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ABSTRACT

The effect of solvent - treatnent on the dyeability
and nechani cal properties of polyethylene terephthal ate (PET)
has been studi ed. The mechani cal properties of the dyed PET
fibres and some heat-set PET sanples are also given. It was
observed that strongly interacting solvents such as N N dinethyl
formanmide (DMF) and acetonitrile (CHQ\) inproved the dyeability
of PET which had been treated with these sol vents at 74°C for
15 minutes prior to dyeing with disperse dyes at 100 C  The
rel ati ve dye-uptake after DM~—treatment is 20 tines greater than
after acetonitrile treatment. Pretreatnment in both sol vents
resulted in a lowering of tensile strength. Dyeing caused a
decrease in tensile strength, extensibility and initial nodul us
at saturation but these properties inproved when that initial
saturation interval was exceeded.

Sol vent - treatment and heat-setting led to inprovenent
inthe crystallinity of the PET fibres. A though the densities
of the various - treated PET fibres cannot be entirely relied
upon due to errors caused by the use of the carbon tetrachloride
- n-heptane mxture in the gradient colum, the trends suggest

that density increases with increase in heat-setting tenperature



1.1

CHAPTZR I

INTRODUCTION

Polyethyleme terephthalate (PET) is a fibre whose princi-
pal end-use is in textile manufacture., It can be Hrocessed into
fabric, either alone, or in blends with other textile materials
such as cotton, rayons and wool. The fibre and fcbric are marke-
ted under several trade names, depending on the country of
origin namely: Terylene (U.K.), Dacron (U.3.i.), Lavsan (U.S5.S.R),
Tergal (France), Terital (Italy), Diolen and Trevira (Federal
Republic of Germany), Enkalen (Hollang), Lanon (Geruan Democratic

Republic), Svitlen (Czechosloyakia) and Nigerlene (lligeria).

STRUCTURE AND PROPZRTIES OF PET FIBRE

As a result of the application of various methods of in=-
vestigation, it is possible to represent the structure of polye-

thylene terephthalate in the following way:-

(®)
i 2
O—c-o-—cnécu ,=0

Polyethylene terephthalate consists of a mi:ture of cry-
stalline and amorphogs regions, the relative proosortions of which
depend on the method of preparation. The molecule has an extended
rectilinear shape, the plane of the benzene rings heing parallel

(1)

to the (100) plane. The = COO - group is out of the plane of



the benzene rings by 12° and the ethylene glycol residue by
20°. In a stretched fibre, the axes of the molecular chains
are inclined in relation to the fibre axis in such a way that
the (230) plane remains vertical and the inclination of the
(001) plane to the fibre axis increases. The macromolecules
are linked only by Van der Waal's forces and the high melting
point is due solely to the rigidity of the aromatic = nucleus
= containing chain.tl) wardtz) has shown that in crystalline
polyethylene terephthalate, the ethylene glycol residue i.e.
-ocH2 CHZ-—O- exists in the trans configuration.

The specific gravity of polyethylene terephthalate with a
considerable amount of crystalline fraction is generally quoted
as 1+38s The completely amorphous fraction obtained by rapid
cooling from the melt has a specific gravity of 1.33 while the
completely crystalline fraction has specific gravity 1.455. The
refractive indices at 20°C are 1.72 parallel to the axis of the
fibre and 1454 perpendicular to the axis giving a birefringence
value of 0,18, The glass transition temperature (Tg) for polye=~
thylene terephthalate lies between 80 and 90°C and its melting
point lies within the range 250 - 265°¢. Being a hydrophobic

fibre, polyethylene terephthalate has a moisture regaim value

of 0.4% at 65% relative humidity and 20°C.
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The polyester fibre is extremely stable to the cction of
oxidising agents such as sodium hypochlorite, hy.irogen pcroxide,
sodium chlorite and potassium dichromate. Reducing agents such
as sodium hydrosulphite do not cause loss of strencgth of the
polyester after prolonged exposure at 80°c,

Mild acids act on the fibre morc weakly than nlhaliasj) A
strong solution of ammonia has a particularly poverful action.
Strong sulphuric acid simultaneously dissolves and decomposes it.‘k)
It is also decomposed by nitric acid.

