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Abstract: This study investigates the effect of pigment compatibility on hydrolytic degradation and associated prop-
erty changes in ester-based thermoplastic polyurethane (TPU) materials. For pigment-free TPU specimens, correlations
between hardness, hard/soft segment ratio, and crosslink density were examined. Specimens containing either a TPU-
compatible or polypropylene (PP)-based incompatible pigment were subjected to hydrolysis under steam autoclave
aging conditions at 120 C for up to 48 hours. Structural and mechanical changes were evaluated using time domain
nuclear magnetic resonance (TD-NMR), proton nuclear magnetic resonance (‘H NMR), differential scanning calo-
rimetry (DSC), gel permeation chromatography (GPC), and tensile testing. Specimens with compatible pigments
exhibited gradual structural degradation and moderate loss of mechanical performance. In contrast, those with incom-
patible pigments showed a rapid breakdown of the crosslinked network and a significant decline in mechanical prop-
erties. These differences are attributed to the disparity in pigment-polymer compatibility, which significantly
influences the internal structural stability of TPU. The findings offer practical guidelines for selecting appropriate pig-
ments to improve the hydrolytic stability and long-term durability of TPU-based components.

Keywords: thermoplastic polyurethane, hydrolysis, nuclear magnetic resonance, crosslink density.
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Figure 1. '"H NMR spectrum and chemical structure of TPU raw material.
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Table 1. Analysis Results of Pigment-Free Specimens

Property T80 T90 T95
Hardness (Shore A) 80 90 95
Crosslink Density 105.7 2124 3354
(x10° mol/cm?®) +4.8 +57 + 8.9
Hard 'H NMR (wt%) 36.5 45.0 523
segment  TD-NMR (%) 52.1 62.0 68.7

Zn o £
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Figure 2. Correlation between crosslink density and hard segment content in pigment-free specimens.
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Table 2. Analytical Results of Specimens with Compatible Pigment
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Table 3. Analytical Results of Specimens with Incompatible Pigment

Property Oh 5h 24h 48 h Property Oh S5h 24h  48h
Hardness (Shore A) 89 85 84 83 Hardness (Shore A) 94 90 89 93
Crosslink Density 1824 1526 1387 1274 Crosslink Density 2143 180.0 1529 .
(x10° mol/cm?®) +26 +£32 +36 +4l (x10° mol/em®) +63 +84 £30
Hard 'HNMR (Wt%) 415 419 416 418 Hard  HNMR (Wt%) 409 411 418 434
segment  TD-NMR (%) 54.7 58.2 59.1 56.2 segment TD-NMR (%) 57.9 67.8 63.7 N/A
T, (C) 428 439 458 477 T, () 432 464 49 536
plongaion 6 et 0 [U5S as Blongaton (0) 357y 1575 s VA
M100 (kg/em?) T ol M100 (kg/em?) T TSGR
M, (g/mol) 260,321 162,042 107,808 71,890 M, (g/mol) 148,441 123,394 44,762 11,420
M, (g/mol) 777,428 368,864 217,101 133,414 M, (g/mol) 290,569 221,158 71,042 18,917
PDI (M, /M,) 299 228 201 186 PDI (M,/M,) 196 179 159  1.66
AL 2o B4 st 2 g AR FES vE 3 Aot Qb= X A EoM = TPULR] d8rdo] =2 A
.2 AFllM = TPU A 98] 7-8-/do] Aol 7} Fsigh + JIFE H7IgH Al A RS ArletaL, BAY R
Zgo) otz = FA] 7|ure] SA ul e x| (2 FerE )9} 3 A A= BRI FETF H7HE Al Gst vz
H]5/3719E] polypropylene PFEEIRIA| (1A IR)E 27 A 72 EXAAEE SR IS0
A7rek A S Az}, o]59] A 9 B st e otE Egh AH. =X 5 W 24 7hria)
&= Mk Azl wE M3 kR 5 TPU A1A 4}-011 el 7,
7} NS OAIZY, SAIZE, 24417F, 48817k B9 Steam Autoclave A%, SH= AlIWE 9, feldlolens Ay o B
Aging Z71(120 Tyl 713l A2]eteH, ©]F Flory— sk A}, dAdF o g ehvbel 2 ‘:ﬂﬁ‘r 7o) bt
Rehner "'HS 483 4] 7twd % #4], 'H NMR, TD- 24 WEHes S 7w =stE Figure 300 W
NMR, DSC frefdolee S5 S sl= AlaES] ++  Wilth 271 1824x10° molem™}] 7t l ks =37} 113
=4 8 =94 S4de oA Z—LE Frkeisinh A3 Adde gl wE HAF fhasle], 48717 Felli= 127.4x10° mol/em’
Table 2 % Table 3¢ “82]3lA. 21, o} 7} Hor= Qtse] 7HA] ZHAskick
38730l whe TRERE] vidE, 72 8, 714 s 7%= (Shore A 7155) Al 747} 89, 85, 84, 8302 =AFA
W3l 55 AR EA T O 2 Zraste] At AlE Ak YEQ A 30| o|gho]

Time-DependentVariation in Crosslink Density
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Figure 3. Time-dependent variation in crosslink density.
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Time-DependentVariation in Glass Transition Temperature

0 5 10 15 20

T, (°C)
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25 30 35 40 45 50
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Figure 4. Time-dependent variation in glass transition temperature.
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(a) Time-Dependent Variation in Molecular Weight
1,000,000

5h 24h 48h

°
[3
I
@ 100,000 - O
2 e
H] N 0o
| i
© 0. =
@ ® Compatible (Mw) i SO e, )
g () Compatible (Mn) e~
M Incompatible (Mw) -
O Incompatible (Mn) i
10,000 -
0 10 20 30 40 50
Hydrolysis Time (h)
(b) Time-Dependent Variation in Molecular Weight
4
5h 24h 48h
zﬂ
~—
s 2m
— T B | —9
a | Ty ] "
@ Compatible (PDI)
B Incompatible (PDI)
[ ; .
0 10 20 30 40 50
Hydrolysis Time (h)

Figure 5. Time-dependent variation in molecular weight: (a) decrease in M,, and M, values; (b) change in polydispersity index (PDI).
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Figure 6. Time-dependent overlap of NMR spectra during hydrolysis: (a) specimens with compatible pigment; (b) specimens with incom-

patible pigment.
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