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ETHACRYLIC acid (MAA) - ethyl acrylate (EA) - ethylene glycol dimethacrylate

(EGDM)/N, N’- methylene bisacrylamide (MBAM) polymers of different compositions
were used as synthetic thickeners in pigment printing of cotton. Crosslinked polymers with
different feed ratios were synthesized and their printing behavior was compared with the
conventional kerosene emulsion thickener and a commercial synthetic thickener Alcoprint
PTF in terms of color value, back penetration, wash, rub (dry and wet) and scrub fastness,
and handle of the fabric. Methacrylic acid-based thickeners (solid content 4%), when used
as a substitute for kerosene emulsion, produced prints with a harsh feel. Therefore, partial
substitution of kerosene emulsion (60-80%) was tried and a significant improvement in the
handle of fabric was observed.

Introduction

For many years the thickener requirements
of textile printers have been met by naturally
occurring gums such as guar, alginate, locust
bean, starch, and cellulose derivatives. These
thickeners require very long hydration times, have
poor thermal stability, and a low degree of purity.
They have therefore been modified chemically or
by physical blending to produce products with
suitable properties for a thickener. However,
these products still have limitations in terms of
availability, cost, purity, consistency, storage, etc.
Natural thickeners used for pigment printing do
not give satisfactory results in terms of depth of
color, the brilliance of shade, wash fastness, and
handle of the fabric. With the introduction of
emulsion thickening, pigment printing has been
successfully carried out for many years. In this
type of thickener, kerosene or white spirit and
water are stirred together at high speed in the
presence of an emulsifier. Although oil-in-water
emulsion gives excellent prints in terms of color
yield, brilliance, and the feel of the fabric, the

use of such a large amount (50-80%) of solvent
can create some problems, White spirit in the
presence of air can form very explosive mixtures,
Use of volatile solvents leads to pollution of the
atmosphere by discharge of vapors into the air
or of effluent into rivers, Increases in the prices
of all petrochemical products make pigment
printing very costly, Due to the above-mentioned
limitations of natural as well as kerosene-based
emulsion thickeners, there was a need for some
safer and easily available synthetic substitutes at
reasonable prices. [1, 2]

Synthetic thickener and its advantages

These aqueous-based synthetic thickeners
are high molecular weight polymers containing
an acidic monomer as an essential component
(e.g., acrylic acid, methacrylic acid, maleic acid).
These monomers ionize on the addition of a
base to develop the desired viscosity. acrylamide
is also widely used in synthetic thickening
compositions because its copolymers are soluble
in water. Synthetic thickener becomes more
effective in textile printing (especially pigment
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printing and printing of pet with disperse dye).

The performance of a thickener depends on its

advantage such as:

a) A high degree of purity.

b) High ability to penetrate the printing paste.

¢) Good depth and coloration for prints.

d) Excellent dough stability.

e) A print paste has a good shelf life.

f) A thickener is pseudoplastic.

g) A thickener should not undergo any chemical
reaction, agglomeration, and/or dissociation
with the dyes or pigment particles. [3]

Synthesis Techniques of synthetic thickener
Polymers used in the synthesis

The most commonly used monomers in
synthetic thickenings are acid comonomer that has
an important role to play because it is responsible
for the thickening action through the development
of viscosity on partial neutralization with a
base. Neutralization converts the acid groups
into carboxylate anions which repel each other,
resulting in uncoiling and extension of the polymer
chains. These extended polymer chains cannot
freely slip pad over each other, thereby developing
the viscosity. Table 1 clarifies the Most Commonly
Used Monomers for Synthetic Thickeners

The cross-linking agent used in the synthesis
Inaddition, to the bifunctional vinyl monomers,
cross-linkable monomers such as divinylbenzene,
methylene bisacrylamide, and ethylene glycol
dimethacrylate have also been used as one of the
components for producing synthetic thickeners.
In loosely crosslinked polymers, a printable
viscosity can be accomplished at a much lower
solids content compared to linear copolymers. [3,
4] This is very important because a higher solids
content affects the feel of the fabric as well as its
wash fastness properties. It is evident from the
foregoing discussion that with the introduction
of crosslinking agents in acrylic copolymers,
very high viscosities can be attained at low
solids contents, and this enables them to be used
as substitutes for kerosene in pigment printing
and printing with reactive, acid, and direct dyes
also. Depending on the presence or absence of
a crosslinking agent, it has divided these acrylic
thickeners into two categories: alkali soluble and
alkali swellable. It was found that the degree of
fixation of the dye on the fabric is dependent on
the extent of crosslinking. Transfer of the dye
from the film of thickener to the substrate was
increased by decreasing the extent of crosslinking.
And the most commonly used crosslinking agent
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for synthetic thickeners is followed in Table 2.

