PTG 1000SN, Hodogaya Chemical
Co. Ltd.) according to the literature.’ Polydisperse PTMG
(Terathane 2000) was obtained from DuPont Chemical Co.
Other reagents are commercially available and used as
received.

Synthesis of Polyurethane Urea with Unimodal Hard
Segment Distribution. PTMG was reacted with an excess
of 2,4-TDI (6-fold for PTMG) at 60 °C under argon. After 3 h,
unreacted TDI was removed under reduced pressure (0.1
mmHg) at 150 °C. The adduct was kept at 80 °C and added to

10.1021/ma9917904 CCC: $19.00

4,4’-methylenebis(2-chloroaniline) (MOCA) at 120 °C (iso-
cyanate/amine = 1.05). The mixture was injected to the mold
held at 120 °C for 30 min, followed by heating at 100 °C for
24 h. The sample was stood at room temperature for 7 days
for measurement of properties.

Measurements. Size exclusion chromatographic (SEC)
analysis was carried out using a Tosoh SC8010 apparatus with
a refractive index detector using the following conditions:
TSKgel G5000HXL and GMHXL (x2) columns and tetrahy-
drofuran eluent at a {low rate of 1.0 mL/min. The calibration
curves for SEC analysis were obtained using polystyrene
standards. As to the 1:2 adduct of PTMG and TDI, the capping
with methanol was performed before the measurement. Hard-
ness was measured using a Kobunshi keiki microdurometer
with model MD-1. Tensile tests were carried out using a
Orientec RTC-1225A with model U-4310 at 23 °C in tension
speed of 100 mm/min. Wide-angle X-ray diffraction (WAXD)
profiles were recorded at room temperature on a Rigaku
RAD-B diffractometer. A sealed X-ray tube generator with a
Cu target operated at 40 kV and 100 mA provided the source
of X-rays. Intensities were counted in the Bragg angle (26)
from 10 to 30° at scan rate of 4°/min. Dynamic viscoelasticity
was measured using a thermal mechanical analysis system
of Seiko EXSTRA 6000/DMS 6300 in a range from —100 to
+220 °C at 3 °C/min heating rate. DSC analysis was preformed
under nitrogen using a Seiko EXSTRA 6000/DSC 6200 ap-
paratus calibrated with an indium reference standard. The
measurement was made at a heating rate of 10 °C/min from
—100 to 230 °C using 10 mg of the sample.

Results and Discussion

PTMG is synthesized by cationic ring-opening polym-
erization of tetrahydrofuran. Under appropriate reaction
conditions, the polymerization 'proceeds in a living
fashion to give monodisperse polymers. However for
synthesizing oligomers with degree of polymerization
from 10 to 40, strict control of molecular weight distri-
bution is difficult; several patents show that the lowest
value of M./M, with oligomers was about 1.3.101! The
quantitative introduction of a hydroxyl group at both
polymer ends is also required for use as soft segments.
In this study, therefore, monodisperse PTMG was
prepared by fractionation of commercially available
PTMG with M, and M,/M, of 1000 and 1.5, respectively,
using methanol solutions containing different concen-
tration of urea.® M, and M./M, of the fractionated
PTMG sample, determined by hydroxyl value and SEC,
were 2000 and 1.1, respectively.

In the synthesis of polyurethane urea by the conven-
tional method, the addition reaction of free diisocyanate
and the chain extender resulted in the formation of the
polydisperse hard segment. In this study, the polyure-
thane urea with uniform hard segment was synthesized
according to Scheme 1. The obtained sample (1) had
monodisperse soft segment with unimodal hard seg-
mental distribution. For comparison, two samples were
synthesized: one (2) having polydisperse PTMG unit (M,
= 2000, M./M, = 2.0) with unimodal hard segmental
distribution and the other (3) having the polydisperse
PTMG unit with polydisperse distribution of the hard
segment. The latter was obtained by the conventional
method (reaction of PTMG and TDI (1:2 feed molar
ratio) and subsequent polymerization of the resulting
prepolymer with MOCA. Composition (content of soft
and hard segments) of 1 was almost the same as that
of 2 or 3. The analytical value and physical properties
of 1—3 are summarized in Table 1.
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Table 1. Properties of PTMGs, Prepolymers and Elastomers
PTMG prepolymer ‘ elastomer
sample M, MJM;® NCO(%) freeTDI(%) M./Mb HF(A) T (MPa) Ey(%) T/ (°C) Tof(°C) Tt (°C)
1 1989 1.08 3.63 0.07 1.13 68 32.2 460 -60.9 161
2 2036 2.03 3.568 0.08 1.90 72 37.8 490 -67.0 5.3 179
3 2036 2.03 3.58 1.11 1.91 81 44.7 510 -71.5 5.8 190

@ Calculated from the hydroxyl value by titration. ® Determined by SEC on the basis of calibration with standard polystyrene. ¢ Hardness,
measured by a microdurometer. ¢ Tensile strength at break. ¢ Elongation at break. / Glass transition temperature, determined by DSC.
# Melting point of soft segment, determined by DSC. * Softening temperature, determined by DMS (as half of the E’ value at 20 °C).
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Figure 1. Stress—strain curves of elastomers 1—3.

Hardness strongly depended on the microstructure;
the hardness of 1, where the hard segment was sepa-
rated by the soft segment, was the smallest. Figure 1
shows stress—strain curves of elastomers 1—3. For 3,
the initial stress rose sharply, whereas for 1 the initial
stress increased the most slowly. In all the samples, a
great increase of the stress is’ observed above 300%,
indicating a rubberlike elasticity due to strain-induced
crystallization of the soft segment. The order of the
ultimate elongation was on the order of 1 < 2 < 3. These
data imply that the microstructure of the polyurethane
urea affected the static mechanical properties.

