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CHAPTER |

Introduction

Cotton fabrics have the ideal properties for clothing over other fabrics such as
comfortability, moisture absorbance, good’ Vy}ﬂation, soft, non-irritant and cool to touch.
As these properties, cellulose fibers still play énﬁ-pbrtant part in worldwide manufactured
fiber production even though synthetid fiber progluction appears to steadily increase

/ - )

between 1978 to 1998 as illustrated in Figure 1.1 " Intrdduotion, cellulose fiber production

tends to increase continuousl| "ilrn Asia although the production decreases apparently in
other region among the same period as shown in Figure 1.2 od

Figure 1.1 Worldwide manufactured fiber synthetic production vs. cellulosic production o
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Figure 1.2 Worldwide cellulosic fiber production by region o

Although the cotton fabric provides good properties in wearing, it has a big problem
in wrinkle easily. Consequently, long-time ironing is required for cotton fabric before use.
Due to the advances in textile technology, this wrinkle problem can be overcome by using
organic chemicals to impart wrinkle resistant properties of cotton fabric. The other way to
improve the wrinkle is to blend the cotton fibers with the synthetic fibers such as polyester
fibers but the blended fabric will not have good moisture absorbance and less comfort
compared with those of cotton fabric. Therefore, numerous chemicals have been highly
interested to impart wrinkle property to the cotton fabric. The introduction of chemical bond
between adjacent cellulosic polymer chains in amorphous regions when the fabrics was in
desired shape was the basic way to bring about a good resistance in wrinkle. Hydroxyl
groups of cellulose fiber can react with any functional groups of the organic chemical in the
presence of suitable catalyst under appropriate conditions to form chemical crosslinking

inside the cellulose fiber structure.



The early chemical agents used for crosslinking with cellulose were focused on
formaldehyde and formaldehyde derivatives. These reactants could help improving
dimensional stability and wrinkle recovery properties of cellulosic fabric by forming the ether
bonds. At this moment, the most widely used finishing agent is dimethyloldihydroxy
ethyleneurea (DMDHEU). The cotton fabric finished with DMDHEU will have a good wrinkle
resistance, good durable press properties and good whiteness; however, fabric treated with
DMDHEU still has the tendency to release formaldehyde during processing and storage.
As we have known, formaldehyde is recognized as a carcinogen for animals, and it causes

irritation to human being.

Nowadays, people realize the toxic of formaldehyde release, and try to limit the
amount of formaldehyde release as low as possible or close to zero from the finished cotton
fabric with DMDHEU. To obtain the zero of formaldehyde release from the finished fabric is
impossible if the cotton fabric is still finished with DMDHEU. Consequently, developing
formaldehyde-free crosslinking agents instead of DMDHEU has become an interesting
issue in the textile finishing. Polycarboxylic acids in conjunction with alkali metal salts of
phosphorous-containing inorganic acids are the most promising to provide zero
formaldehyde release on the finished fabric. 1,2,3,4-butanetetracarboxylic acid (BTCA) and
tricarboxylic acid (TCA) are the most effective crosslinking agent among the polycarboxylic
acids. The high cost of BTCA and TCA is a problem to replace DMDHEU as a durable
press finish agent instead of DMDHEU in the textile finishing. Citric acid (CA) is the other
polycarboxylic .acid that provides good crosslinking ‘network inside the cellulose structure

but it causes yellowing on the treated fabric.

Generally, the finished fabric treated with any durable press agent have a good
wrinkle recovery, but the strength will be decreased almost 40 percent compared with that

of untreated fabric. It was assumed that the excess of the degree of crosslinking with



cellulose chain might be the cause. Therefore, unsaturated mono- or dicarboxylic acids,
which can form long chain polycarboxylic acids by polymerization, have become the new
alternative to use as a new durable press finishing agent. Some previous studies “¥ found
that 100% cotton fabric treated with two unsaturated dicarboxylic acids, maleic acid and
itaconic acid, as the copolymer possessed high level of wrinkle resistant properties nearly

BTCA. In addition, tensile strength retention of treated fabric was improved slightly.

The objective of this research was to find out the suitable conditions to finish the
cotton fabric using acrylic acid, unsaturated monocarboxylic acid, and maleic acid,
unsaturated dicarboxylic acid.  The suitable condition could be achieved by varying
concentration and mole ratio of monomers, by varying concentration of catalyst, and by
varying temperature and time of curing. The effects of crosslinking agent, catalyst and
curing conditions on finished fabric properties such as wrinkle recovery angle, tensile
strength and whiteness were examined and compared with those properties of the fabric
treated with DMDHEU. Additionally, reactive and basic dyeability on the resin finished
fabrics were conducted including washing and light fastness. The presence of ester
groups was identified by FT-IR spectroscopy to confirm the ester crosslinking reaction
happening in the treated fabrics. Furthermore, structure and molecular weight of the

copolymer were characterized using NMR and GPC analysis, respectively.



CHAPTER I

Literature Survey

2.1 Cotton Fiber

Cotton is classified as a natural cellulosic fiber. It was widely used before 3000
BC in the Indus Valley, now modern Pakistan. Nowadays, it still plays an important role
in textile industry. The fiber is a single cell, which grows out of the seed as a hollow
cylindrical tube. The quality of cotton depends on its length, strength, fineness, and
maturity. Other factors affecting its quality are color and leaf residue. Raw cotton is
creamy white in color, while the purified cotton fiber is pure white, tasteless and
odorless, highly absorbent, very smooth and soft, non-irritant and cool because the

purified cotton is passed scouring and bleaching process.

2.1.1 Chemical Nature of Cellulose

Cellulose is a carbohydrate substance containing the elements of carbon
(44.4%), hydrogen (6.2%), and oxygen (49.4%). Normally, cellulose is a long chain
molecule or a liner polymer. It consists of several thousand 1,4-p -anhydroglucose units
joined together by an oxygen atom in the same plane. It seems like a sugar molecule
but cellulose is not soluble in water because of its immense molecular size and well
orderly structures of the polymolecule. ~Two glucose units combine first to form
cellobiose, which is a repeating unit of cellulose. Then many cellobiose units combine
to form the cellulose. " The number of anhydroglucose units in the cellulose molecule is
referred to as the degree of polymerization.  Generally, a typical degree of

polymerization for a native cellulosic fiber is about 10,000.
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Figure 2.1 Diagram of cellulose molecule )

2.1.2 Fiber Composition

2.1.2.1 Macrostructure

Cotton fiber is a single elongated cell that is flat, twisted, and ribbonlike
with a wide inner core. It is about 0.3 to 5.5 cm in length with having color in range from

white to yellow: white, light-spotted, spotted, tinged and yellow.

Figure 2.2 Scanning electron micrographs of raw cotton fibers ©

The fiber is composed of an outer cuticle (skin), covered with a
protective waxlike coating, a primary wall, a secondary wall, and a central hollow or
lumen with residues of protoplasm. The lumen is the main canal providing nourishment
conveys during the growth of cellulose fiber. The secondary wall is the flesh of the fiber
consisted of many layers of cellulose. Each cellulose layer is consisted of bundles of

cellulose chains known as fibrils. Naturally, fibrils are spirally arranged in the same



direction, by the way, these spirals may be reversed in different direction. That is a
major factor in the convolutions, elastic recovery, and elongation of the fiber. The
primary wall is also found to consist of a lattice network of fibrils packed more tightly
than in the secondary wall. These compact layers support the cuticle, which makes
abrasion resistance to cotton, and with it, stiffen and strengthen the fiber. In addition,
there is a small amount of slippage between the layer of primary and secondary walls

resulted in elasticity and flexibility.

Lumen

=
(AT

Reversal —

Primary
% wall

Fats Waxes

Figure 2.3 Morphological structure of a cotton fiber structure “

1- primary wall; 2-outer layer of secondary wall; 3-central part of secondary wall; 4-inner wall layer; 5-

lumen with remnants of protoplasm

2.1.2.2-Microstructure

In term-of microstructure, cotton fiber is composed of about 90%
cellulose and about 6% moisture; the remainder consists of natural impurities. Like all
cellulose fibers, cotton contains carbon, hydrogen, and oxygen including hydroxyl (OH)
groups. The chemically reactive groups or hydroxyl units in adjacent edges closed to
cellulose chains can be formed hydrogen bonding which arranges a number of
cellulose molecules in parallel direction. These order structures called crystalline

regions are approximately to 85-95%, which help to stabilize the structure. Whereas,



unordered areas surrounding crystalline regions are known as amorphous regions.
Various chemical treatments may undergo substitution reaction with the chemically

reactive groups in the amorphous regions in application of some dyestuffs and finishes.
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Figure 2.5 Model showing crystalline and amorphous regions in cellulose ©



2.1.3 Eiber Properties

The properties of cotton fiber are listed in Table 2.1

Table 2.1 Properties of cotton .

Molecular Structure
Macroscopic Features
Length:
Cross-section:
Color:
Light reflection:
Physical Properties
Tenacity (g/den):
Stretch and elasticity:
Resiliency:
Abrasion resistance:
Dimensional stability:
Moisture regain:
Specific gravity:
Chemical Properties
Effects of bleaches:

Acids and alkalies:

Organic solvents:

Sunlight and heat:

Resistance to stains:
Dyeability:

Biological Properties
Effects of fungi and molds:
Effect of insects:

Flammability Behavior

Electrical and thermal Conductivity

Cellulose

0.3to5.5cm.
Kidney-shaped.
Generally white, may be cream-colored.

Low luster, dull appearance.

3.0to 5.0 (dry), 3.6 to 6.0 (wet)

3 to 7% elongation at break. At 2% elongation recovery is 70%
Low.

Fair to good.

Fabrics may shrink during laundering.

8.5%

1.54

Highly resistant to all bleaches.

Highly resistant to alkalies. Strong acids and hot dilute acids
will cause disintegration.

Resistant to most organic solvents.

Withstands high temperatures well. Prolonged exposure to
light will cause yellowing due to oxidation.

Poor resistant to. water-born stains.

Good affinity for dyes. Dyed with direct, vat, and basic dye.

Highly susceptible to attack by mildew.
Starched cottons are attacked by silverfish.
Burns rapidly. Smoldering red after glow.

Good heat conductor.
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2.1.4 Appearance

The color of cotton fibers may vary from almost pure white to dirty gray,
but it can be improved by scouring and bleaching process. The luster of cotton is low

unless the cotton fibers are passed the process of mercerization.

2.1.5 Comfort

Particularly, cotton has ability to absorb moisture because it contains
hydroxyl groups, which are polar groups. The good moisture absorption and softness of
cotton fibers have made these fibers more favorable to be used in modern apparel and

modern domestic items than other fibers.

2.1.6 Care

Most cotton fabrics can be laundered and dried with home laundering
equipment. There is no negative effect on the fiber with most detergents. Cotton fabrics
wrinkle easily and do not recovery well from wrinkling because of its low elasticity and
poor resiliency, yet special treatments can solve this problem. By the way, cotton fabric

can be ironed easily at medium to medium-high temperature setting if it requires ironing.

2.2 Concept of Cellulose Crosslinking

After World War I, with the evident of nylon and polyester fabrics that are
naturally resilient, there was interesting in making cotton fabrics smooth drying and
dimensionally stability “ " In order to understand why cotton is not resilient, one has to
consider its morphology. Due to the characteristic of the cellulosic fibers that cellulose
chains have only hydrogen bonds and Van der Waals forces between them, so the

cellulosic fabrics appear to crease or wrinkle easily.
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The concept of crosslinking between cellulose chains within the fiber has now
become the accepted theory. Generally, it is believed that the increase in elastic
recovery of the fiber is brought about by the crosslinking reaction between adjacent
cellulose chains. The hydrogen bonds and Van der Waals forces between cellulosic
chains are not sufficient to prevent slippage of adjacent cellulose chains. When the
untreated cotton fiber is extended or deformed under wrinkling or laundering because
the H-bond and van der Waals forces are weak and not strong enough to pull the chain
backs after laundering. This causes the wrinkle on untreated cotton fabric. Therefore,
cellulose must be chemically treated to introduce additional linkages between adjacent
cellulose molecules in the amorphous regions, as illustrated in Figure 2.6. As a result,
the stress-induced slippage of polymer chains can be forbidden with stable covalent

crosslinks.

H OH
OH H
OH H
H
H 9] C
CH,O
Resin or
Reactant
H 0
OH /on ) H
H
HooY o” °©
CH,OH

Figure 2.6 Resin crosslink A

The important factors of the formation interchain linkages are the availability and
reactivity of hydroxyl groups at C-2, C-3, and C-6 positions of the anhydroglucose units
along the molecular chains. The order of reactivity of the three OH groups is C-6>C-2>
C-3. However, the reaction can be accomplished only with hydroxyl groups in the

amorphous or accessible regions of the fiber. The crosslinking condition is controlled
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by the presence of exotic substances, such as additives, dyes or colorants and
contaminants. The amount of moisture in the fiber during the reaction period is also
considered. Besides, the chemical structure, the solubility and the concentrations of the

crosslinking agent must be included to achieve good performance to fabrics.

2.3 Wrinkle-Resistant Finishing Process

Wrinkle-resistant finishing process is the technique to improve recovery from
wrinkles by applying the finishing agents through the fabric. Various processes are
provided for supporting the variety of fabrics. The differences between each process
arise from the different temperature, curing time and moisture content of fabrics during

NG
curing .

2.3.1 Pad-Dry-Cure Process

The fabric, in this process, is immersed in the finishing solution
containing crosslinking agent and catalyst. After that, it is squeezed through a padder
containing 2 rollers to gain 80-100% wet pick-up and dried at 85-100 °C. The dry fabric
is then cured at the high temperature at a certain time depending on what kind of
reactant or resin used in the finishing process. Additionally, the fabric is usually
stretched on the stenter in the drying and curing stages in order to control the dimension

of the fabric, which is necessary to obtain smooth appearance property.

2.3.2 Mild Cure Process

This process has one step, which is performed on fabrics containing the
crosslinking agent and a strongly acid catalyst by padding through the padder. Without
prior drying, the treated fabric is cured at 120 °C for a short time. Thus, the optimum
moisture content is reduced to 3-5% from initial moisture level after padding. For the

last step of the process, the fabric is neutralized with sodium carbonate solution.
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2.3.3 Moist Cure Process

In this process, the finishing solution contains crosslinking agent and a
very strong acid catalyst. The fabrics are immersed in the solution and then dried to
maintain specific moisture content of about 6-12%. After that, the fabrics are then
batched in a polyethylene film for 12-24 hours at room temperature to prevent changing
of moisture content. During the batched, the crosslinking reaction will gradually occur.
Finally, the treated fabrics are neutralized with sodium carbonate and washed.
Nevertheless, this process is more suitable for cotton woven fabric than weft-knitted
fabrics. The fabric degradation by cellulose hydrolysis may be increased because of
the long reaction time. Some cross-linking agents, such as urea formaldehyde, cannot
be used in this process because the precipitation of pad bath solution due to the
polymerization of crosslinking agent will occur as soon as the strong acid catalyst is

added.

2.3.4 Wet Cure Process

Like the moist cure process, the fabric is passed throughout the finishing
solution containing crosslinking agent and catalyst. On the contrary, the pre-drying step
is omitted before batching. The treated fabric is then wrapped in polyethylene film to
prevent loss of moisture. The following stages are batching and rotating for 24 hours

before neutralizing and drying the treated fabric.

2.3.5 Wet-Fix Process

This is a dual-step process consisting of initial reaction at room
temperature and continuing with the curing step after the resin deposition. Firstly, the
fabric is padded with crosslinking agent in acid condition and then batched for 12-24
hours. Secondly, catalyst such as magnesium chloride is added to reactivate the
reaction inside the batched fabric by re-immersing and re-padding the treated fabric.

Finally, the treated fabric is dried at 60 °C for 4 min and cured at 160 °C for 4 min.
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2.4 The Development of Durable Press Finishing of Cotton Fabrics

Among various finishing processes on fabrics, durable press finishing was
consumer demand for easy care textile. The fabrics and garments with some or all
cellulosic composition are treated with a reactant or resin composition to impart
smoothness and prevention of wrinkles in wearing and after laundering. The properties
are usually measured in term of durable press (DP) rating and wrinkle recovery angle
(WRA). Durable press performance can be described by other terms such as wrinkle
free, wrinkle resistant, crease resistant, permanent press, non-iron, wash and wear and

easy care.

Historically, durable press finishing started with the work of Eschalier in 1907. In
his work, Cellulosic materials, depolymerized cellulose and specifically regenerated
cellulose were treated with formaldehyde under acidic condition to improve strength in
the dry and especially in the wet state because the regenerated cellulose or rayon has

the low wet strength y

In addition, it was easy tearing, easy shrinkage and easy
distortion. There were many processes to conduct the polymerization or condensation
reaction of regenerated cellulose with formaldehyde in solution, dry or gaseous state
with acid catalysts. In 1926, the treatment of fabrics with formaldehyde-containing
reactant to provide dimensional stability and recovery from wrinkling was carried out,
which included the finishing of rayon fabrics with water soluble-urea or phenol-
formaldehyde resins. The finishing.process providing dimensional stability and recovery
from wrinkling became more commaon practice during the 1930’s and 1940’s. Later, the
urea-formaldehyde resins were used commonly for.applying on cotton fabric to give
those properties. ‘Blends of polyester and cotton were also treated with resin to provide
wrinkle resistant and better strength and resistance to wear. The resin used not only
urea-formaldehyde resin but water soluble reaction products of formaldehyde with
triazine, triazone, uron, ethyleneurea, propyleneurea, imidazolidinone and carbamates

an
also .
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2.5 Types of Formaldehyde Reactants(”)

2.5.1 Urea-Formaldehyde

The first important chemical providing wrinkle resistance to cellulosic
fabrics was the reaction product of urea and formaldehyde. The urea-formaldehyde
was prepared by reaction of a mixture of mono- and dimethylolurea as shown in Figure
2.7. 1t has been observed that the finish agent was degraded by chlorine bleach,

hydrolyzed in acid media, and tended to release large amounts of free formaldehyde.