Polymerization procedure for the synthesis

The graft polymerization reaction was carried out
in flasks containing an aqueous solution of monomer.
The flasks were stoppered and placed in a thermostatic
water-bathuntil the required temperature was reached.
Nitrogen gas was purged through this solution to
remove the dissolved oxygen. The pre-gelled starch
and calculated amounts of sulphuric acid and ferrous
sulfate were added and the reaction mixture was
mixed thoroughly. To initiate the reaction a known
amount of potassium monopersulphate solution
was added. The contents were shaken occasionally
during polymerization. After the desired reaction
time, the flask contents were poured ethyl alcohol
where a precipitate was formed that consisted of pre-
gelled starch graft copolymer and the homopolymer.
The homopolymer (poly methacrylonitrile) was
removed from the reaction mixture by Soxhlet
extraction using dimethylformamide for 12 h. It
was found experimentally that, Soxhlet extraction
using dimethylformamide as an efficient solvent
is quite enough to remove polymethacrylonitrile
(homopolymer) from its physical mixture via
measuring the nitrogen content after each Soxhlet
extraction. Finally, washed with pure ethanol and air-
dried. 3, 5]

Mechanism of Viscosity Development

Knowledge of the flow behavior and mechanism
of wviscosity development is of fundamental
importance in creating printing thickeners. In the
aqueous solution of these synthetic thickeners,
viscosity develops immediately after the addition of
bases by the neutralization of polycarboxylic acid
and/or maleic anhydride groups as shown below:

Earlier studies on polyacrylic acid showed
that the neutralization of these polymers is not
as straightforward as might be imagined. Studies
using polyacrylic acid solutions of appreciably
lower molecular weight indicate that the maximum
viscosity is obtained at the neutral point and is
lowered by an excess of alkali (see Fig. 1). [6]

Effect of pH on Viscosity

The viscosity of the synthetic thickeners is not
only shear-dependent but also pH-dependent. As
stated earlier, the viscosity increases up to a pH
range of 7-8, and after that range, the addition of
more alkali makes the solution less viscous. it was
observed that the viscosity decreased from pH 7.6
to pH 9.4. and the viscosity of MMA IS at ph=3.

Effect of Electrolytes on Viscosity
The addition of base beyond the neutralization
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TABLE 1. Most Commonly Used Monomers for Synthetic Thickeners.

Name of monomer Chemical Structure
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TABLE 2. Most Commonly crosslinking for Synthetic Thickeners.
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Fig. 1. mechanism of viscosity development.

point leads to viscosity reduction through an effect
of the law of mass action, similar to the drop in
viscosity observed when ions are added in the
form of a salt, e.g., ammonium sulfate. Upon the
addition of 1 % NacCl in a 4% solution of saponified
polyacrylonitrile, the viscosity was reduced. Upon
further addition of NaCl (4%), this viscosity
was reduced. This is the biggest disadvantage of
synthetic thickeners, and it makes them less suitable
for printing with dye formulations containing salts.
There is no salt content in pigment printing, so
these thickeners are widely accepted. [7]

Performance of Synthetic Thickeners
Acrylic copolymer

The discovery of acrylic polymers led to the
use of polyacrylic acid in synthetic thickeners.
later produced a series of acrylic-based synthetic
products under the name Lutexal. and the common
formula for acrylic acid is presented in Figure 1.

The use and performance of MAA(“)EA(S)
BA polymer crosslinked with butanediol
acrylate in a printed cotton fabric with 5 % reactive
dye Turquoise Blue. The printed fabric was cured,
and the prints obtained had good colorfastness
and handle. Another polymer having the same
comonomers but a different composition can be
also used. [1]

MAA EA  BA g, and N-methylol acrylamide
as the crosslinking agent have been successfully
used in pigment printing of PET-cotton blend. The
prints showed good color yield and wash fastness.

