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SYNOPSIS

We have successfully prepared Congo Red-based polyurethane ionomers at our lab, and
these ionomer structures have been proven by infrared (IR) spectra. For a dye-based poly-
urethane ionomer molecule solution, the surface tension was found to decrease, but the
number-average particle size was found to increase with increasing concentration of Congo
Red employed to prepare this ionomer molecule. Interestingly, the number-average particle
size of dye-based polyurethane ionomer molecules decreases with increasing concentration
of Congo Red in the presence of other dyes (i.e., Remajol Brilliant Blue R and Amaranth),
as a result of Congo Red intramolecular interaction. It is important to point out that the
addition of a fixed concentration of Amaranth to prepare Congo Red-based polyurethane
ionomer molecules will significantly enhance the tensile strength but will decrease the
elongation of this ionomer molecule. © 1995 John Wiley & Sons, Inc.

INTRODUCTION

In recent years, since environmental protection be-
came increasingly important, the resin industry
gradually transferred from oil-based to water-based
resins.!”” The development of water-based colored
resins is one of the major targets for the chemical
industry.

In general, reactive dyes can react with toluene
diisocyanate in the presence of other additives to
form water-based colored resins used for textile,
leather, and other industries, and this will greatly
reduce environmental pollution. In addition, in-
creasing the coloration and adhesion of water-based
color resins on leather or textile is useful in upgrad-
ing the technology of resins, for dyestuff, pigment,
and other industries. Almost no literature concern-
ing the synthesis and physical properties of water-
based color resins has been published so far. There-
fore, we attempted to explore this unique way to
prepare water-based color resins and to further study
their physical properties.
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EXPERIMENTAL

Material

N,N-Dimethylacetamide (analyzed reagent) and
dimethylolpropionic acid were purchased from J.T.
Baker Chemicals (USA) and Alcolaco Industrial
Chemicals (USA), respectively. Toluene diisocya-
nate, triethylamine, diethylenetriamine, and acetone
were obtained from Merck Co. Congo Red,

NH= NHz

SOaNa SOaNa

and Amaranth,

S0OaNa
: igao:as SOaNa
HO l
N=———==N

were supplied by Janssen Chemical (USA). Poly-
ester (made by the reaction of adipic acid with 1,6-
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hexanediol and diethylene glycol) with a molecular
weight of 2000 (OH number ~ 56) and Remajol
Brilliant Blue R,

3 NHz
SOaNa

0 NH—O SO2CH2CH=0S03H

were received from Tai Chin Chemical Industry Co.
(Taiwan) and Sigma Chemical Co. (USA), respec-
tively. All these chemicals were used without further
purification.

Blue R,

Method

Congo Red polyurethane (PU) ionomers were
made in two steps: First, 6.2 g dimethylolpropionic
acid was added to a 1000 mL four-necked Pyrex
glass flask equipped with a stirrer, thermometer,

CHa CHs
OCN NGO - |
{ 4 ECOH + HO-CH-C-CHe-08 +
’ CO0H
}

BOE 0 CHa
L] CHs

and condenser containing 17 g N,N-dimethyl-
acetamide and 23 g polyester under agitation with
a speed of 400 rpm. Subsequently, 15 g of toluene
diisocyanate (TDI) and respective amounts of
Congo Red, Amaranth, and Remajol Brilliant Blue
R (0.2, 0.5, 0.8, and 1.2 g) were added slowly and
then reacted in the presence of 0.2% (by weight)
dibutyltin dilaurate at 80-85°C for about 3 h in
the above flask. Second, triethylamine (4.6 g) was
added (the equivalent amount of triethylamine
based on dimethylolpropionic acid used in pre-
paring quaternized isocyanate-containing prepo-
lymer) and reacted with PU prepolymer dissolved
in 56 g acetone as an organic solvent at 600 rpm
for about 30 min to form quaternized isocyanate-
containing prepolymers. These quaternized iso-
cyanate-containing prepolymers reacted further
with approximately 300 g water in the presence of
a small amount of diethylenetriamine to form
Congo Red PU ionomers and their possible struc-
ture is given as follows:
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Cougo Red based polyurethane ionowers

To convert Congo Red-based charged PU ionomer
liquids into the aqueous phase, acetone, the organic
solvent, was removed by blowing it out in vacuo.
The surface tension and average particle size of these
Congo Red-based PU ionomer aqueous solutions
with 30% solids were examined at room temperature
using a FACE surface tensiometer, CBVP-A3 type
(Kyowa Interface Science Co., Japan), and a dy-
namic light scattering spectrophotometer DLS-700
(Otsuka Electronics Co., Japan), respectively. A
congo Red-based PU ionomer aqueous solution with
10% solids was poured into a polypropylene dish to
1 mm thickness dried in oven at 60°C and was used
for tensile and elongation testing by an Instron 1130
(USA) at room temperature. The experimental error
for the above measurements was estimated to be
within +0.5.

