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Abstract: Polytetramethylene glycol (PTMG)-isophorone diisocyanate (IPDI) and polycarbonate (PC)-IPDI waterborne
polyurethane (WPU) films were prepared and crosslinked with 2-methyl-1-aziridinepropionate (aziridine compound). The
crosslinked and uncrosslinked samples were hydrolyzed with water vapor at 120 °C in an autoclave. The effects of the
introduction of aziridine crosslinking on the hydrolysis and mechanical properties of the samples were investigated. When
the content of aziridine crosslinking agent increased, the fracture stress of each sample decreased before hydrolysis, but
the retention rate of mechanical properties after hydrolysis was significantly increased than that of uncrosslinked sample.
When the PTMG-WPU film was crosslinked at an aziridine content of about 1 pph and hydrolyzed at 120 °C within 24
h, the retention rate of fracture stress was greatly higher than that of the uncrosslinked sample. However, PC-WPU sam-
ples did not show a significant crosslinking introduction effect. Both the chemical structure of WPU polymer and physical
structure formed during film preparation affected the mechanical properties before and after hydrolysis and the effect of
crosslinking introduction.

Keywords: waterborne polyurethane (WPU) film, PTMG-IPDI, PC-IPDI, hydrolysis, aziridine crosslinking, mechanical
property.
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Figure 1. FTIR spectra of PTMG-WPU films (a) before; (b) after
hydrolysis at 120 °C for 24 h.
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Figure 2. FTIR spectra of PC-WPU films (a) before; (b) after
hydrolysis at 120 °C for 24 h.

]

-+~

o] 7l5Eafol| 28} hEu|o|EY| 7L AvEn =g wet
o] AgE Ao WeEr} o]zke] PC-WPU A Eel|AE 7}
SR F AR I3} AL vehbA] i gle] 2144971
9] DMBA ¥-o] 2 Hehs)7] Hrke AAzoz Hlw 3
ZA FARzo] AutEE Zoz Adslh

CH;

AEHSZ PTMG-WPU ¥ PC-WPU F A5 BT 71
2aflol] ofsf g Aghe] Aeto] dojuA|vh, PTMG-WPU
= Fg&9 ddto] FEHAA YERd vEH, PC-WPUSIA]
= ZEg9] doto] A Al ekt &, WPU| &4
sk 244719 A WPUE HA8he 8189 /71
WPUS] 7Fai el ks vixle & a8lojge AL o
T Atk

OFX|2|Zl 3letE=R 7tmAlZI WPU EEE9| 7|AIX M
H3}, ofx]2d 7taAl= Folol ofsted FAkEl| EAst
= DMBAS] 7H3-417]9} WkS35led Scheme 13} 7o) 71 &
gttt olggt 7t dgte] =2 Wra el 93
U XA 9, WPU A 559 BT 9&S vE 202
T AFollA= 21579¢1 DMBAS] 4= H)S ¢4
s A WPU AlEES §/331307] Wil 7k vhgo
g 7 e ol AlgkE o] k. o]# AdEjollA] ofA] g
d 7taA ] e HeAZIE 7R WPU ZE Al
559 Aol oG/ WekeTkE oty fal, oY
o] olxg|dl 7}wA7} 2skE PTMG-WPU ¥ PC-WPU ¥
FE9 $H-HIE(ss) TS dIL o|EEHE A EHE
< Fote] olF ofAEd 7tawA] EFel thal] yERA Aol
Figure 3¢]t}. o|u] 7}aA] $H32 part per hundred(pph), =
T2 100 g & F7FeE 7hA| o] FA R YeEp T

(/ CH,
N S o
\ /0

HO—{Polyurethane}—OH + CH; H,C-H,C \/ + HO-{Polyurethane}—OH
— — /C\ /O\ N N
COOH H2(|3 CH, ﬁ CH, COOH

N. _HC_ _O 0

H,C 2 \ﬁ/
o

2-methyl-1-aziridinepropionate

HO—{Polyurethanet—OH

0=C
HO-{Polyurethanc}—OH
O\CH/CHZ\ () yurev ane
| Ng gz _CH; Cc=0
A0 CH,
CHs CH,-CH, \/ o o AHC O
H2C/ ~ 2/ \C/\C}I; |
CH; H | Il CH;,
New /CH%/O o
CH._ / CH;
4 C I
o
| H; 0
0=cC

HO-Polyurethane—OH

Scheme 1. Crosslinking of WPU with 2-methyl-1-aziridinepropionate.
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Figure 3. Changes in the fracture stress of aziridine crosslinked (a)
PTMG-WPU film; (b) PC-WPU film according to aziridine content
before hydrolysis.
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Figure 5. Relative fracture stress of aziridine crosslinked (A)
PTMG-WPU; (B) PC-WPU films with various aziridine contents
hydrolyzed at 120 °C for 24 h. Relative values of (a) [after hydro-
lysis]/[before hydrolysis without aziridine]; (b) [after hydrolysis]/
[before hydrolysis at the same aziridine content]; (c) [after hydro-
lysis]/[after hydrolysis without aziridine].
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Figure 6. Changes in the fracture stress of PTMG-WPU films
according to the hydrolysis time at 120 °C. Aziridine content (pph):
(a) none; (b) 0.5; (c) 1; (d) 5.
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Figure 7. Changes in the fracture stress of PC-WPU films accord-
ing to the hydrolysis time at 120 °C. Aziridine content (pph): (a)
none; (b) 0.5; (¢) 1; (d) 5.
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Figure 8. SEM images (x500) of the PTMG-WPU films hydro-
lyzed at 120 °C for (a) 0 h; (b) 3 h; (c) 6 h; (d) 12 h; (e) 24 h. (A)
not crosslinked; (B) crosslinked with 2-methyl-1-aziridinepropio-
nate of 1 pph (scale bar: 60 um).
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Figure 9. SEM images (x500) of the PC-WPU films hydrolyzed at
120 °C for (a) 0 h; (b) 3 h; (c) 6 h; (d) 12 h; (e) 24 h. (A) not cross-
linked; (B) crosslinked with 2-methyl-1-aziridinepropionate of
1 pph (scale bar: 60 um).
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