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EE: g7 Zg) Sy el(themoplagtic polyurethane: TPU)S] Al %ol AFR-3 Zo]& 279} AR ko] o
TPUS| A3t AsS nEstdth TPUS Alxel AME-g EE]&-2 ExFo] 200091 poly(tetramethylene ether glycol)
(PTMEG), poly(propylene glycol)(PPG) diol, polycaprolactone(PCL) diol, poly(butylene adipate)(PBA) diol-2- AF-8-3}31 2.1,
BAR YYE B-d woisleh TRUS) BRI DY BAR FYo) WELS neol wHSI, TRU
o) §& AYS Lt AN Fo) Wes s w2y, TR Alxe] AHd Z0)€ FHURE PIMEGPPGPCL
PBA 7ol el v s} Avel H84el k% 88 ualN JaAvel ool Soldn 443
Sw7h whav], W7t A4s} wedA vehke Ao skt

Abstract: Effects of the polyol type and the hard segment content of thermoplastic polyurethane (TPU) on the
crystallization of hard segments in TPUs were studied employing differential scanning calorimetry. Diols used for
the preparation of TPUs were poly(tetramethylene ether glycol) (PTMEG), poly(propylene glycol) (PPG), poly-
caprolactone (PCL), poly(butylene adipate) (PBA) the molecular weights of which were 2000 and the hard seg-
ments contents of TPUs were 35~ 44 wt%. We found that crystallization of hard segments in TPUs were observed
at higher temperatures and became faster with increasing hard segment contents of TPUs. The crystallization rate of
TPU was also affected by the types of polyols used for the preparation of TPUs. It is postulated that lower misci-
bility of soft segments and hard segments resultsin higher crystallization rate and increase of cooling crystallization
temperatures due to better hydrogen bonding between hard segmentsin melts.

K eywor ds thermoplastic polyurethane, crystallization rate, soft segment, hard segment, miscibility.
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TRU AxE 9J8le] ZE]e=i Aldichrle] Eabko] 200091

poly(tetramethylene ether glycol)(PTMEG), polycarprolactone(PCL) diol,
poly(propylene glycol)(PPG) dial, poly(butylene adipate)(PBA) diol 5=
AH&-815] 01, diisocyanate=+ Dow Chemicd 2] diphenylene methane-
4.4-diisocyanae(MDI) S AHg-3lal AFE A 2= Aldrichake] A2k
W l4butane diol(BD)S A&t Fele2 Mg A28 o8
sto] 90 CollA 32 o4}, 2 mmHg ZA0lA F=2S AAE F AL
siglor, &u= AR8-3k NN '-dimethylformamideDMF)2} A&
4A BDE 4 A 2AAE o]8ate] 3 Sk Ak F ARSIt
TPUS] Az WS Table 19 YERNSITE Table 1014 =5 g
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Table 1. Sample Codes and Recipesfor TPUs Prepared

Sample Polyol Feed molar ratio Hard segment
code Polyol MDI BD content(wt%)
PT44 10 5.0 4.0 44
PT88 PTMEG 10 40 3.0 38
PT35 1.0 35 25 35
PG44 10 5.0 4.0 44
PG38 PPG 10 4.0 3.0 38
PG35 1.0 35 2.5 35
PC44 10 5.0 4.0 44
PC38 PCL 10 4.0 3.0 38
PC35 1.0 35 25 35
PA44 10 5.0 4.0 44
PA38 PBA 10 4.0 3.0 38
PA35 1.0 35 25 35
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Figure 1. FTIR spectra of prepolymers and polyurethanes. (a)
polyurethane PT44, (b) prepolymer of PT44, (c) polyurethane PC44,
and (d) prepolymer of PC44.
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Figure 2. Structures of thermoplastic polyurethanes prepared from
MDI, BD, and various type of polyols. (&) PTMEG, (b) PPG, (c) PCL,
and (d) PBA.

