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ABSTRACT

The superior properties of poly (ethylene terephthalate) fibers are due to the high degree
of orientation and structural order of macromolecular chains. This excellent characteristics are,
however, also the source of some negative features such as nearly complete water repellency,
difficulty in dyeability, and formation of static charge etc. One of the ways to improve these
undesirable features is grafting of various monomers upon the poly (ethylene terephthalate)
fibers by graft copolymerization. The most common grafting methods namely using ionising
irradiatiaon and chemical initiators were briefly mentioned in the first part. The second is
mainly dwelléd upon the changes observed in the preperties of the poly (ethylene terephthalate)
fibers as u resu't of grafting process.

INTRODUCTION

Among the synthetic origined fiber groups, poly (ethylene terepht-
halate) (PET) fibers have an important place in the textile industry
todzy. This is largely due to superior physical-and chemical properties
of PET fibers. They are resistant against many chemicals and dimensi-
onally stable. They are also unaffected by mildew and mooths. PET fi-
bers have some undesirable properties besides with these desirable ones.
Among these, one can list the low moisture regain, tendecy to pill, for-
mation of static charge, and difficulty in dyeability.

The moistare regain value of PET fibers at 25 °C and 65 9 relative
humudity is 0.40 %, The moisture regain values of silk and cotton are
about 11 ¢/. and nylon-6 4.5 %, (Smith 1969). The lack of chemically
active groups alongside the PET macromolecular chains, makes it im-
possible to be dyed with acidic, basic and other type of dyes. PET fi-
bers can only be dyed with disperse dyes. The disperse dyes are not ef-
fective on the active groups in the structure, since they enter the struc-
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ture physically. The crystallinc structure of PET also makes dyeing with
disperse dyes an expensive process. As a result, these undesirable pro-
perties of PET fibers have a limiting role in the use of PET fibers in so-
me textile applcations. For instance, the moistuie regain value of PET
fibers show that they are not appropriate for underwear production.

There are extensive studies to overcome these undesirable features
of PET fibers and give them some desirable properties.

One of the research area is the addition of some antistatic, hydrop-
hilic or other compounds which ease the dyeing process (these chemicals
can be added during transesterification or polycondensation processes,
depending on their chemical role and structure). However, the applica-
bility of this technique is limited since it causes the loss of some flbcr
propetrties.

Another alternative is grafting of a monomer (or monomers) upon
the PET fiber by graft copolymerization. This enables one to give new
properties to PET fibers depending on the monomer (or monomers)
grafted upon it.

A GENERAL OUTLOOK OF GRAFT COPOLYMERIZATION
UPON PET FIBERS

The most common methods used in grafting of various monomers
upon PET fibers are the employment of ionising radiation and chemi-
cal initiators.

The decision of which graft copolymerization method is su’tahle
generally depend on the ease of application, the reproducibility of the
experiments ,the effect of the method on basic fiber properties and the
probability of obtaining the expected properties as a result of the graf-
ting process.

The ionising vadiation (y -rays, x-rays etc.) is known to give R;
and R, type radicals when interacted with the PET fibers (Campbhell
1967).

These radialic active sites which are considered as side chain attach-
ment points of the grafted monomer, can be formed chemically in the
presence of benzoyl peroxide (Lokhande 1984. Okonicwski 1981, Sagak
1989, Shalaby 1978, Okoniewsk’ 1984), hydrogen peroxide (Hebeish
1982, Hcbeish 1978), azobisisobutyronitrile (Tsuzuki 1971, Sakurada
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1970), potasium persulfate (Yamauchi 1972), or cerium jon {Pradhan
1982, Suzuki 1972).

The grafting cairied out with ionising radiation is easire to control
by the dose of the radiation applied. However, the PET fibers loose so-
me of their propertics at radiations above 5 Mrad, and crosslinking can
occur (Potnis 1969). At lower doses, however, the yield of radicals is
very low (Campbell 1970).

Which of the radicals mentioned above is responsible for graft co-
polymerization highly depends on the applied dose. For instance, in a
study where vinyl acetate is grafted upon PET fibers the grafting sites
were shown to be R, type radicals and the following structure was pro-

posed for the grafted PET fiber (Faterpeker 1980).