Compared tc most other fibres, polyethylome terebhthalate
has high tensile strength and elongation - ot = breal Der cent
as well as high initial modulus of c¢lasticity. <The solyester

fibre is closest to silk in its properties. It rotoins creases

and the form imparted to it well even under donp conditionse

KINETICS AND hiscanIsH oF pyeing M risme

Only dyes having a measurable affinity for pelyethylene
terephthalate fibres are those which can be npplicd from aqueoys
dispersions. Such dyes include disperse dyes, certein azoic
dyecs and in special circumstances as in the Thermosol process,

Vat dyes. Typical dispcrse dyes have azobenzenoid (1) and



anthraquinoid (11) structures shown below:i-

£
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In use, disperse dyes are dispersed in an oo uveons solution

QM5

and the dye is considered to be transferrcd to the fibre through
the sclution phase, even though its agu;nul sclubility may be very
limited., Dye in dispersion is sclubilized in thc micelles of

the dispersing agent which form a reservoir rendily available to
supply more dye to maintain the strength in solution,

The rate at which the dye diffuses from the solution onto
the substrate, i.e. the fibre, otherwise known as the flow rate,
is controlled by the laws of convective diffusions llear the
fibre surface, a state of flux exists due to a digoronortionate
distribution of the dye molecules between those regions nearer
to it and those farther away. The actual concentration of dye
molecules in this region, known as the diffusionsl boundary
layer, is time dependent. In a quasi-steady statc, wherc it is
assumed that the number of dye molecules leaving the layer is
equal to those arriving and that any dye molccule that comes
into contact with the surface is immediately adsorbed, the
complex mathematical equations attendant on the original problem
yvield themselves to ecasier sclutions through the ashlication of

Fick's laws of diffusion.
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For an idealized plane sheet having the dimcnsions shown

(5) have obtained the diffusion

in Fig. 1., Macgregor and Peters
coefficients by solving the relevant differential equations,
subject to appropriate boundary conditions. 7The relevant equa=-

tions arei=-

( ci"c ) sssnnsasnn {i)

s 8 ( SD )

¥ c
% = Df ':2— sesesscesses (ii)

where J = quantity of flux within the diffusicnal
boundary layer.

D = diffusion coefficient within the diffusional
boundary layer.

C = steady-state concentration within the diffucional
boundary layer.

C = the solution concentration.
8_ = the thickness of the diffusicnal boundary layere

C = the concentration of dye at time, t, ot a point,
x, such that = )< x < 2 in the sheet.

Df = the diffusion coefficient in the polymer sheets

Mathematical solutions to the convective diffusion problem
increase in difficulty when the sheet or film is rezlaced by a
rod or groups of rods as would be used to reuresent o fibre or
bundles of fibres. In addition, when the bounciary condition,

C = 0, is removed and concentration at the surfnce bLecomes, as

it must in a real dycing system, a function of tine, tho compli=-



S
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Fiqure 1- Diffusional Baundary Layer
S for a planc sweet of thickness2l

k Kk zd velocity constants for passage =
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cations increased and the problem is yet to be r2sclved. The
rate of dye uptake in any system, sheet or cylincery has been
lho\mts) to depend on the values which may be atiributed to a

parameter L represented as:

L = Daz

K DISD

(where K = partition coefficient = K1°

x2°

and K: " K:. have meanings as indicated in Fige 1e)
The effect of flow rate on rate of dyeing can bc ernressed
gquantitatively by its effect on the thickness, SD' of the dif-
fusional boundary layer; incrsases in flow decrecsce SD and hence
increase L. #hen the flow rate becomes very high, SD ~==2» 0 and
hence L 5 ¢+ At this, juncture, the rate of dyeing is now
controlled by the rate of diffusion within the solid and further
changes in stirring have m@ effect on the roto of dyecinge In
effect, this means that in a well - stirred dyebath, thc rate =
determining step in the kinctics of dyeing is diffusion through
the polymer matrix.

