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Abstract: The traditional reactive dyeing of cotton has the disadvantage of poor fastness. In order to improve the fastness,
a novel environment-friendly cationic waterborne polyurethane (CWPU) was successfully synthesized via step-by-step
polymerization. The CWPU was prepared from isophorone diisocyanate (IPDI), polypropylene glycol (PPG-1000),
methyl ethyl ketone oxime and hydrophilic monomer (EGDEA). The chemical structure of CWPU was characterized by
Fourier transform infrared spectroscopy. Effects of n (IPDI/PPG-1000), EGDEA dosage, and the neutralizational degree
on the properties of the waterborne polyurethane emulsion and the fastness of the treated dyed cotton fabrics were inves-
tigated. Particle size and zeta potential were tested to evaluate the emulsion stability. Scanning electron microscope
showed that CWPU had been successfully finished on the fabric. Compared with the untreated cotton fabric, the dry and
wet rubbing fastness of the treated cotton fabric dyed with reactive dyes increase 0~0.5 and 0.5~1 level, respectively, and

the wash fastness increases 0.5~1 level.

Keywords: polyurethane, cation, fixing agent, reactive dyes, cotton fabric.

Introduction

Reactive dyes are most preferred dyes for dyeing of cel-
lulosic fibres as they can occur chemically bonded to the fibres
which are being dyed,'” present bright and brilliant colour in
various shade ranges and also inexpensive to apply.”® Under
alkaline conditions, reactive dyes react with hydroxyl groups
of cellulose, mostly by nucleophilic substitution or addition, to
form the covalent bonds.*® However, the following problems
exist with reactive dyed cotton fabrics: 1) Some reactive
groups are hydrolyzed and inactivated during the dyeing pro-
cess, resulting in a low dyeing rate.”'° 2) The chemical stability
of the covalent bond formed between the dye and cellulose is
poor."! Under humid and hot conditions, it is easy to break the
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bond and fade, and the fixation rate is low. According to sta-
tistics, about half of the dye is lost with the drainage. The dis-
tribution of dye on the fibers is shown in Figure 1. As a result,
there are a large number of unfixed dyes on the dyed fabric and
the dyeing fastness is unqualified. So, it must be treated with
a fixing agent.

Notable improvements in the fastness properties of anionic
dyes can be brought about by pretreatment or after treatment of
textile fibers.'>'* The use of pretreatments or after treatments
to improve the fastness properties of dyeing has a long and
prolific history. The traditional fixing agent Y has the problem
of formaldehyde release and has been banned.”” Polyamine-
based fixing agents have good color fixing effects, but this type
of fixing agents contains more free amines in addition to qua-
ternary ammonium salt groups, which can cause discoloration
on fabrics.'® Polycationic fixing agents have excellent color
fixing effects, but the raw material diallylamine is difficult to
purchase due to environmental regulations.'” As a fixing agent,
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Figure 1. The distribution of dye on the fibers.

water-based polyurethane has the advantages of good film-
forming property and less harm to people and the environment,
and has become one of the research hotspots.'®** However,
most researchers use N-methyldiethanolamine, triethanol-
amine, etc. as hydrophilic monomers.?'* Such tertiary amine-
based diols are primary alcohols. They react violently during
the prepolymerization stage, tend to gelled, and require more
solvent, resulting in an increase in the VOC content of the
emulsion.”** At the same time, the hydrophilic group is on the
main chain of the polyurethane molecule. It not only has low
degree of freedom, but also can easily wrap hydrophilic groups
in the particles of polyurethane dispersions, which cannot well
combine with anionic static electricity on dyes to form insol-
uble lakes.””’

In this study, tertiary amino cationic hydrophilic monomer
containing a secondary alcohol was synthesized with ethylene
glycol diglycidyl ether and diethylamine. Hydrophilic mono-
mers were introduced into the polyurethane as side chain to
form a cationic aqueous polyurethane fixing agent. The syn-
thesis of cationic polyurethane fixing agent was optimized by
taking polyurethane emulsion performance and fixing per-
formance as indicators. Then, the fixing agent synthesized by
the optimized process was compared with the traditional com-
mercial fixing agent.