@) ) @) O

/”\ * 3 )\ 771 )l\ N /”\
HN NH H H HN NHCH,OH HOH_CHN NHCH,OH
2 2

Figure 2.7 Preparation of Urea-Formaldehyde o,

2.5.2 Triazine or Melamine Reactants

The next reactants were triazine- or melamine-formaldehyde products.
There are three main “products of this group applied to fabrics, such as
dimethylolmelamine, trimethylmelamine and hexamethoxymethylmelamine. They are still
used in textile industry because of lack of chlorine-retention problem.” But white fabric

finished with these resins becomes yellow during bleaching.
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Hexamethoxymethylmelamine
Figure 2.8 Structure of Triazine- or Melamine-formaldehyde products o,

2.5.3 Uron-Formaldehyde Reactant

Uron-formaldehyde was another commercially important reactant. It can
be prepared by the reaction of 1 mole of urea with approximately 4 moles of
formaldehyde and then followed by reaction with methanol to form N,N’-
dimethoxymethyluron. This product can provide fairly good durability to laundering but

it is likely to retain chlorine.

it
CH3OHZC—ITI/\ITI—CHZOCH3
H,0n g ~CH,

Figure 2.9 N,N’-dimethoxymethyluron o,

2.5.4 Triazone-Formaldehyde

The use of Triazone-formaldehyde has extremely decreased since
1960’s. According to Figure 2.10, the dimethyloltriazone was produced by the reaction
between one molecule of the triazone and two molecules of formaldehyde. The R group

was usually a short chain, such as methyl or ethyl.
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/(l)J\ + zi A /l(?\ RNH_ /(l)l\

— HN NH —= HN NH + .HZO

H2N NH2 H H base L J k )
N
R

OHHO

Figure 2.10 Formation of Triazone-Formaldehyde o,

2.5.5 Cyclic Urea-Formaldehyde

The most important chemicals used to date are cyclic urea-formaldehyde
products. Five of the main products are dimethylolethyleneurea (DMEU),
dimethylolpropyleneurea (DMPU), monomethylol or dimethylol-4-hydroxy (methoxy)-5,5-

dimethylpropylenurea and dimethyloldihydroxyethyleneurea (DMDHEU).

DMEU was the largest amount consumes for the cellulose reactant in the
1950’s. However, its use has sharply declined in recent years because it has a limit in
durability to commercial laundering. Urea is reacted with ethylenediamine to form

ethyleneurea, which is then reacted with formaldehyde to give dimethylolated derivative.

DMPU also has limited durability to commercial laundering because it is
sensitive to acid hydrolysis. It is made by reaction of propylenediamine with urea and

then followed by methylation.

The monomethylol- and dimethylol-4-hydroxy (methoxy)-5,5-
dimethypropyleneurea products were found to be better resistant to hydrolysis and
lower formaldehyde release compared with those of DMPU. The ring hydroxy (methoxy)
group of these compounds can react with the hydroxy groups of cellulose at elevated

temperatures in addition to the methylol groups.

DMDHEU is the most important formaldehyde reactant used at present

for durable press fabrics. Because the fabrics treated with DMDHEU have good
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resistance to acid hydrolysis, low chlorine retention and low formaldehyde release. It is
formed by reaction of one molecule of urea with one molecule of glyoxal and then
followed by reaction with two molecules of formaldehyde. The methylol groups attached
to nitrogen not only can react with the hydroxyl groups of cellulose to form an ether at
elevated temperatures, but the two OH groups attached to the ring carbon can react
with cellulose as well. This reactant is often related to a glyoxal type reactant.
Moreover, the methylation of DMDHEU can provide a product, which has less
formaldehyde release. Consequently, this product has been widely used in raising
amounts to impart durable press fabrics even though the treated fabrics may loss its

mechanical properties.

O
0 O /”\
+ £ B2 HN NH 2HCHO HOHZM N—CHZOH
H_N NH o
0]

HO OH HO OH

Urea Glyoxal
DMDHEU

Figure 2.11 Formation of DMDHEU """

Tetramethoxymethylglyoxaldiurine is another urea-formaldehyde product
that has good resistance'to hydrolysis and has low formaldehyde release. This product
can be produced by the reaction of two molecules of urea with one molecule of glyoxal
and then followed by reaction with four maolecules of formaldehyde.” The outcome of the

reaction provides the methylated product.
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Figure 2.12 Cyclic urea-formaldehyde reactants o,

2.5.6 Methylol Carbamates

The methylol carbamates may be methyl, ethyl, hydroxyethyl,
methoxyethyl, isopropyl or isobutyl for the R groups. The general structure of methylol
carbamates is illustrated in Figure 2.13. The first application of methylol carbamates to
fabrics was the methyl and ethyl carbamates. The methylol-carbamates have good
resistance to chlorine and to hydrolysis, and do not yellow white. treated fabrics.
Nevertheless, ethyl carbamate was found to be a carcinogen resulting in dramatically
decrease of using this product.  Although, these two carbamates have free

formaldehyde content, the formaldehyde release from finished fabrics is not so high.

O
I
R—O—C—N—(CHZOH)2

Figure 2.13 Methylol carbamate o
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The effective reaction of formaldehyde reactants with cellulosic fabrics

depends on a number of factors as shown below

1.

S T

(12)

The reactant composition

The nature and amount of the catalyst
The time and temperature of cure
Impurities in the formaldehyde reactant
The condition of the fabric

The additives in the impregnating bath

In fact, each of those reactants has its own interesting properties in

imparting wrinkle resistance to fabrics. The properties required for a wrinkle resistant

- . (13
finish can be generally classified as follow "

1.

> w0 N

© © N o O

11.

)

Dry and wet crease resistance

Good dimensional stability

Little loss in physical properties (i.e., tensile and abrasion)
Compatibility with other finishing agents (e.g., water-repellent,
softeners, optical brightening agent )

Minimum effect on handle

Little effect on dye or print shade or the light fastness of the dye

Little effect on rubbing fastness of dyed or printed fabric

No effect on the whiteness of the fabric

Possible low formaldehyde release

.. Good environmental condition both in the application of the resin and

in the final making-up of the fabric-when finished
Ease of application and low cost add-on factor in_both chemical and

application cost.

However, these formaldehyde reactants contain significant levels of free

formaldehyde (CH,O), which is not only present in the reactants but is also release from

treated fabrics into the surrounding environment of air, liquid, or even skin

(14)

Consequently, the health risk associated with formaldehyde emission has caused
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increasing concern in worldwide. Due to formaldehyde was recognized as probable

(14,15,16)

human carcinogen Finding ideal formaldehyde-free crosslinking agents for

cotton has become a focus of the textile industry.

In an attempt to seek formaldehyde-free finishes, DHDMI or 4,5-
dihydroxy-1,3-dimethyl-2-imidazolidinone has been state to be the attractive finishes.
Similarly to DMDHEU, it is the adduct of urea and glyoxal with 1,3-methyl substituents.
Unfortunately, DHDMI, as a bifunctional crosslinking agent, is far less effective than
DMDHEU and requires high resin add-on levels. It is also expensive because it needs
to be purified enough to elude discoloration of fabric 4 Therefore, it is not widely used

in the industry.

Figure 2.14 4,5-dihydroxy-1,3-dimethyl-2-imidazolidinone "

To sum up, those resins mentioned above can be categorized into five

types depending upon free formaldehyde contents.as shown in Table 2.2 e,
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Table 2.2 Development of cellulose crosslinking agents.

Formaldehyde Crossliking agent type

High-2000 ppm Phenol-formaldehyde
Methylolmelamine

Dimethylolurea

Reduced-500 ppm Dimethylol ethylene urea

Dimethylol dihydroxyethylene urea

Low Dimethylol dihydroxyethylene urea (DMDHEU)
50-300 ppm Methylated or glycolated with or without a scarvenger
Free-0 ppm Dihydroxy dimethylimidazolodinone (DHDMI)

Polycarboxylic acids

2.6 Polycarboxylic Acids Used As Durable Press Finishes

Alternative to the formaldehyde or N-methylol agents, which form ether or acetal
crosslinkages by reaction with hydroxyl groups of cellulose, Polycarboxylic acids have
been identified as proper crosslinking agents with ester type linkages to impart wrinkle

resistance property of the finished fabrics.

An advantage of using polycarboxylic acids is that they neither contain nor
release formaldehyde. So, a number of polycarboxylic acids have recently been
developed as the cellulosic crosslinking agent. These acids react with hydroxyl groups
of cellulose to form ester-type crosslinks connecting adjacent cellulose chains in a 3-

. ] . . . 19,20,21
dimensional network inside the cotton fibers ( ).

It is widely accepted that such polycarboxylic acids esterify with cotton at high

temperature in the presence of alkali metal salts of phosphorus containing inorganic

(22,23)

acids by forming cyclic anhydrides as cellulosic reactive intermediates This

phenomenon is known as cyclic anhydride mechanism. In the presence of heat, a
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molecule of water is lost from adjacent, non-sterically hindered carboxylic acid groups
to form a cyclic anhydride and in the presence of catalyst, the anhydride reacts with
cellulose to form an ester and regenerate break one carboxylic acid group “ As
illustrated in Figure 2.15, pairs of neighboring carboxyl group will form an anhydride ring
and then esterify with a hydroxyl group of cellulose. Consequently, at least three
carboxyl groups must exist in each acid molecule to provide the effective crosslinking

25,26
network ( >.

.

—C—COOH —?— —C—COO—=cCell
et O Cell-OH
—C—COQL = s, —1C 88 ™~ — ¢ COOH
catalyst 0}
—?—COOH —T;—COOH —?—COOH
catalyst | heat
—C—COO—cCell —?—COO—CeII
- O
(0]
—?—COO—CeII _?_ 4
(0]

Figure 2.15 Schematic of cyclic anhydride mechanism (9

Many types of polycarboxylic acids are in use, such as straight chain, aromatic,
saturated and unsaturated “". In the case of a saturated system, at least three

28
( ). For

carboxylic acid groups are, required to accomplish _crosslinking of the cellulose
unsaturated system, at least two carboxylic acid groups in an a, p —unsaturated system
are required. Molecules containing more carboxylic acid group; however, may bring
about better effects of crosslinking. Besides, these carboxylic acid groups have to be
separated from one another by at least two carbon atoms but not more than three

carbon atoms. For aromatic acids, the positions of the acid groups must be ortho, and a

cis-orientation must be present in unsaturated polycarboxylic acids 9,

Most of the research has concentrated in tri- and tetracarboxylic acids,

especially citric acid (CA) and 1,2,3,4-butanetetracarboxylic acid (BTCA).
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2.6.1 Tricarboxylic Acids

Propane tricarboxylic acid (tricarballylic acid), propene tricarboxylic acid

(aconitic acid) and citric acid, a hydroxy acid, were investigated e,

It was found that
the order of effectiveness of these acids is tricarballylic acid > aconitic acid > citric
acid. Aconitic acid, on the other hand, produced severe yellowing to treated fabric.
Tricarballylic acid provided high initial performance on the finished fabrics such as
wrinkle resistant property, but the laundering durability was less than with BTCA finished

. 23
fabric @)

CIHz_COOH ﬁH—COOH (fHZ—COOH

CH—COOH C—COOH HO—C—COOCH

éHz— COOH (|3H2—COOH CH— COOH
Tricarballylic acid Aconitic acid Citric acid

Figure 2.16 Structure of tricarballylic acid, aconitic acid and citric acid e,

Citric acid has encouraged itself to be an interesting agent because it is
low cost, proven lack of toxicity and ready availability. The most suitable concentration
of citric acid found to impart durable press properties to fabrics was at 7% and the most

30)

effective catalyst with citric acid was sodium hypophosphite 7739 The best mole ratios

to be used were 1:1.5 o) and 1:2 an

The influence of curing temperature on fabric
properties was also investigated by varying the temperature and curing time. The fabric
treated with CA at high temperature_and short curing time will cause less whiteness
index and better DP rating of the finished fabric that those of finished fabric treated with
CA at low temperature and long time. But when low temperature and long curing time
was used, whiteness indices of finished fabric was generally higher and durable press
ratings of finished fabric was lower than those from high temperature curing “ The
appropriate curing condition for fabric treated with CA was at 160 °C for 90 sec o,

However, it caused fabric yellowing during curing at elevated temperatures that can be

explained by the formation of unsaturated polycarboxylic acids attributed to aconitic
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(24,31)

acid produced during the curing process . This problem can be reduced by using

proper catalyst such as sodium hypophosphite (17.26.30)

. Nevertheless, whiteness index of
the finished fabric treated with CA is not as good as that of the finished fabric treated

with DMDHEU.

Adding specific hydroxyalkyl amine or quaternary ammonium salts to the
pad bath of CA can improve whiteness index of the finished fabric better than that of the
finished fabric treated with DMDHEU while good durable press properties of the finished
fabric remain the same. The highly effective additives are triethanolammonium salts or
tetrakis (hydroxy-ethyammonium) salts. In addition, these additives allow reduction of
the amount use of expensive hypophosphite catalyst by at least 50% . Many studies
were continued to find other appropriate additives, which increase the whiteness
retained during formaldehyde-free durable press finishing of cotton fabric with citric
acid. The effect of three tertiary alkanolamine compounds such as triethanolamine
(TEA), triisopropanolamine (TPA), and N-methyldiethanolamine (MDA) were compared
®9 Al of them were found to be effective additives in the enhancement of fabric
whiteness. Generally, tertiary alkanolamine seemed to be able to improve strength and
abrasion resistance of the treated fabrics but it caused somewhat decreased wrinkle

. (34)
resistance

Poly (ethylene glycol) with molecular weight of 400 could enhance the
whiteness of the finished fabric and particularly affected level of DP rating and WRA.
Additionally, boric acid also improved the whiteness index but it lowered the DP rating

and WRA %

Whiteness and strength properties tended to decrease as citric acid
concentration increased. However, this discoloration was caused by mostly from the
unreacted finish residues on the fabric, so the aftertreatment procedure such as
washing can recover the whiteness thereof ), Moreover, durability of the citric acid
finish to laundering was not as great as that of DMDHEU- or BTCA- based finishes, but

is equal to that of DHDMI, and in some cases is greater than that of DHDMI. As a result,
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the use of citric acid as an extender for the more expensive BTCA seemed to be

attractive.

2.6.2 Tetracarboxylic acids

Among a number of polycarboxylic acids used as crosslinking agents for
cellulose, BTCA appeared to be the most promising reactant. Many advantages were
taken into account, such as level of smooth drying properties, durability to laundering,

fabric strength retention, low reagent volatility and absence of odor.

CH-COOH
H-COOH
(|3H—COOH

CH;COOH

Figure 2.17 Structure of BTCA .

The key to successful use of BTCA in finishing cotton for durable press is
to use appropriate class of esterification catalysts. ~Although weak bases have some
catalytic effect in durable press finishing with BTCA, a number of alkali metal salts of
phosphorus-containing mineral acids show considerably greater activity as catalysts

(36)

and curing agents The most. effective catalyst currently known is sodium

hypophosphite ‘menohydrate (NaH,PO,.H,0), “and"3.3-6.5% ‘concentration of it has

generally-been-used in BTCA or. citric.acid. finishing o0

Performance properties of BTCA/ NaH,PO,.H,O finished fabric after 30
home laundering washing has DP smoothness performance equal to that of DMDHEU
finished fabrics. The tensile, tear and abrasion test results were better for BTCA finished
fabrics.  Particularly, the abrasion resistance of the BTCA finished fabrics was

(37)

significantly better than the DMDHEU finished fabrics
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Normally, the durability to laundering of BTCA finished fabric depended
on the activity of the curing catalyst. It was found that the DP rating remained at or
above 3.5 for 80 laundering cycles when used sodium hypophosphite as catalyst.
However, condition of application was also the major factor concerning the increase of
the performance life of BTCA finishes. Machine wash and tumble dry cycles at wash
temperature (50-55 °C) and alkalinity (pH 9.8) was suitable for home laundering.
Besides, curing temperature and time were important factors governing the durability of
repeated laundering, and the greatest durability to laundering could be obtained if the
finished fabric was cured at 210-215 °C (410-419 °F) for 15 or 20 seconds. In addition,
high speed fabric finishing with BTCA/ NaH,PO,.H,O could be accomplished in less

than 15 seconds at these temperature ?