Methacrylic acid-butyl acrylate compositions
in a loose three-dimensional network using
ethylene glycol as the crosslinking agent have
found effective use in print paste formulations
containing reactive, acid, and metal dyes and also
with pigments. The uncross-linked copolymer has
been used for the printing of nonwoven napped
polyamide carpeting with acid dye. The paste
gave a well-colored saturated clean print with a
uniformly dyed nap and increased dye fixation. [§]

(Methacrylic acid -divinyl benzene- N-rnethylol
acrylamide) polymers have also been successfully
used with dyes and pigments for partial replacement
of kerosene. When used with C.I. red dye, the paste
did not dry on the printing stencil and exhibited good
stability of the print during the washing step at 60°C.

Methacrylic acid-butyl acrylate-methyl
methacrylate terpolymers also have been used
in pigment printing for partial substitution of
solvents. These terpolymers have good electrolyte
resistance.

Methyl methacrylate polymers are also used as
thickeners, and fabrics printed with them have a
good handle, wash fastness, and color yield. It was
investigated that the performance of polyacrylamide
thickeners in reactive printing. The samples were
comparable in the depth of shade, wash, light,
and rubbing fastness with sodium alginate printed
samples, but the stiffness was higher.

Polyacrylonitrile based on copolymers and a
third component has also been used for the printing
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of cotton fabric with vat and reactive dyes. The
color value was 15-20% higher than the alginate
printed samples and had equally good fastness
properties. The feel of the fabric was soft. [3, 9]

Polyacrylic-based thickeners are commercial-
ized under the name of Lutexal, Alcoprint, and
Acrysol. Lutexal thickeners of various grades are
available. Lutexal is reported to be outstanding in
its suitability for solvent-free or low solvent pig-
ment printing. Acrysol has been reported to be
highly resistant to electrolytes. Alcoprint is a mod-
ified polyacrylic thickener that overcomes most of
the problems associated with the gelling of black
pigment [8]. Figure 1 illustrate the chemical struc-
ture of some Acrylic copolymer

Ethylene-MaleicAnhydride Copolymer

A considerable amount of work on ethylene-
maleic anhydride copolymers (see Figure
3) cross-linked with divinylbenzene, allyl
methacrylate, or ethylene glycol dimethacrylate
has also been carried out, and the products
have been used as thickeners in disperse dye
pastes for polyester fabrics. An effort to further
improve the performance of these thickeners in
printing was made by adding a 2% sodium salt
of carboxymethyl cellulose, and it was found

e _CTL Jrc &

OOH

polyacrylyic acid

Polyacrylonitrile

that these printing pastes are more resistant to a
loss of viscosity upon the addition of electrolyte
than paste not containing NaCMC. The addition
also reduced the high shear thinning behavior,
thus making it more like a natural gum.it was
investigated that the mechanism and use of
ethylene- maleic anhydride copolymers in the
printing of cotton fabrics with acid dyes. For
a linear polymer, the concentration required to
achieve a printable viscosity is 10-18%, while for
a crosslinked polymer it is 7-8%, depending on
the molecular weight. The performance of these
thickeners was found to be comparable with that
of sodium alginate. [10]

Potassium acrylate-maleic anhydride acid copolymer
for the printing of cellulosic textiles with
reactive dyes. Strongly colored prints with sharp
pattern edges, good penetration, and a high
degree of levelness and brilliance were obtained.
The thickener was found to be compatible with
alginate thickeners. the synthesis of maleic
anhydride-alkyl vinyl ether copolymer with an
amine. It is suitable for printing with vat, disperse,
metal complex dyes, and pigments. [11, 12]

A copolymer of isobutene and maleic anhydride
has been reported to be useful as a synthetic thickener

C
O/ \C/ \CH

Methacrylic acid-butyl acrylate

D
//&\—}Oi

Methacrylic acid-butyl acrylate-methyl methacrylate terpolymers

Fig. 1. chemical structure of Acrylic copolymer.
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Fig. 2. chemical structure of Ethylene-Maleic Anhydride Copolymer.

