Available in: http://jips.ippi.ac.ir

Iran. J. Polym. Sci. Technol.

(Persian),
Vol. 31, No. 6, 521-539 Synthesis of Self-Colored Nano-Sized Water-Dispersion
February-March 2019
1SSN: 10163255 Polyurethane Coatings with Tunable Particle Size and

Online ISSN: 2008-0883

DOL: 10.22063/JIPST.2019.1624 Color: Anionomer vs. Cationomer

Fatemeh Rafiemanzelat” and Vahdat Adli

Department of Polymer Chemistry, Faculty of Chemistry, University of Isfahan,
Postal Code 8174673441, Isfahan, Iran

Received: 26 February 2018, accepted: 18 January 2019

ABSTRACT

widespread uses in various industries such as coatings, adhesives, and on
the other hand, increasing the environmental concern to reduce VOC during
production or application of products, waterborne PUs have attracted much attention.
Methods: In this study, a group of self-colored-PUs based-on isophorone and
hexamethylene diisocyanate, PEG-400 and an azo-diol were synthetized. Dimethylol
propionic-acid (DMPA) and N-methyl-diethanolamine (NMDA) were used as internal
ionic groups, and then converted to the corresponding anionomer or cationomer using
triethylamine or iodomethane, and finally dispersed in water by addition of water
(PUDs). The effect of the anionizing group type and location (inner block (C) or
outer block (T)), degree of neutralization and solid content of PUDs was studied on
their dispersion viscosity and stability, color and particle size. The thermal properties,
morphology, scratch resistance, and color migration of polymer films were studied.
: These studies were performed by rotational viscometry, DLS, FTIR and NMR
polyurethane anionomer, spectroscopy, XRD, DMTA, TGA and DSC techniques.

polyurethane cationomer, Findings: The results indicate that anionomers are orange to reddish-fire-brick, and
water dispersion, show increased viscosity and reduced particle size by increasing solid content. They
showed decreased viscosity and increased particle size by reducing the degree of
neutralization. Polymers with DMPA-T block, in higher solids content, have higher
synthesis dispersion stability and smaller particle size than polymers with DMPA-C block. The
cationomers are reddish-brown to dark-magenta. Cationomers with NMDA-C block
exhibited smaller particle size and thermal stability than polymers with NMDA-T
block. Generally, anionomers exhibited greater dispersion stability, lower particle size,
and higher water absorption, scratch resistance and thermal stability than cationomers.

T., of PUD-DMPA-T and PUD-DMPA-C were 271°C and 250°C; respectively.

5%

l l ypothesis: Due to the outstanding properties of polyurethanes (PUs) and their

self-colored polymer,
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Table 1. The weight and molar composition of components used for synthesis of polymers and weight precent of each block

formed during each step of reaction.
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Fig. 1. Schematic representation of evaluation of dye thermal

migration.
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Scheme 1. Reaction steps of the synthesis of PU containing NMDA as ionic group in the external block of polymer chain (molar

ratio of each component in each step and total NCO/OH ratio after each step are presented).
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Table 2. "H NMR and FTIR spectra data of the polymers with DMPA or NMDA ionic groups and model compounds'.

Samples Assigned peaks
FTIR peaks (cm™), KBr :3600 (w, br), 3460 (w, br), 3328 (m, br), 3060 (w, br), 2947 (s), 2871 (s),
PUD-DMPA-T 1800 (w, sh), 1710 (s), 1534 (s), 1461 (m),1400 (w), 1360 (m), 1305 (m), 1243 (s), 1111 (s), 1048 (m),
952 (w), 864 (w), 777 (w), 531 (w)
'H NMR peaks (5: ppm), CDCIL,: 0.85-0.99 (CH,,1,1"), 1.1-1.38 (CH,, CH,, 2-2"), 1.45 (CH,, 3),
PUD-DMPA-T? 1.5-1.85 (CH,, 4-4"), 2.6-2.9 (CH,, 5-5'), 2.95-3.28 (CH,,,6 ), 3.4-3.45 (CH,, 7), 3.5-4.1 (CH,, 7-8),
4.15-4.25 (CH,, 9), 4.5 (CH,,10), 6.3-8 (CH Ar, 11-14), 7.8 (CH,15), 8.2-8.7 (NH)
FTIR peaks (cm™), KBr: 3510 (w), 3445 (w, sh), 3327 (m, br), 3055 (w, br), 2945 (s), 2905 (s), 2869
PUD-DMPA-C (), 1710 (s), 1535 (s), 1461 (m), 1409 (w,sh), 1375 (w), 1360 (m), 1304 (m), 1243 (s), 1108 (s), 1046

(m), 951 (w), 861 (w), 840 (W), 776 (), 649 (w), 530 (W)

Model-IHAZO*?