harsden and Urq t(6) demonstrated that sis-lo non-ionie
proton donors, e.g. phenol, when presemt¢ even =i low concentra=~
tions, werc readily adsorbed by cellulose ncetates They suggested
that this was due to the occurence of hydrogen bonding and pro=-

posed the theory of adsorption by site bondinge ‘Jicl:.;ruta:l't“”



later extended this concept to dyeing with disperse dyes, all
of which contain simple polar groups in their structure. HMost
disperse dyes contain proton donor groups ege. =OH, or -Nﬂz as
well as proton acceptors wegs Cs0y =N=N-, -N(CH312 and =-0OCH

3°
Hydrogen or other types of bonding is possible botween these
groups and those of opposite colarity in the polymer structure.
The formation of a Il - type hydrogen bond between the aromatic
nucleus of the polyethylege terephthalate and a hydroxyi group
in the digperse dye molecule is alsc thought to play some role,
several other workers h ve independently confirmed the site
adsorption theory of liarscen and Urquhart. The rival theory
which held that the dye moclecules impaft their colour to the
material by a process of solid sulution and propagated by a

8
schoul of thought led by Kartaschoff( ) wes finally discardeds

(9) ltubba,"OI and dhite(ii) showed that

Bird ¢t =1,
disperse dye adsorption did not correspond to the langmuir model
and thus advanced the case for the occurrence of site adsorption.

The main requirement for a site adsorption model to operate
is that the interaction e¢nergy between the molecules in the dye
crystal and in the polymer should not differ greatly from that
between adsorbed dye moleculus and the polymer. T is enables
dye and nclymer to be mixed without any great change in the

potential energy of the system. lnrjury,(lz) Patterson and

(13) (14)

Sheldon, and Bird and Harris have carried out experi=-

mental verification of the above requirement. Their results
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indicate a strong correlation between the heat of solution of
dye and the hent of dyeing. Their conclusions also confirmed

the thecry that adsorption occurs by site cccupation.

INFLUCNCS OF FIBRE STRUCTURE ON DYEABILITY OF SULYCTHYLENE
TEHEPHT! A LATE o

The degree of crystallinity, or the volume fraction of the
ordered regions or units within the fibre is an important charac-
teristic of = particular polymeric material. It affects the

dyeability, maximum draw rotic and many other properties of man

(15)

- made fibres. ODumbleton and hurayama have shown that the

glass transition temparature, Tg, of polyethylcme terephthalate

is a linesr function of the quantity (51)
(1)
v

14

(vhere X' is the total amount of crystallinity and V

the average vclume of a crystallite).
The ratc of dyeing depends on the cxistence of a sufficient
number cf hcles between the pelymer chains which are large enough
to accomodate dye molecules. It has been shown that a direct
relationship exists between the available number of holes, i.e.
the free volume, and the Tg.'%®) This relationship can be
expressced mathemstically as followai=

Ve (1) = v"g + o (T - T9)
where Vf (T) is the free vclume at a given temperature, Te.
vf,g is the free volume 2t the glass transition

temperature

and (o, the bulk thernal expansion coefficient.
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(17) have alsc shown that for most polymeric

Fox and Flory
materials, thec following cvquation gives 2 good approximation:

Ve,g = 0.025 Vt

where Vg is the total volume of the polymer.