Although sodium hypophosphite has high curing activity, it has high cost
and tendency to cause shade changes in fabric dyed with sulfur dyes as well as certain
reactive dyes. Moreover, the phosphorus compounds are likely to serve as nutrients to
algae to growth when waste solutions of phosphorus-containing compounds are

discharged into steams and lakes Pk

Consequently, further progress was made in developing nonphosphorus
containing catalyst, co-catalyst and crosslinking modifiers for use in polycarboxylic acid
finishing. Because the reaction of BTCA with cotton in the presence of NaH,PO,.H,0
depended on diffusion and.penetration of reactant.and catalyst into cellulose fiber so
highly polar solvent was used to assist the required diffusion and penetration. Tertiary
alkanolamines and N,N’-disubstituted-amides were-highly polar solvents capable of
making and breaking hydrogen bonds_in hydroxylic polymers such as cellulose. They
acted as penetrants and carriers to speed diffusion of BTCA and NaH,PO,.H,O into the
cellulose fiber. In addition, they increase DP performance and laundering durability

without additional fabric strength loss %9,

As a curing additive, triethanolamine (TEA) was more effective than N-

methyldiethanolamine in improving DP ratings. It was believed that TEA could increase



28

the average length and degree of branching of the crosslinking by forming a 3-
dimensional network with BTCA in the course of forming an amine-BTCA-cellulose

(39)

terpolymer Furthermore, TEA was found to improve the abrasion resistance of

(40)

treated fabrics but slightly lower DP performance . And in order to improve the flex

abrasion resistance in BTCA finished fabric, TEA was considerably more effective than

)

polyols such as glycerol or pentaerythritol o) Similarly, small amount of polyethoxylate

quaternary ammonium salt was also added to baths containing BTCA or DMDHEU to

improve the abrasion resistance of both BTCA and DMDHEU treated fabrics “o,

The use of sodium bromide as a co-catalyst with NaH,PO,.H,O in BTCA
finishing permitted a 75% decrease in the concentration of the phosphorus derived
catalyst but unable to improve the strength and abrasion resistance retained. Sodium

chloride had a smaller effect than the sodium bromide as co-catalyst o),

Moreover, alkali metal salts of various acid were developed to be
alternative to use as a catalyst. The sodium salt of a-hydroxy polycarboxylic acid such
as malic, tartaric or citric acid could serve as direct replacements for NaH,PO,.H,O or

other phosphorus compounds as curing catalyst for BTCA 96:59)

Mono- or disodium salts of unsaturated acids, such as fumaric acid,
maleic acid and itaconic acid, were effective catalysts to replace NaH,PO,.H,O for the
reaction of BTCA and cellulose. The improvement-was considerable in both DP rating
and WRA of treated fabric. Moreover, retention of stoll flex abrasion resistance was

. . (39)
substantially increased .

The sodium salts of saturated carboxylic acids, such as formic acid,
oxalic acid, malonic acid, succinic acid, glutaric acid and adipic acid were also
examined. They were generally more effective than sodium carbonate, but they were
less effective than NaH,PO,.H,O for improving smooth drying appearance of the treated

(39)

fabric in the presence of BTCA ™.
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A three-component catalyst containing triethanolamine, malic acid and
NaH,PO,.H,O was proved to increase the breaking strength, tearing strength and flex
abrasion resistance of cotton fabric treated with BTCA while the mole ratio of TEA:
(BTCA + malic acid) was in the range of 0.90-1.00. Flex abrasion resistance of the
treated fabric was equaled to the value of untreated fabric, and was nearly double that
DMDHEU-finished fabric at the same level of DP performance. BTCA was believed to
esterify hydroxyl groups of triethanolamine and of malic acid as well as cellulose to
produce a graft copolymer of cellulose having a more open and flexible three-
dimensional molecular network than those obtained in crosslinking cotton with BTCA or

DMDHEU by conventional catalysts.

Trisodium citrate (TSC) and a combination of sodium oxalate (SOX) and
sodium formate (SF) were also used as catalysts in durable press finishing with BTCA.
The results showed that the fabric finished with BTCA using these catalyst performed
good wrinkle resistance properties. However, TSC is far safer and much more

acceptable environmentally than SOX or SF 5"

2.6.3 Mixed Polycarboxylic Acids

According to high cost of the tetrafunctional agents, such as BTCA and
cyclopentanetetracarboxylic acid (CPTA), further research based on mixing
tetrafunctional agents with citric. acid, an inexpensive tricarboxylic acid, was

progressed.

The a-hydroxyl group of citric acid interferes the effectiveness of this
acid used as an effective cellulose crosslinking agent. Adding small amounts of
polycarboxylic acids that do not contain hydroxyl groups in their molecular structure
considerably increase the performance of citric acid. These additives, hypothetically,
esterify some a-hydroxyl groups of the citric acids to yield dimeric, trimeric and perhaps
higher polycarboxylic acids which could be used as effective durable press finishing

agents.
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The mixture of citric acid and BTCA or PCA (1,2,3-propanetricarboxylic
acid) was proved more effective for imparting smooth drying properties than those from
citric acid alone. It is hypothesized that adding BTCA or PCA may esterify the a-
hydroxyl group of citric acid during the first stage of the heat cure to yield more
carboxylic groups than system with CA alone. A continuation of this reaction with still
other citric acid molecules could lead to a dendritic polymer having a great many
carboxyl groups which could be able to form numerous ester linkages to cellulose.
Figure 2.18 showed the nature of one possible intermediate for the reaction of BTCA
with a-hydroxyl groups of two citric acid molecules to yield higher polycarboxylic acids.

However, this mixed finish imparted the yellowing problem to the finished fabric 9,

CH-—COOH
’ A R s - CH—COOH
PHTCOOH 5 Ho—C—coon —> R °
H—COOH [ HOOC—CH (|3H2_COOH
CH—COOH A
CHZ—COOH 2 CHZ—COO ? COOH
CHZ—COOH
BTCA Citric acid

Figure 2.18 The reaction of BTCA with a-hydroxyl groups-of two citric acid molecules 9,

Tartaric acid having a-hydroxyl groups is another effective additive for
citric acid durable press formulation. Carboxyl groups of citric acid could conceivably
esterified the secondary hydroxyls ‘of tartaric acid during the cure to yield higher

polycarboxylic acids A

On the other hand, the possibility of tartaric and citric acid
could form a 1:1 alternating copolymer in situ in cotton by esterification of the two
secondary hydroxyl groups of each tartaric acid molecule by carboxyl groups of citric
acid molecules during the heat cure was considered to be used as a crosslinking agent
@)

The results found that the 1:1 mole ratio of tartaric acid and citric acid provided

higher appearance DP ratings, increased WRA and improved whiteness of fabric.
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5-7% citric acid in the presence of various corrective additives and time
of storage in air at 40-55% relative humidity were found to be useful to increase the
whiteness of cotton finished fabric. The presence of tartaric acid, 1-hydroxyethane-1, 1-
diphosphinic acid, or boric acid as additives could enhance the whiteness as well. The
first two of these additives enhanced DP performance, whereas boric acid decreased
DP performance. In addition, a subsequent rinsing process increased the whiteness

1)
also .

In spite of the fact that methyl hydrogen silicone is a fabric softener, it
could be applied as a mixture with finishing agent to convey better DP performance,
greater wrinkle resistance, and better final whiteness index than those obtained from

low-density polyethylene y

The addition of small amounts of phosphoric acid,
phosphorous acid, or 1-hydroxyethane-1, 1-diphosphonic acid (HEDPA) in the citric
formation with no BTCA present also increased the effectiveness of citric acid. Similarly,
Maleic and malic acids imparted a good level of DP performance and wrinkle resistance
when they were applied to fabric with moderate amounts of BTCA and using sodium
hypophosphite as the catalyst. Malic acid finishes, particularly, have the advantage that

they lead to high degree of fabric whiteness Sk

The combination of CA and a terpolymer of maleic acid, acrylic acid, and
vinyl alcohol (TPMA) were recently elaborated as a non formaldehyde durable press
finishing system “9 " This system-was applied to garment finishing on booth laboratory
and industrial production scales and compared with the traditional DMDHEU systems.
The DP rating, WRA, mechanical strength, and abrasion resistance of the garment
finished with this. system were comparable to those treated with the conventional
DMDHEU systems. Nonetheless, tensile strength of slacks finished with TPMA/CA

system was lower than those finished with DMDHEU “,

Furthermore, the performance
of TPMA/CA as a non formaldehyde durable press finish system applied to cotton
fabrics was also evaluate and compared with a low formaldehyde DMDHEU. The cotton
fabrics treated with TPMA/CA showed durable press performance and mechanical

properties better than those treated with low formaldehyde DMDHEU. In addition,
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ethyleneglycol (2%) was added to one of the TPMA/CA formulation and it was found that

the addition of ethyleneglycol improved fabric whiteness whereas it reduced wrinkle

resistance.
0 | CH;COOH
CH-COOH
| 2 Cl)H—COO—ﬁ)—COOH
+ —C—
HO ? 5 HOOC—?H CHZ—COOH
0 CH-COOH
2
polymaleic acid citric acid

Figure 2.19 Reaction of the anhydride of PMA and TPMA with CA on cotton

q p A 43
fabric under curing conditions W

2.6.4 Unsaturated Carboxylic Acids

As previous research, most polycarboxylic acids providing acceptable
smooth-drying properties to cotton fabrics have small molecular structure, which can
penetrate through cellulose fiber producing three-dimensional crosslinking. Although a
high level of resiliency and stability of the finishes to machine laundering was obtained,
these finishes still caused a considerable decrease in strength and abrasion resistance

to the treated fabrics (26'28).

Therefore, -a 'polymerization-crosslinking (PC) treatment has been
developed ‘to--alleviate these. disadvantages. - It. was believed - that, retention of
mechanical properties was better with the deposition of polymerizing resins within the
interior of wet swollen fibers, and subsequent formation of longer, flexible crosslinks of

cellulose through the functional groups in the resins "),

To achieve smooth-drying
properties of finished fabrics, unsaturated carboxylic acids were another attractive
choice as crosslinking agents. These acids should have at least two carboxylic acid
groups in the adjacent carbon atoms and have double bond existing in their molecules.

The radical polymerization could polymerize unsaturated acid in the presence of
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peroxide initiator to yield long chain polycarboxylic acids capable of undergoing an

esterification reaction with cotton cellulose.

Olefinically unsaturated dicarboxylic acids, maleic acid (MA) and
itaconic acid (IA) has recently been introduced to use as copolymer crosslinking agent
for cellulose by using them with the combination of potassium persulfate (K,S,0,) and
NaH,PO,.H,O as a free radical initiator and an esterification catalyst, respectively “
Because their homopolymerization rate are expected to be low due to steric effects in
MA and allylic radical formation in |IA, copolymer system of MA and IA would be more
effective than MA alone. Further explanation was that maleic acid can be

copolymerized in situ in the cotton fabric with itaconic acid to form tetra, hexa- and

higher functional polycarboxylic acids in drying step of pad-dry-cure application.

COOH
niw=iH + NCH=C—COOH _?H_fH_C%_?_
COOH
L _In

Figure 2.20 Structure of Maleic Acid / Itaconic copolymer formed in situ ),

According to Table 2.3, the system of a 1:1 mole ratio of MA and IA with
NaH,PO,.H,O at 1:1 or 1:3-mole ratio of monomer and catalyst was the most effective.
The DP ratings were comparable with that of fabric treated with conventional DMDHEU,
although WRA were likely to be slightly low. " Stoll flex abrasion’resistance of treated
fabrics, in particular, were higher than that of the untreated control. Whereas the higher
monomer concentration increased in both DP rating and WRA to a degree comparable
to those of the DMDHEU treated fabric but unusually higher-retention in tearing strength

and stoll flex abrasion resistance as demonstrated in Table 2.4
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Table 2.3 Performance properties of 100% cotton fabric twill treated with MA/IA at

Acid-cat WRA TS, %

Monomer, Mole ratic®  Add-on°, DP Degree BS, SFA,  BL%,
Mole ratio % rating (w+f) W f % % cm
Untreated - - 1.5 171 100 100 100 100 3.7
DMDHEU-treated” - 4.0 4.5 278 55 59 45 18 3.0
MA 1:1 9.1 3.5 219 67 73 56 99 2.9
MA/IA(2:1) 1:1 9.6 4.0 254 78 82 56 196 2.5
MA/IA(1:1) 3:1 7.4 4.0 233 82 91 64 323 2.7
2:1 tan 3.5 242 93 86 73 269 3.0

1:1 11.6 4.4 268 76 90 49 214 2.7

1:1.33 10.8 4.4 256 79 90 57 226 2.7

MA/IA(1:2) 1:1 10.8 4.0 258 68 87 67 131 2.7

“Treating bath: 12% monomers, 1.5%owm K,S

)

2 B}

Dry: 100°C/10 minutes. Cure: 180°C/2 minutes. Wash and tumble dry.

NaH,PO,.H,0,1%softener,and 0.1% Triton X-100.

b .
Molar ratio between

monomer and NaH,PO,.H,O. *Add-on(%)={(weight after treatment and washing-initial weight)/initial

weight}x100. dTearing strength retention(wrap and fill). eBreaking strength retention. 'Stoll flex

abration. °BL:Bending length. "Treatment bath:12%DMDHEU,1.5% Zn(NO,),.6H,0, 1%softener, and

0.1% Triton X-100. Dry:100°C/5 minutes. Cure:165°C/3 minutes. wash and tumble dry.

Table 2.4 Effects of the PC treatment on 100% cotton twill (MA/IA, 1:1)

Monomer Cuene -COOH AE
conc., Add-on, DP WRA TS, % BS, SFA, BL, Insol., % Content Basic
Y%e0wb

(curing’C/min) % Ratin (w+f) w F % % cm wi°® % Acetyl (mequi/100g Blue9

g sample)

6.2% 5.2 3.7 242 85 98 62 221 2.7 46.7 6.4 0.1744 31.3 74.6
8.9% 8.4 4.0 271 83 97 59 148 2.5 47.0 224 0.1946 55.8 747
12%(160/3.5) 11.4 4.2 272 62 89 58 143 2.5 44.7 0.4545 35.8 75.0
12%(170/2) 11.3 4.0 273 70 88 60 158 2.5 49.7 0.3010 451 74.9
12%(180/2) 11.6 4.4 268 76 90 49 214 2.7 49.0 53.3 0.6416 76.1 74.5
12%(190/2) 11.3 4.4 283 51 78 58 133 2.4 30.3 0.3946 40.6 74.8
15.6% 3.5 4.5 290 46 82 54 81 2.5 45.5 58.0 0.9120 69.3 75.3
DMDHEU - 48.3 94.5 - 42.2
treated

Untreated 56.3 27 5.7 54.8
“Treatment bath: monomers, 1.5% owm K,S,0,, 8.8% NaH,PO,.H,0., 1% softener, and 0.1% Triton

X-100. Dry:100°C/1O minutes. Cure:180°C/2 minutes, unless otherwise specified. The abbreviations

b .
are same as before. Before washing
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However, loss of breaking strength in this PC treatment was
considerable, even though the loss was less than with DMDHEU. This may result from
insufficient diffusion or migration of monomers into fiber during drying stage, so that
deposition of polymer was just below or at the fiber surface. To examine this
assumption, treated fabric was dried with basic blue 9. It was found that these treated
fabrics showed considerable affinity for basic blue 9. In addition, the effects of some
treatment parameters such as monomer concentration, initiators, pH and additives were
also examined “”. It was found that monomer concentration of 9% or more was
necessary to obtain DP rating and WRA comparable with those of the fabric treated with
DMDHEU. And among various free radical initiators, potassium persulfate and sodium
persulfate brought about the most desirable performance properties to treated fabric.
Especially, the fabric treated with potassium persulfate resulted in higher DP rating and

WRA compared with the fabrics treated with the fabrics treated with other initiators.

Influence of pH of the treating bath revealed that add-on decreased
continuously with increase pH up to 4 and zero add-on was obtained at pH 6 and
above. The zero add-on indicated that esterification reaction did not occur and the

oligomers / polymers appeared to be removed by washing.

Addition of TEA as an additive in the copolymerization could noticeable
improve strength retention, stoll flex abrasion resistance and whiteness index. But with a
compensating decrease in.DP rating and WRA. -Other hydroxyl-containing additives
such as 3-butene-1,4-diol, poly(vinyl alcohol) and poly(ethylene glycol) were likely to
slightly increase strength retention. Similarly, slightimprovement in DP rating and WRA
was obtained with addition of tricarboxylic acid such as aconitic acid and citric acid, but
severe yellowing of the treated fabric was remarkable. Moreover, BTCA was also added
to imparted DP rating and WRA, but stoll flex abrasion resistance significantly

decreased.



CHAPTER I

Experimental Procedures

3.1 Scope

1. The 100% cotton fabric was desized, scoured, bleached and mercerized, and then
finished with various concentrations of durable press finishing agent by pad-dry-

cure method.

2. Acrylic acid and maleic acid were mixed and then used as a crosslinking agent in
this study. Potassium persulfate is an initiator for polymerization of acrylic acid and

maleic acid, sodium hypophosphite was chosen as catalyst.

3. The fabric was treated with the mixture of MA and AA under various conditions. The
various conditions were adjusted by varying mole ratios and concentrations of
acrylic acid and maleic acid, by varying concentrations of catalyst and by varying

temperature and time of curing.

4. The treated fabrics, which were finished with DMDHEU and with the crosslinking
agents, were tested their physical properties, such as dry wrinkle recovery angle

(DWRA), CIE whiteness index and tensile strength.

5. The untreated fabric was dyed with reactive dye-and then finished with the selected
mixture of the crosslinking agents. In addition, the resin-treated fabric having best
properties was selected to be dyed with reactive and basic dyes. Then washing

fastness and light fastness were determined as well.

6. FT-IR spectroscopic method was used to identify the esterification reaction
occurring in the treated fabric and the selected mixtures of the crosslinking agents

were characterized by NMR and GPC analysis.
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3.2 Materials

The desized, scoured, bleached and mercerized 100%cotton fabric supplied by

Thanapaisarn R.O.P. is a 96x36 plain weave and 6 oz/yd2 cotton weight.

3.3 Chemicals

The chemicals used in these experiments were laboratory reagent grade.

3.3.1 Crosslinking Agents

3.3.1.1 Maleic Acid (C,H,0,)

Molecular weight : 116.07

Properties : colorless crystals, repulsive astringent taste, faint odor,
soluble in water, alcohol and acetone, very slightly
soluble in benzene; d 1.59, mp 130-131°C. At
temperatures slightly higher than its melting point, it is

converted partly-to fumaric acid.

3.3.1.2 Acrylic Acid (C,H,0,) “©

Molecular weight : 76.02

Properties : colorless liquid; acrid odor. Polymerize readily.
Miscible with water,-alcohol and ether; bp 140.9 °C; mp
12.1°C; d 1.052, vap press 3.1 mm Hg.

