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Abstract: Polycarbonate diol-based waterborne polyurethane (WPU) was prepared by prepolymer mixing process. The
prepolymer mixture contained the polycarbonate diol, isophorone diisocyanate (IPDI), dimethylol propionic acid, tri-
ethylamine, and ethylenediamine (EDA). The NCO/OH ratio in the prepolymer was adjusted by controlling the molar
ratio of IPDI, and its effects on the properties of WPU were studied. The structure of WPU was characterized by fourier
transform infrared spectroscopy. The average particle size increased and viscosity decreased with increasing NCO/OH
ratio and EDA content in WPU. The reduced phase separation between soft and hard segments increased glass transition
temperature. The reduction in the thermal decomposition temperature could be attributed to the low bond energy of ure-
thane and urea groups, which constituted the hard segment. Additionally, the polyurethane chain mobility was restricted,
elongation decreased, and tensile strength increased. The hydrogen bond between the hard segments formed a dense

structure that hindered water absorption.
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Experimental

1. XM=

PCD (Mw=1000 g/mol, T5652, Asahi Kasei Corporation,
JapanyE 70°CollA 3AIZF HF DAl & ARSI
Isocyanate® aliphatic isocyanate ¢l isophorone diisocyanate
(IPDI, Sigma-Aldrich, Korea)S A3}t A 2H8-7] 9]
=92 ¢3) ionomerdl dimethylol propionic acid (DMPA,
Sigma-Aldrich, Korea)S AFE-3}% 2™, 1-methyl-2-pyrrolidone
(NMP, Sigma-Aldrich, Koreay> DMPAS] 20| 24 A& 3L
t}. DMPAS] carboxylic acid 7] & 53}3}7] 943} triethylamine
(TEA, Samchun, Korea)2 ARESITE U2 dibutyltin
dilaurate (DBTDL, Sigma-Aldrich, Korea)E AFLS}IR 1L, A
AAA| 2 ethylenediamine (EDA, Sigma-Aldrich, Korea)2 A
Ae] A-g-sH T

Table 1. Formulation for the WPU
PCD IPDI DMPA EDA

Sample oy (mol) (mol) (moly ~ NCO/OH
WPU 1.0 0.05 0075  0.025 - 1.0
WPU 12 0.05 009 0025 0015 12
WPU 1.4 005 0.105 0025  0.030 14
WPU 1.6 0.05 0.120 0025  0.045 1.6
WPU 1.8 0.05 0.135 0025  0.060 1.8

2. WPU M=

PCD 7|8t WPU% prepolymer mixing processZ A 23}
o, g 242 Table 19 Yepfiict. 71414 wdt7], A
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B LES 40°CE Y2 7, oI ES E9late] Sole]
£ 2453t S3HA1¢ TEAS T ste] 402 5<F DMPA
9] carboxylic acid 7|5 £3}51] 20|24 PU prepolymerZ

QELT

$0]24 PU prepolymerS 10-20°CE Yzt & 114 wub
(600-700 rpm)3to]l ZF45 dropping funnel2 43| 23}
skt WS =S FAsH AR 5 A 38 A
3 &, EDAE T3t 2A7F 5% Ak 9% w2 A%
3tk FT-IR 24 53] 27 -NCO ¥z} &43s] 49

3 AL st wee TR S AT opE
o Aol AASGOm, HEHow TPR o] o
30%<%] WPUE dich.

3. WPU ZE NI=

WPU B4R §efgbe] Aagshe] AhelA] 24417k,
60°Coll 4] 24X17F AZSHTE. o]o1 A, 60°Cel A 6417 11
Azdtel HR SES AAR F BB Axstack 4% 2
29 A oF 25025 umolc}.

4 ENEY Y EN

ATR (attenuated total reflection)3419] FT-IR (Cary 630
FTIR, Agilent USA)YS AME3le] WPUQ| seha] 2z o vt
9 FEE Ikt A EE 4om’, FAF SRk 642
4000-600 Cm]—J HeolA S5k
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Figure 1. FT-IR spectra of (a) PU prepolymer and (b) WPU_1.4.
Results and Discussion
1. PEH 54

PCD 7]4¥te] WPUZE thek3l NCO/OH H|& 9 EDA gt=F
© & A23HA. Figure 1= WPU 3ol 4] ZH 9h-3- oA €]
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Figure 2. FT-IR spectra of WPU films according to NCO/OH ratio

and EDA content: (a) WPU_1.0, (b) WPU_1.2, (c) WPU_1.4, (d)
WPU_1.6, and (e) WPU_1.8.