Figure 2 shows WAXD spectra of 1 with different
elongation rates. There were no peaks at less than 200%
of the elongation rate, and two peaks were clearly
observed at more than 300%, which agrees with those
of PTMG. These data indicate that the crystallite formed
by elongation was that of PTMG segment.

Storage modulus £’ and dissipation factor tan d, as a
function of temperature, are shown in Figure 3. As to
the storage modulus, 1 had no shoulder around 0 °C,
whereas there was a shoulder in 2 and 3. In the DSC
charts of the present elastomers (Figure 4), an endo-
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Figure 2. WAXD profiles of 1 at different elongation rate.
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Figure 3. Temperature vs storage modulus (E’) and tan ¢
for elastomers 1—3. -

thermic peal was observed at ca. 5§ °C in 2 and 3. These
data indicate that PTMG of 2 and 3 became crystallized
at the low temperature (cold hardening), and hence, 2
and 3 cannot act as elastomers below the melting point.
On the other hand 1 had no melting point at such a
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Figure 4. DSC curves of elastomers 1—3.

temperature, maintaining good elasticity at a wide
range of temperatures. From these data, it was found
that elastic properties at low temperature were im-
proved by introduction of the monodisperse soft seg-
ment. :

The storage modulus of 1 at room temperature was
the lowest, the tendency of which agrees with that of
the hardness and initial stress of S—S measurement.
The apparent softening temperature at the high-tem-
perature region was on the order of 1 < 2 < 3. This is
probably due to the strong aggregation of the polydis-
perse hard segment in 3.

In the case of polyurethanes and polyurethane ureas
having crystalline soft segments, their crystallinity is
reduced by extending the chain length of the hard
segments. This means that a large amount of the hard
segments is required, resulting in the increase of
hardness and modulus. Natural rubbers show excellent
properties such as high extensibility and mechanical

Macromolecules, Vol. 33, No. 7, 2000

strength, despite the elastomer having low hardness.
In the polyurethane derivatives, especially with low
hardness, it is often difficult to provide both properties
with elasticity at low temperature and good mechanical
strength. On the other hand, the present polyurethane
urea (1) having a monodisperse PTMG unit with a
uniform hard segment has both functions, suggesting
that the control of soft and hard segmental dispersity
is very important for physical and mechanical proper-
ties. :

In conclusion, polyurethane urea having the mono-
disperse soft segment with a uniform hard segment was
synthesized and characterized. Elastic properties, es-
pecially at low temperature, can be controlled by chang-
ing the dispersity of soft and hard segments. The
present data are expected to provide a new concept for
synthetic design of high-performance elastomers.
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Table 1. Properties of PCL oligomers(PCL), linear polvurethanes (LPU) and cross-linked polyurethanes (CPU)
PCL LPU CPU

Sample My ) IS Ty He? Ry® " Evf
Vin Mw/ M M/ M o

‘ : (X 1075) (C () (A) (%)  (MPa) (%)

N 1422 1.20 1.13 1.92 —42 —d44 56 76 20.1 580

W 1438 1.87 1.21 1.94 -4 —d4 56 77 24.2 620

N-W - 1.66 1.09 1.96 —43 —d4 56 76 21.0 660

N+W .- - 1.04 2.03 —43 —d44 56 76 20.1 640

a' Calculated from the hydroxyl value by titration.

renes.
" Tensile strength and elongation at break.

Tg Hold time
Vg 0 0
0 60min

11.7mJ/mg

180min

25.1mJ/mg

300min

29.0mJ/mg

~——— Endotherm

420min

-80 -60 -40 -20 0 20 40 60 80

Temperature (°C)

Fig. 1. DSC curves for LPU(N) after holding at —10C.
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modal) E AT I ENTESL, & FOF T VESKNG PCL
d1) T<w—& MDlLEDEFMETH B LPU D Mu/M,

F-at s, Vol. 57. No. 5 (2000)

b Determined by GPC on the basis of calibration with standard polysty-
¢ Measured by DSC from —100C to 100°C at a heating rate of 10°C/min.

9 Hardness. © Rebound resilience.

40
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Fig. 2. Relations between A Hm and hold time at —10C
for LPUs.
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Fig. 3. Stress-Strain curves of CPUs.
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Effect of Crystallization Behavior on Chain Distribution for Poly (& -caprolactone)-based Polyurethanes

Hitoshi SHIRASAKA*!, Shin-ichi Inoue*?, and Hiroshi OkamoTto*?

*Hokushin Corporation (Shitte, Tsurumi-ku, Yokohama, 230-0003 Japan)
*2Department of Applied Chemistry, Aichi Institute of Technology (Yakusa, Tovota, Aichi, 470-3092 Japan)

Four types polyurethanes were. synthesized using PCL oligomers with similar molecular weight and different molecular weight distri-
butions and 4,4 -diphenylmethane diisocyanate (MDI) as chain extender : Poly (narrow), Poly (wide), Poly(narrow +wide), and Poly
(narrow) -+ Poly (wide). The crystallization behavior of the polyurethanes was studied by DSC, tensile test, and WAXD. The crystailini-
ties of the polyurethanes were in the following order : Poly (wide) > Poly (narrow) + Poly (wide) > Poly (narrow + wide) > Poly (narrow) .
The present study shows the importance of the distribution of caprolactone chains and their combination in the polyurethane.

KEY WORDS Poly (¢ -caprolactone) / Polyurethane / Crystallization / Blend / Distribution / Oligomer /

(Received November 15, 1999 : Accepted January 25, 2000)

SR TR S Vol. 57, No. § (2000)

[ Kobunshi Ronbunshu, 57 (5), 277—281 (2000)]



