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Abstract: Polyurethane dispersion (PUD) polymers were synthesized by using polyether and polyester polyol. The effect
of ionomeric centers, r(INCO / OH) values, chain extender process, and chain extender types on the adhesion properties was
investigated. In the case of polyether-based PUD, the ionic center, r value, chain extension process and chain extender types
were not adjusted even after adjustment. In the case of polyester-based PUD, when the ionic center content was more than
2.5%, the state of adhesive strength was 2.0 kgf/cm? or more. On the other hand, the initial adhesive strength was excellent
at about 1 kgf/cm? when the ionic center content was over 3.5%. When the r value was 1.3 or more, it was found that the
initial bonding strength and the state of bonding strength were excellent at about 1 kgf/cm® and 2.1 kgf/em? or higher,
respectively. An IR spectrum analysis of the synthesized PUD confirmed that PUD was composed of urethane based on
the N-H characteristic peak at 3340 cm™ and the urethane characteristic peak at 1730 cm™. Moreover, the characteristic
peaks of the isocyanate (2260 cm™!) used in the preparation of the prepolymer were not observed. As a result, the residual
-NCO was not observed, and urethane was completely synthesized.
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Table 1. Properties of Polyol used in PU Prepolymer Synthesis.

s}o] AH§BHeIEE. Polyol 7 9] S4 Table 1] veRy gtk 41
3ol AFg3l isocyanate= isophorone diisocyanate (IPDI,
Junsei), diphenylmethane diisocyanate (MDI, BASF), hexa-
methylene diisocyanate (HDI, Aldrich), toluene diisocyanate
(TDI, Junsei)S AA| §lo] A3+ 2™ monomeric diol Y
diaminesF+= 1,4-butanediol (BD, Yakuri), 1,6-hexanediol (HD,
Junsei), ethylene diamine (EDA, Junsei), hydrazine (HZ,

Aldrich), ionic center ¥ neutralizerS dimethylol propionic

Grade Abb. AcidV Glycol? M.W. F‘;ﬂi:f:ral (EIg{K\g]]{l;eg) Manufacturing
PPGY PP-10 - - 1000 2 56+2 KPX
DT-0640 B-6 AA 1,4-BD 600 2 187+5 Daewon polymer
DT-1040 B-10 AA 1,4-BD 1000 2 112+3 Daewon polymer
DT-2040 B-20 AA 1,4-BD 2000 2 563 Daewon polymer
DT-1014 EB-10 AA EG/1,4-BD 1000 2 11243 Daewon polymer
DT-2014 EB-20 AA EC/1,4-BD 2000 2 563 Daewon polymer
DT-2013 ED-20 AA EG/DEG 2000 2 56+3 Daewon polymer
DT-3050 N-30 AA NPG 3000 2 37£3 Daewon polymer
DT-1001 N-20 AA NPG 2000 2 56+3 Daewon polymer
DT-3531B EBD-35 AA EG/DEG/1,4-BD 3500 2 3643 Daewon polymer
DT-2010 E-20 AA EG 2000 2 563 Daewon polymer
K-2000 K-20 - ether/ester copolymer 2296 2 48.86 Hyosung Kmax
DT-1330 D-13 AA DEG 1300 2 86+3 Daewon polymer
K-210 D-10 AA DEG 1000 2 11243 Hyosung Kmax
- PCL-20 - Polycaproactone diol 2000 2 5642 Aldrich

YAA: Adipic acid, ?1,4-BD: 1,4-Butanediol, EG: Ethylene glycol, DEG: Diethylene glycol, NPG: Neopentyl glycol PPG; polypropylene glycol
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Figure 1. The process of PUD synthesis ((a) emulsion chain extension, (b) chain extension emulsion).
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Table 2. Characteristics of polyether-based PUD on DMPA Content.
Exp. No. ETD-1 ETD-2 ETD-3 ETD-4 ETD-5
PP-10(g) 29.135 27.816 26.555 25.347 24.188
TDI(g) 7.926 7.926 7.926 7.926 7.926
DMPA(g) 0.794 0.970 1.139 1.301 1.456
EDA(g) 0.631 0.631 0.631 0.631 0.631
TEA(g) 1.197 1.463 1.718 1.963 2.197
r value 1.3 1.3 1.3 1.3 1.3
Theory NCO
(Initial/Ex. erfore addition) 10.10/2.33 10.41/2.40 10.73/2.48 11.05/2.55 11.38/2.63
DMPA (%) 2 2.5 3 3.5 4
Hard segment(%) 26.6 28.3 30.1 31.8 33.5
P.S. 30 min 0 0 0 0 0
(kgf/2 cm) 24 hr 0 0 0 0 0
Remarks after curing, tack after curing, tack after curing, tack after curing, tack after curing, tack

Table 3. Characteristics of Polyether Based PUD on NCO/OH(=r) Value.