Experimental

Materials. The fabric used in this study was a 100% scoured
and bleached cotton fabric (plain weave, weighing 140 g/m?).
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The cotton fabric was kindly supplied by Shaoxing Weifeng
Textile Co., Ltd. (Zhejiang, China). Isophorone diisocyanate
(IPDI), dibutyltin dilaurate (DBTDL) were obtained from Sin-
opharm Chemical Reagent Suzhou Co., Ltd. (China). Poly-
propylene glycol (PPG-1000), methyl ethyl ketone oxime
(MEKO), acetone, di-n-butylamine, hydrochloric acid, acetic
acid were supplied Jiangsu Yonghua Fine Chemical Co., Ltd.
(China). Ethylene glycol diglycidyl ether (EGDE) and diethyl-
amine (DEA) were purchased from Saen Chemical Technol-
ogy Co., Ltd. (Shanghai) and Jiuding Chemical Technology
Co., Ltd. (Shanghai), respectively. Anhydrous sodium car-
bonate and anhydrous sodium sulphate were obtained Yixing
Chemical Reagent Factory Co., Ltd. (China). Fixing agent Y
and fixing agent CS-10 were purchased Transfar Group Co.,
Ltd. (China). Three typical reactive dyes (reactive red 3BS,
reactive golden yellow BES, reactive blue SPD; as shown in
Figure 2) were purchased from Zhejiang Runtu Co., Ltd.
(China). Deionized water was used throughout all the exper-
iments.

Synthesis. Synthesis of Cationic Chain Extender: A cer-
tain amount of EGDE was added to a 250 mL four-necked
flask equipped with a stirrer, a thermometer and a condensing
reflux device, and the temperature was raised to 60 °C. The
measured DEA was added dropwise with a constant pressure
dropping funnel, and the reaction was kept for 4 h at 60 °C.
Under the condition of 60 °C and -0.09 MPa, the unreacted
DEA in the system was removed by a vacuum pump to obtain
cationic chain extender (EGDEA). The synthesis equation of
EGDEA was shown in Scheme 1.
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Figure 2. The chemical structure of reactive red 3BS, reactive golden yellow BES, and reactive blue SPD.

<O7\ /O\/\O/\ fo} + NH(CH,CHs)y —»

EGDE DEA

Scheme 1. Synthetic route to the cationic chain extender (EGDEA).

OCN—R;—NCO + HO-R,-OH

¢ DBTDL
q f
OCN—R;~NHC-0—R,~0—CNH-R;~NCO
l EGDEA
OCN—Ry—X~CHCH;0CH;CH;0CH,CH—X—R—NCO
CH, CH,
N(CH,CH;), N(CH,CHs),
MEKO
CH; \ ?Hz
H5CH,CC=NOOCHN—X—~ CHCH,0CH;CH0CH,CH—X—R—NHCOON=CCH,CH;
CH, GH2
N(CH,CH3), N(CH,CH3),
CH,COOH
CH;3 CH;

H3CHZCC=NOOCHN—X—CHCHZOCH2CH20CH2CIH——X—R1—NHCOON_—CCHZCH3
CH, CH,

NH(CH,CH- NH(CH,CH
®( 2CH3), @(C >CH3),

chz; CHy

Notes: R;= HC ;
s
* ‘OCHCH; *
R, ocHeny:

it i i
X="NHC-O—R;~O—CNH—R;—NHC—0—

Scheme 2. Synthetic route to the cationic waterborne polyurethane
fixing agent (CWPU).