3.3.1.3 Arkofix NDF

Arkofix NDF was used as a control of finishing agent in this study. The
properties of cotton fabrics treated with the Arkofix NDF were compared with those of
fabrics treated with mixture of MA and AA. It is slightly yellowish transparent aqueous

solution of a derivative of dimethylol-4,5-dihydroxy-ethylene urea (DMDHEU).
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It is recommended for low formaldehyde type resin finishing for white and coloured

textiles composed of cellulosic fibers.

3.3.2 Initiator

Potassium Persulfate (K,S,0,) 4

Molecular weight : 270.32
Properties : white crystals, soluble in water, insoluble in alcohol,

d 2.477, mp decomposes bolow 100°C

3.3.3 Catalyst

3.3.3.1 Sodium Hypophosphite Monohydrate (NaH ,PO,.H,0) “*

Molecular weight : 87.97

Properties : Colorless, pearly, crystalline plates or white granular
powder; saline taste. Soluble in water, partially

soluble in alcohol.

3.3.3.2 Katalysator PS-U
It is the tradename of special catalyst for Arkofix NDF to achieve effective

crosslinking of cellulose fibers.

3.3.4 Dyestuffs

3.4.1 Reactive Blue CA

®
Levafix Blue CA gran was provided by Dystar.

3.4.2 Basic Blue

®
Astrazon Blue BG 200% was provided by Dystar.
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Figure 3.1 Flow chart of durable press finishing procedures.

39



40

3.4 Equipments
3.4.1 Laboratory padder

3.4.2 Dryer (Minidryer)

3.4.3 Wrinkle Recovery Tester

3.4.4 Reflectance Spectrophotometer (Spectraflash 500)
3.4.5 Tensile strength tester (Instron Universal Tester)
3.4.6 Infrared heated dyeing machine (Nuance)

3.4.7 Washing Tester (Launder-O-meter)

3.4.8 Light fastness Tester (Fade-O-meter)

3.4.9 Fourier Transform Infrared Spectrometer (FT-IR)
3.4.10 Nuclear Magnetic Resonance Spectrometer (NMR)
3.4.11 Gel Permeation Chromatographic equipment (GPC)

3.4.12 Glasswares

3.5 General Procedures for Durable Press Finishing Treatment

3.5.1 Sample Preparation

The remaining starch on the fabric was checked by using iodine solution
testing and then the fabric was cut into a small specimen of 30x30 cm for using in a step

of finishing.

3.5.2 Padding

The specimens were immerged in finishing agents and padded with one

dip and one nip on a laboratory mangle to obtain 80-90% wet pick-up.

3.5.3 Drying

After the padding step, the specimen was fixed on the frame and dried at

100 °C for 3 min in the minidryer.
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3.5.4 Curing

The dry fabrics were cured at different curing conditions by varying the

time and temperature of curing in the same minidryer.

3.5.5 Rinsing

After curing step, the specimen was rinsed with tap water for 2 minutes

and then dried at 100 °C for 5 minutes in the minidryer.

3.6 General Procedures for Testing of Treated Fabrics

3.6.1 Dry Wrinkle Recovery Angle Test

Dry wrinkle recovery angle (DWRA) of finished cotton fabric was evaluated

by following AATCC Test Method 66"

The dry wrinkle recovery angle property is the ability of the fabric to
recover its flat position from folded position. Dry wrinkle recovery angle of a specimen is
a sum of dry wrinkle recovery angle of specimen in warp and weft directions of the
fabric. As a consequence, the maximum of wrinkle recovery angle of each direction is

180 degrees, while zero degree indicates no recovery from creasing.

3.6.1.1 Apparatus:

1) Wrinkle Recovery Tester composes of disk and protractor jointed
coaxially together on a vertical support, thus their rotations on a horizontal axis are
allowed.

2) Clamp is adjacent to the face of the disk for supporting the specimen
holder

3) Specimen holder consists of two superimposed metal leaves, which

have the same width of 16 mm and the different lengths of those two metal are 18 and
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23 mm jointed together at one end. So the other end can be opened for inserting the
specimen.

4) Transparent Plastic Press comprises of two superimposed leaves of
equal length and width, approximately 95 mm and 20 mm respectively, and fixed
together at one end.

5) A 500 g weight is placed on the press platform to impart regular
pressure over the area.

6) A stop watch

3.6.1.2 Test specimens:

1) Test specimens from samples of fabric must be free from wrinkles.

2) Samples were cut into twelve specimens, six from warp direction and
the other six from filling direction. The size of each specimen is 15x40 mm. Each warp
and filling specimens should be taken from different yarns.

3) The warp direction specimens are divided into 2 groups. Three from
them are folded face-to-face and the others are folded back-to-back for testing wrinkle

recovery angle.

3.6.1.3 Conditioning
The specimens were conditioned at 65+2 %RH, 21+1°C (70+2 °F) for at

least 24 hours. And they must be flat and free from wrinkles.

3.6.1.4 Procedure:

1) Each conditioned specimen was inserted into the ‘specimen holder at
one end under the 18mm mark directly and folded the other end on the top of the
shorter leaf.

2) The holder and specimen were inserted into spread jaws of plastic
press. Then, a load of 500 g was gently applied to press-holder combination.

3) After 5 min + 5 sec, the load was removed. The press-holder and the

specimen holder were lifted and inserted the end of the specimen holder into the mount
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on the face of the tester. Then, the press-holder was removed rapidly. It's necessary to
try to avoid touching upon the specimen leg.

4) During its recovery period, the dangling specimen leg aligned with the
vertical guide line was kept to omit gravitation effects.

5) Exactly 5 min + 5 sec after removing the load (10 min after the load

application).

3.6.1.5 Report

Average all wrap readings and all filling readings were reported as a
sum if the difference between the average of face-to-face and average of back-to-back
is not greater than 15 degrees. If the difference is greater than 15 degree, those two

averages were report separately.

3.6.2 Tensile Strength Test

Tensile strength of finished cotton fabric was tested following ASTM

(48)

Method D 5035

The Instron Universal Tester (Model 5583) was used for testing this
property. This Instron is type E (constant-rate-of-extension: CRE). It was operated at a
cross-head speed of 300 + 10 mm/min (12 + 5 in./min). The distance between the

clamps (gage length) was'set at 75+ 1 mm (3 + 0.05 in.).

Each sample was cut into five specimens from the warp direction and
eight'specimens from the filling direction. It is preferable to space the specimens along
a diagonal of the fabric in order to get different warp and filling yarns in each specimen,
the specimen size is 25 mm (1 in.) plus 20 yarns for raveling in width and at least 150
mm (6 in.) in length. The length of specimen should be accurately parallel to the

direction of testing and force application.
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An approximately even number of yarns are raveled from each side of the
specimen to gain the required testing width, 25 mm. Besides, the specimen must be
under conditioning at 65 + 2 %RH, 21 + 1 °C (70 + 2 °F) for at least 6 hours before
testing. Then, the specimen was clamped at the central position of the holder in the
tensile testing machine, and the alignment of specimen should be parallel as possible
as to the line direction of force application. A force was applied to the specimen until it
broke and the breaking load was read. The mean tensile strength value of all warp

direction and of all filling direction were reported as kgf.

3.6.3 Whiteness

Whiteness of the fabric was measured followed AATCC Test Method 110",
This test method provides to indicate how white the textile is. A reflectance
spectrophotometer or colorimeter is used for measuring the reflectance. The
reflectance will be converted to CIE tristimulus values. The whiteness is calculated from

formulae based on the CIE chromaticity co-ordinates.

3.6.3.1 Apparatus
A reflectance spectrophotometer is able to calculate CIE tristimulus
values with D 65/10°. In addition, this instrument can automatically calculate whiteness

index.

3.6.3.2 Test Sample
Each sample must:-be free of dirt-and crease, and its size must be

large enough to cover the aperture of the instrument.

3.6.3.3 Procedure
Firstly, the spectrophotometer spectraflash 500 instrument was
calibrated before testing as the equipment’s direction . Next, the sample was fold until it

is opaque. Then, three reading of reflectance were taken and average to one
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measurement of whiteness index. Specimens were 90° rotated during measurement

procedure.

3.6.3.4 Calculating and Interpretation
For illuminant D 65 and 10° observer, the whiteness index can be
calculated by this equation.
Wio =Y, + 800 (X, 10— X;0) + 1700 (Y, 10 —Y10)
Where:
W,, = whiteness index
Y., = CIE tristimulus value Y of the sample
X, Y49 = Chromaticity co-ordinates of the sample
X100 Yo 1o — Chromaticity co-ordinate of perfect diffuser

(X, ,s=0.3158, Y, ,= 0.3310)

n,10

Generally, the higher the value of W, the greater the whiteness.

3.6.4 Dyeing of Reactive Dye on the Fabric

General dyeing procedure

Unfinished and resin finished fabrics were dyed using reactive dye
®
(Levafix Blue CA gran) in Infrared heated dyeing machine (NUANCE) at liquor ratio of

30:1. The dyebath was composed of 3%owf reactive dye, 50.g/l NaCl, 15 g/l Na,CQO,
and 1 g/l wetting agent. All dyeing except Na,CO, were commenced at room
temperature and held for 30 minutes. The temperature was raised to 60 °C by the rate
1°C/min. Na,CO, was added when temperature reached 60 “C, and continued dyeing
at this temperature was taken for 60 min. The dyed fabric was then taken out and rinsed
through in running tap water. Then, rinsed fabrics were soaped off in the boiling solution
containing nonionic surfactant. The dyeing process diagram of reactive dye may be

illustrated in Figure 3.2.
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1 °C/min.

60 °C
AB.C.D @

room temperature

Sample is taken out to rinse

and soap.
30 min. 60 min.

Where A = cotton fabric D = wetting agent 1 g/l

B = Reactive dye 3%owf E =Na,CO, 15 g/l

C = NaCl 50 g/l

Figure 3.2 The dyeing process diagram of reactive dye.

3.6.5 Dyeing of basic dye on the fabric

Unfinished and resin finished fabrics were dyed using basic dye
(Astrazon” Blue 200%) in Infrared heated dyeing machine (NUANCE) at liquor ratio of
30:1. The suitable pH of dyeing for fabric dyestuff is 4-4.5, so that the buffer system

containing acetic and sodium acetate was used.

3 °C/min.

-100°C o
3 "C/min.
% rinse

A,B,C,D,E
60 min.
Where A = cotton fabric D = sodium acetate 2%owf
B = Basic dye 3%owf E = wetting agent 1 g/l

C = acetic acid(30%) 4%owf

Figure 3.3 The process diagram of Astrazon® Blue 200% used in this task.



47

The starting process of basic dyeing was to add 4% owb of 30% acetic
acid, 2%owb of sodium acetate and 1g/l of wetting agent in the dye bath. Secondly, the
dyed bath was heated to 50°C and then the fabric were put into the solution for 5
minutes. The 3% owf basic dye was dissolved with boiled water before it was added
into the solution. The dyeing temperature was raised to the boil at rate of 3°C/min and
held at this temp for 60 minutes. After that, the temperature was cooled down to 60°C at
rate of 3°C/min. Finally, the fabric was taken out and rinsed through tap water before
soaping-off with the boiling solution containing nonionic surfactant. The process

diagram of Astrazon® Blue 200% is shown in Figure 3.3.

3.6.6 Determination of washing fastness

The 1SO 105 €03 color fastness to wash ™ is designed to determine the
effect of washing only on the color fastness of the textile. In the principle, a dyed
specimen and a piece of white cotton cloth were sewed together and put in a soaping
solution. The specimen is mechanically agitated under specified conditions of time and
temperature in a soaping solution, then rinsed and dried. The change in color of the
specimen and the staining on the whiteness cotton cloth are evaluated with the grey

scales.

Test procedure

A 40 mm x100 mm-of dyed specimen was sewed with the same side of
white cotton cloth. The tested specimen was placed in the beaker and added the
certain amount of soap solution at the'liquor of 50:1-containing 5 g/l-of standard soap
and 5 g/l of anhydrous sodium carbonate in distilled water.  The soaping solution was
heated to 60 °C before putting the specimen in the soap solution for 30 min. After the
end of this stage, the tested specimen was removed, rinsed in through tap water and
running water for 10 minutes, and squeezed out the excess water. The dyed specimen

and the white cotton cloth were separated and dried under ambient condition.
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3.6.7 Determination of light fastness

The 1SO 105-B02 color fastness "

was used to determine the resistance
of light fastness of the colored under the artificial light of xenon arc, which is artificial
light source representative of natural daylight. The light fastness of dye is usually

assessed against a set of standard dyeing.

In the test, a dyed fabric is exposed to artificial light source under
prescribed conditions, along with a set of dyed blue wool as references. The light
fastness rating corresponds to the number of blue reference showing a contrast equal to
that of the test dyed sample (visual contrast between exposed and unexposed parts of

the specimen).

3.6.8 Fourier Transform Infrared (FT-IR) Spectroscopy

Infrared spectroscopy is a classical molecular spectroscopic method used
for identifying organic dyes, textile fibers, polymer and blends. In this study, it was used
to confirm the evidence of cellulose crosslinking through esterification reaction between
carboxyl groups in MA/AA copolymer and cellulose hydroxyl groups. It is based on the
interaction of infrared radiation with molecular dipole moments in the sample. When
molecules are stimulated from ground vibrational state to higher vibrational state by
interaction with emission of electromagnetic radiation of the appropriate frequency. In
phase, the vibrations are enhanced and the energy was transfered from the incident
radiation to the molecule. The spectral transitions are detected by scanning through the
frequency, the vibration frequency. are shown to be characteristic of particular functional

groups in molecules.

The basic components of a fourier transform infrared (FT-IR) spectrometer
consists of the infrared light source, the interferometer, the sample chamber and the IR
detector. The infrared light source passes into the interferometer, which has two mirrors,

the transmitting and reflectance are combined at the beamsplitter where they produce
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interference effects. The beam is then passed through the sample and the signal
“interferogram” will be generated at the detector. The infrared spectrum is calculated

through fourier transformation of this data.

The method of sample preparation used in this experiment is pressed-disc
technique. Treated fabrics were separated into yarns and cut into powder before mixing
with potassium bromide. Then the mixtures were pressed into translucent discs. The
spectra of the prepared discs were obtained on a Perkin Elmer system 2000 FT-IR
spectrometer. Resolution for all the spectra presented was 4 cm”. The number of scan
was 16. All the spectra were transferred to the computer for further analysis and plotting

by spectrum for windows software.

3.7 General Procedure for Characterization of AA/MA copolymer

3.7.1 °C-NMR Spectroscopy

Nuclear magnetic resonance (NMR) spectroscopy is an important method
for materials characterization and for the study of polymer structure-property
relationships. The NMR signals in virtually all-modern NMR spectrometers are obtained
by a combination of pulsed NMR and fourier transformation. Common tools for all NMR
spectrometers are a high field magnetic, a source of radio frequency (rf), and a

computer.

In the absence of rf pulses, the nuclear magnetic moments tend to align
with magnetic field. The application of rf pulses rotates the magnetisation into the xy
plane, "where it rotates, or precesses, at a rate that depends on the magnetic
environment. This rotation is detected as the oscillating signal known as a free induction

decay and converted into a frequency spectrum by fourier transformation.
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3.7.2 Gel -Permeation Chromatography (GPC)

This technique is also called Sized-exclusion chromatography (SEC). That
is capable of characterizing very high-molecular-weight film and fiber polymers up to
10° molecular weight, thermoset resins of molecular weight 10° and 10°, oligomers or
pre-polymers in which only a few monomer units are jointed, and finally simple
molecules present in commercial polymers in the form of additives. It has the ability for
separation and quantitation. In addition, it also offers considerable potential to

determine molecular sized (weight) and molecular weight distributions.

Conventional liquid chromatographic equipment is normally used for
GPC. A dilute polymer solution is injected into the solvent stream, which then flows
through a column or series of columns, packed with material of narrow particle size and
controlled pore size, the pore size being comparable to the size of molecules to be
separated. The solvent molecules pass through and allow the packing media, carrying
the polymer molecules with them, where possible. The smaller molecules are able to
pass through most of the pores and so have a relatively long flow path through the
column. Whereas the larger polymer molecule are excluded from all but the largest of
pores and hence elude first. In this experiment, Equipment mode PL-GPC 110 was

used with NaOH asan solvent. The detector used is the differential refractometer (DRI).



CHAPTER IV

Results and Discussions

4.1 Fabric Preparation for Wrinkle Resistant Finishing

The desized, scoured, bleached and mercerized, plain woven cotton fabric was
firstly tested by iodine solution to ensure that the fabric has been pretreated completely
before it was used in finishing process. No starch was detected on the fabric after
testing with iodine solution because the yellow color of iodine solution did not turn to

blue color which indicates a presence of starch. Therefore, this cotton fabric can be

used in the finishing process.

4.2 Fabric properties treated with Arkofix NDF

In order to make a comparison with commercial DMDHEU finished fabric, Arkofix
NDF is the commercial name of DMDHEU finishing agent for cotton fabric. Katalysator
PS-U is a commercial name of catalyst for Arkofix NDF. The finishing formula used in
the study was 100 g/l of Arkofix and 30 g/l of catalysator PSU. The fabric was padded
with one dip and one nip at about 80%wet pick-up. The padded fabric was dried at 100
°C for 3 min and cured at 160°C for 3 min. Then, it was rinsed and dried at 100°C for 5
min before testing.

The testing properties of untreated cotton fabric and cotton fabric

treated with Arkofix NDF .shown in Table 4.1

Table 4.1 Properties of cotton fabric treated with Arkofix NDF.

