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INTRODUCTION

The main factors that influence the comfort of
clothing are thermal protection, moisture transmis-
sion, airpermeability, hand, sensitivity to contact
skin, and static charges. These factors depend upon
the several fabric and fiber properties which are
chemical and structural. Among these are hydro-
philicity, wettability, water wicking properties,
electric staticity, flexibility, smoothness of fabric
surface, porosity, and bulkiness.

Cotton and wool have some comfort disadvantages
such as stiffness of hand on durable press finished
cotton or dimensional stability in wool. However,
in this paper, I'll concentrate on synthetic fibers
because these fibers have inferior clothing comfort
factors compared to natural fibers.

When one considers the finishing of synthetic
fiber, it’s hard to tell the roles of softener, soil-
release finishing, anti-static finishing and increa-
sing hydrophilicity finishing. The principles and
application of those finishings are interdisciplinary
their boundary.

and it is hard to determine

2%

Therefore, inthis pater, I grouped those finishings
by their original titles. Among the physical and
chemical finishings on synthetic fiber, I’ll introduce
only some recent developed chemical finishings

on synthetic fiber.

Recent Development of Comfort Finishings
on Synthetic Fibers

I. Polyester Fibers Having Wool-like Hand.

Crimped bicomponent polyester stable fibers
have a hand similar to wool when a crimp con-
traction is less than 60% and at least 7 crimp half
waves/cm.

One component of such fibers makesup 50~80%
by weight. This is crosslinked polyethylene tere-
phthalate having 0.2~0.7 mole percent of cross-
linking agent and an intrinsic vIscosity of about
0.45~0.60. The other component of such fibers
makes up 50~20% by weight is a sparingly cross-
linked polybutylene terephthalate having 0.2~0.6
mole percent of cross-linking agent and an intrinsic

viscosity in the molten state at 260°C less than
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4000 poises. The cross-linking in bhoth cases-

linking agent containing '3 or 4 ester forming
groups. Examples of such agents are trimethylol-
propane, phloroglucinol and hydroxyhydroquinone,
which are polyols; trimesic acid, pyromellitic acid
or anhydride, which are acids; hydroxyisophthalic
acids and aminoisophthalic acid. The extrusion or
spinning temperatures between 260~295°C. The
extruded bicomponent fiber is steam drawn at 80~
100°C at a draw ratio of about 2.6 to 3.3x and
then crimped at a temperature between 100°C and
150°C.

With the fibers produced by this method, it is
possible to reduce the wool content of polyester/
wool blends without unduly affecting the hand of
the resulting fabric. Furthermore, fabrics made
from these fibers, either in the pure form or in
blends with a low wool content, exhibit a slight
elascicity of both warp and weft. In addition, this
elasticity facilitates the various stepts involved in

making such garments, such as sewing, fit, seam
cleanliness, etc.®

I. Processes to Improve Hydrophilicity of
Fibers

Processes for improving the hydrophilicity-the
water absorbing capacity and absorptivity-of fibrous
material (polyester, polyamide or polypropylene)
comprise applying modified,
cellulose ethers

highly absorbing
onto these fibrous materials.
Fixing is thus developed®, The cellulose ethers
such as carboxymethyl cellulose, carboymethyl-
hydroxyethyl cellulose, methyl hydroxy ethyl
cellulose, or hydroxy-ethyl cellulose, are modified
with a compound of formulas (1) and (2),

(1) CH,=C—CONHCH~R,
|

|
R3 RZ

(2) CH;=CH~S0,—NH,

where R;: —OH, alkanoyl-amino or alkoxy-carbo-
nyl-amino
R,: —H or carboxy
R;: —H or CH;

The modified water soluble cellulose ethers are

padded and dried on fibrous material and show

Lepidcla o

the more than 10 times increment of water ab-
sorption of fabric.®

Gorrafa® saponified and tested the several types
of flat and textured Dacron yarns and fabrics to
identify ralative response of fibers and fabrics to
different treatment conditions in eterms of tmper-
ature, time and caustic concentration by using
caustic hydrolysis. He found: “Weight loss in-
creases with increasing reaction temperature,
caustic concentration and reaction time, in that order
of relative importance. Flat and textured yarns
respond in the same general way but may differ
in magnitude of the response. Relative fiber stre-
ngth loss is greater than its corresponding relative
weight loss, leading to declining fiber tenacity.
The decline in tenacity is moderate in flat yarn
but higher in set textured yarn.”