Synthesis of Cationic Waterborne Polyurethane Fixing
Agent: First, a certain amount of PPG-1000 (vacuum

dehydrated), DBTDL as catalyst and acetone as solvent were

CHLCH
H3CH2C

_)V\/\A('

EGDEA

CH,CH,
H3CH2C

charged into a 250 mL round-bottom and four-necked flask
equipped with a mechanical stirrer, a condenser, a nitrogen
and a dropping funnel. Second, the
stoichiometric amount of IPDI was slowly dropped into the

inlet and outlet,

flask and the temperature was raised to 70 °C under nitrogen
protection, the reaction was kept for 2 h. When the -NCO
reached the theoretical value, the temperature was reduced to
45 °C, certain amount of EGDEA was added dropwise, and the
reaction was kept for about 1.5 h. After that, the calculated
MEKO was added into the four-neck flask over a period of
0.5 h. Acetic acid was used to neutralize the reaction in the
after 0.5 h. Finally, the reaction was emulsified with deionized
water under vigorous stirring and the CWPU emulsion was
achieved after acetone was distilled under reduced pressure.
The synthesis equation of CWPU was shown in Scheme 2.

Dyeing of Cotton Fabrics. After the cotton fabric samples
had been wetted in cold deionized water. Fabrics were dyed
with reactive red 3BS, reactive golden yellow BES, reactive
blue SPD in a laboratory dyeing machine at a liquor ratio of
30:1, respectively. The dyeing process formula was shown in
Table 1. The process curve was shown in Figure 3.

Dipping Cotton Fabrics in CWPU. Dyed cotton fabric
samples were dipped in finishing solution which contained fix-
ing agents (2% o.w.f), at a liquor ratio of 1: 30 for 60 s. Wet
pickup was kept about 75% after two-dips, two-nips. The fab-
ric was dried in a heat-setting stenter at 60 °C for 150 s, and
then cured at 120 °C for 180 s.

Polym. Korea, Vol. 45, No. 1, 2021



4 Z. Xu and X. Zhou

Table 1. The Dyeing Process Formula

Materials Parameters
Reaction dye (o0.w.f) 5%
Na,SO, 30 g/L
Na,CO; 15 g/L
Liquor ratio 30:1
Neco, | | Nacos

Reactive + i
Run Time Run Time

Levelling 12 2 | 1
Agent Na;SO4 Na,SO; 10 mins 10 mins
Bath
Drop

y
o
IE Run Run

Time Time
10 mins 10 mins

Figure 3. The dyeing curve.

Characterization. The FTIR spectra were used to detect the
chemical structures of EGDE, EGDEA and CWPU. Mea-
surements were recorded on a Nicolet 5700 FTIR spectrometer
with KBr pellet method. The ATR-FTIR spectra of bleached
cotton fabrics, dyed fabrics and fixed-color fabrics samples
were performed between 4000 and 500 cm™ on a Nicolet 8700
FTIR spectrometer. The resolution for all the infrared spectra
was 4 cm” and there were 32 scans for each spectrum.

Scanning electron microscope (SEM) images of the samples
that had treated before and after were obtained by TM3030
table scanning electron microscope.

The sample was added in the centrifuge tube and the test
condition was 3000 r/min. Centrifuge for 15 min to observe
whether the CWPU is stratification or oil drift.

Particle size, particle size distribution and zeta potential of
CWPU emulsions were measured by a Malvern Zetasizer
Nano ZS90. The samples were prepared by diluting the emul-
sions with deionized water to adjust the solid content to
0.01 wt%.

The water resistance of the film can be expressed by mea-
suring the water absorption.®® The CWPU was formed into a
film with a diameter of 50 mm and a thickness of about
0.2 mm on a glass surface with a known weight by rolling. The
sample was air-dried at room temperature, baked for 2 h at
60 °C in an oven, and then dried for 1 h at 100 °C, until the
weight had no change more. The obtained weight minus the
weight of the glass piece is W,. The film-carrying glass piece
was immersed in distilled water for 24 h, and the surface mois-
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ture was taken out by using a filter paper to absorb the mois-
ture. The obtained weight minus the glass piece weight is W,.
The water absorption rate was measured by eq. (1)

. W=,
Water absorption rate =

x 100% )
1

Color fastness to rubbing of cotton fabrics were measured
according to GB-T 3920-2008 ‘Textiles-Tests for colour fast-
ness-Colour fastness to rubbing’. The test was used to measure
the color fastness of dry and wet rubbing before and after fix-
ing. Then, according to GB-T 215-2008, the gray sample card
for staining was used to evaluate the dyeing fastness of the fab-
ric.