Some of the monomers used in the grafting studies with- jonising
radiation are styrene (Sakurada 1973, Vlagio 1973, Memetea 1979, Mik-
hailov 1962), acrylic acid and methacrylic acid (Rao 1972, Kale 1975,
Bonnefis 1971, Blin 1969, Matsuzaki 1972), acrylamide (Yamauchi 1972)
2-methyl-5-vinylpyridine (Hebeish 1978), methyl methacrylate (Matsu-
raki 1972), and acr}}lonitrile ‘(Yamauchi 1972, Kale 1975). '

Although it is difficult to control the polymerization conditions in
grafting cariied out with chemical initiators, the degradation of the main
‘polymer remains at a very low level. They are casy to apply and do not
need any special apparatus.

Whether one uses ionising irradiation or chem’cal initiators, there
occurs the homopolymer of the grafted monomer, in the polymerization
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medium. The most common procedure used to rtemove the homopolymer
from the grafted fiber is the extraction of it with a suitable solvent.
The removal of the homopolymer is a time and solvent consuming pro-
cess.

‘Genera}ly PET fibers are used in grafting studies, but in the lite-
ratuie there are also grafting studies on the PET fabric ﬁsin‘g various
monomers (Hebeish 1982, Okada 1970T).

The highest giafting yields scem to be obtained around the glass-
transition temperature of PET fiers (80 °C). The studies in the literatu-
re emphazise that the giaft yicld decreases in grafting processes carried
out above. or below this temperature (Vlagiu 1973, Schamberg 1970,
Rao 1979).
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THE PROPERTIES OF GRAFTED PET FIBERS

a) DYEABILITY

The PET fibers can be dyed with various dyes depending on the
chemical properties of the monomer grafted upon them. The fibers graf-
ted with a monomer having acidic properties are expected to have imp-
roved dyeability with basic dyes and vice versa. :

The théoritica] structure of PET macromolecules is as ‘folldw;*s:
HO-CH5 CHa-0~CO~f-CO0-CHz C Hy O}y~CO-f~C0O0-CH;CHyOH

However, the commercial PET produced by dimethyl terephthalate
(or terephthalic acid) and ethylene glycol does not have this structure.
By hydrolysis and thermal decomposition and oxidation of PET during
its synthesis and melt spinning, carboxylic groups are formed as end
groups. Although there ae significant number of COOH groups. they
do not enable the fiber to be dyed with all basic dyes. In addition to high
crystallinity and water repellency, the very low acidity of the carboxy-
lic groups of PET .is responsible for this behavioz.

Suzuki et al. (1972) reported that the grafting of acrylic acid upon
PET fibers increased their dyeability with basic dyes while the grafting
with acrylamide increased the dyeability with acidic dyes. In both situ-
ations the dyeability was reported to increase with the graft yield.

The grafting of acrylamide-styrene mixture upon PET fibers was
rept_)»r,tedbto‘iﬁcrease the absorption of acidic dyes. The dye absorption
at 38 9/, graft yield (7.8 %, polysfyrene and 30.2 9, polyacrylamide) was
46 mg dye | g fiber while it increased to 63 mg dye | g fiber at a graft
yield of 55-%, (17.5 9%, polystyrene and 37. o/ polyacrylamide) (Jones
1968). ’ .

The dyability of the PET fibers with acidic dyes was observed to
increase when they are grafted with acrylamide using benzoyl peroxide.
The dyeability of ungrafted PET fiber was nil but it increased to 18 mg
dye | g fiber when they are grafted with 22 % acrylamide. The dyeability
showed a decrease at higher grafting values (Sagak 1986).