Treatment on

Properties

cotton fabric DWRA Tensile strength(kgf) | Strength loss | CIE Whiteness
(degree,w+f) | Warp(w) | Filling(f) % (w+f) Index
untreated 166 49.087 25.749 0 52.8
Arkofix(control) 233 32.161 15.304 36.57 51.6
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4.3 Preliminary study for selecting the AA/MA system or MA/AA system

4.3.1 Comparison of AA/MA system and MA/AA system

The two monomers used in this work were acrylic acid (AA) and maleic
acid (MA). From the hypothesis, the both unsaturated acids can copolymerize by
radical polymerization in the presence of suitable initiator such as potassium persulfate
under high temperature to form polycarboxylic acid. The copolymer can react with the
hydroxyl groups of cellulose chain in the presence of appropriate catalyst such as
sodium hypophosphite in order to from crosslinking network to impart wrinkle resistant
property for the fabric. However, whiteness and tensile strength properties of the
treated fabric may be deteriorated by the reaction. Evaluation of wrinkle resistant
property was carried out by measuring the dry wrinkle recovery angle (DWRA). The
higher dry wrinkle recovery angle value means that the treated fabric is more resistant to

wrinkle.

To select an appropriate copolymer system between AA/MA system and
MA/AA system, the ratios of both monomers were varied by fixing one monomer
concentration constantly and varying the other by mole ratio and vice versa. For the
AA/MA system, the concentration of AA was fixed, while concentrations of MA were
varied. Four different mole ratios of AA/MA system were 110 0, 1t0 0.2, 1to 0.5 and 1
to 1. The MA/AA system was similar to AA/MA system but the concentration of MA was
constant and.the concentrations of AA were varied instead at the same way as in the
AA/MA system. The fabric treated with the both systems under different conditions were

measured fabric properties given in Table 4.2.

The results in Table 4.2, Figures 4.1 and 4.2 indicate that DWRA of
finished fabrics under different curing conditions in both systems were likely to increase
while the total mole ratio increase. It could be noticeable that pure MA imparted better
wrinkle resistant property to fabrics than pure AA could. However, fabrics finished with

pure MA showed higher strength loss than those finished with pure AA.
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Figure 4.1 DWRA of finished fabrics treated with AA/MA and MA/AA system.
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Figure 4.2 %strength loss of finished fabrics treated with AA/MA and MA/AA

system.
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Moreover, strength loss of finished fabrics treated with AA/MA system
increased gradually when the amount of MA increased. On the other hand, strength
loss of finished fabrics treated with MA/AA system decreased when the amount of AA in
the system increased. The trend of strength loss in both systems under three different
curing conditions was the same. Additionally, it was noticeable that AA caused slightly
yellowing on finished fabric while MA did not cause that problem. And MA brought
better wrinkle resistance to fabric than AA could; however, serious problem of MA was

that the finished fabric had very high strength loss.

As these results, it could be concluded that MA/AA system brought about
slightly better wrinkle resistant properties to treated fabrics than AA/MA system did while
strength loss of finished fabrics treated with MA/AA system was higher than those of
finished fabrics treated with AA/MA system. Whiteness index of the fabrics treated with
both systems was comparable and seemed to decrease with the addition of AA.

Therefore, the AA/MA system was selected for further experiments.

4.3.2 Comparison of three different curing conditions

Curing condition also played an important role in finished fabric properties
in those three testing properties. Curing condition consisted of time and temperature of
curing. The good combination of time and temperature of curing such as high
temperature-short time or low temperature-long time. The experiment was carried out
by varying curing temperature and curing time:in three conditions: 180°C for 1 min, 180
°C for 2 min and 160°C for 3 min. The fabric was finished with both AA/MA system and
MA/AA system wusing 12% owb -AA in. AA/MA system-and 12% owb MA in MA/AA
system, 2% owm potassium persulfate  was used as an initiator and 7% owm sodium
hypophosphite as a catalyst. The padding step, each of the treated fabrics was dried at
100°C for 3 min and cured at different curing conditions. Then, they were rinsed and
dried at 100°C for 5 min. Finally, dry wrinkle recovery angle (DWRA), tensile strength
and whiteness were evaluated. The properties of finished fabrics under different curing

conditions were also shown in Table 4.2, Figures 4.1 and 4.2.



56

Results from Table 4.2, Figures 4.1 and 4.2 showed that best wrinkle
recovery property of the finished fabrics treated with the mixture of AA/MA and MA/AA
solutions can be achieved by curing under 180°C for 2 min. This condition; however,
brought about worst strength loss and whiteness index on the finished fabrics as well.
Whereas curing condition at 180°C for 1 min was the best condition to retain fabric
strength in finished fabrics treated with the mixture of AA/MA system. Additionally,
DWRA and %strength loss of finished fabrics treated with both mixture solutions and
cured at 160°C for 3 min were similar to those of finished fabrics cured at 180°C for
Tmin. For comparison to those properties obtained from DMDHEU finished fabrics, it
could be concluded that DWRA and whiteness of all finished fabrics were lower than
those of DMDHEU finished fabric except for DWRA of finished fabrics treated with
AA/MA system and cured at 180°C for 2 min. The only property that can be comparable

to that of DMDHEU finished fabric was tensile strength.

The conditions of 180°C for 1 min and 160°C for 3 min were selected for
further experiments. Even though DWRA of finished fabric cured under these conditions
was not as good as that of finished fabrics cured under 180°C for 2 min, it was believed
that further experiments could improved DWRA by adjusting other factor such as

concentration of monomers and amount of catalyst.

To sum up, AA/MA system was selected because strength loss of finished
fabrics treated with this system was markedly lower than that of finished fabrics treated
with MA/AA system. - Whereas DWRA of finished fabrics treated with both systems was

similar. The selected curing conditions were 180°C for 1 min and 160°C for 3 min.

The further experiments were to study the effect of the concentration of the
mixture of AA/MA, and amount of catalyst used on the tested properties of the finished
fabrics under selected curing conditions. The fabrics were treated with 8%owb,
10%owb, and 12%owb AA, and the mole ratio of AA/MA equalto 110 0, 1t0 0.2, 1t0 0.5
and 1 to 1 based on the pure concentration of AA. Each treating bath contained AA or

MA as monomers and 2%owm potassium persulphate as an initiator. Amount of sodium
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hypophosphite as a catalyst was varied, such as 7%owm, 9%owm and 12%owm. The

finished fabrics were cured at 180°C for 1 min or 160°C for 3 min.

4 4 Effects of curing conditions, monomers and catalyst on DWRA

4.4 .1 Effect of different curing conditions on DWRA

The DWRA of the finished fabrics treated with each condition mentioned
above were concluded in Table 4.3. The results in Table 4.3, Figures 4.3, 4.4 and 4.5
indicate that the superior DWRA was achieved when fabrics were cured at 160°C for 3
minutes and it was obviously observed when mole ratio of AA to MA was increased to 1

to 0.5and 1 to 1.

In order to select appropriate curing condition, it was believed that
treatment under curing at 160°C for 3 min considerably resulted in more efficiency of

curing than those from 180°C for 1 min.
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Figure 4.3 Effects of curing conditions and monomers on DWRA of the finished fabrics

from treatment with AA/MA system at 7%owm catalyst.
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Figure 4.4 Effects of curing conditions and monomers on DWRA of the finished fabrics

from treatment with AA/MA system at 9%owm catalyst.
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Figure 4.5 Effects of curing conditions and monomers on DWRA of the finished fabrics

from treatment with AA/MA system at 12%owm catalyst.
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4 4.2 Effects of different concentrations and mole ratios of monomers on DWRA

From Table 4.3, Figures 4.3, 4.4 and 4.5, DWRA of the finished fabrics
were slightly better when AA concentration was increased or when mole ratio of
monomers was increased, especially at the mole ratio of AA/MA equal to 1 to 0.5 and 1
to 1. Although wrinkle recovery values of the finished fabrics from all conditions were
higher than that of unfinished fabric, the DWRA of many finished fabrics were still lower
than that of DMDHEU finished fabric. However, the DWRA of finished fabrics treated
with 10%o0owb AA at mole ratio of AA/MA equal to 1 to 1 and with 12%owb AA at the
same mole ratio under euring condition at 160°C for 3 min were comparable with that of
finished fabrics treated with DMDHEU. Additionally, the best improvement of DWRA
was obtained from the treatment containing 12%owb AA at mole ratio of AA/MA equal to

1 to 1 and 12%owm catalyst under curing condition at 160°C for 3 min.

4.4.3 Effect of amount of catalyst on DWRA

Catalyst was another important factor for imparting desired properties to
fabric, because the suitable amount of catalyst could bring about the effective

crosslinking reaction between active groups of resins and cellulose chains.

As seen in Figures 4.6, 4.7 and 4.8, wrinkle resistant property of fabric is
proportional to the concentration of catalyst as assumed at the beginning. When
concentration of catalyst was increased, it was gradually increased in wrinkle resistant
property of fabric finished with 1 to 1 mole ratio of AA and MA. Nevertheless,
concentration-of catalyst did.not affect DWRA of finished fabrics treated with pure AA at
different concentrations.” This may be caused by AA itself was not a good crosslinking
agent. It does not have three carboxylic acid groups in the adjacent carbon atoms
capable for supporting effective cyclic anhydride mechanism, so crosslinking reaction
would not be accomplished. Thus, DWRA of finished fabrics treated with pure AA was

likely to be stable although how much of amount of catalyst was used.
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As previous assumption, catalyst had an important role in producing
effective crosslinking reaction between resin and cotton fabric. Since the carboxyl
groups of resin, which penetrated through cotton fibers, can react with hydroxyl groups
of cellulose chain in 3-dimension, resulting in progression of crosslinking reaction.

Therefore, it was necessary to have enough amount of catalyst to support the reaction.
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Figure 4.6 Effect of amount of catalyst on DWRA at 8%owb AA.
250
—— 1:0(180C/1min)
—=— 1:0.2(180C/1min)
230 1 R .

—e— 1:0.5(180C/1min)
> —&— 1:1(180C/1min)
© 2107
> --4-- 1:0(160/3min)
Z
< -- M- 1:0.2(160C/3min)
x 190 1
< -- ®-- 1:0.5(160C/3min)
o

--#--1:1(160C/3min)
170
L
T ‘ ‘ ‘
0 7 8 9 10 11 12 13

catalyst concentration (%owm)

Figure 4.7 Effect of amount of catalyst on DWRA at 10%owb AA.
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Figure 4.8 Effect of amount of catalyst on DWRA at 12%owb AA.

4.5 Effects of curing conditions, monomers and catalyst on fabric strength

4.5.1 Effects of different curing conditions on fabric strength

Tensile strength of finished fabrics were reported in %strength loss.
According to the results in Table 4.4, Figures 4.9, 4.10 and 4.11, %strength loss of
finished fabrics cured under conditions 180°C for 1_min and 160°C for 3 min were not
significantly different. The trend of strength loss of finished fabrics treated with both
curing condition was the same while the strength loss of finished fabrics cured under

condition 180°C for 1-min were likely to be lower than that of finished fabrics cured at

160°C for 3 min.
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Figure 4.9 %strength loss of the finished fabrics from the treatments of the

mixture of AA/MA at 7%owm catalyst.
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Figure 4.10 %strength loss of the finished fabrics from the treatments of the

mixture of AA/MA at 9%owm catalyst.
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Figure 4.11 %strength loss of the finished fabrics from the treatments of the

mixture of AA/MA at 12%owm catalyst.

4 .5.2 Effects of different concentrations and mole ratios of monomers on

fabric strength

The influences of concentrations and ratios of monomers on %strength
loss in Table 4.4, Figures 4.9, 4.10 and 4.11 demonstrate that %strength loss of finished
fabrics were increased when AA concentrations and-mole ratio of monomers increased.
Nevertheless, those of finished fabrics treated with mole ratio of AA/MA equal to 1 to 0
and 1 to 0.2 were still lower than that of DMDHEU finished fabric. In fact, cotton fibers
can be completely dissolved in 70% sulfuric acid. AA and MA are also acids, therefore

they can damage the strength of cotton fabrics as well.
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4.5.3 Effect of amount of catalyst on fabric strength

From Figures 4.12, 4.13 and 4.14, increasing catalyst concentrations had

a tendency to decrease %strength loss in finished fabrics treated with all systems.
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Figure 4.12 Effect of amount of catalyst on fabric strength at 8%owb AA.
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Figure 4.13 Effect of amount of catalyst on fabric strength at 10%owb AA.
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Figure 4.14 Effect of amount of catalyst on fabric strength at 12%owb AA.

According to these results, it could be imply that catalyst can support
crosslinking reaction between resin and cotton fabric. Therefore, the opportunity of

fabric strength damaged by resin was decreased.

4.6 Effects of curing conditions, monomers and catalyst on whiteness index

4.6.1 Effects of different curing conditions on whiteness index

Generally, the fabrics started to get yellowish when the finished fabrics
were treated under high temperature condition, the influences of both selected curing

conditions on whiteness of finished fabrics were shown in Table 4.5.

Whiteness of each finished fabric was worse than that of unfinished fabric.
However, when the finished fabrics were cured at 180°C for 1 min, the whiteness of the
finished fabrics was higher than that of the finished fabrics were cured at 160°C for 3

min.
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4.6.2 Effects of different concentrations and mole ratios of monomers on

whiteness

Whiteness, another important property of finished fabrics listed in Table
4.5 indicates that AA caused yellowing in the finished fabrics. The adding of small
amount of MA could alleviate the yellowing. Adding the MA in the system which has the
mole ratio of AA/MA equal to 1 to 1 decreased the whiteness of the finished fabrics as
lower than that of finished fabrics treated with all pure AA allowed. However, there is

slightly difference among all systems, which is hardly noticeable with naked eyes.

4.6.3 Effect of amount of catalyst on whiteness

Results of amount catalyst affecting on whiteness of fabrics listed in Table
4.5 display that when amount of catalyst was increased, the superior whiteness index
was achieved. This may be resulted from the fact that sodium hypophosphite is an
oxidizing agent, which can discolor the finished fabrics. Finally, it could be concluded
that the more increase of amount of catalyst the more increase of tested properties,

such as DWRA, fabric strength and whiteness.

Based on these experimental data, the compromise properties showed in
the treatment of 12%o0owbAA, mole ratio of AA/MA equal to 1 to 0.5 and 1 to 1 using
12%owm catalyst under curing at 160°C for 3 min. However, the best compromise
properties appeared to peak at the treatment of 12%o0wbAA,-mole ratio of AA/MA equal
to 1 to 1 and 12%owm catalyst under curing at 160°C for 3 min. This treatment
condition was. selected for treating. the fabric to be used. in further.study of an effect of

dyeing.
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4.7 Dyeability on durable press finished fabric

4.7.1 Dyeability of rective dye

Two sets of dyeing experiments were conducted by the same procedure

and chemicals. Firstly, untreated cotton fabric was dyed with 3%owf Levaﬂx® Blue CA
gran at liquor ratio of 30:1. After dyeing step, the dyed fabric was rinsed through a
running tap water to remove unreacted dyed before soaping the dyed fabric in boiling
solution containing nonionic surfactant. Secondly, resin finished fabric was dyed in the
same procedure. The different results of the color yield in both fabrics were optically
observed. The color of unfinished fabric was strong deep blue while the color of resin
finished fabric was just fairy blue color. Unfortunately, the dyed uptake of resin finished
fabric was not uniform. These results may imply that reactive groups of reactive dyed
did not react effectively with hydroxyl groups of cellulose chains in resin finished fabric.
Similar to Andrews and Morrell (24), they claimed that dye sites of polycarboxylic finished
fabric are locked by crosslinking, the more highly crosslinked a fabric is, the less dye

receptivity it has. Nevertheless, dyeing condition may be another case.

In actually, reactive dye is usually applied to fabric under alkaline
condition. The dyeing condition, therefore, may be disturbed by acidic condition
possessed in resin finished fabric. In addition, the acidic resin may cause damage to

structure of cellulose resulting in failure to adsorb dye.

The results as mention above obtained from the fabric treated with resin
and then dyed with the reactive dye. The next step was to study the effect of resin on
the dyed fabric. The cotton fabric was dyed with reactive dye and treated with the resin
treatment as mention above. After the dyed fabric was treated with resin, there was
noticeable change in color of fabric. The color strength of dyed fabric after treatment
was lower than that of untreated fabric. Due to acidic condition of finishing solution, it

was believed that fixed dye in fabric was able to be hydrolyzed.
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4.7.2 Basic Dyeability

According to Welch and Andrews (28), the anionic nature of polycarboxylic

acid treated fabrics is known by their affinity to basic dye. Andrews and Morrell e
stated that cationic dye is an indicator for the extent of crosslinking network in the
finished fabric because the cationic dye produces a positive stain on the finished fabric.

In order to examine the crosslinking network, resin finished fabric and blank were dyed

®
with 3%owf Astrzon  Blue 200% at liquor ratio of 30:1. The dyed fabric, then, were

rinsed through running tap water to remove unfixed dye.

As assumed, the resin finished fabric had an affinity for basic dye,
whereas regular cotton fabric did not. However, dye uptake of resin finished fabric was
not uniform and dye fixation was seriously poor. Consequently, washing fastness and

light fastness test were not conducted.

4.8 The washing fastness test of resin finished fabric dyed with reactive dye

The unfinished fabric and resin finished fabrics before and after dyed with
reactive dye were subjected to wash fastness test (ISO 105-C03). Color change after
washing was compared with standard grey scale level; the higher the level number the
better the washing fastness properties. The results, in Table 4.6, demonstrate that the
staining of the adjacent fabrics and the change in color of all fabrics after washing,
except the resin finished fabric after dyeing, were compared and equal to number 5 on
grey scale. The number 5 on grey scale means that the dye-fiber bond of the dyed
fabric was resisted to washing. ‘Because there ‘were no change'in color after washing
and there were no staining on the adjacent fabric. However, the change in color of resin
finished fabric after dyeing was compared and equal to number 2 on grey scale. The
color strength of the resin finished fabric after dyeing observed after washing was higher
than that observed before washing. It was believed that the acidic condition of the resin

finished fabric after dyeing was neutralized under alkali condition of soaping solution.