Macgregor and Paters(ja) have suggested that the rate of
diffusion of disperse dyes through the fibre is a direct func-
tion of the difference (T=-Tg), where T is the dyeing temperature.
Consequently thc ratio (%;) by influencing Tg will also affect
the diffusion coefficient of disperse dyes through the fibre.
Dumbleton et al(jg) measured the effect of annealing tewpera=
ture on both Df and (f;) in drawn polyester fibres and found
that the dye diffusio: coefficients were lower in the highly
drawn samples which exhibited high degrees of crystallinity.
Both the temperaturc and draw ratio were also found to affect
the value of x1 and of VI but tc different degrces. They,
however, found that the average crystallite size became less
owing to the effect of drawing on the kinetics of crystallisa-
tion. In crder tc explain these cbservaticons, they developed
a model of dye diffusion based on morphological considerations.
They postulated that many small crystallites in the fibre are
more eifactive in restraining dye diffusion, than are a few
large crystallites.

WQrwicksr(zoj has recently reported that pelyethylene

terephthalate absorbs more dye when it is keot under tension in

the dyebath, than when it is in the freec condition. He explained
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that when under tengion, the orientation of the fibre will be
relatively higher than when it is free, This implies that sowme
factors, othar than amorphauw.content and amorphons orientation
may be iuportant in dye uptake, Warwicker postulated that under
tension the path of dye diffusion is less tortuous and therefore
more dye can diffuse into the fibre within a fixed time. The
additional fector which must be considered was shown to be the
morphology of the sample.

It is noteworthy that the concept of tortuosity proposed by

(20)
Warwicker agrees well with the physical concept implicit in the

modael of Dumbleton and Coworker-glq).

A wide range af experiments performed by Jeisr and Zallinqer(21)
gave diffusion coefficients for disperse dyes in hydrophobic fibress
The magnitude of these coefficients implied that diffusion in such
fibres reseuibles diffusion in a liquid, Hence they deduced that

dye molecules penctrate into the inner velume of the fibre through

water ~ filled microvoids,

EFFEICT OF L.COIFICATION OF FIBRE STRUCTURE ON UYZABILITY OF POLE-
THYLENE TEREFHTHALATE FIBLL.S.

The diffusion of dye intc individual fibres and the eventual
extent of dye absorption depend largely on the physics and che-
mistry of the fibrc structure. It has been shown that it is
extremely difficult to correlate modificaticns in fibre structure

(18)

with mncdificotions in dyeing properties The influence of

the chemical structure and the physical arrangement of the macro-



molecules of the fibre on the dyeing process cannot be specified
with any dgree of ccrtainty. In addition, parsmeters of the
actual dyeing process, particularly PH, ionic strongth and tem=-
peraturey 211 exert an effect.

48 alresdy noted in section 1.2, dye - fibre specific bonds
are known tc exist and are believed to hold the dye molecule onto
the fibres In order to penctrate deeper, the dyestuff molecule
must leave the first linkage site and proceed to another. The
speed at which this migration can accur will depend, on the one
hand, on the sirength of the dye-fibre bond and, on the other
hand, on the size of the dye molecule. In practice, this problem
can be overcome by cither dyeing at high temperature, thereby
enhancing the kinetic energy of the dye molecules or by applying
dyeing a2ids or carricrs at lower temperatures. It is believed
that carrizrs act te counteract steric hindrance to dye mobility
by causing increased chain segmental motion or a decrease in Tg
of the fibre. (32

There are two main methods of effecting modification in the
fibre structure namely:

(1) heat treatment

(2) solvent treatment
Heat treatment methods encompass a broad field of fibre modifi-
cation technigues, the simnlest of which is heat-setting. During

heat - setting, the drawn fibre is heated to a temperature higher
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than its glass transition temperature., The weaker inter-mole=-
cular bonds are broken aﬁd the released segments of the mole-
cular chains will tend to move to positions which are more
favourable for the formation of new intermolecular bonds of
higher stability. This process is usually accompanied by axial
shrinkage which becomes larger as setting temperature increases.
The refolding of chains is believed to be one of the retractive
forces giving rise to shrinkage. A schematic representation of
possible occurrences during heat-getting is shown in Fige 2.