Table 2. M, and M, of TPUs Determined by GPC

Sample code M,,(g/mol) M,(g/moal) Polydispersity
PT44 25100 4300 5.8
PT38 24500 3700 6.6
PT35 25900 3500 7.4
PG44 55600 10300 5.4
PG38 52600 10400 5.0
PG35 47300 7300 6.4
PC44 50100 10000 49
PC38 51000 11000 4.7
PC35 55100 10600 5.2
PA44 120300 22800 53
PA38 86600 12500 6.9
PA35 88900 19000 4.7
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Figure 3. DSC thermograms of PT44 obtained by cooling from
230 C at different cooling rates (C/min) of (a) 15, (b) 10, (c) 5, and
(d) 2.5.
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Figure 4. Temperature dependancy of crystallization rate of polymers.
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Table 3. Cooling Crystallization Properties of TPUs
Sample  Coolingrate  Tpea AH; | Sample Coolingrate  Tpea AH
code (CImin) () (Jg) code (CImin) (C) (Jlg)
25 1765 5.7 25 1755 8.5
5 172.8 7.6 5 168.0 9.9
P4 10 169.1 149 PO 10 162.9 120
15 1644 196 15 154.5 12.1
2.5 1719 41 2.5 175.7 6.0
5 1698 46 5 162.3 7.0
PT35 10 164.1 5.9 Pe38 10 160.1 7.1
15 160.1 6.0 15 153.2 8.6
2.5 1741 45 2.5 170.7 3.3
5 172.0 45 5 164.0 44
PT35 10 167.5 53 Pe35 10 152.0 5.6
15 163.1 5.9 15 141.0 4.9
2.5 1675 114 2.5 165.5 9.1
5 1575 124 5 159.0 11.1
Pe4 10 1487 125 PA4 10 151.2 124
15 1434 127 15 1415 14.0
25 1575 8.0 25 155.0 72
5 1453 8.7 5 146.0 9.0
PC3s 10 1350 838 PASS 10 1327 93
15 1225 9.0 15 125.2 9.9
2.5 137.8 5.2 2.5 145.0 6.6
5 129.0 5.4 5 134.9 1.6
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Figure 5. DSC thermograms of PC44 at different isothermal cry-
stallization temperatures (C). (a) 160, (b) 163, and (c) 166.
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Figure 6. DSC thermograms of PC44 obtained by heating at 10 C/
min after isothermal crystallization at different temperatures (C). ()
160, (b) 163, and (c) 166.
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Figure 7. Relative crystallinity as a function of cystallization time for
PC44 at (W) 173 C, (@) 176 C, and (4) 179 C.
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(C). (W) 173, (@) 176, and (A) 179.

Table 4. Parameter s of Avrami Equation for | sothermal Crystallization of TPUs

Sample Te toek AH ¢ n K T Sample Te toeek AH ¢ n K T
code () (min) J9) 49) code () (min) (J9) 49)
173 12 838 41 3.2x10? 198 173 12 9.8 39 3.7x10? 202

PT44 176 18 7.8 42 8.0x107? 199 PG44 176 17 9.7 42 5.6x10? 203
179 23 6.1 47 1.9x10? 200 179 23 6.8 49 7.0x10° 203

173 05 49 30 2.9x10° 202 173 20 40 40 7.1x10? 205

PT38 176 11 34 32 2.1x10° 206 PG38 176 23 36 46 1.4x10? 204
179 1.9 34 33 6.2x10* 206 179 2.8 24 5.1 4,0%10° 204

176 08 44 39 8.5x10? 196 166 21 27 47 2.1x102 199

PT35 179 15 32 40 1.2x10*t 197 PG35 169 26 28 48 6.0x10° 199
182 38 25 41 2.8x10° 198 172 33 24 47 3.0x10° 200

160 1.0 89 37 5.8x10? 196 166 24 71 53 5.3x10° 191

PC44 163 15 9.3 41 1.9x10* 197 P44 169 41 6.7 55 3.9x10* 193
166 1.9 9.1 41 4.9x10? 198 172 6.0 57 6.2 2.2x10° 195

150 11 5.6 40 3.3x10* 196 153 25 48 5.1 1.0x10? 185

PC38 153 16 56 39 1.2x10* 193 PA38 156 35 39 49 2.0x10° 187
156 21 52 40 4.2x10? 194 159 42 43 49 4.1x10* 188

133 1.0 38 30 5.1x10? 186 137 35 35 32 7.8x10° 175

PC35 136 1.2 36 31 2.3x102 185 PA35 140 32 32 38 1.3x10° 177
139 18 31 31 8.1x<107? 180 143 22 22 46 1.7<10* 178

Eg|H, #2907 A23%, 20054
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Figure 9. Effects of hard segment contents on Tn, of TPU prepared
from various polyols. (@) PTMEG, (A) PPG, () PCL, and (V) PBA.
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