Table 4.6 Washing fastness test of reactive dyed fabrics.
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Washing Fastness (rating) of reactive dyed fabrics

Unfinished fabric

Resin finished fabric

Resin finished fabric

Kind of fabrics after dyeing before dyeing
Color Color Color Color Color Color
staining change staining change staining change

Acetate 5 S, 5 2 5 5
Cotton g = 5
Nylon ) 5 5
Silk 5 5 5
Acrylic 5 5 5
Wool 5 5 5

4.9 The light fastness test of resin finished fabric dyed with reactive dye

Light fastness test followed by ISO 105 B-02 was also conducted on all fabrics

dyed with reactive dye. The light fastness rating of all fabrics were compared to number

5, which the light fastness rating corresponded to the number of blue reference showing

a contrast equal to that of the dyed fabric (visual contrast between exposed and

unexposed parts of the specimen). Therefore, it can imply that the dyed fabrics were in

good performance to-light fastness.

Table 4.7 Light fastness test of reactive dyed fabrics.

Reactive dyed fabrics

Light fastness (rating)

Unfinished fabric 5
Resin finished fabric after dyeing 5
Resin finished fabric before dyeing 5
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To sum up, it was believed that hydroxyl groups of cellulose chain in cotton
fabric were not completely crosslinked with polycarboxylic acids finishing. The results

of reactive dyeability could be enough to support that.

4.10 Results of FT-IR Analysis

In order to confirm the evidence of cellulose crosslinking through esterification
reactions between carboxyl groups in AA/MA system and cellulose hydroxyl groups,
Fourier transform infrared spectroscopy was used. The fabrics were treated with
different solutions containing AA and MA as a crosslinking agent, potassium persulfate
as an initiator and sodium hypophosphite as a catalyst. The spectra of finished fabrics

were received.

4.10.1 Effect of monomers ratios

The effects of monomers ratios on the ester cross-linking of cotton were
inspected. The cotton fabrics were treated with solutions containing 12%AA and MA in
different mole ratios of AA to MA such as 1 to 0, 1 to 0.2, 1 to 0.5 and 1 to 1,
respectively. The padded fabrics were dried at 100°C for 3 min, cured at 160°C for 3

min and rinsed before being dried at 100°C for 5 min.

As shown in Figure 4.15, the ester carbonyl band at 1725.11 cm’' was
clearly observed-on.finished fabrics while the untreated-fabric-had slight peak in this
area. The 1374 cm’ and-1431 cm' bands dealt with the bending vibration mode of
hydrocarbon.structure.in.cellulose-molecule "7 It is-also observed that the intensity of

the ester carboxyl band increased as the mole ratios of AA and-MA increase.
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4.10.2 Characterization of the intermolecular ester crosslinking of cotton fabrics

Generally, the carbonyls in the fabric could form in three patterns after
esterification reaction occurred between polycarboxylic acids and cellulose molecules.
They were intermolecular ester linkage, carboxyl and carboxylate (Figure 4.16), which
the intensity of carbonyl band at 1725.11 cm’ may composed of the overlapping

between ester carbonyl and carboxyl bands.

- R
acid Cellulose
I
—C— - R _——C—OH
RacidC OH M0 RCellulose :> Cellulose

——C—ONa
Cellulose

Figure 4.16 Three forms of product exist in the treatment of finished fabrics. an

Consequently, the fabric was prepared by treating with 12%AA at 1:1mole
ratio of AA and MA as finishing agent, 2%potassium persulfate and 7%sodium
hypophosphite as an initiator and catalyst. Then, the finished fabric was impregnated in
distilled water with stirring for 5 min at room temperature, next the finished fabric was
treated with a 0.1 N NaOH solution for 5 min, and rinsed with distilled water again. It
was noticed that the -converting; from carboxyl to carboxylate: by sodium hydroxide, the
1575.62 cm” band intensity was increased while the 1725.11 cm’ band intensity was

decreased as-shown in Figure-4.17.

After that, the old finished fabric was treated with 0.1 N hydrochloric acid
in the same procedure. As a consequence, the 1575.62 cm’' band completely
disappears since the carbonyl of carboxylate and the carboxyl, including ester carbonyl
bands overlapped at 1725.11 cm”. So, the total quantity of the ester groups in the

finished fabrics can be determined by measuring the 1725.11 cm’' band intensity.
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However, the existing of ester groups in the finished fabrics is not only the
ester crosslinkages but also the ester groups between cellulose and single bonded acid
molecules. Thus the effectiveness of the acid as a crosslinking agent in cotton fabric

can not be represented by using 1725.11 cm " ester carbonyl band alone.

The intensity ratio of carbonyl band is more useful to evaluate the
effectiveness of the acid. Increasing intensity ratio of the carbonyl band
(ester/carboxylate) signifies an increase in the average number of ester groups formed

. (52)
per each acid molecule ™.

4.11 Results of characterization of AA/MA copolymer

4.11.1 Result of Carbon-13 Nuclear Magnetic Resonance Spectroscopic Studies

The °C NMR Spectroscopy was also used to characterize the products
of polymerization reaction of MA and AA. Four samples from AA/MA system with
12%AA in D,O were characterized. They were the different mole ratios of AA/MA, such
as1t0 0,110 0.2,1to 0.5and 1to 1, and 2% K,S,0, was used as an initiator. Before
being characterized, they were preheated at 100°C for 5 min-and then heated at 160°C
for 3 min. The "C NMR spectra of these samples are shown in Figures 4.20, 4.21, 4.22
and 4.23.

In_addition, pure. monomers of MA"and AA were also characterized by
C NMR spectroscopy for comparing with that obtained from the four samples. The °c

NMR spectra of both monomers in D,O are shown in'Figure 4.18 and Figure 4.19.
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Figure 4.18 ~C NMR spectrum of maleic acid in D,O.
(full size spectrum can be seen in Figure A1)
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Figure 4.19 "C NMR spectrum of acrylic acid in D,O.

(full size spectrum can be seen in Figure A2)
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From Figure 4.18 and Figure 4.19, it can be determined for each carbon in Table

4.8 below.

Table 4.8 Peak assignments of acrylic acid and maleic acid.

Monomer Structure Peak Assignments
Maleic acid b CH=—CH a=171.619
a COOHCOOH b =132.893
Acrylic acid e d c=171.701
CH=—CH
2 T d =134.489
KRR e = 129.850

However, there were undesirable signals (signal f and signal g) in the "C NMR

spectrum of acrylic acid. We suspected that acrylic acid was also self polymerized.

According to Figure 4.20, the chemical shift values of poly(acrylic acid) are
assigned to signals h, f, i and g. The signal h (181.227 ppm) corresponds to the
carboxyl carbon (-COOH) of poly(acrylic acid) and the signal f (63.502 ppm) is assigned

to methine carbon (-CHCOOH). of poly(acrylic acid) B

The methylene carbon (CH.,)
was observed at 44.254 ppm (signal i). Moreover, resonated peaks between 35.929-
37.410 ppm (signal g) were due to the methine carbon. This might be caused by the

different arrangement of monomer; head-to-tail or head-to head replacement.

—CHZ—CH—CHZ—CH— —CHZ— H—CH—CH2—
COOH COOH COOHCOOH
head-to-tail head-to-head

The carbon signals of acrylic acid monomer were also observed at 134.489 ppm
(signal d) and 129.850 ppm (signal e). However, signal ¢ (171.701) of acrylic acid was

not observed. It was supposed that this signal was not strong enough.
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Figure 4.20 "°C NMR spectrum of AA/MA with mole ratio 1to 0 in D,O.

(full size spectrum can be seen in Figure A3)
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Figure 4.21 "°C NMR spectrum of AA/MA with mole ratio 1to 0.2 in D,O.

(full size spectrum can be seen in Figure A4)
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Figure 4.22 "°C NMR spectrum of AA/MA with mole ratio 1to 0.5 in D,O.
(full size spectrum can be seen in Figure A5)
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Figure 4.23 C NMR spectrum of AA/MA with mole ratio 1to1 in D,O.

(full size spectrum can be seen in Figure A6)
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The addition of maleic acid in order to copolymerize with acrylic acid was
begun with the mole ratio of AA and MA equal to 1t0 0.2. The C NMR spectrum of this
system is shown in Figure 4.21. The chemical shift assignments of polyacrylic acid were
signal h (181.144 ppm), signal f (63.436 ppm), signal i (between 44.040-44.188 ppm)
and signal g (between 35.864-37.344 ppm). The carbonyl carbon of polymerized
maleic acid appeared as a sharp singlet at 172.179 ppm (signal j) and the methine
carbon (-CHCOOH) resonated between 35.864-37.344 ppm (signal g). Nevertheless,
there were residual monomers in the system too. The signal d (135.300 ppm) and signal
e (130.327 ppm) were due to =CHCOOH and =CH, of unpolymerized acrylic acid,
respectively. The signal b (133.962 ppm) was due to =CH of unpolymerized maleic

acid.

When the amount of maleic acid in AA/MA system was increased to 1 to
0.5 (Figure 4.22) and 1 to 1 (Figure 4.23) by mole ratio, the °C NMR spectra of both
systems showed the similar spectra to the system of AA/MA equal to 1 to 0.2. There
were polyacrylic acid and polymerized maleic acid.

Maleic acid, likewise, does not homopolymerize due to steric effect )
while acrylic acid can easily homopolymerize. There were showing polyacrylic acid
signals in C NMR spectrum of all AA/MA systems. Therefore, it could be concluded
that there was copolymerization reaction between maleic acid and acrylic acid, and

homopolymerization of acrylic acid-also occurred as-well.
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4.11.2 Result of GPC analysis

The Gel-Permeation Chromatography (GPC) was also used to examine
molecular weight of the four samples treated with AA/MA solution. The results were

illustrated in the Table 4.9 below.

Table 4.9 Results of GPC analysis.

AA/MA system Mw Mn Polydispersity

(mole ratio)

AA/MA (1:0) 1,660,129 331,456 5.009
AA/MA (1:0.2) 1,314,081 327,181 4.016
AA/MA (1:0.5) 1,264,174 112,953 11.192

AA/MA (1:1) 714,266 78,183 9.136

Molecular weight of sample from pure AA system was highest and
molecular weight of the other three samples was proportionally decreased when the
amount of maleic acid increased. It could be stated that maleic acid obstructed

homopolymerization reaction of acrylic acid.



CHAPTER V

Conclusions and Recommendations

Conclusions

According to the results presented in chapter IV, it could be concluded that:

1. The investigation of non-formaldehyde durable press finishing on 100% cotton fabric
using unsaturated mono-and dicarboxylic acid of AA and MA was carried out
through a polymerization-crosslinking treatment. The treatment with AA/MA system
at 1:0.5 to 1:1 mole ratio using 12% AA and 12% catalyst under curing condition at
160°C for 3 min was found to be the most effective DP finishing for 100% cotton
fabric. The results of properties of the resin finished fabric could be comparable to
those of the finished fabric treated with DMDHEU. However, tensile strength of the

resin finished fabrics were slightly lower.

2. Curing condition at lower-temperature and longer-time (160°C 3 min) could bring
about the superior DWRA than higher-temperature and shorter-time (180°C 1 min).
However, whiteness index of fabrics cured at lower-temperature and longer-time
was generally - lower than that of fabrics cured at higher-temperature and

shorter-time.

3. It was found that the increase of dry wrinkle recovery angle (DWRA) of the finished
fabric was proportional to the increase of concentration of AA and mole ratio of AA
to MA. Nevertheless, the higher the concentration of crasslinking resin was used
the lower the tensile strength was obtained. DWRA and tensile strength retention
property were not improved at the same time. Normally, the better DWRA, the

worse strength retention.

4. When the amount of the catalyst used in the finishing solution increased, the

properties of treated fabric, such as DWRA and fabric strength, were better than
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those of low amount of catalyst due to the completion of crosslinking reaction.
Additionally, it was believed that sodium hypophosphite could reduce the yellowing

on the finished fabric because it was an oxidizing agent.

5. To evaluate the efficiency of crosslinking reaction, it could be detected by using

reactive dyeability, including washing and light fastness.

6. The crosslinking reaction between AA/MA copolymer and hydroxyl groups of

cellulose does not complete that could be confirmed by FT-IR analysis.

7. The unreacted carboxyl group of resin could damage fabric strength and have
effect on dye structure in dyed fabric or cause yellowing problem in white fabric.

Therefore these finishing systems were not suggested to use on dyed fabric.
8. The mixture of some AA/MA copolymer, homopolymer of AA and impurity of AA
appeared remaining in finishing solution, which could be detected by "°C NMR and

GPC analysis.

Recommendations for future work

1. More physical properties of treated fabrics, such as tear strength, durable press

rating and abrasion resistance should be investigated further.

2. In order to improve diffusion or migration of monomers throughout cellulose fiber,
non-conventional treatment techniques, such as wet fixation or steam fixation was

recommended.

3. The use of other catalyst having low or zero phosphorus content were interesting
because phosphorus-containing compounds can cause environment problem, such

as the discharge of these agents into rivers tended to promote the growth of algae.
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4. The polymerization-crosslinking (PC) treatment should be further developed by the

alternation of unsaturated acids.

5. Combining reactive dyeing and finishing of cotton in one stage process should be
conducted by using appropriate dye, which can be used in acid condition, such as

vinylsulphone type of reactive dyestuff.

6. For cost reduction in finishing process, citric acid as another alternative to mix with

crosslinking agent should be explored.
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Wet pick-up Calculation

The percentage wet pick-up value of fabric can be determine by the following
method:
1. The initial weight of each sample was measured before padding by
electronic balance (+0.01 g).
2. After padding, each sample was re-weighted. Then the percentage wet

pick-up can be calculated by the equation expressed below:

Weight of wet fabric — initial weight
%wet pick-up = x 100

Initial weight

Strength Loss Calculation

The percentage strength loss of treated fabric can be calculated by according

to the following equation:

Strength of unfinished fabric — strength of finished fabric
% Strength Loss = x 100
Strength of unfinished fabric
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‘Untreated cotton fabric
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DMDHEU treated

cotton fabric

**Resin treated

cotton fabric

**Note : Cotton fabrics were treated with 12%owb AA by using mole ratio of AA/MA at
1 to 1, 2%0owm K,S,0, and 12%owm NaH,PO,.H,0, dried at 100°C for 3 min
and cured at 160°C for 3 min.
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Cotton fabrics Cotton fabrics
dyed with dyed with

reactive dye basic dye

Untreated

cotton fabrics

**Resin treated
cotton fabrics

before dyeing

**Resin treated
cotton fabrics

after dyeing

**Note : Cotton fabrics were treated with 12%owb AA by using mole ratio of AA/MA at
1to 1, 2%owm K.,S,0, and 12%owm NaH,PO,.H,0, dried at 100°C for 3 min
and cured at 160°C for 3 min.



Raw Data of Wrinkle Recovery Measurement.

Table A1. Dry wrinkle recovery angle (DWRA) of untreated fabric.
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yarn replication Mean S.D. %C.V. (w+f)
1 2 3 4 5 6
w 82 | 80 | 83 | 83 | 85 | 80 84 2.68 3.27 166.17
f 82 | 82 | 8 | 83 | 89 | 83 82.17 1.94 2.37
Table A2. Dry wrinkle recovery angle (DWRA) of fabric treated with DMDHEU.
yarn replication Mean S.D. %C.V. (w+f)
1 2 S 4 5 6
w 112 | 118 | 120 | 118 | 112 | 112 6 36 3.72 4.55 233
f 116 | 118 | 120 | 116 | 116 | 120 117.67 1.97 2.40

Table A3. Effect of AA/MA system (12%AA) and MA/AA system (12%MA) under curing condition at

180°C for 1 min on DWRA of treated fabric. (7%NaH,PO,)

Ratio Yarn replication Mean S.D. %C.V. (w+f)
1 2 3 4 5 6
AA/MA
System
PureAA w 90 92 9 | 92 | 92 | 90 91 1.10 1.34 179.33
f 85 90 | 90 | 88 | 85 | 92 88.33 2.88 3.51
1.0.2 w 90 89 | 94 | 94 | 96 98 93.5 3.45 4.22 184.5
f 93 89 | 92 | 90 | 92 | 90 91 1.55 1.89
1.0.5 w 103 {~103 |~99 |-102 | 105 { 100 102 2.19 2.68 200.5
f 98 99| 98 |98 | 98 | 100 98.5 0.84 1.02
1:1 w 100 | 105 | 100 | 103 | 110 | 103 | 103.5 3.73 4,56 203.5
f 98 | 103 | 100 | 98 [-103 | 98 100 245 2.99
MA/AA
system
Pure MA w 96 | 103 | 102 | 98 | 101 | 100 100 2.61 3.19 195.33
f 92 9% | 96 | 95 | 97 | 96 95.33 1.75 2.14
1:.0.2 w 100 | 100 | 108 | 100 | 103 | 107 103 3.69 4.51 204.67
f 100 | 102 | 102 | 100 | 104 | 102 | 101.67 1.51 1.84




97

Table A3. (continue)

1:0.5 w 100 | 101 | 100 | 100 | 98 99 99.67 1.03 1.26 197.67
f 96 97 99 | 98 | 100 | 98 98 1.41 1.73
11 w 104 | 95 96 | 100 | 97 | 104 | 99.33 3.98 4.87 196.17

f 96 96 95 | 98 99 97 96.83 1.47 1.80

Table A4. Effect of AA/MA system (12%AA) and MA/AA system (12%MA) under curing condition at
180°C for 2 min on DWRA of treated fabric. (7%NaH,PO,)