Color fastness to soaping: refer to GB-T 3921-2008 “Textile
color fastness test for soaping color fastness” to test the dis-
coloration and color fastness of dyed fabric before and after
fixing. Gray sample cards for color and GB-T 250-1995 were
used to evaluate the gray sample cards for fading, and the dye-
ing fastness of the fabric was visually rated.

The reflectance values of the dyed samples were measured
using Datacolor 650 Spectraflash (USA) attached to a personal
computer under illuminant D65 using a 10° standard observer.

Results and Discussion

The Optimization of Synthesis Process for CWPU. The
performance of CWPU emulsions was studied with different n
(IPDI/PPG-1000) (molar ratio), EGDEA dosage (the percent-
age of the total mass of the monomers) and neutralizational
degree (the neutralizational degree refers to the ratio of the
amount of acid added to the amount of acid required to com-
pletely neutralize the amino group on the polymer when -NR,
on the polymer chain is neutralized with an acid). The com-
positions of CWPU prepared in this paper with different
n (IPDI/PPG-1000), EGDEA dosage and neutralizational degree
are shown in Table 2.

Molar Ratio of IPDI to PPG-1000: In the system of syn-
thesizing CWPU, the amount of EGDEA was set to 6%, and
the neutralizational degree was 100%. The effect of n (IPDI/
PPG-1000) is as shown in the following Table 3 and Figure 4.

It can be seen from Table 3 and Figure 4 that under the same
condition of others, the stability of the emulsion improves with
the increases in the n (IPDI/PPG-1000). This is the molecular
weight of the obtained polyurethane prepolymer is smaller by
increasing the n (IPDI/PPG-1000), so it is easier to obtain a
stable emulsion with a smaller particle size. However, when
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Table 2. The Composition of CWPU and CWPU Emulsion Concentration

Samples R (-NCO/-OH) n (IPDIPPG-1000) W (E(%EA) Ne”“aliza(tj/‘:;’al degree C(;XEHUUZE‘OTE%
1 128 16 6 100 30
2 143 1.8 6 100 30
3 1.58 2.0 6 100 30
4 173 22 6 100 30
5 1.87 24 6 100 30
6 178 22 5 100 30
7 1.67 22 7 100 30
8 1.60 22 8 100 30
9 1.55 22 9 100 30
10 1.67 22 7 80 30
1 1.67 22 7 90 30
12 1.67 22 7 110 30
13 1.67 22 7 120 30

Table 3. The Effect of the n (IPDI/PPG-1000) on the Main Performance of CWPU

n (IPDI/PPG-1000) Emulsion appearance

Emulsion stability Film feeling

1.6 Transparent with blue light
1.8 Semitransparent with blue light
2.0 Semitransparent with blue light
2.2 Milky with blue light

24 Milky

Relatively stable Tacky

Stable Smooth and tacky
Stable Smooth and handling soft
Stable Smooth and handling hard

Relatively stable Smooth and handling hard

HDry mWet WALT mSC mSV

T T
Fastness to rubbing Washing fastness

4
B 3
=
<
=
&)

2

1

1.8 2 2.2 2.4

n(IPDI/PPG-1000)

Figure 4. Fastness properties of the different n (IPDI/PPG-1000).
Alt: color change of dyed sample; SC: staining on cotton; SV: stain-
ing on viscose, wash-scale (1-5).