1OO.OOJ'
80.00

60.00+

RESULTS AND DISCUSSION

The IR spectra for TDI and Congo Red (or Remajol
Brilliant Blue R or Amaranth) are given in Figures
1 and 2, respectively. The reaction of toluene diiso-
cyanate (TDI) with Congo Red (or Remajol Bril-
liant Blue R or Amaranth) to form Congo Red PU
prepolymer is illustrated by the formation of the
absorbance peaks at around 1540 cm™! (NHCO),
3300 cm ! (NH), 1720 cm ™! (C=0), and 1400 cm!
(S=0) and by the almost total disappearance of
the absorbance peak at around 2275 cm™! (NCO),
given in Figure 3 in comparison to that of Figures
1 and 2. These results suggest that the reaction of
TDI with Congo Red, dimethylolpropionic acid, and
polyester to form Congo Red PU prepolymer does,
indeed, take place.
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Figure 1 Spectra of toluene diisocyanate at 25 + 0.05°C.
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Figure 2 Spectra of Congo Red at 25 + 0.05°C.

The surface tension at room temperature as a
function of the concentration of Congo Red, in the
presence and absence of a fixed concentration of
Remajol Brilliant Blue R or Amaranth used to pre-
pare Congo Red-based PU ionomer, is given in Fig-
ure 4. Figure 4 clearly indicates that the surface ten-
sions of Congo Red-based PU ionomer solution rap-
idly decrease with increasing concentration of Congo
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Red as a result of the hydrophobicity of Congo Red-
based PU ionomer adsorbed at the air-water inter-
face. More interestingly, it appears that, in the pres-
ence of a fixed concentration of Remajol Brilliant
Blue R or Amaranth, the surface tension of Congo
Red-based PU ionomer solution decreases gradually
with an increase of Congo Red’s concentration and
is seen to be slightly smaller than that of Congo

NHCO
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Figure 3 Spectra of Congo Red-based PU prepolymer formed after 30 min reaction, at

25 + 0.05°C.
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Figure 4 Plot of the surface tension vs. the concentra-
tion of Congo Red in the presence and absence of a fixed
concentration of Remajol Brilliant Blue R and Amaranth,
respectively, used to prepare Congo Red-based PU io-
nomer, at 25 + 0.05°C.

Red-based PU ionomer prepared in the absence of
Remajol Brilliant Blue R or Amaranth. This is the
result of the higher hydrophobicity of Congo Red
mixed Blue R or Congo Red mixed Amaranth-based
PU ionomers. These results suggest that since Congo
Red-based PU ionomer can substantially lower the
air-water interfacial tension it may be considered
as a surface-active agent.

The plot of the number-average particle sizes vs.
the concentration of dye (i.e., Congo Red or Remajol
Brilliant Blue R or Amaranth) alone and the con-
centration of Congo Red in the presence of a fixed
concentration (2.2 X 1072 mol/L) of, respectively,
Remajol Brilliant Blue R and Amaranth, are given
in Figures 5 and 6. Figure 5 clearly indicates that
the number-average particle size, increasing with
increasing concentration of dye, is the result of in-
creased interaction between dye molecules them-
selves and between dye molecules and carboxyl an-
ions or water molecules (i.e., hydrogen-bond for-
mation). This increased repulsive interaction,
resulting from anionic dye molecules and/or car-
boxyl anions of dye-based PU ionomer molecules,
may make the conformation of these PU ionomer
molecule become a less compact structure. This is
the reason why the number-average particle sizes of
these PU ionomer molecules increase with increas-
ing concentration of dye used to prepare dye-based
PU ionomer molecules.
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Figure 5 Plot of the number-average particle size vs.
the concentration of Congo Red, Remajol Brilliant Blue
R, and Amaranth, respectively, used to prepare dye-based
PU ionomer, at 25 + 0.05°C.