In the studies carried out on the grafting of PET fibers with aery-
lic acid, it was reported that the dyeability increases with basic dyes
(Kale 1975, Kim 1984, Schamberg 1970, Ohguchi 1984). :
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Okada et al. (1968) reported that although there:was a-moderate
increase in the dyeability of PET fiber grafted with 15 % 4d-vinylpyridine,
there observed no improvement in the dyeability of the fiber grafted
with more than 20 9 2-v inylpyridine. The grafting of these two mono-
mers together Pdused a moderate increase in the tendecy of the flbLl
towards acuhc, dlspersc. basic Lnd direct dyes. E

Hebeish et al. (1982) e camined the glafting of various monomers
upon the PET fibers and reported that the dyeability of the fibers graf-
ted with methyl methacrylate or acrylic acid-styrene mixture with dis-
perse dyes showed an increase. They also claimed that the dyeability
of the PET fibers grafted with glycidyl methacrylate, with direct and
reactive dyes, was improved.

The microscopic examination of the fiber following the dyeing of
the grafted fibers give us an idea about the extention of the ‘grafting.
The degree of the extention of the dyeing from the surface to the center
of the flament shows that the grafting process approches to the flament
center. For instance. when the flament corss-scction of the fiber grafted
with 22 9, acrylamide was examined under microscope after being dyed
with acidic dyes, dydinz process was found to extend throughout the
whole flament cross-section. Considering the fact that the molecules
of the acidic dyes can only interact with the -NH, groups of acrylamide
it can suggested that the grafting process must be extended towards
the center of the flament (Sacak 1989).

Similarly Okada and Sakurada (1970) basing upon their microsco-
pic studies on the PET fibers grafted with acrylic acid, stated that graf-
ting could be homogenously carried out throuﬂhout thc whole ﬂamcnt
cross—scctxon at 10.3 °; grafting.

There are other studies which also state that the grafting process
was carried out homogenously throughout the whole flament ecross-

section (Bonnefis 1971, Kim 1984, Okada 1971).

b) MOISTURE REGAIN VALUE

Moisture regain is generally related to the hydrophilic structure

of the fiber. The moisture regain value of polyester fibers having hydrop-

- hobic character is quite low. The moisture regain value of PET fibeis
can be increased by grafting various monomers upon PET fibers which
give hydrophilic character to them. In Table T the mositure regain valu-
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es of PET fibws grafted with different monomers are tabulated with
respect to the grafting ratio.

Table 1. The mwoisture regain vidues of the PET fibers grafted with various monowmers

graft nioisture
vield regain
monomer ( /(,) %) reference
acrylic acid Lo oo 0 M“ Hmmcfls 1971
(65 9 relative bumudity, 23°C) 10.0 2 7.4
30 0. 3 80
glycidyl methaerylate 00 0 039 Iebeish 1983
(65 9, relative hamudity, 23°C) 16 0 076
o ' 46.1 1.93
149.8 2 04
arrylic acid ) : g 00 0 0 60 Kale 1973
(75 9, relative hamadity, 30°C) 19.0 2008
23.6 4.46
methyl methacrylate? 00.0 €.00 Pradhan 1982
15.0 1.85
25.0 2.25
300 2.50
acrylamide .
(65 9 relative humudity, 20°C) 00.0 0.42 Sacak 1989
19.1 1.89
28.3 1.96
4.7 3.92
acrylamide-methacrylic acid 00.0 0.42 Sacak 1986
(65 9, relative humudity, 20°C) 25.0 1.56
57.6 2.83

a- The approximate graft yield and moisture regain values were obtained from the grait
yield-moisture regain plots given in literature.

b- The conditions of the moisture regain experiments have not been stated.

The extention of the fiber structure following the grafting process
contributes to the increasc in the moisture regain to a certain extent.
However, the moisture regain value of the fiber was observed to decre-
ase after a certain grafting value due to blocking of the porous structure

of the fiber (Kale 1975).

It was also stated that the conversion of the acid groups upoun the
monomer grafted onto PET fibers, into the metal salts such as sodiam,
increased the moisture regian valuc (Okada 1970).

The conversion of the acid groups of the PET fiber grafter with
acrylic acid, into the sodium or calcium salts, enabled the fiber to have
a moisture 1egain value higher then 10 %. in‘a n"e“hum havm:r a relative

humudlty of 65 % (Su[uLl 1972). -
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Similiarly Ohguchi and Yasamuta (1981) converted the acid groups
of the PET fibers grafted with methacrylic acid, into the sodium salts,
and obtained fibers having improved moisture regain value. However
subjecting this fiber to normal washing procedure caused the sodium
ions in the structure to be replaced with calcium ions which in turn dec-
rcased the moisture regain value of the fiber.