the ratio is large enough, more polyurea is generated by the
reaction of monomer with water in the emulsification stage.
Due to the strong hydrophobicity of urea, the dispersion of
waterborne polyurethane is poor, and the stability of the emul-
sion will decrease slightly. At the same time, with the increase

of n (IPDI/PPG-1000), the performance of the adhesive film
becomes better, and the rubbing fastness and soaping fastness
are generally on the rise. Evidently, this result was attributed
to the rigid segment ratio increases and the film-forming per-
formance becomes better when the n (IPDI/PPG-1000)
increases.”” However, when the ratio of rigid segment is large
enough, the hardness of the film will be enhanced. Considering
the stability, film-forming property and fastness grade of the
emulsion comprehensively, it is more appropriate to choose
n (IPDI/PPG-1000) at 2.2.

EGDEA Dosage: In the system of the synthesis of CWPU,
the n (IPDI/PPG-1000) was set to 2.2, and the neutralizational
degree was 100 %. The properties of CWPU emulsion and the
fastness of treated cotton fabrics under different EGDEA dos-
age were shown in Table 4 and Figure 5.

The experimental data are shown in Table 4 and Figure 5. It
was observed that under the same condition of others, as the
EGDEA content increases, the appearance of the emulsion
changes from milky white to transparent. This indicated that

Polym. Korea, Vol. 45, No. 1, 2021
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Table 4. Effect of EGDEA Dosage on Main Performance of CWPU

EGDEA dosage (%) Emulsion appearance

Emulsion stability Water absorption (%)

5 Milky

6 Milky

7 Semitransparent with blue light
8 Semitransparent with blue light
9 Semitransparent

Layer -
Stable 6.7
Stable 8.1
Stable 12.7
Stable 14.9

EDry mWet mALT =SC mSV

T T
Fastness to rubbing  Washing fastness

4
o 3
3
3
2
1
6 7 8 9

EGDEA dosage (%)

Figure 5. Fastness properties of the different EGDEA dosage (%).
Alt: color change of dyed sample; SC: staining on cotton; SV: stain-
ing on viscose, wash-scale (1-5).

the particle size of the emulsion is gradually diminished and
the stability of the emulsion is also improved. In the meantime,
as the content of EGDEA increases, the water resistance of the
adhesive film decreases. It may be explained by the fact that
the hydrophilicity of CWPU is enhanced, the polymer molec-
ular chains are not easily entangled with each other and the
crosslink density between the molecules is reduced. This pro-
cess ultimately resulted in that water molecules enter the adhe-
sive film more easily, thus the water resistance of the film is
reduced.”” But, the fastness level of the color fixing effect
increased initially, then decreased as EGDEA concentration
increased, meaning that the appropriate cationic group can

react with the dye anionic group to improve the adhesion fast-
ness of the reactive dye on the fabric. After that, the auxiliary
molecules which has been absorbed will have a large repulsive
force on the continuously diffused auxiliary molecules, and
affect the color fixing effect. Based on the above analysis, con-
sidering emulsion stability, film-forming property, and fastness
level comprehensively, it is more appropriate to choose
EGDEA dosage at 7%.

Neutralizational Degree: In the system of the synthesis of
CWPU, the n (IPDI/PPG-1000) was set to 2.2, the EGDEA
dosage was 7%. The influence of neutralizational degree on
CWPU emulsion properties and fastness of treated cotton fab-
rics was investigated, as shown in Table 5 and Figure 6.