More interestingly, the number-average particle
sizes of these ionomer molecules are seen to decrease
with increasing concentration of Congo Red in the
presence of a fixed concentration of Remajol Bril-
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Figure 6 Plot of the number-average particle size vs.
the concentration of Congo Red in the presence and ab-
sence of a fixed concentration of Remajol Brilliant Blue
R and Amaranth, respectively, used to prepare Congo Red-
based PU ionomer, at 25 + 0.05°C.
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liant Blue R (2.13 X 1072 mol/L = 13.3 g) and
Amaranth (2.2 X 1072 mol/L = 13.3 g), respectively,
as shown in Figure 6. This may be due to the intra-
molecular interaction being significantly greater
than is the intermolecular interaction. The intra-
molecular interaction, arising from the formation of
hydrogen bonding between functional groups (i.e.,
—NHCO—, —OH, —NH—, —S0;—, etc.) of
dye-based PU ionomer molecules, is likely to force
these ionomer molecules to form a compact confor-
mation with relatively smaller free volume than that
of the ionomer molecules given in Figure 5. Thus,
the number-average particle size of the Congo Red-
based PU ionomer molecule with a fixed concentra-
tion of Remajol Brilliant Blue R or Amaranth de-
creases. It is also interesting to point out that at a
high concentration of Congo Red used to prepare
this ionomer molecule, the average particle size is
seen to be smaller for the Congo Red-based PU io-
nomer molecule with Remajol Brilliant Blue R than
for the Congo Red-based PU ionomer with Ama-
ranth, as a result of strong intramolecular interac-
tion.

Both tensile and elongation properties of self-
cured films of Congo Red-based PU ionomers are
shown in Figures 7 and 8. Figure 7 clearly illustrates
that the tensile strength of dry film at break appears
to increase steadily with increasing concentration
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Figure 7 Plot of the breaking strength of dry film vs.
the concentration of Congo Red in the presence and ab-
sence of a fixed concentration of Remajol Brilliant Blue
R and Amaranth, respectively, used to prepare Congo Red-
based PU ionomer, at 25 + 0.05°C.
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Figure 8 Plot of the elongation of dry film at the break-
ing point vs. the concentration of Congo Red in the pres-
ence and absence of a fixed concentration of Remajol
Brilliant Blue R and Amaranth, respectively, used to pre-
pare Congo Red-based PU ionomer, at 25 + 0.05°C.

of Congo Red in the absence and presence of fixed
concentrations of Remajol Brilliant Blue R or
Amaranth used to make Congo Red-based PU io-
nomers. This is the result of increased functional
groups (i.e., —OH, —NH—, —SO;—, —0—)
of the backbone of PU ionomer molecules. These
functional groups enable the Congo Red-based PU
ionomer molecules to crosslink readily and possibly
to form more hydrogen bonding, thus resulting in
increasing the tensile strength of these ionomer
molecules. Figure 7 also indicates that the tensile
strength for dye-based PU ionomer molecules fol-
lows the order

Congo Red with 2.2 X 10" 2 M Amaranth >

Congo Red with 2.13 X 1072 M Remajol Brilliant
Blue R >

Congo Red alone.

This behavior may be attributed to more crosslink-
ing for strong tensile strength than for weak tensile
strength, resulting from more functional groups built
up on the backbone of PU ionomer molecules.

On the other hand, the elongation of dry film of
dye-based PU ionomer molecules at the breaking
point was found to maintain the following order:
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Congo Red >

Congo Red with 2.13 X 1072 M Remajol Brilliant
Blue R >

Congo Red with 2.2 X 1072 M Amaranth.

The above result, shown in Figure 8, is exactly op-
posite to the result given in Figure 7. For PU ionomer
molecules, the crosslinking was found to be weaker
for the ionomer molecule with Congo Red alone than
for the ionomer molecule with Congo Red containing
the other dye, thus causing the elongation of the PU
ionomer molecule with Congo Red alone to be
higher.

CONCLUSION

The reaction of Congo Red with toluene diisocyanate
and other additives to form the Congo Red-based
PU ionomer has been proven to occur by infrared
(IR) spectra. For PU ionomer molecule solutions,
the surface tension was found to decrease with in-
creasing concentration of Congo Red, in the absence
and presence of Remajol Brilliant Blue R or Ama-
ranth, but the number-average particle size was
found to increase with increasing Congo Red, Re-
majol Brilliant Blue R, and Amaranth’s concentra-
tion employed to prepare the PU ionomer, respec-
tively. More interestingly, the number-average par-
ticle size of PU ionomer molecules is seen to decrease
with increasing concentration of Congo Red in the
presence of fixed concentrations of Remajol Brilliant

Blue R or Amaranth, as a result of intramolecular
interaction resulting from the functional groups of
the ionomer molecule. Our experimental results also
indicate that the addition of a fixed concentration
of Amaranth, to prepare Congo Red-based PU io-
nomer molecules, will substantially increase the
tensile strength but relatively decrease the elonga-
tion of this ionomer. However, the acetone process
is considered to be a good technique to prepare dye-
based PU ionomer.
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