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Abstract

Ethyl acrylate is the backbone textile pigment printing binder due to
its good adhesion, soft film formation, and good fastness properties. This
study was designed to improve the physical and mechanical properties of
ethyl acrylate polymer by co-polymerization with either butyl acrylate or 2-
ethyl hexyl acrylate in presence of acrylic acid or methacrylic acid at
different concentration ratios (ethyl acrylate/butyl acrylate or 2-ethyl hexyl
acrylate) (100/0, 5, 10, 15, 20) respectively.The best textile pigment printing
binder formulas wereprepared by different surfactant and initiation
system.The prepared polymers were investigated by TEM, SEM as well as
mechanical and physical tests. The prepared polymers used as textile
pigment printing binder, and they were investigated by rubbing fastness,
heat fastness and durability, the best results was achieved by 10% 2-ethyl
hexyl acrylate/ethyl acrylate and 20% butyl acrylate/ethyl acrylate.

It was found that polymers prepared by free radical system had higher

mechanical and physical properties than polymers prepared by redox system.
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Aim of work

Ethyl acrylate emulsion polymer is widely used as a textile pigment
printing binder because of its good adhesion, soft film formation and good
fastness properties. This thesis aimed to study the improving of the
mechanical and physical properties of ethyl acrylate polymer by co-
polymerization of ethyl acrylate with either butyl acrylate or 2-ethyl hexyl

acrylate, and applying each co-polymer as a textile pigment printing binder.

The emulsion co-polymers were prepared at different concentration
ratios (ethyl acrylate/2-ethyl hexyl acrylate or butyl acrylate) (100/0, 5, 10,

15, and 20) respectively in the presence of (acrylic acid or methacrylic acid).

The prepared co-polymers will be characterized using (solid content,
molecular weight, coagulum, viscosity, drying time, MFFT, TEM and
SEM). The mechanical properties of the prepared co-polymer samples

would be also examined.

The prepared co-polymers applied as binder in textile pigment
printing pastes and were examined using heat and mechanical fastness

testing, such as rubbing fastness, sublimation and durability.

The effect of changing surfactant (sodium lauryl sulfate) and initiator
(free radical) systems were also studied on the best formulas in the presence

of acrylic acid or methacrylic acid.
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Results and Discussion

Discussion

This work aimed to improve the physical and mechanical
properties of ethyl acrylate polymer, which used as textile pigment
printing binder by co-polymerization of ethyl acrylate with either butyl
acrylate or 2-ethyl hexyl acrylate. The prepared co-polymers were applied
as textile pigment printing binder.

This work was divided into five groups; each group was
investigated to study the effect of changing monomers concentrations on

the polymer performance.

Group (1)

Group (1) results showed that there was no significant change in
solid content and coagulum of the prepared butyl acrylate/ethyl acrylate
co-polymers in presence of acrylic acid in all concentrations.

It was found that the prepared co-polymers improved the
mechanical and physical properties of the ethyl acrylate polymer by:

* Increasing the viscosity of the polymer.

* Increasing the drying time.

* Improving in mechanical properties such as tensile strength, elongation
and young’s modulus.

Furthermore group (I) results showed that the ethyl acrylate/ butyl
acrylate co-polymers in presence of acrylic acid improved the mechanical
and physical properties of textile pigment printing binder by:

* Minimizing stiffening in the handle of the textile.
* Increasing the viscosity of the pigment printing paste so the

consumption of thickeners would be decreased.
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Results and Discussion

The heat and mechanical fastness properties investigations as
shown in Table (3.2) showed no significant difference between the homo
ethyl acrylate polymer and the ethyl acrylate/butyl acrylate co-polymers,
as well as the color yield of co-polymers are visually higher especially at
20% concentration.

So that we can conclude that the fastness properties of co-polymer

are better than ethyl acrylate homo polymer.

Group (I1)

It was clear that there wasn’t any significant difference in solid
content and coagulum of the prepared 2-ethyl hexyl acrylate/ethyl
acrylate co-polymers in presence of acrylic acid; however they showed
progressing in the mechanical and physical properties of the ethyl
acrylate polymer by:

* Increasing the viscosity of the polymer.
* Increasing the drying time.

* Improving in mechanical properties such as tensile strength, strain.

2-ethyl hexyl acrylate/ethyl acrylate co-polymers in presence of
acrylic acid improved the mechanical and physical properties of textile
pigment printing binder by:

* Decreasing stiffening in the handle of the textile.
* Increasing the viscosities of the pigment printing pastes so the
consumption of thickeners would be decreased.

The heat and mechanical fastness properties testing did not show
any significant different between the homo ethyl acrylate polymer and the
EHA/EA/AA co-polymer, in other hand visually the color yields of
samples prepared by co-polymers were higher especially at 10%

concentration.
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Results and Discussion

So that we can conclude that the fastness properties of co-polymer

Is better than EA homo polymer.,

Group (111)

Table (3.6) showed that there was no significant difference in solid
content and coagulum of the prepared Butyl acrylate/ethyl acrylate co-
polymers in presence of methacrylic acid, they also promote the
mechanical and physical properties of the ethyl acrylate polymer by:

* Increasing the viscosity of the polymer.
* Increasing the drying time.