The experimental data are shown in Table 5. As the neu-
tralizational degree increased from 80% to 120%, emulsion
appearance changed from milky white to transparent pan-blue
light. It can be explained by the fact that with the increases of
the concentration of the quaternary ammonium cation group,
the ion density on the surface of the latex particles gradually
increases, and the hydrophilicity of the polyurethane pre-
polymer gradually increases, which improves the emulsifi-
cation effect of the polymer prepolymer with water. The result
is that the dispersion of the emulsion becomes more uniform
and more stable and the appearance of the emulsion gradually
transparent. When the neutralizational degree is low, there are
fewer active centers on the polymer molecular chain, so the
hydrophilicity of polyurethane prepolymer cannot be fully
expressed. And when polyurethane prepolymer is dispersed in

Table S. Effect of Neutralizational Degree on Main CWPU Performance

Neutralizational degree (%) Emulsion appearance Emulsion stability pH Water absorption
80 Milky Layer -- --
90 Milky After th}r)c:;:crirll)(;ttla‘f[l;s,f ;?;ef(ljocculem 7 1.7
100 Semitransparent with blue light Stable 6-7 8.1
110 Transparent with blue light Stable 6-7 12.4
120 Transparent with blue light Stable 5-6 12.6

Zay, Al4548 A15, 20213
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lDly mWet mALT mSC mSV

- =
Fastness to rubbmg Washing fastness

3
2
1
— —

Neutralizational degree (%)

Grade

Figure 6. Fastness properties of the different neutralizational degree
(%). Alt: color change of dyed sample; SC: staining on cotton; SV:
staining on viscose, wash-scale (1-5).

water to form larger latex particles, the denseness of the
formed rubber film is poor, so the water resistance is poor.
With the increases of the neutralizational degree, the con-
centration of the quaternary ammonium cation center on the
polymer chain becomes larger, and the hydrophilicity of poly-
urethane prepolymer also enhances.’®*! The polyurethane pre-
polymer is easier to disperse in water, and the emulsion
particle size is smaller. So that the adhesive film is formed with
enhanced water resistance. When the neutralizational degree is
larger than 100%, the content of hydrophilic group in the
molecular chain will no longer change, the particle size of the
emulsion will no longer change, and the excess glacial acetic
acid will become an impurity in the reaction system. The water
resistance will decrease as the neutralizational degree increases.
As depicted in Figure 6, the point with the best fastness was
known when the neutralizational degree is 100%. This is
attributed to the large particle size of polyurethane emulsion
when neutralizational degree is less than 100%. This leads to
poor film formation of polyurethane on the fiber. When the
neutralizational degree exceeds 100%, the fixing agent solu-
tion has a lower pH than the neutralizational degree of 100%,
and the number of dye molecules forming covalent bonding
with the fiber is reduced. Taken together, the neutralizational
degree is 100%.

In a subsequent discussion, CWPU used in the test and char-
acterization was prepared by the optimized process (n (IPDI/
PPG-1000) was 2.2, EGDEA dosage was 7%, neutralizational
degree was 100%).

Characterization of CWPU. FTIR Spectroscopy Analysis:
The chemical structures of EGDE, EGDEA and CWPU were

N\ /VMM

1714 1107

2969 2936
I . T . T * T o T & T 4 T L 1
4000 3500 3000 2500 2000 1 1500 1000 500
Wavenumber (cm™ )

&)

d: fixed cotton fabrics

e: dyed cotton fabrics

| f: bleached cotton fabrics

T T T T T T T 1
4000 3500 3000 2500 2000 1500 1000 500
Wavenumber(cm'l)
B)

Figure 7. (A) FTIR spectra of EGDE(a), EGDEA(b), and CWPU(c);
(B) FTIR spectra of bleached cotton fabrics, dyed cotton fabrics and
fixed cotton fabrics.

confirmed by FTIR as Figure 7(A) shows. As shown in Figure
7(a), EGDE exhibited the characteristic absorption peaks at
1254, 855 and 759 cm™ which were assigned to epoxy groups.
In Figure 7(b), the stretching vibrational peaks at 2968, 2935
and 2868 cm™ corresponded to the -CH; and -CH, groups;
Symmetric and asymmetric bending vibration absorption
peaks of methyl groups at 1459 and 1385 cm™, respectively.
Compared with Figure 7(a), the characteristic absorption peaks
of epoxy groups at 1254, 855, and 759 cm™ disappear or were
weakened. In addition, the -OH frequency-doubled stretching
vibration absorption peak at 3444 cm™ was strengthened. Indi-

