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Poly(tetramethylene glycol) (PTMG, Mw = 2000), dicyclohexylmethane-4,4'-diisocyanate (Hi-MDI)$} 4,4'-diphenylmethane
diisocyanate (MDI)2] o] AAlold|o|E E3h3E, 18] 31 0] 7] 4] dimethylol propionic acid (DMPA)E AF-&-3}¢] g
] EPHOR ol FEedw BAA(PUD)E AT el & H o] S A 2] triethylamine (TEA)
=, 1e)al e Ee|w o] 7P A A 2= ethylene diamine (EDA)E AH8-5Hith. DMPAS] W& ¥} Ego]aAlopo]
EofA WS oliAloldlo]ES Fheko] pUDE §lAFA IS} HEWste] W= TS ATsklth 28
DMPAS] 20]&3} 3= o] £Alol|o]E @k Wshe] mE PUD £0}e] 71412 A A2 HAo] oA =9
3FATh DMPAS] 1] &o] S7FeR= Fol 24 PUDS] A7) o A er) ekl o, FU sk DMPA gl A=
olAoH|O|E EE F WEE olaAlohllo| £ eke] Z7b 845 oAke A7) WSk Fohehs AFE 4
BTt &3 o] AAJold|o] E 9 &Lu]%o] 943 w pUD Fue] Q1 xl—7ol—_1.:_‘_ DMPAO] gheko) Z7)ake| whe}l E7)sk
o), e 24T PUD E8te) Ak HiEOH 91914, DMPA &oll thet e =17 vk o), W
% o] 4Aohilo]E §oFe] FEL DMPA & 2o 4o 24 Yot

An anionic polyurethane dispersions (PUDs) were synthesized from the poly (tetramethylene glycol) (PFTMG, Mw = 2000
g/mal), mixed isocyanate of dicyclohexylmethane-4,4'-diisocyanate (Hi2-MDI) and 4,4'-diphenylmethane diisocyanate (MDI),
and dimethylol propionic acid (DMPA) as anionic site, following a prepolymer mixing process. Triethylamine (TEA) was
used as a neutralization agent and the ethylenediamine (EDA) as the chain extender of the prepolymer. The effects of the
DMPA molar ratio and aromatic diisocyanate content in the mixed isocyanate on the particle size and viscosity of PUD were
studied. Also, the mechanica and thermal properties of the PUD cast films were discussed according to the molar ratio of
DMPA and aromatic isocyanate content. It was found that the particle size and the viscosity of an anionic PUD decreased
with increasng DMPA molar ratio but increased with increasing aromatic isocyanate (MDI) content in the mixed isocyanate
a the constant DMPA content. Tensile strength of the PUD cast films increased and elongation at bresk decreased with in-
creasing DMPA content at the constant mixed isocyanate molar ratios. In thermal degradation temperature of PUD cast films,
the effect of DMPA contents was great but the effect of aromatic isocyanate contents a the low DMPA content was very

dight respectively.

Keywords: polyurethane, anionic polyurethane dispersion, aromatic isocyanate, mixed isocyanate, thermal degradation
temperature
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Table 1. Feed Compositions (in g)

= Polyurethane -2HA12] Az} 44 259

(@) The variation of [DMPA]/[PTMG] mole ratio at constant [MDI]/[H12-MDI] mole ratio (=1.0)

Samples [DMPA]/[PTMG] Ratio DMPA PTMG MDI Hi-MDI
PHDP-1 1.0 9.2 137.2 26.2 274
PHDP-2 15 128 127.6 2.1 305
PHDP-3 20 16.0 1195 315 330
PHDP-4 25 188 1123 337 35.2
PHDP-5 30 213 105.9 35.6 372
PHDP-6 35 235 100.2 373 39.0
(b) The variation of [MDI]/[Hi-MDI] mole ratio at constant [DMPA]/[PTMG] mole ratio (=1.5)
Samples [MDI}/[H12-MDI] Ratio DMPA PTMG MDI H12-MDI
DPPH-1 0.0/6.0 12.74 126.72 - 60.54
DPPH-2 0.7/5.3 12.76 126.94 6.76 53.54
DPPH-3 1.4/4.6 12.78 127.16 1353 46.53
DPPH-4 2.1/39 12.80 127.39 20.32 39.47
DPPH-5 2.8/3.2 12.82 127.62 2712 3244
DPPH-6 3525 12.85 127.83 33.94 25.38

[NCQJ-[OH] x 42.02 x 2
Total weight of prepolymer
* Used wt. of TEA for Neutrdization= [TEA]/[DMPA] = 1.2
* Used wt. of EDA for Chain extending = [NCO]-[OH]