“The use of gquaternary ammonium compounds
as reaction accelerants is quite effective, yielding
much higher weight loss than that generated
without it. But the advantages of using an accele-
rant(less caustic and shorter time) is counterbal-
anced by its detrimental effect on strength degr-
adation.”

“The caustic treatment provides greater fabric
matrix freedom which, in addition to denier
reduction, contributes to woven fabric softness and
liveliness. Each fabric is a case by itself for
which treatment conditions and optimum results
have to be defined. The highest impact of the
treatment is in topweight textured wovens; certain
fiber types show greater response than others.”

Though he didn’t mention the hydrophilicity of
Dacron, the method described must be one way of
increacing hydrophilicity of polyester. The hydro-
phobic properties of synthetic fiber is the main
reasion why the synthetic fiber has lower clothing

Therefore,
synthetic fiber is

comfort properties. increasing the

hydrophilicity of the most
important key to improving the comfort factor of

synthetic fibers and fabrics.

E. Anti-static Finishings

Most natural fibers are composed of strongly
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H-bonding polymers and exhibit hygroscopicity,
However, some synthetic polymers such as poly-
olefins, polyamides, polyesters and poly-acryloni-
triles are comparatively hydrophobic. The problems
caused by the accumulation of static electricity on
insulating materials and especially on textiles
containing synthetic fibers.

Static charges occur for two reasons. (1) Static
charges generate when moving fibers or yarns
are detached from the contacting surface. (2) Static
charges move toward air when the field force
exceeds the dielectric force of air, because of the
build up of charges on the fiber surface. Static
charges cause three main problems: (1) strong,
disacreeable shocks caused by the rapid discharge
of accumulated static electricity; (2) attraction of
dust from the atmosphere to the fabric to form
solid spois thereon; and (3) detriment to the fun-
ctioning of censitive clectronic equipment bhecause
of static-electricity discharges.

There are three general ways to solve those
problems: (1) use of highly conductive threads or
fibers as the textile material; (2) incorporation
into the fabric of very fine steol wires; or (3)
application of chemical anti-static agents to coat
the fibers. To provide the static protection for
synthetic fibers, there are three approaches current
in practice: (1) surface treatment, (2) copolymer-
ization, and (3) internal antistats.?!®

Interral antistats

Internal antistats have polar groups oriented
toward the external surface of a polymer, thus
forming a conducting layer on the polymer exterior
which will reduce the electrical resistance and
acceleraie the dissipation of elecrtostatic charges.
The antistats embodied in the polymer remain
active after extrusion without impairing the bulk
properties of the polymer. The following are var-
ious internal antistatic agents compared with
regard to advantages "and limitations when used
on specific fibers.

Polyamide fibers

1. Poly(alkyleneether) glycol. Polyamide poly-

mers are rendered antistatic by incorporating 15%
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of a high molecular weight polyethyene glycol
(mol. wt. 20,000). Use of low molecular weight
glycol is avoided for two reasons: (1) interfer-
ence in polymerization, (2) ease of removability.

2. Ethoxylated triglycerides. These are comme-
rcially used as internal antiststs for BCF carpet
nylon. Ethylene oxide adducts of hydrogenated
castor oil are the preferred compounds because of
ready availability of castor oil in highly purified
form.

3. Dialkylamine-polyether. Distearylamine-poly-
ether imparts antistatic effectiveness resistant to
more than 25 washings. Straight alkyl chains,
rather than the branched type, are preferred to
minimize the effect on other fiber properties.
Amine derivatives are, however, prone to discolor-
ation from thermal oxidation and light.

4. Polyamide (polyether) phosphates. Caprolac-
tam polyoxyethylene ethanol triphosphates-syn-
thesized by reacting with phosphorus oxychlorides
were used as internal antistats at about 15% owp
concentration levels. The use of phosphate esters
results in fewer filament breaks during processing
than does the use of alkylene (polyether) glycol.

5. N-alkyl polycarbonamides. N-alky!l polyhexa-
methylene dodecanediamide effectively promotes
the resistance of nylon to static development.