'H NMR peaks (8: ppm), CDCL: 0.7-0.9 (CH,,1), 1.1-1.8 (CH,, 2-5), 1.9-2.1(CH, 6), 2.2-2.8 (CH,,
7),3.15-3.5 (CH,, 7°), 3.5-3.8 (CH, 8), 4.1-4.4 (CH,, 9), 6.2-9 (CH Ar, NH), 8.6 (CH, 15)

HHNMDA3#

'H NMR peaks (5: ppm), CDCL: 1.2-1.85 (CH,, 1-2"), 3.1-3.35 (CH,,3 ), 3.45 (CH,, 4), 3.6-4.15
(CH,, 5-5"), 4.3-4.85 (CH,,6-7 ), 8-8.25 (NH)

IDMAZO?3

H NMR peaks (8: ppm), CDCL: 0.65-0.90 (CH,,1,1%), 1-1.2 (CH,, 2), 1.3 (CH,, 3), 1.38-2.15 (CH,,
CH, 4-4"), 2.65-3 (CH,, 5), 3.15-3.4 (CH,,6 ), 3.45-4.15 (CH, CH,, 7-8), 4.4-4.75 (CH,, 9), 6.2-8.1
(CH Ar, 11-16), 8.65 (CH,17), 8.2 (NH)

PUD-NMDA-T

FTIR peaks (cm™), KBr: 3499 (w), 3321 (m, br), 2946 (s), 2905 (s), 2869 (s), 1800 (w), 1704 (s),
1533 (s), 1460 (m), 1352 (m), 1304 (m), 1244 (s), 1108 (s), 1048 (m), 966(w), 952 (w), 835 (w), 776
(w), 640 (w), 530 (w)

PUD-NMDA-T?

'H NMR peaks (5: ppm), CDCL: 0.85-1.15 (CH,,1,1"), 1.2-2 (CH,, 2-5),2.6-2.8 (CH,, 6), 2.85-3.45
(CH,,CH, 7-8), 3.5-4.3 (CH,, 9-10), 4.55-5.1 (CH,,11-12), 3.8 (CH,, 10), 6.3-8.2 (CH A, 13-16,
NH), 8.85 (CH,15 , NH)

PUD-NMDA-C

FTIR peaks (cm'), KBr: 3497 (w), 3325 (m, br), 3059 (w), 2946 (s), 2908 (s), 2867 (s), 1791 (w, sh),
1708 (s), 1535 (s), 1460 (m), 1392 (w), 1361 (m), 1305 (m), 1241 (s), 1108 (s,br), 1046 (m), 952 (w),
865 (w), 847 (W), 777 (), 636 (W), 530 (W)
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Fig. 3. '"H NMR spectrum of PUD-NMDA-T polymer sample in CDCI, at room temrerature.
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Scheme 2. One step synthesis of IHAZO model compound.
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Fig. 6. FTIR spectra of PUD-NMDA-T and PUD-DMPA-T polymer samples.
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Table 3. DSC and TGA results of the polymer samples with DMPA or NMDA ionic groups.

Sample T,,? T T,,.* Char yield® T T,® AT (°C)
(C) (C) T, (C) (%) (C) (°C)

PUD-DMPA-T 271 300 364 4 -17 105¢ 122
378

PUD-NMDA-T 240 283 339 5 -5 100¢ 105
339

PUD-DMPA-C 250 271 357 3.8 -10 105 115
360

PUD-NMDA-C 259 300 353 4.8 3 160 163
353
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Table 4. DMTA results of the polymer samples with DMPA or NMDA ionic groups.

Sample M, ? (MPa) M, * (MPa) Tand* (°C) | Tand,’ (°C) | ATand® (°C) | Platue’ (°C)
PUD-DMPA-T 1000 5.5 -22 26 48 34
PUD-NMDA-T 980 5 -15 20 35 28
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Fig. 10. Storage modulus and Tand vs. temperature curves of
PUD-DMPA-T and PUD-NMDA-T polymer samples (solid

content 15%, and ionic group content 3%).
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15% and ionic group content 3%).
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Table 5. The effect of different reaction parameters and structures on the dispersion properties of WPUD.

Reaction parameter

0 0, 0, -
(degree of neutralization)® 100% 0% 80%
Solid contant was 15% and ionic DMPA-T, DMPA-T, DMPA-T, -
group contant was 3%
Mole ratio TEA/DMPA 1 0.9 0.8 -
Dispersion viscosity! (cP) 6041 5.14+0.114 428 +£0.228 -
Resulting color of disprsion Reddish-fire brick Reddish-fire brick Reddish-fire brick -
(transparent) (transparent) (cloudy)
Dispersion stability? Stable Stable Stable -
ionic group content* (%wt) 2 3 - -
Sample DMPA-T 2% DMPA-T3% - -
Dispersion viscosity' (cP) 443 +0.35 6+0.41 - -
Resulting color of disprsion Reddish-fire brick Reddish-fire brick
(cloudy) (transparent) - -
Dispersion stability? Stable Stable - -
Dispersion particle size (nm) 250 150
. 25%
5 0 _ [\ _ 0 _
Solid content 15% DMPA-T 25% DMPA-T 15% DMPA-C DMPA-C
Dispersion viscosity' (cP) 6+0.41 26.6 £ 0.476 8.57+0.057 245+ 0.816
Dispersion particle size (nm) 150 87.69 376 178
Resulting color of disprsion Reddish-fire brick | Dark reddish-fire brick Dark orange Dark orange
Dispersion stability? Stable Stable Stable Medium
stability
Solid content’ 15% NMDA-T 25% NMDA-T 15% NMDA-C 25%
NMDA-C
Dispersion viscosity' (cP) 2.5+ 0.408 6.8 £0.653 3.43+0.351 8.57 £0.465
Dispersion particle size (nm) 9460 1230 400 296
Resulting color of disprsion Brown Reddish brown Dark magenta Reddish
brown
Dispersion stability? Low stability Low stability Medium stability Medium
stability
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