Table 2. Physical Properties of WPU According to NCO/OH Ratio
and EDA Content

Particle size  Viscosity

Sample (nm) (cP) Appearances
WPU_1.0 112 29 Blue light
WPU_1.2 118 26 Blue light & Milky white
WPU_1.4 121 25 Blue light & Milky white
WPU 1.6 134 21 Milky white
WPU 1.8 142 19 Milky white & partially

precipitate

NCO/OH H|&of & A4 YAFe] 5435 Table 29 LHeh
%th. NCO/OH H|&°] 73‘7}?—1—%1 d2L 2717F F7FstTh
NCO/OH H]-&9] £7}&<E prepolymer U B]HFS- -NCO 7|
7k e, ol o W o) Al ARAE Waz do.
EDAo| 93t AtE A% ¥H&-2 WPU YA i $-glof Aol
TE F7H7IL B& T 4 A A ste] g 2t
$21& 2T 5 ATk FA), ol &4 287] 2A Aol
FAEE o2 8719 o5/l FF= mlFIth NCO/
OH Hlgo] Z71a5% 22 AlTUE o] S/l 2
e AR Aol Fas oA B & YA 27E B
A} 47 2717} B4 Rpeh Bol ek BHHo) 7+
astel o e HES FHITh B8 WPUS| B 9RF 7]
7t 3714 o9l gEst Skt

3. 9% 54

Jm
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Figure 3. TGA curves of WPU films according to NCO/OH ratio
and EDA content: (a) WPU_1.0, (b) WPU_1.2, (c) WPU_1.4, (d)
WPU_1.6, and (e) WPU_1.8.
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Figure 4. DSC thermograms for the WPU films according to
NCO/OH ratio and EDA content: (a) WPU_1.0, (b) WPU_1.2, (c)
WPU_14, (d) WPU_1.6, and (e) WPU_1.8.

P gk BE ME FA AIHE EE 250-
330°C°ﬂ HAgstgon, ol e 9 Ldof Ajte £
of sfgetct. A& NIHE GE35f= 330-400°Cof| A L5t
Ao o] PCDe]| 3 carbonyl Age] &3fjof| st
PU prepolymer &/ @A oA w]¥-g -NCO 7|7} F7Fghol|
w2t gt EDA 3to] F7ietth Ak a2 BE Al
HE sfiFst= alof Ao A 3L, e 2
Qdo} 432 PCDY carbonyl 23T 32 A3 oA S
74 ol thgt #/go] Rt whgba NCO/OH H|&o] F7he
5 WPUS A& NIHES] g Aasta F4E Al1H
E 9] 3tsFo] F7tsln QR4 =71 ol = A3 Kol
™, 250-330°C F-Zoj|A WPU_1.6 2 WPU 1.89] & otAA



Effect of NCO/OH Ratio and Chain Extender Content on Properties of Polycarbonate Diol-based Waterborne Polyurethane 17

10

Stress (MPa)

ob=——"" v vy e e
0 200 400 600 800 1000 1200

Strain (%)

Figure 5. Stress and strain curves of WPU films as a function of
NCO/OH ratio and EDA content: (a) WPU_1.0, (b) WPU_1.2, (c)
WPU_1.4, (d) WPU_1.6, and (e) WPU_1.8.
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Figure 6. The comparisons of water absorption of WPU films
according to the NCO/OH ratio and EDA content: (a) WPU_1.0,
(b) WPU_1.2, (c) WPU_1.4, (d) WPU_1.6, and (e) WPU_1.8.
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Figure 7. The changes of contact angle of WPU films according

to NCO/OH ratio and EDA content: (a) WPU_1.0, (b) WPU_1.2,
(c) WPU_1.4, (d) WPU_1.6, and (e) WPU_1.8.
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