Polyester fibers

1. Polyethylene glycol diacetate or dibenzoate is
utilized as an antistat. PEG 9,000 dibenzoate is
preferred, showing maximum antistat response
with minimum soiling propensity. 3-nonylpheno-
xypropane sulfonic acid potassium salt dispersed in
polyethylene glycol 20,000, when incorporated in
the polymer matrix, exhibits pronounced antistat-
effect without complicating polymer precessing.
(The numbers, for example 9,000 and 20, 000, are
the molecular weight of the compounds.)

2. Amphoteric surfactants baged on alkyl amine
salts are frequently effective internal antistats.
However, they are prone to discoloration on expo-
sure to elevated temperatures.

3. Hexyl- or benzyl-glycidylether treated fibers

show good efficacy retention after repeated wasa-
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ings.

Acrylics

1. A quarternary hydroxyamine ester such as
glycidyl stearate, reacted with diethyl sulfate, is
an excellent antistat for acrylics. It possess good
thermal stability and resistance to discoloration
under fiber processing conditions.

2. Alkoxylated polyamides provide static protec-
tion which is durable through 25 wash cycles.

3. Methoxy-polyether-acrylate imparts good anti-
static properties to acrylic fibers, but lacks
durability to repeated washings.

Copolymerization

Second, copolymerization is a method of finishing
synthetic organic fibrous material with an anti-
static finish and simultaniously improving the dirt
repellency. This method consists of treating and
material with aqueous or organic solutions or
emulsions which contain at least one copolymer
derive from at least two of the monomers of

formulae.®
(RO),P—CH,(CHCO),_;—NH— (CH,NH)_,
o R
—CO—-C=CH;
R,

(HOCH,CH,)N,—CH,—NH—C~C=CH,
[
O R

R.0(CH,CH,0)nC—C=CH,
N

O R

where R is straight-chain or branched alkyl
of 1~8 carbon atoms, R, is H or methyl, R, is
alkyl of 1~6 carbon atoms, m is an integer from
6~15, and each of r and s is 1 or 2

This copolymerized synthetic fiber shows a per-
manent antistatic effect. The anti-soiling effect
and also the fastness to rubbing and light and the
soft handles are not impaired by this finish.

Binders

Third, there is an antistatic treatment for syn-
thetic fibers held together by a binder which inclu-

des a urethaneaklyene copolymer of the formula.?®
(0=C—N)»—R—{NH—-C—0—C(CoHza—0),—R]y

1i

(o)

BREKAERE

where R is an aliphatic and/or aromatic moiety
which contains biuret groups, urethane groups
or isocyanate groups, R’ is the group consisting
of H, C,~C, straight or branched chain alkyl,
aryl or alkyl, x is 0~1, y is always greater
than 2, n has a value of 1~4 inclusive and p is
greater than 5.

The best result is obtained where the thermo-
sensitive product is utilized in the presence of a
latex composition containing a hydrophilic group

therein.

IV. Soil Release Finishing

The soiling of textile materials is one of the
most difficult problems associated with their use.
Particulate soiling of synthetic fibers is generally
due to the static attraction of soil from a dust-
laden environment. Greasy soiling which is also
encountered during laundering, occurs due to the
hydrophobic nature of synthetic fibers.

Most soil release and soil release finishes operate
by increasing the polarity or hydrophilic properties
of the fiber surface. They do this by reducing the
surface energy of the fiber or by modifying the
surface structure physically so as to reduce surface
irregularities of fibers. Soil release finishes incr-
ease the hydrophilic character of synthetic fibers
needed for increased fabric comfort in warm,
humid conditions. They impart antistatic proper-
ties, increase moisture absorbance and improve
water transport and wicking to synthetic fabrics
for improved comfort and washability. Soil release
finishes thus act as ‘fabric conditioners’.