* Totd solid content (w/w%) = 30%

» NCO wt-% of Prepolymer
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Scheme 1. Synthetic process of polyurethane dispersion.
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Figure 1. FT-IR Spectra of NCO-prepolymer (sample PHDP-1).
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Figure 2. FT-IR Spectrum of PUD cast film (sample PHDP-2).

g2Edd 59 2 810 et WAlwE] ] C-H HelEHlE
(out-of-plane bending vibration) &3 Z=Z5-E] MDI7}, 18]l Ao]
2RI CH ~EdR 59303 3000 cme] 5] 914
& 5|29} 1450 em™ o) FT ARNE AW HiMDIZF 8
e A el =Y S-S & 5 AT E=3E Figure 30014
MDI2] gt Ak Ul EAl5H= NHS Z2E 557} 95 ppmel| =1
g1 WA S| EAehs ZRE |57} 7~75 ppmellA] BEE S
W, H-MDI 9] &gk A5 o]l £A18H= NHY Z2E 357} 6.0
ppmell 1831 Alo]Z 2] WEdl X2 E J59} PTMGS] UlH-
EFA9] 3R E(-O-CHp-CHy-CHp-CH,-0-)0] thE Z2Ew] =19} ]
15 ppmellA] Z1gk 5= g9l om, PTMGeIA AlAol Adte g9
3 ZE(-O-CHz-CHz-CH2-CHp-O-) 3 7 AR A2 AHE-H ethylene di-
amine] 27 ¥H29] 3 2 E(-NH-CHx-CH,-NH-) 18] 1 diphatic iso-
cyanate® AMH-El H-MDI7} $-alle Z3hs gho = Ade -t
AFe] -NH-of| vl o]23h= Alo] E&2 & taE] §hAo] ZREd] 7]
QIsh 9217} 35~3.7 ppmellA] gl FozH] Z3r]o]iAloho]E
i ZElede EakAe) Fo] EAMAAYE IESS gl

& 5 99

it

3= Polyurethane #4419 A %29} A4

261

DMSO

\
\
vl
)

Figure 3. "H-NMR Spectrum of PUD cast film (sample PHDP-2).
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Figure 4. The variation of particle size and viscosity according to the
[DMPA]/[PTMG] mole ratio at constant [MDI]/[H1.-MDI] mole ratio
(= 1.0).
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Figure 5. The variation of particle size and viscosity according to the
[MDI]/[Hi-MDI] mole retio a constant [DMPA]/[PTMG] mole raio
(= 15).
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Figure 6. The variation of mechanical properties of PUD cast films
according to the [DMPA]/[PTMG] at constant [MDI]/[H:2-MDI] mole
ratio (= 1.0).
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Figure 7. The variation of mechanica properties of PUD cast films
according to the [MDI]/[H:>-MDI] mole ratio a constant [DMPA]/
[PTMG] mole ratio (= 1.5).
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Figure 8. FT-IR spectra of PUD cast films with various [DMPA]/
[PTMG] mole ratio at constant [MDI])/[H-MDI] mole ratio (= 1.0).
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Figure 9. FT-IR spectra of PUD cast films with various [MDI]/
[Hi2-MDI] mole ratio at constant [DMPA]/[PTMG] mole ratio (= 1.5).
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Table 2. The Characteristic Vaues of TGA Curves of PUD Cast Films

Weight loss temp. (C)

Weight loss temp. (C)

Samples Samples
5% 10% 30% 5% 10% 30%
PHDP-1 2758 3158 3929 DPPH-1 266.1 300.1 390.7
PHDP-2 268.5 308.2 384.2 DPPH-2 266.9 301.8 387.3
PHDP-3 243.7 284.3 364.4 DPPH-3 267.5 300.2 385.2
PHDP-4 239.5 284.3 363.5 DPPH-4 267.8 304.0 384.0
PHDP-5 2338 272.8 347.6 DPPH-5 267.9 305.1 3832
PHDP-6 2275 266.7 343.6 DPPH-6 2758 3106 3818
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Figure 11. Weight loss plots of PUD cast films for various
[DMPA]/[PTMG] mole ratio at constant [MDI]/[H1-MDI] mole ratio
(= 10).
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Figure 12. Weight loss plots of PUD cast films for various [MDI]/
[H12-MDI] mole ratio at constant [DMPA]/[PTMG] mole ratio (= 1.5).
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Figure 13. DSC thermograms of PUD cast films for various [DMPA]/
[PTMG] mole ratio at constant [MDI]/[H12-MDI] mole ratio (= 1.0).
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Figure. 14. DSC thermograms of PUD cast films for various [MDI]/
[HiMDI] mole ratio at constant [DMPA]/[PTMG] mole ratio (= 1.5).
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