Exp. No. ETR-1 ETR-2 ETR-3 ETR-4 ETR-5
PP-10(g) 26.875 26.555 26.345 25915 25.435
TDI(g) 6.707 7.926 9.146 10.365 12.194
DMPA(g) 1.096 1.139 1.182 1.225 1.289
EDA(g) 0.210 0.631 1.052 1.473 2.104
TEA(g) 1.654 1.719 1.783 1.848 1.945
o4 1.1 1.3 1.5 1.7 2
Theory NCO
(Initial/Ex. brzfore addition) 9.33/0.85 10.73/2.48 12.06/4.02 13.32/5.49 15.11/7.56
DMPA (%) 3 3 3 3 3
Hard segment(%) 26.5 30.1 333 36.5 40.8
P.S. 30 min 0 0 0 0 0
(kgf/2 cm) 24 hr 0 0 0 0 0
Remarks after curing, tack after curing, tack after curing, tack after curing, tack after curing, tack
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Table 4. Characteristics of Polyether Based PUD on Chain Extension Process.
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Exp. No. ETP-1 ETP-2 ETP-3 ETP-4
Process emulsion — chain extensionchain extension — emulsionemulsion — chain extensionchain extension — emulsion
PP-10(g) 26.875 26.875 26.555 26.555
TDI(g) 6.707 6.707 7.926 7.926
DMPA(g) 1.096 1.096 1.139 1.139
EDA(g) 0.210 0.210 0.631 0.631
TEA(g) 1.654 1.654 1.719 1.719
r value 1.1 1.1 1.3 13
Theory NCO
(Initial/Ex. brzfore addition) 9.33/0.85 9.33/0.85 10.73/2.48 10.73/2.48
DMPA(%) 3 3 3 3
Hard segment(%) 26.6 26.6 30.6 30.6
PS. 30 min 0 0 0 0
(kgf/2 cm) 24 hr 0 0 0 0
Remarks after curing, tack after curing, tack after curing, tack after curing, tack

Table 5. Characteristics of Polyether Based PUD on Chain Extender Types.
Exp. No. ETE-1 ETE-2 ETE-3 ETE-4 ETE-5
PP-10(g) 26.555 26.329 26.493 26.436 26.575
TDI(g) 7.926 7.926 7.926 7.926 7.926
DMPA(g) 1.139 1.169 1.147 1.155 1.136
EDA(g) 0.631 - - - -
IPDA(g) - 1.788 - - -
BD(g) - - 0.946 - -
HD(g) - - - 1.241 -
HZ(g) - - - - 0.526
TEA(g) 1.718 1.764 1.731 1.743 1.715
r value 1.3 1.3 1.3 1.3 1.3
Theory NCO
(Initial/Ex. brzfore addition) 10.73/2.48 10.79/2.49 10.75/2.48 10.76/2.48 10.72/2.48
DMPA(%) 3 3 3 3 3
Hard segment(%) 30.1 324 30.7 31.3 29.8
PS. 30 min 0 0 0 0 0
(kgt’2 cm) 24 hr 0 0.1 0.1 0.1 0.1
Remarks after curing, tack phase separation after curing, tack after curing, tack after curing, tack
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Table 6. Characteristics of polyester-based PUD on DMPA Content.

Exp. No. ESD-1 ESD-2 ESD-3 ESD4 ESD-5
EB-10(g) 29.135 27.816 26555 25347 24.188
TDI(g) 7.926 7.926 7.926 7.926 7.926
DMPA(g) 0.794 0.970 1.139 1301 1.456
EDA(g) 0.631 0.631 0.631 0.631 0.631
TEA(g) 1.197 1.463 1.718 1.963 2.197
7zt 13 13 13 13 13
(tniia ;T‘Lrgfgecgd dition) 10.10/2.33 10.41/2.40 10.73/2.48 11.05/2.55 11.38/2.63
DMPA(%) 2 25 3 35 4
Hard segment(%) 26.6 283 30.1 31.8 335
ps. 30 min 0.4 0.4 0.6 0.8 1.1
(kg2 cm) 24 hr 1.7%% 2.1% 2.0% 2.2% 2.3%
Remarks phase separation - - - -

*partial failure of adherend, **failure of adherend
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Figure 2. The initial (30 min) and state (24 hrs) adhesion
strength of the polyester-based PUD on DMPA content.
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Table 7. Characteristics of polyester-based PUD on NCO/OH(=r) Value.