Ratio Yarn replication Mean S.D. %C.V. (w+f)

1 2 3 4 5 6

AA/MA
System
PureAA w 100 | 98 98 | 100 | 98 | 100 99 1.09 1.34 192.33
f 95 92 91 93 95 94 93.33 1.63 1.99
1:0.2 w 115 110 | 112 | 113 | 108 | 108 111 2.83 3.49 217
f 106 | 102 | 105 | 105 | 108 | 110 106 2.76 3.37
1:0.5 w 120 | 118 | 415 | 116 | 116 | 119 | 117.33 1.97 2.40 229.67
f 112 | 112 | 116 [ 110 | 112 | 112 | 112.33 1.97 2.40
1:1 w 115 | 118 [ 125 | 120 | 125 | 120 | 120.5 3.94 4.81 23717
f 115 | 118 | 116 | 120 | 115 | 116 | 116.67 1.97 2.40
MA/AA
system

Pure MA w 102 | 105 | 98 | 103 | 97 | 100 | 100.83 3.06 3.74 201.33

f 104 | 100 | 100 | 102 | 97 | 100 100.5 2.35 2.87

1:0.2 W 106 | 100 | 102 | 100 | 105 | 107+{ 103.33 3.08 3.76 205.17

f 101 98 98 | 107.{ 100 | 107 |.101.83 417 5.09

1:0.5 w 105 | 104 | 107 | 108 | 105 | 105 | 105.67 1.51 1.84 207.5

F 103 | 102 | 100 | 100 | 103 | 103 | 101.83 1.47 1.80

11 W 110 | 107 | 106 | 112 | 108 | 113 | 109.33 2.80 3.43 216

F 107 | 105 | 107 | 110 | 106 | 105 | 106.67 1.86 2.28
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Table A5. Effect of AA/MA system (12%AA) and MA/AA system (12%MA) under curing condition at

160°C for 3 min on DWRA of treated fabric. (7%NaH,PO,)

Ratio Yarn replication Mean S.D. %C.V. (w+f)
1 2 3 4 5 6
AA/MA
System
PureAA w 94 90 94 | 95 90 92 92.5 217 2.65 182.17
f 93 88 9 | 89 90 88 89.67 1.86 2.28
1:0.2 w 98 98 | 100 | 100 | 99 | 100 | 99.17 0.98 1.20 198.17
f 100 | 100 | 96 | 100 | 98 | 100 99 1.67 2.04
1:0.5 w 106 | 108 | 108 | 110 | 108 | 110 | 108.33 1.51 1.84 216.5
f 110 | 108 | 108 | 112 | 105 | 106 | 108.17 2.56 3.13
1:1 w 112 | 11483 [ 108 | 112 | 110 | 110 | 110.83 1.83 2.24 220
f 106 | 108 [ 110 { 109 | 112 | 110 | 109.17 2.04 2.49
MA/AA
system
pure MA w 103 | 100 | 98 [ 95 96 95 97.83 3.19 3.90 194
f 98 96 9% | 95 97 95 | 96.167 1.17 1.43
1:.0.2 w 100 | 97 | 100 { 103 | 100 | 102 | 100.33 2.07 2.52 199.33
f 100 | 98 | 100 [ 100 | 98 98 99 1.10 1.33
1:0.5 w 105 | 102 | 103 | 103 | 102 | 100 102.5 1.64 2.01 203
f 98 | 106 | 103 | 98 98 | 100 | 100.5 3.33 4.07
1:1 w 103 | 102 | 106 | 106 | 110 | 108 | 105.83 2.99 3.66 209.67
f 102 | 101 | 106 | 108 | 104 | 102 | 103.83 2.71 3.32
Table A6. DWRA of fabric treated with AA/MA system using 8%AA and 7%NaH,PO,,.
Curing AA/MA | yarn replication Mean S.D. %C.V. (wf)
condition ratio 1 2 3 4 5 6
180C/
Tmin
pureAA w 92 88 88 85 88 88 88.17 2.23 2.72 176.84
f 87 92 90 87 88 88 88.67 1.97 2.40
1:.0.2 w 94 90 92 90 87 93 91 2.53 3.09 184
f 90 96 93 93 96 90 93 2.68 3.28
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Table A6. (continue)

1:0.5 w 98 95 98 | 102 | 100 | 103 | 99.33 2.94 3.60 194.5

f 95 94 94 95 95 98 95.17 1.47 1.80

11 w 107 | 103 | 100 | 102 | 102 | 100 | 102.33 | 2.58 3.16 202.16

f 100 | 105 | 97 | 100 | 95 | 102 | 99.83 3.54 4.33

160C/

3min

pureAA w 93 90 88 90 88 93 90.33 2.25 2.75 180.16

f 90 88 93 88 90 90 89.83 1.83 2.24

1:0.2 w 90 98 95 93 93 95 93.5 1.97 2.41 189.83

f 96 93 95 96 | 100 | 98 96.33 242 2.96

1:0.5 w 100 | 102 | 102 | 100 | 100 | 93 99.5 3.33 4.07 197.83

f 94 97 98 | 100 | 103 | 98 98.33 3.01 3.68

11 w 105 | 103 | 104 | 102 | 107 | 103 104 1.79 2.19 206

f 103 | 100-| 103 | 103 | 103 | 100 102 1.55 1.89

Table A7. DWRA of fabric treated with AA/MA system using 10%AA and 7%NaH,PO.,,.

Curing AA/MA | yarn replication Mean S.D. %C.V. (w+f)
Conditio Ratio 1 2 3 4 5 6
n
180C/
Tmin

PureAA w 93 94 88 90 94 88 91.17 2.86 3.49 181.84

f 89 92 89 92 92 90 90.67 1.51 1.84

1:0.2 w 93 95 95 93 92 96 94 1.55 1.89 187.17

f 90 95 92 93 94 95 93.17 1.94 2.37

1:0.5 W 98 98 95 | 100 | 100 | 99 98.33 1.86 2.28 196.83

f 95 98 98 | 102 | 100 | 98 98.5 2.35 2.87

11 w 102 | 105 | 102 | 102 | 100 | 105 | 102.67 | 1.97 2.40 203.84

f 102 | 100 | 102 | 103 | 100 | 100 | 101.17 1.33 1.62

160C/

3min

PureAA w 90 90 90 96 92 90 91.33 2.42 2.96 182.33

f 90 88 90 94 92 92 91 2.10 2.56
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Table A7. (continue)

1:0.2 w 104 | 98 | 103 | 103 | 104 | 100 102 2.45 2.99 199

f 95 96 97 96 98 | 100 97 1.79 2.19

1:0.5 w 108 | 106 | 104 | 108 | 110 | 106 107 2.10 2.56 210.83

f 102 | 104 | 104 | 106 | 105 | 102 | 103.83 | 1.60 1.96

11 w 116 | 110 | 112 | 110 | 108 | 110 111 2.76 3.37 218.67

f 108 | 102 | 110 | 110 | 108 | 108 | 109.67 | 2.94 3.60

Table A8. DWRA of fabric treated with AA/MA system using 8%AA and 9%NaH,PO,,.

Curing AA/MA | yarn replication Mean S.D. %C.V. (wf)
condition ratio 1 2 3] 4 '3 6
180C/
Tmin

pureAA w 85 93 87 90 88 92 89.17 3.06 3.74 178.67

f 90 85 90 92 92 88 89.5 2.66 3.26

1:0.2 w 96 94 96 93 95 90 94 2.28 2.79 185.33

f 90 90 93 98 92 90 91.33 1.51 1.84

1:0.5 w 98 | 100 | 102 | 98 | 100 | 102 100 1.79 2.19 199

f 98 | 100 | 96 | 102 | 98 | 100 99 2.10 2.56

11 w 100 | 106 | 105 | 100 | 105 | 103 | 103.17 | 2.64 3.23 205

f 104 | 98 | 100 | 105 | 100 | 104 | 101.83 | 2.86 3.49

160C/

3min

pureAA W 88 86 90 88 88 88 88 1.26 1.55 177.33

f 90 88 90 93 85 90 89.33 2.66 3.25

1:0.2 W 95 92 97 95 95 | 100 | 99.67 2.66 3.25 190.34

f 97 95 90 95 98 93 94.67 2.88 3.51

1:0.5 w 100 | 105 | 100 | 98 | 102 | 102 | 101.17 | 2.40 2.93 200.17

f 100 | 98 | 102 | 98 98 98 99 1.67 2.04

11 w 110 | 110 | 108 | 108 | 112 | 110 | 109.67 | 1.51 1.84 216.67

f 108 | 110 | 106 | 104 | 106 | 108 107 2.09 2.56
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Table A9. DWRA of fabric treated with AA/MA system using 10%AA and 9%NaH,PO.,,.

Curing AA/MA | yarn Replication Mean S.D. %C.\V. (w+f)
condition ratio 1 2 3 4 5 6

180C/

Tmin

pureAA w 95 90 92 92 90 90 91.5 1.97 2.41 182.33

f 93 90 90 90 90 92 90.83 1.33 1.62

1:0.2 w 102 | 100 | 98 | 100 | 100 | 104 | 100.67 | 2.07 2.52 199.34

f 98 96 98 | 100 | 102 | 98 98.67 2.07 2.52

1:0.5 w 103 | 100 [ 100 | 103 | 102 | 98 101 2 2.44 201

f 98 | 100 | 98 | 102 | 102 | 100 100 1.79 2.19

11 w 110 | 108 | 102 | 108 | 110 | 102 | 106.67 | 3.72 4.55 212

f 110 | 108 | 102 | 108 | 102 | 102 | 105.33 | 3.72 4.55

160C/

3min

pureAA W 90 88 95 95 93 88 91.5 3.27 3.99 183

f 88 90 92 95 92 92 91.5 2.35 2.87

1:0.2 w 102 | 102 | 105 | 100 | 100 | 102 | 101.83 | 1.83 2.24 201.16

f 100 | 98 98 | 100 | 102 | 98 99.33 1.63 1.99

1:0.5 w 108 | 106 | 112 | 108 | 110 | 110 109 2.10 2.56 216.33

f 108 | 104 | 108 | 106 | 110 | 108 | 107.33 | 2.07 2.52

1:1 W 1121109 | 110 | 110 | 110 | 112 | 110.5 1.22 1.50 219.83

f 110 | 108 | 108 | 108 | 112 | 110 | 109.33 | 1.63 1.99

Table A10. DWRA of fabric treated with AA/MA system using 12%AA and 9%NaH, PO,

Curing AA/MA | yarn Replication Mean S.D. %C.V. (wf)
condition ratio 1 2 3 4 5 6

180C/

Tmin

pureAA w 92 88 90 90 95 88 90.5 2.66 3.26 181.67

f 93 93 88 90 93 90 91.17 2.14 2.61

1:0.2 w 100 | 100 | 97 96 98 | 102 | 98.83 2.23 2.72 199.66

f 97 | 100 | 98 | 100 | 100 | 98 98.83 1.33 1.62
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Table A10. (continue)

1:0.5 w 105 | 107 | 105 | 106 | 103 | 106 | 105.13 | 1.37 1.67 209.33

f 107 | 102 | 100 | 107 | 105 | 103 104 2.83 3.46

11 w 110 | 108 | 108 | 110 | 102 | 104 107 3.29 4.02 215

f 110 | 104 | 110 | 112 | 104 | 108 108 3.35 4.09

160C/

3min

pureAA w 94 90 96 96 92 90 93 2.76 3.37 183.67

f 89 88 95 90 92 90 90.67 2.50 3.06

1:0.2 w 102 | 105 | 100 | 103 | 100 | 100 | 101.67 | 2.07 252 202

f 98 98 | 102 | 102 | 102 | 100 | 100.33 | 1.97 2.40

1:0.5 w 108 | 110 | 108 | 112 | 108 | 110 | 109.33 | 1.63 1.99 217.16

f 110 | 107 | 107 | 108 | 110 | 105 | 107.83 | 1.94 2.37

11 W 172 | 1164 108 | 112 | 112 | 110 | 111.67 | 2.66 3.25 222.84

f 115 | 112 | 108 | 112 | 110 | 110 | 11117 | 2.40 2.93

Table A11. DWRA of fabric treated with AA/MA system using 8%AA and 12%NaH,PO,,.

Curing AA/MA | yarn Replication Mean S.D. %C.V. (w+f)
condition ratio 1 2 3 4 5 6
180C/
Tmin

pureAA w 93 90 87 88 88 92 89.67 2.42 2.96 178.89

f 85 88 92 94 88 88 89.17 3.25 3.97

1:0.2 w 90 94 90 88 92 97 91.83 3.25 3.97 185.83

f 90 97 93 96 93 95 94 2.53 3.09

1:0.5 w 104 .| 108 | 108 | 105 | 104 | 107 106 1.90 2.32 210.67

f 102 | 110 | 108 | 102 | 102 | 104 | 104.67 | 3.50 4.28

11 w 113 | 108 | 112 | 10 | 108 | 110 | 109.83 | 2.23 2.72 216.5

f 110 | 107 | 107 | 104 | 108 | 104 | 106.67 | 2.24 2.86

160C/

3min

pureAA w 88 85 88 90 92 90 88.83 2.40 2.93 179.16

f 92 88 88 92 88 94 90.33 2.66 3.25
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1:.0.2 w 98 | 100 | 102 | 98 98 98 99 1.67 2.04 197.17
f 96 | 102 | 100 | 95 98 98 98.17 2.56 3.13
1:0.5 w 105 | 106 | 110 | 108 | 105 | 108 107 2 2.44 210.17
f 103 | 100 | 104 | 104 | 104 | 104 | 103.17 1.60 1.96
1:1 w 112 | 110 | 110 | 110 | 108 | 110 110 1.26 1.55 218.33
f 106 | 108 | 108 | 110 | 110 | 108 | 108.33 1.51 1.84
Table A12. DWRA of fabric treated with AA/MA system using 10%AA and 12%NaH,PO,,.
Curing AA/MA | yarn Replication Mean S.D. %C.V. (wf)
condition ratio 1 2 3] 4 '3 6
180C/
Tmin
pureAA w 92 96 92 93 90 90 92.17 2.23 2.72 182.84
f 90 92 90 90 92 90 90.67 1.03 1.26
1:0.2 w 98 100 | 98 102 | 100 | 102 100 1.79 219 198.17
f 95 95 95 | 102 | 100 | 100 | 98.17 3.54 4.33
1:0.5 w 110 | 108 | 114 | 108 | 106 | 113 | 109.83 3.13 3.82 216.16
f 110 | 106 | 105 | 105 | 105 | 107 | 106.33 | 1.97 2.40
1:1 w 108 | 113 | 110 | 113 | 112 | 113 111.5 2.07 2.53 219.83
f 105 | 105 | 110 | 106 | 114 | 110 | 108.33 | 3.61 4.42
160C/
3min
pureAA w 92 9N 92 90 95 95 92.5 2.07 2.53 184.67
f 90 92 90 93 95 93 92.17 1.94 2.37
1:0.2 w. 100 | 100 | 102 | 105 | 98 | 103 | 101.23 | 2.50 3.06 202.33
f 102 | 100 | 98 | 103 | 103 | 100 101 2 2.44
1:0.5 w 106 | 112 | 110 | 114 | 108 | 108 | 109.67 2.94 3.60 219
f 110 | 108 | 108 | 108 | 115 | 107 | 109.33 | 2.94 3.60
1:1 w 17 | 121 | 117 | 115 | 115 | 110 | 115.93 3.60 4.40 230.66

f 110 | 117 | 120 | 112 | 115 | 115 | 114.83 | 3.55 4.33




Table A13. DWRA of fabric treated with AA/MA system using 12%AA and 12%NaH,PO,,.
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Curing AA/MA | yarn replication Mean S.D. %C.\V. (w+f)
condition ratio 1 2 3 4 5 6
180C/
Tmin
pureAA w 90 89 90 91 90 87 89.5 1.38 1.68 179.33
f 89 87 52 92 89 90 89.83 1.94 2.37
1:0.2 w 98 | 100 | 10 | 100 | 103 | 98 99.83 1.83 2.24 199.16
f T02umf 98 98 98 | 100 | 100 | 99.33 1.63 1.99
1:0.5 w 110 | 108 | 110 | 112 | 106 | 108 109 2.10 2.56 216.67
f 108 | 106 | 110 | 106 | 106 | 110 | 107.67 | 1.97 2.40
11 w 116 | 120 | 120 | 114 | 122 | 112 | 117.33 | 3.93 4.81 234.66
f 112 | 116 | 118 | 120 | 122 | 116 | 117.33 | 3.50 4.28
160C/
3min
pureAA w 92 92 90 89 9 92 91.67 2.07 2.52 182.84
f 90 89 90 94 92 92 91.17 1.83 2.24
1:0.2 w 105 | 106 | 102 | 100 | 102 | 105 | 103.33 | 2.34 2.86 204.16
f 100 | 102 | 98 | 103 | 102 | 100 | 100.83 | 1.83 2.24
1:0.5 w 114 | 115 | 115 | 108 | 110 | 115 | 112.83 | 3.06 3.74 224.16
f 115 { 110 | 115 [ 110 | 108 | 110 | 111.33 | 2.94 3.60
11 W 118 | 120 | 120 | 118 | 117 | 120 | 18.83 1.33 1.62 237.5
f 120 | 115 | 115 | 124 | 120 | 118 | 118.67 | 3.44 4.21
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W exeive Tachnology!

nas@nudofiududadag

ATgnNSAHNOEaRATSUDNT AN

88T TrAnA ganfiviar : amitdolancunsdig grrsnaabun nonds
Qv gusortond - e terinariant Ao nganant grasenTolvrine s