Soil release finishes are generally classified into
three classes: (1) acrylic polymer finishes, (2)
fluoropolymer finishes and (3) oxyethylation pro-
ducts of polymers.t®

Methacrylic acid monomer is used as soil release
agent on cotton and cotton/polyester blend.!” The
main object of this patent is to provide a single-
treatment process for imparting durable soil release
properties to cotton and cotton. P.E. blend fabrics
with different construction and compositions. An-
other object of this is to increase the capacity of

these textile fabric blends to absorb and transmit
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Table 1. Effects of PMMA¥* on Cotton and Cotton/P.E. Blends

Fabric Composition Moisture PMMA Soil Removal Efficiency %
and Construction Regain % Add-on % Aqueous soil Oily soil
all cotton fabrics 6.12 0 31 48
100% cotton warp 6. 77 15 64 75
100% Cotton fill 7.00 22 98 69
75% cotton fabric 5.24 0 53 55
100% cotton warp 5.81 9 86 70
50% cotton .,
50% P.E. fill 6.17 17 98 74
75% cotton fabric 3.93 0 46 53
% PHo™ warp 4.50 87 71
100% cotton fill 5.40 18 84 71
50% cotton fabric 3.11 52 60
% BEo" warp 3.70 o4 71
50% cotton £l 4,10 8 96 71
50% P.E. 4,38 10 92 74

*PMMA: Polymer of Methy Methacrylic Acid

more water vapor, that is, to increase the water
regain properties. The procedure has four parts:
(1) irradiating the cotton or cotton/P.E. blend
fabric to a dosage of | megarad: (2) then, impre-
gnating fabric with a solution 80:20 of methanol.
water containing about 2~15% methacrylic acid
monomer: (3) reacting the impregnated fabric for
about 15~120 mins at ambient temperature (20~
28°C), the time varying with the desired degree
of graft polymerization; and (4) washing the
unreacted chemicals off the reacted fabric and
drying it. Table 1 shows the result of this method.

Hayes and Dixon!® did a direct fluorination on
polyester fiber and their results showed the impro-
vement on moisture transport, soil release, and soil
antiredeposition properties of polyester fiber. Also
they said that these properties do have the limi-
tations associated with previous treatments such
as stability, washfastness, and/or reproducibility.
And improved properties of polyester can be attr-
ibuted to anincrease in acidity and to the addition
of fluorine to the polymer backbone. The direct
fluorination treatment is unaffected by dyeing,
heat setting, or ultraviolet light.

V. Fabric Softener

An effective softener imparts surface lubricity,
flexibility and ease of compressibility to the fabric.

It should lubricate the material in a subtle manner
so the anti-static, anti-snagging and smooth, easy-
slippage surfaces are achieved. When the fabric
softener is well formulated and properly wused,
fabrics become soft and fluffy, garments shake
out easily from one another because of improved
surface lubricity and anti-static effects, and they
are easily pressed or ironed. Softened fabrics are
also more easily sewn and their tear strength can
be improved.

Fabric softeners can be grouped into three major
classes: anionic, nonionic and cationic. In as much
as most fibrous materials carry a negative surface
charge, the cationic softeners deposit preferentially
on the fabric surfaces.

Usually, dimethyldihydrogenated tallow quater-
nary ammonium chloride(e.g. Adogen 442), dimeth-
thyl dicoco quaternary ammonium chloride and
modified imidazoline (e.g. 1-methyl-1-tallow amido
ethyl-2-tallow imidazolium methosulfate: Varisoft
475) are used as cationic fabric softener.1314

Recently the following groups have been devel-
oped as fabric softeners:

(1) aminocabonamide

(2) higher alkylamide derived from 2-amino

2-methyl propanol and 2-amino 2-ethyl- 1,3-
propanol
(3) N-alkyl propylene diamine reacted with
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maleianhydride and combined with small quantities
of sugar or urea, or ethoxylated alkyl diamines
These softeners are compatible with anionic
detergents used in home laundering.
Water particulate materials such as surface
modified starch, teflon, polystyrene, polymethyl
metacrylate and resins are
This kind of
softener imparts several beneficial properties to

the fabric,

ureaformaldehyde
compound with fabric softeners.
for example, anti-wrinkling, ease of
ironing, anti-static effects and ease of folding.

Another development involves the controlled-
release of the softener in the clothes dryer. The
softerier is encapsulated in asuitable gum of resin
or is absorbed on a polyurethan sponge or nylon
strip and melts at a given temperature in the dryer
and thereby release the softener at that time to
act on the fabric.

Detergents such as ethoxylated alkyl amine or
sulfosuccinate compounds formed from polyhy-
droxy tertiary amines have their own softening
properties.

One special significant thing is the reaction
product of a bromophosphorous compound with a
fatty diamine to produce a softener to impart
flame retardant properties. This development has
far-reaching implications for sleepwear and other
fabrics for which safety consideration are impor-
tant,
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