for textile printing. (maleic anhydride) and the
sodium salt of polymethacrylic acid has also been

used as improved thickeners in textile printing. the crosslinking agent
These synthetic thickeners are supplied in different contained AA, MAA

forms (powders, dispersions, emulsions, etc.). In

earlier days the synthetic thickening agents made up MAA contributed to

of high molecular weight polymers were delivered
in powder form, which has many disadvantages.
The inconvenience of dusting during weighing, the

requirement of very high-speed stirring, and lump

formation during paste preparation are some of the
problems arising from the use of powdered polymers.
Thus the use of a not-too-dilute pourable liquid was

preferred. [3, 13]

a constant flow rate.

Styrene (St) and butyl acrylate (BA) in both core and

shell layers copolymer

They have been synthesized and employed
in pigment printing pastes which were applied
on 100% cotton and 65% cotton/35% polyester
(PET) fabrics. The aim was to reduce the NMA
content and the formation of free formaldehyde

The dry and wet rubbing fastness of printed
fabrics has been tested with a crock meter

according to The grays

from pigment printing pastes by employing newly literature procedure. T

synthesized core-/shell-type polymers.

The synthesis of the core/shell latex has been
completed in two steps, first of which is the
synthesis of core and the second is the formation
of shell over the core polymer.

The required amounts of anionic surfactant to

the pastes, the printed

(NH4)2S,05—3m— OH+730,

H H
é H,O +"so4 é é
emuls1o |
/gz(c))polymerlsatlon H
4H9
Styrene Butyl acrylate

form micelles and nonionic surfactant to increase
the stability of the emulsions against freeze. and
s DAP and NMA, which
and anionic and nonionic
surfactants, and deionized water. The AA and
emulsion stability, DAP
provided the crosslinking of the core, and NMA
provided the crosslinking between binder and
fabric during the printing process. [14]

Subsequently, 25% of the initiator solution
and 5% of core pre-emulsion were introduced into
the reactor and The remaining core pre-emulsion
and initiator solutions were fed into the reactor at

cale assessment. [15]

Before washing, spectrophotometric measure-
ments were performed. The color penetration of
the pastes has been calculated according to the
he color penetration (P%)
is the percent ratio of the color strength measured
from the back of the fabric (K/S(back)) to the col-
or strength measured from the front (K/S(front)).
To determine the performance of the binders in
fabrics were washed in a
washing machine 5 times without drying. and this
Table 3 clarifies the pigment printing paste.

1
L

Copolymer

Fig. 3. chemical structure styrene (St) and butyl acrylate (BA) Copolymer.
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TABLE 3. Recipe for pigment printing paste.

Ingredients Weight percent
Binder 16
Defoaming agent 0.15
Amonia 0.35
Synthetic thickener 2.5
pigment 3
Water Up to 100
Summary References

Acrylic- or methacrylic-acid-based thickeners
are the most commonly used synthetic thickeners.
A bifunctional cross-linkable monomer is an
essential component of synthetic thickening
compositions to have a crosslinked polymer
with a printable viscosity with a very low solids
content (1-2%).

The emulsion polymerization technique is the
most widely used synthesis technique for creating
synthetic  thickeners.  Synthetic  thickeners
can replace natural as well as kerosene-based
emulsion thickeners partially or completely
with a minimum effect on the feel of the fabric.
Most synthetic thickeners are highly sensitive
to electrolytes, which makes them less suitable
for printing formulations containing dyes with
electrolytes.

Even though N-methylol acrylamide (NMA)
improves the performance of the pigment
printing paste, as mentioned earlier, it undergoes
self-crosslinking reactions and evolves free
formaldehyde. Therefore, the use of NMA in
textile products is limited by standards. In this
work, the aim was to decrease the NMA content
and the development of free formaldehyde from
pigment printing pastes with the help of newly
synthesized core-/shell-type polymers. According
to the experimental results, comparing with a
single-phase commercial polymer which includes
4% NMA, it has been verified that employing a
30/70% (w/w) styrene acrylic polymer described
here succeeds in decreasing the total NMA
content without sacrificing the performance of the
final product. [5, 16]
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