Durable press finlshing agents in textile wet  amediivulanussiusviineesids  daing
processing have been reviewed, It was found that most ﬂruﬁﬁﬂs{:Tﬁﬂmﬁﬂuﬂ"mw:nnuﬂg'ﬁw udiiioevn
of the chemicals used were contained with formalde- Wodiadlodsadusnsiy ANTUSIIANURIEUILTA-
hyde which have been classified as toxic chemical  vinredsindledfadmmdontnifltiunruauleuntu

Therefors, many investigations hava been concentrated Tasanazatwisnianeiarfuondiniasalsaulis
or development of formaldehyde free chermical to be ?uu?aqnmnmm msAnymaspnhniswsiriiven-
a better aftemative. Polycarboxylic acid has shown & n‘ﬁnu1&71ﬂumunun‘aﬁ'yu"uﬁﬁwlﬁgnnunnap?u
very proriising petential In industry usage. This paper umamd TameusaliuseRsoes AT s
presented a conclusive study of the polycarboxylic

acids serving this specific purpose and alse pointing

out the advantages of those chemicals. :

mrneAsdnIsddmaiiadiuiu m::"J'ﬂqﬂ'::smﬁm‘:’fﬁmuuﬂ:fuﬁuauu"ﬁﬂuylwmﬁ'l maanissly
m Fdsumistuduiuntssassodnisfitivehioncluilsgiu Tassohdufitise mnitnzsglas
wu fwwey waxiie Sasnmmesdhiiihivene uazisitduniciranhtineopibiveds guaiminiy FoilEGn
msanusepilaiifimny By durable press. permanent press, easy care WAT wash-and-wear 3739 wrinkle free
Fadudisff¥niuuniveinluransd
gmaifililunasnuiudy Tugausng doxliveilaaled wiosrfivefindlefdusmyssnoy widosvinmri
fnfdummsousiorviaavdstatlaatefoennld Anfufinusrssauarundufivsssifinkelavgndn fuslorues
mhnyniiferdee wrinefiadlafifusnaiiiufy Snaibicawfemeiequn sanfnilidoyysmatuas.
AvtiyrsAiAss Gawiisliunngyimefledlofiluarovsdy wivonlulafuptssseiusaks N-methylo! Selésmn
UifiersenhaefisdledivmmoziluuasTusAutoogludotitinordelninuzfoldtumynanes Anfufedinrsdnfustan
frlmitrnanmisitadledinlinaune idud snguddlau (siicones) Inasonmea (glyoxal) uazniawedriusnddn
{polycarboxylic acid) '[nmnm:mho&mmnaﬁmiualnﬁﬁmﬂua‘nsﬁﬂannﬂafﬁaﬁluﬁﬁlﬁﬁn'ﬂuﬁp‘[wmnﬁqﬂuﬂﬂﬁu

1. msignsansdnisuenBananieonudu Tngisusour 3 mfususzmoxduly Mmetneiiusngly
a1swi 1 naewadmivenddmwiidrumntianafionive
Ausaglasfomiusripsmad (ester linkages) Tnufinin
niamaamivendinfilEifeftilasesronuuiindu #pssindaifuands (-coOH) eyfarfusunzroniatulu

LTt

razIAMIY wwsdaduiitriafuiiussoiinlitudy swlluananisrauniu imisuriinfigampiivrsniu
finnnsodauhdiumedwelnriyld rualmensdlidiu 160-215 evansaios usriidnsoudumiiuiiie 1in
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it 7achnoiogy]

#w Adouulisuialy As 385n
vwr-suude-sumiln (pad-dry-

sladoonse

8oAUSzNBUMOIAI]

cure} TamPwdnguaslugiond
a1ranusafudy  dnfoujniun

Tricarhoxylic acids
- citric acid

propanetricarboxylic { PTCA)

uRzEsRNLAsduT winirluoy
Widwisrdsumhluevaininaiy

Tetracal.'boxyiic acids

butapetetracarboxylic acid (BTCA)
cyclopentanetetracarboxylic acid

walfarAawiuiLi

Hexacarboxylic acids

cyclohexanehexacarboxylic acid

2. H8NISANWINISAn-

polyacrylic acid

Polymeric carboxylic acids
polymaleic acid

nsonugulifny
N5 ﬁns‘mnamﬁ‘: A

Copolymeric carboxylic acids

maleic acidfitaconic acid copolymer

an  ofm . -
afvondfnfiinyarfventdn 3

Terdnualolad (cyclic anhydride) fau ufTadrlfizun
rmpifiaSu (esterification} Muzaglasld nalanis
Watfidunififundh “cyctic anhydride mechanism™ A4

aunaiisui 1

U 1 cyclic anhydride mechanism

Taras¥revensmburuintadusiladufasing
mivendaathulion 3 mifluurszlinanadeszfamsidaies
T dlatévaadeunyarfvandafiedindiu 2 wisuifa
Uiiondeugpiibuluadnuoulsled iilkluansesnh
vgmeon 1 Tuaga waslvadnasulsladvinufnieiumy
TnsenBsmasmaglasAvy 1 vaidinduiussonined uasld
nimrfusndandudu 1 \1:étﬁaﬁ*lﬂﬁﬁEU'lﬁ'm'igﬂﬁuq?‘_ﬁ_gn
finfooly imbumsdanlsssswinaoisluaganin
nodnrfusndaniiadlismufinufiiuunndgede nind
gnrsadadunurnunloladitdaonin 5 vie 6 1%

nrsmnuAsiudufreslansAtufmarotsdd i
T smadl Mdujidegampiinacian T noA5AE

Vol. 28 May-Jure 2000

nyrsluiana Wun randndn (cit-
ric acid; CA) nsmezladin (aconitic acid; AA} NAZNIR
TwiwmulasaaSuanddn (propanetricarboxylic acid:
PCA) wianaalmsarfusaiiin (ricarbaliylic acid) NIANLAY
" - o

H ArgUn 2

HC—COOH  HC—COOH —COOH, .,
H,G—COOH —COOH  HO—G—COOH
HC—COOH  HC—COOH. H,i—COOH
U2 gnslaseataeed ticarballyiic acid, aconitic acid uss
citric ackd

wrinsassiailan ussnsalmefussdimitaddszduary
AMUAEHTIED (durable press rating; DP rating) kazilyy
NIAURMEINTIEY (wrinkle recovery angle; WRA)
aftgn uinsafe 3 plailinowuduseieasnuar
prumvmasisnas TnmamznnoslaildndiszniaBain
famndl 2 wrkufineinmsibfuscdvosntaesTatdifn uaz
nedninBmlanniorawRmIofiamsiminamdunia
Sainlifgamgitge AnfufadnlinsrecTatinTunaanue
# wansadn3ndomaliivarwsilsagitisoninmagn ik
Swuarbifufin Yssnpufhbifdsd@dnold foclsy
nlEFundosadfilAinrmmpnniasiivusonitzn
Yiudpearumrmeedi1 Tiur &1Iwan teriary alkanolamine
WU tristhanotamina (TEA) trilsopropanolamine (TPA) uRx
N-methyldiethanolamine (MDA} $9813%9 3 Fatiawly
pataiRBUlE TahadithnAnATKSsu TRz A
aspuraMTEAQRIL
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) o ) ] e -
R‘IQ“N# 2 ﬂwnrmmnmum'mnuncrfuwd’mnmlmmfuanmn

Conditioned
Durable wrinkle recovery Breaking CIE
Press angle, strength, Whiteness

Arid Rating W+l (deg) wi(lo) Index
Aconitic 37 257 27 <0
Citric 3.2 230 29 34
Tricarballylic 3.7 51 27 53
Untreated 1.0 189 5t 83

Acids were equivalent 10 6.3% tricarballylic; catalyst was 4.2% NaH PO, H.O

vinnrmanoolSnsafiindmiventin 4 ny 1gu AnsorindvrfidudruysfdAgbndomiloalunts
BTCA ussanuetiududwudy usrifszand- nauAAUBUAY uazIsNINAeRAWT ARl
g lifnG DP rating, WRA Breaking strength,  [mAvalaluwsslfidudnininivifislscdnBnmiiiga

Tearing strength uazAlumumuiantsdnd livild wddidatFuRaarunsunsyhiviondvosiftoniaud
FunBpsuastifindy  degndumsanudsfuiudd  FatefuasdTueaimudouly aieiianntnaeii
UrednBrmadige ukdoifods At ussisslidmds  qampiigaiedurealwitaduarstyazbufitnfia
UAinAiTatums uenviniidawioblideaszaaniin vl
—— ninarfupndnlidufiannsoiialjionoi-
walsirfuldifluntansdarfvendngromatilivioms
iaamiiviineuls  Sansamifuenddntiitaiaileziwniu
aInnurafudinduiesinflansentendraday 2 mjuu
oznamfusuiiegAntuluns:lnansSoszmmmninm
Wealusfiviosglasld  ussimumiszaomygarfuendad
shzanfunsimjisolsdoadu cis conformation
Wy nsmnddn (maleic acid) 1unsafiansafaiu
numuusulslailiuiléivamion wWesrmsmiuen-
fa 2 miduinmidmIvsiuuy cis uszmmnasnfsnno
dinvusziosme Ifudiholdfudnfgungligs uasidad
titurifiudte fwnsaandn (lumaric) Sl trans
Isomer padRIAMNAaNhigwIAAdu ULl fladld
wazhinpmniniiioiursglaslé
nsawedariusndanilfiiuarsanusaiubuifin
frpualuanabilnghin swnodludsduinoaglasuuy
Tasos¥e 3 fSRlkaBedofndranudr dddwnssnudg
fvcfanIRMIAUAIALRT IUABNTENA matay uabesdy
Ailidafefiarandamsuscrrsmumuneningious
Fofunisanudafududiflmifognimudulasniavila
WianrndouToendauduntinadwelsfdu (polymerization-

16 [ COLOURWAY ‘ Vol. 28 May-Jung 2060



crossiinking treatment; PC} niua:ﬁaaﬁmjﬂoﬁi"uﬁ
gunindanedeulosfuduleld  uazdooiingiefiun
mwnsanedslyfld ldud nimmfuanddnlududaftiing
arfuandia 1 wie 2 mfild (unsaturated mono-or-dicar-
boxylic acid) wlpsvindarwliBuimioduszdTeamtsa
wodtuelituuuuiBAalA {radical polymerization) WRY
m‘sﬁﬁmjnﬁuanﬁang’ﬁwiwﬁdqu‘\’smﬁﬁmm‘mu‘[mﬁ‘u
waglasléddny Lduszunmndudlunwludulofnads
saundenudniansdonlvesudulonTougivinnas-
walslfduwedwaewrniiasdanu frulfamuud
wsorgaililaarsanmin

nIAsNABN (mateic acid) waznImaMIIAdn (itaconic
acid) \JuntAbifiudriindanivante 2 nysolusnadabi

127
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fvcfiandAdfigadimnind 3 wereInaInd 4 wuiudo
a'nuL"ﬁ'uiu'nmuﬂumuﬂﬂudwqmﬁu'ﬂu DP rating L&:
WRA 3zguusuEWIMABUTY DMDHEU 18 0t Tear-
ing strength retention waz Stoll Rex abrasion retention &
i wendisligumgiovstin®l 160-190 seAnvadus A
Vs wrmnmarui@dnunmuas Fdpidaruridnidg
HIuN1IANLAIEIY OMDHED Tamanaz Tearing strength
retention ﬁ"uqan'i‘mlhuﬁulﬁ'ﬁ‘a uszlugnnmInAse
WUTY Stolf flex abrasion retention TEIFAHIMIANKAD
u.e’hqdn'i'lﬁ':ﬁﬂ'ahishun'nanu!ia uA Breaking strength
fifomay  BeormAnsnmodmafifutinsoyiandulonio
Suinlitudulofivadndos  feumofgailéduas
daufusdn

swnirdulalimediued gmimofwslsd
dwiulfiiulanodined (copolymer) Tudiadlaw
Taolilyunaidsndafamdududajoivmed-
wolniefu  usslfloiduulalusnnlvfmuinds
ujisuusamsiRnduivimagles wuiniilag op
rating uaxll wRA Ay TmefdnsdanTunees

By

L — | ‘E

woupwpHiesoadly 141 ussdmsrdauszviae
spustupFiuTmAvalolunesIndidiu 1:1 w3p 1:1.33

2 3 ToBuiaFuoensambnunznradmindn

Yol. 28 May-June 2000

1. PTextile
1 'i'n-\rmlq- * — : — O 0 I§ = TOITILE BUTERE GiSCE .
2 vifvmhioem
2 syl wl.my) b L
AT o i
s — | Corner
4 tzumitens O wedin O wonliow O thnl
o muisdnty O _Jnihhhpl O Suppiler
0 by iy
s mimmnEmnan smeefiad fum 1D Todukasietd
F ooy y A ' —
hi=fudon s Fowdad@e : TTIS Textle Buyer's Guide 2000
& minaiy 0 fradhaihues - . - A=
B Weea @ Uit #dlows $ia
BowYInarm i gorne) sanadahl | 377 600 UMY
ridd 117-0-7225%0 Sl “mraugarmTIy ¢ .
verilart 117 ok ,""_ Wunsaumusirdouiinganmnrruionely
Wandramicazan Ny . - . _— a4
Ussindlny Taosoniduden §5 ussudmiliuimed
Fofuing Smtrdaniin PR g
. : adarmari 1 3 o o i rdieoiugaemnysuime
. o, 2913 500 LW wnong @ auBnsmasgasmnsvandenfad
-~ e andosrind codemol urzAnusnlnul#udiusn 15% TauaunioRasods
1 -
Tasdwi/Twsirs 220-3431-2 67 sueuy InsAwivInass 229-3431-2
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A1 3 wazevERTISluRTovNouBEDTRISsRT SN I e vovR DB IR N TSUART RO SIIR DO

Acid-cat WRA TS, e

Monomer, Mole Add-on’, DP Degree BE", -SFA" BL%,
Mole ratio - fatio” % Rating  {w+f) W F % % cm
Untreated - - 15 171 100 100 100 100 3.7
DMDHEU-treated” - 4.0 4.5 278 a5 59 45 13 30
MA 1:1 2.1 3.5 1% 67 73 56 o9 29
MA/IA (2:1) 1:1 9.6 4.0 254 78 §2 56 196 2.5
MA/LA (1:1) 31 74 4.0 233 82 . 91 64 323 27
21 7.7 35 242 23 86 73 269 3.0

1:1 1.6 4.4 268 76 %0 49 214 27

1:1.33 10.8 4.4 256 79 0 57 226 2.7

MA/IA (1:2) 11 108 40 258 68 87 67 131 27

“Treating bah : 12% menomers, 1.5% owm a‘(:.'.':"(‘)r MH‘POI. 1% soffener. and D.1% Trdton X-100. Dvy : 100°C/1D minttes, Cure:
180°C/2 minutes. Wash and tumble dry. "Molar ratio between monomer and NaH,PO,H,0. * Add-on (%) = f(weight after treatment and
washing-initial weight)finitiai weight}x100. *Tearing strongth retention fwrap and fit) *Breaking strength celention. ‘Stoll flex abration.
*5L : Bending length “Treatment bath : 12% DMDHEU, 1.5% Zn(NQ),. 6H.0, 1% softanec. and 0.1% Triton X-100. Dry : 100°C/S minutes.
Cure ; 165°C43 minitas. wash and tumble diy.

AITNA 4 MemsA TS iTeuNBuBD TR RN (SATd s lsresnsusineaseniiu 11y

62 % 52 37 42 8. 98 62 rH| 27 467 64 0I74M 313 48
89% g4 40 M 83 97 59 48 25 470 224 01946 538 747
12 % (160/3.5} 114 ‘4.2 - 272 &2 89 35 43 15 447 - 04545 358 75.0
12 %(170/2) 1.3 40 73 20 83 &0 138 15 4%7 < D300 45 749
12 %(180/2) 116 44 158 76 %0 49 214 27 430 533 06416 761 745
12 %6(190/2} 113 44 283 51 78 38 133 24 303 - D3 46 748
156 % 35 45 0 46 82 a4 L 25 455 5B0 09120 693 753
DMDHEU-reated 483 M5 - - 422
Untreated s63 17 - 5.7 “4.8
'Ti Wt bath : = 1.5% owm K’S'O A 8.8% NaH'PO,.H,O.. 1% softerer. and 01% Trton X-100 Dry : 100 “C/10 minutes. Curp :

180 "C/2 minutes, uniess otherwise spacified. Tha abbreviations are same as before. "Before washing

18 | cotoumway vol. 28 May-June 2060
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sinkamimAssawsiuaa LI ANERAL
fUUBY polymerizotion-crossiinking treatment Hama
Tleund liealasumosiatu Tunusfdsangn
uszbivamldopvpiladlad agnlairmarnudiansensatii
uliadn ausigutuivemilasnanmaling pad-dry-
cure Tumiganerednihbinsunsnfugaswaiumnfidlulu
Wulylidne SodnuRvulE3GrmuiimDun (wet fixation)
wiomasusilndnolends (steam fixation) MsthmlRAZUIA
wisorsdpansinnininulnsaenironsindfndule
vnwinmiuly Seannsouiulpliaduldlaoidonts
uousE o TANUAIIANE AX
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wnafwie

I Meivin, DM, The Evaluation of Permanent Press. Textile
Chemist and eolorist 1§ (February 1989) : 13-23 )

2 Cookie, T.F. and Weigmann, H.-D, Tha Chemistry of
Formaldehyde Release from Durable Press Fabrcs. Textils
Chemist ardd coloris! 14 (May 1882) : 25-31

3 Cookie. T.F. and Weaigmann. B.-D. The Chemistry of
Formaldehyde FRelease from Durable Press Fabrcs. Textilo
Chemist and colarist 13 [June BBZ) : 33-41
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of Cotton. Texilie Chemist anag colorist 21 (February
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