Polym. Korea, Vol. 45, No. 1, 2021
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cating that a ring-opening reaction has occurred and the
desired cationic chain extender has been formed. In Figure 7(c)
of the CWPU, the -NH in -NHCOO- had a stretching vibration
peak at 3346 cm™ and the characteristic absorption peaks at
2969 and 2936 cm™ were assigned to the -CH;, -CH, stretching
vibrations, respectively. The C-O-C stretching vibration peaks
near 1107 and 930 cm™ indicated that the target product CWPU
was generated.

In Figure 7(B), the spectrum of bleached cotton fabrics
shows some peaks at around 3330, 2897, 1610, 1430 and
1053 cm™, which are attributed to the -OH stretching, C-H
stretching, -OH of water absorbed from cellulose, CH,- sym-
metric bending and C-O stretching, respectively.” Compared
to cotton fabrics, the spectrum of dyed cotton fabrics shows a
new peak at around 1640 cm™ is attributed to the C=N stretch-
ing vibration, and the vibration peak of C=0 bond appeared at
1708 cm™ on the fixed cotton fabrics. This phenomenon is
caused by the s-triazinyl group on the dye and the carbamate
on the CWPU, respectively. At the same time, compared with
bleached cotton fabrics, the absorption peaks of dyed cotton
fabrics and fixed cotton fabrics at 1108 and 1053 cm™ are
obviously enhanced, and the fixed cotton fabrics have greater
enhancement. This is due to the reaction of dyes and fibers to
form ether bonds, C-O-C of CWPU itself and the -OH on the dye
reacts with the -NCO on the CWPU to form -COONH-.

Particle Size, Zeta Potential, Particle Size Distribution:
CWPU was synthesized according to the optimized synthesis
process. The main physical properties of the emulsion were
observed and measured. The results are shown in Table 6 and
Figure 8.

As can be seen from Table 6 and Figure 8, the average par-

Table 6. CWPU Emulsion Main Physical Properties

ticle size of the emulsion particles is 125 nm, and the emulsion
particle size distribution is narrow. This shows that the particle
size is relatively uniform. The average Zeta potential of the
emulsion was 33.1 mV, and its absolute value was greater than
30 mV. It has a higher positive charge, and the electrostatic
repulsion between the emulsions can keep the emulsion par-
ticles in the system stable, and the emulsion stability is better.

SEM Analysis: SEM micrographs of pristine and CWPU
coated cotton fabrics were illustrated in Figure 9. It can be seen
from Figure 9 that the surface of the fixed cotton fiber is cov-
ered with a film formed by baking the fixing agent. This layer
of fixing agent film increases the smoothness of the fabric sur-
face. And the film wraps the dye on the fiber to prevent the dye
from falling off during the rubbing process and improve the
rubbing fastness and soaping fastness.

Comparisons of Fixing Effect. The CWPU fixing agent
was synthesized by the above optimum process conditions. It
is applied to the cotton fabrics dyed with reactive dyes. The
CWPU treated fabric was compared with the unfixed fabric,
and the fabric treated with fixing agent Y or cationic fixing
agent (copolymer of dimethyldiallylammonium chloride and
diallylamine), and the results are shown in Table 7.

As we can be seen from Table 7, the dry rubbing fastness of
fabrics treated with CWPU can be improved by 0 to 0.5 grade,
the wet rubbing fastness can be improved by 0.5 to 1 grade,
and the fade and staining can be improved by 0.5 to 1 grade.
The fixing effect of the fixing agent Y on wet rubbing fastness
is better than CWPU, but the advantage of CWPU is that it
does not contain formaldehyde. Comparing the K/S value of
the fabric after fixing, it can be seen that the fabric treated with
CWPU fixing color is darker and the dyeing effect is better.