¢) OTHER PROPERTIES

Static charges are generated when moving fibers are deteched from
the contacting surface. As in many synthetic origined fibers, there ob-
served to be static charge on the PET fibers. However, inany studies
indicate that the antistatic properties of PET fibers could be improved
by grafting various monomers upon them (Kale 1975, Bonnefis 1971,
Maeda 1973, Igeta 1975, Okaniewski 1981).

Tsuzuki et al. (1971) obtained a fire resistant fiber, by grafting the
PET fiber with styrene and keeping it in aqueous bromine solution un-
der sunlight for three hours. It was also reported that a flame resistant
PET fabric was obtained by grafting bromostyrenc dlrectly upon the
PET fabric (Mey-Marom 1983). :

Hebeish et al. (1982) investigated the soiling property of the PET
fabric grafted with glycidyl methaerylate, methyl methacrylate and
acrylic acid-styrene mixture. They reported that the fibers grafied with
methyl methacrylate improved both aqueous and nonaqueous soil
removal properties. The grafting of vinyl acetate upon the PET flber
improved its soiling resistance (Magat 1966).

Generally it was observed that mechanical properties of the PET
fibers weaken following the grafting process. Therefore, care must be
taken not to deteriorate the mechanical properties of the fiber while it
is being grafted to improve its other properties.

The grafting of acrylic acid and methacrylic acid upon the PET
fibers by the help of benzoyl peroxide caused little decrease in their
strength (Toray Industries, Inc. 1984). Kale et al. (1975) reported that
when the fibers are grafted with acrylic acid up to 22.4 9, by the help
of x-rays the strength decreased by 35 9. Ohguchi and Yasamura (1981)
investigated the grafting of aerylic and methacrylic acid upon the PET
fiber and reported that the modules, tenacity at break and elastic re-
covery of the grafted fiber decreased whereas elongation at break inc-
reased with increasing grafting value. Faterpeker and Potnis (1980) sta-
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ted that the tensile strength and percentage elongation of the PET fi-
ber increased up to 22 %, grafting with vinyl acetate and than showed
a sharp decrease. Some studics report that the sirength of the PET fiber
is not affected by grafting (Okada 1970, Lits 1934).

Faterpeker and Potnis (1980) also investigated the thermal behavi-
our of the PET fibers grafted with poly (vinyl acetate) and poly (vinyl
alcohol). They noted that the melting temperature and heat of fusion
of PET fibers were not affected by grafting. They also stated that graf-

ting with poly (vinyl acetate) did not affect the thermal stability of PET
flber

It was stated that the g_,lass—transumn temperatare of the PET fi-
bers graited with acryhc acid decrcased with the increasing grafting ra-
tio (Kim 1984). It was also reported that the fiber density of the grafted
fibers decrcased and the fiber radius increased with the mcreasmg graf—

ting yield (Sacak 1989, Ohguchi 1981):

CONCLUSION

The polyester fibers which have a prominent place among the synt-
hetic origined fibers, have found new areas of application since their
first production in 1950s. This prominent place of PET fibers among
synthetic fibers is largely due to their superior physical and mechanical
properties. The grafting studies of PET are therefore directed to impro-
ve the weaker sides of PET such as difficulty in dyeability, low mois-
ture regain, and high pilling. The studies conducted in this field have an
important place in literature, in last twenty years.

Although the results of the studies of grafting different monomers

upon the PET fibers are very promising, they create some important
problems as well.

Some of the important problems‘to be solved in the application of
the graft copolymerization process are as follows; minimising the homo-
polymer formation which causes excess loss of material (solvent, mono-
mer etc.), the complete removal of the homopolymer from the fiber,
continuity of production and maintaining high production capacity.
Another important point is, keeping the number and lengths of the side

_chains which arc the most important factors in the. characterization to
.graft copolymiers, under control. In fact there is no graft copolymer ty-
pe synthesized by controlling these factors yet.

Most -of the problems mentioned above will be solve in future, if
we take the intensive studies carried out in this area into aeccount.
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