* Improving in mechanical properties such as tensile strength, elongation.

It was obvious that the butyl acrylate/ethyl acrylate co-polymers in
presence of methacrylic acid improved the mechanical and physical
properties of textile pigment printing binder by:

* Minimizing stiffening in the handle of the textile.
* Increasing the viscosity of the pigment printing paste so the
consumption of thickeners would be decreased.

The heat and mechanical fastness properties investigations in Table
(3.6) did not show any significant difference between the homo ethyl
acrylate polymer and the co-polymers, visually it was observed that the
color yield of group (I11) co-polymers is higher than the homo polymer
especially at 20% BA concentration.

So that we can conclude that the fastness properties of co-polymers

are better than ethyl acrylate homo polymer.
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Results and Discussion

Group (1V)

Group (IV) showed that there was no change in solid content and
coagulum of the 2-ethyl hexyl acrylate/ethyl acrylate co-polymers in
presence of methacrylic acid, as well as they improved the mechanical
and physical properties of the ethyl acrylate polymer by:

* Increasing the viscosity of the polymer.
* Increasing the drying time.

* Improving in mechanical properties such as tensile strength, elongation.

Table (3.8) showed that the butyl acrylate/ethyl acrylate co-
polymers in presence of methacrylic acid improve the mechanical and
physical properties of textile pigment printing binder by:

* Minimizing stiffening in the handle of the textile.
* Increasing the viscosity of the pigment printing paste so the
consumption of thickeners would be decreased..

Table (3.8) showed that the heat and mechanical fastness tests did
not show any difference between the homo ethyl acrylate polymer and the
EHA/EA/AA co-polymer, in addition the color yield of EHA/EA/AA co-
polymer is higher than the homo polymer especially at 10% EHA
concentration,.

So that we can conclude that the fastness properties of the co-

polymers are better than EA homo polymer.

Group (V)

The best formula concentrations of the textile pigment printing
binder (20% butyl acrylate/ethyl acrylate co-polymer & 10% 2-ethyl
hexyl acrylate/ethyl acrylate copolymer) were studied by changing the
surfactant and initiation systems using SLS/cetyl alcohol as surfactant

and ammonium persulphate as free radical initiator.
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Results and Discussion

(a) Characterizations of prepared polymers with changing surfactant

and initiation systems

* As shown from Table (3.10), the physical properties such as viscosity&
drying time of polymers prepared by free radical system are higher than
the polymers prepared by redox system in presence of acrylic acid,
beside both solid content and coagulum of all the prepared samples
didn’t show any significant difference.

* The mechanical properties of polymers prepared by free radical system
are higher than the polymers prepared by redox system.

* The molecular weights of the polymers prepared by free radical system
were higher than polymers prepared by redox system, as well as the
polymer molecules prepared by free radical system had poly
dispersibility of the molecular weight (Mn) lesser than polymer
molecules prepared by redox system.

* TEM graphs of butyl acrylate/ethyl acrylate nano-particles as shown in
Fig (3.1-a, b) and 2-ethyl hexyl acrylate nano-particles as shown in Fig
(3.2-a, b) confirm that the average particle size of the nano-particle
were 30:75 nm and 10:20 nm respectively. The dispersion of both
co-polymers nano-particles were well spherical-like in shape.

* MFFT test showed that the addition of the hydrophobic monomer

increase the MFFT.

(b) Characterizations of the prepared textile pigment printing binder
with changing surfactant and initiation systems
* The viscosities of the textile pigment printing pastes prepared by free
radical system were slightly higher than the pigment printing pastes
prepared by the polymers with redox system, this means that the
increasing in M.wt. of the polymer increases the viscosity of the

polymer itself and so increases the viscosity of the textile pigment

68



Results and Discussion

printing paste.

* Neither the sublimation test nor rubbing fastness properties showed any
significant difference between the textile pigment printing binders
prepared by the polymers of different systems.

* There is no significant difference in the color yield even at 20% butyl
acrylate/ethyl acrylate co-polymer & 10% 2-ethyl hexyl acrylate/ethyl

acrylate copolymer.

Conclusion

So from the above data, it is clear that co-polymerization of ethyl
acrylate with either butyl acrylate or 2-ethyl hexyl acrylate improved the
physical and mechanical properties of the polymer.

In other hand when applying the co-polymer of 20% butyl
acrylate/ethyl acrylate and 10% 2-ethyl hexyl acrylate/ethyl acrylate as
textile pigment printing binder, They showed obvious improving in color
yield, minimal stiffening in handle of the textile, heat and mechanical

fastness.
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