Emulsion appearance Emulsion stability

pH Zeta potential

Milky with blue light Stable

6-7 33.1 mV

Intensity (Percent)

100 1000 10000

Size (d.nm)

Figure 8. Particle size and distribution of CWPU emulsion.

Zay, Al4548 A15, 20213
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TM3030 AL D86 x3.0k 30 um

TM3030 AL D85 x3.0k 30 pum

Figure 9. SEM image of cotton fibers before and after fixing.

Table 7. Performance Comparison of CWPU and Commercial Fixing Agent

Fastness to rubbing (level) Wash fastness (level)
Dyes Technology K/S value

Dry Wet SC SV Alt

No fixation 4.21 3-4 2 2-3 2-3 3

CWPU 5.45 4 3 4 4 4

Al Fixing agent Y 5.65 4 4 4 4 4
Fixing agent CS-10 5.63 4-5 3 4 3-4 4

No fixation 10.60 4 2-3 2-3 2-3 3

CWPU 13.32 4 3-4 3-4 4 4
" Fixing agent Y 12.97 4 4 4-5 4-5
Fixing agent CS-10 11.74 4-5 3 4 4 4

No fixation 11.41 3-4 3 2-3 2-3

CWPU 16.40 4 4 3-4 4 4
3 Fixing agent Y 16.82 3-4 4 4 4 4-5
Fixing agent CS-10 14.99 4-5 3-4 3-4 3-4 4

#1: reactive red 3BS. #2: reactive golden yellow BES. #3: reactive blue SPD. SC: staining on cotton. SV: staining on viscose. Alt: color change
of dyed sample, wash-scale (1-5).

RCH; HO R CH; HO RCH; HO RCH; HO
NJe> 1l NEMEU NEME Nlez ol
N-RN-CRy—N-RN-C-Ry—N-RyN-C-Ry—N-RyN-CR,—
5 \ 3 5 \ H 4

Tonic bond
53

\ H I

\ 1
S - . : -
OH © OH (o OH  Hydrogen bond

OH oH O

fibre surface

Dye molecules

fibre surface

Figure 10. The fixing mechanism of CWPU.
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The excellent color fixing performance of CWPU can be
attributed to the following three reasons (the illustration was
shown in Figure 10).

a) The quaternary ammonium ion of CWPU can combine
with the anionic group of reactive dye by ionic bond, so that
the dyes will form an insoluble lake in the fixing agent and set-
tle on the fiber, reduce its water solubility and improve the
color fastness of dyed fabrics.****

b) During the curing and baking process, the ‘protected -NCO
group’ is slowly released as the temperature rises, and reacts with
the active groups on the fabric or dye (such as -OH, -NH,).*
The CWPU molecule is combined with the fabric or dye in the
form of a covalent bond, which improves the fixing effect of
the fabric.

¢) The CWPU can form a layer of protective film similar to
the net on the surface of the fiber due to its high polymer
nature, which can prevent some dyes from directly contacting
the friction head.”®* It can reduce the degree of dissolution and
hydrolysis of the dye in the soap solution, thereby can reduce
the staining of the dye on the cloth.

Conclusions

Cationic chain extender EGDEA was synthesized by eth-
ylene glycol diglycidyl ether and diethylamine. Using the self-
emulsifying method, the n (IPDI/PPG-1000) was 2.2, the
EGDEA dosage was 7%, and the neutralizational degree was
100%, which can produce an aqueous polyurethane emulsion
with excellent performance, good appearance and stability.
FTIR indicates the synthesis of the target product, and SEM
indicates that the target product is finished on the surface of the
fabric. After CWPU treatment on cotton fabrics dyed with
reactive dyes, the dry rubbing fastness can be improved by 0
to 0.5, the wet rubbing fastness can be improved by 0.5 to 1,
and the soaping fastness can be improved by 0.5 to 1. Com-
pared with two commercial fixing agents, the fixing agent has
similar fixing, has less influence on the color of the fabric and
environment-friendly.
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