Exp. No. ESR-1 ESR-2 ESR-3 ESR-4 ESR-5
EB-10(g) 26.875 26.555 26.345 25915 25.435
TDI(g) 6.707 7.926 9.146 10.365 12.194
DMPA(g) 1.096 1.139 1.182 1.225 1.289
EDA(g) 0.210 0.631 1.052 1.473 2.104
TEA(g) 1.654 1.719 1.783 1.848 1.945
2F 1.1 1.3 1.5 1.7 2
Theory NCO
(Initial/Ex. brgfore addition) 9.33/0.85 10.73/2.48 12.06/4.02 13.32/5.49 15.11/7.56
DMPA (%) 3 3 3 3 3
Hard segment(%) 26.5 30.1 333 36.5 40.8
PS. 30 min 0.3 0.5 0.9 12 0.8
(kgf72 cm) 24 hr 1.5%* 2.1% 2.3* 2.2% 2.1%*
Remarks : : - T i oxonsion i oxersion
*partial failure of adherend, **failure of adherend
30 88 fadstes A SAT 4 ok S AAFE AQdo]
e S5 B = HA ] BAL YT s o] A
E . % % . 2 452 ASPAIZICH ghehE ol
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o 37} g RO 2 Bolu, process7t HWatE k= gto] St
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Figure 3. The initial (30 min) and state (24 hrs) adhesion
strength of the polyester-based PUD on NCO/OH(=r) value. 2.4. MHAEN| S=0] =2 EM
Table 8. Characteristics of Polyester Based PUD on Chain Extension Process.
Exp. No. ESP-1 ESP-2 ESP-3 ESP-4
Process emulsion — chain extension chain extension — emulsion emulsion — chain extension chain extension — emulsion
EB-10(g) 26.875 26.875 26.555 26.555
TDI(g) 6.707 6.707 7.926 7.926
DMPA(g) 1.096 1.096 1.139 1.139
EDA(g) 0.210 0.210 0.631 0.631
TEA(g) 1.654 1.654 1.719 1.719
%43 1.1 1.1 1.3 1.3
(tnitial /ET%Zf;:eCSd dition) 9.33/0.85 9.33/0.85 10.73/2.48 10.73/2.48
DMPA(%) 3 3 3 3
Hard segment(%) 26.5 26.5 30.1 30.1
PsS. 30 min 0.3 0.3 0.5 0.6
(kg2 cm) 24 hr 1.5%* 1.7%* 2.1% 2.20%
Remarks - - - -

*partial failure of adherend, **failure of adherend
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Table 9. Characteristics of Polyester Based PUD on Chain Extender Types.

Exp. No. ESE-1 ESE-2 ESE-3 ESE-4 ESE-5
EB-10(g) 26.555 26.329 26.493 26.436 26.575
TDI(g) 7.926 7.926 7.926 7.926 7.926
DMPA(g) 1.139 1.169 1.147 1.155 1.136
EDA(g) 0.631 - - - -
IPDA(g) - 1.788 - - -
BD(g) - - 0.946 - -
HD(g) . - - 1.241 .
HZ(g) - - - - 0.526
TEA(g) 1.718 1.764 1.731 1.743 1.715
%43 1.3 1.3 1.3 1.3 1.3
Theory NCO
(Initial/Ex. b[z,/fore addition) 10.73/2.48 10.79/2.49 10.75/2.48 10.76/2.48 10.72/2.48
DMPA (%) 3 3 3 3 3
Hard segment(%) 30.1 324 30.7 31.3 29.8
PS. 30 min 0.5 1.1 0.8 0.9 0.7
(kgf/2 cm) 24 hr 2.1% 2.5% 2.0% 2.0% 1.9%
Remarks ) gel during: chain ) ) )
extension
DMPA ¥ 1Zk& 13 A3 & 2 AA9] processZ 4] z Ao 2 FJdE oA th 23] polyetherd| polyol2 A}
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Figure 4. The initial (30 min) and state (24 hrs) adhesion strength
of the polyester-based PUD on chain extender types.
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