(23) has shown that dye uptake relates in a complicated

Marvin
manner to the setting temperature of polyethylene terephthalate
fibress There was an initial decrcase in dye uptake reaching a
minitum at about 180°C after which a progressive rise was noticed,
It has been shown that this phenomenon also occurred in the dye
uptake behaviour of textured polyethylene terephthalate ann-(24).

While the effects of the various heat treatment methods on
dyeability have been extensively investigated and documented by
several authors, the dyeability of solvent - treated polyethylene
terephthalate fibres and yarns remains a relatively virgin field
of researche.

As stated earlier, a reduction in the Tg of polyethylene
terephthalate fibres is responsible for an improvement in their

dyeabilitys Carrier-assisted dyeing is designed to exploit this

fact., Despite earlier controversy on the mechanism of carrier-



[
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Figure 2: Length changes that may oCCur
during hect- setting

( after Morton and Hearle)
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action, Rochas (25)

has after much experimental work, attributed
the origin of carrier activity to the presence of some residual
carrier moclecules in the fibre matrix leading to some permanent
physical modification in the fibre structure. lore recently,
Brown and Petorn(aﬁ) have demonstrated that although some change
in the X=ray photograph of polyester fibres could be observed
when trichlorobenzene was used as the carrivr, the concentration
of carricr required to produce carrier activity was lower than
the concentration needed to produce permanent modification of
fibre structure, The plasticising ability of carriers which deter-
mines their effectiveness is, no doubt, duc¢ to a solubilizing

(27).

action of some sort, which is accompanied by swelling

(28)

Waters has adduced evidence to prove that this is, however,
not the prime criterion for carricr efficiency.
In practice, the use of carriers tu achicve fibre modification
is objectionable on the following grounds:-
(a) The extra cost can be considerable,
(b) The gocds are inclined to retain the colour of
the carriers and nced very thorough washing to
remove ite.
(c) The light fastness of the dyeing is badly impaired

by the use of some carriers e.g. p-phenyl-phenol,

O=ohenyl=phenol and salicylic acid.

However, atudieu‘zq) have shown that the pretreatment of

polyethylene terephthalate yarns with certain strongly interacting
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solvents gsuch as U, N.dimethyl-fomaﬁ:ide (DMFH)? ;;etfachlome-
thana and !'- butyrolactone can lead not only tc swelling but
also to irreversible modidication of the fibre structure. 1In the
case of Tli"y dynamic medulus measurenents confirmed that the glass
transition temperature was drastieally reduced_frnm 11000 to 10°C(30).
The medified polyethylene tereptrthalate struetura should thercfore
pernit rapid diffusion of disperse dyes under atmospheric conditions
without either the addition of carriers or use of pressure dyeing
techniguess The basis of structural modification during the DMF
treatment of nolyethylene terephthalate yarns is solvent - induced
ﬁryatallization which occurs while tha polyethylene terephthalate
structure is swollen with the solvent, At low temperatures onlf
snall erystallites are formed and after removal of the solvent, the
awollen sntructure which cdnnot now be supported by the amall crysta-
llites consequently collapscs. “When DMF treatment is carried out
al higher temperatures, formation of larger crystallites cccur whish
are more2 stable and capable of supporting the sweollen structure, so
that totzl collapse is prevanted upon the removal of the solvents
Thig view has been upheld in studiea with other solvents,
Kc.llb and Izardul) had shown that the crystallization temperature
of polyethylene terephthalate was not constant but depended on the
imersion media. In silicons o0il, the minimum crystallization

tenperature was betweon 95.40 and 99.30. In water, this tempera=-
P

ture had been lowered to 70.?0 v 75.606. Other more active media
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such as acetone, benzene, nitromethane and nitric acid initiated
crystallization at room temperature. The lowering of the crysta-
llization temperature had been attributed to swelling action with
the media acting as weak solvent,

Solvent - fibre interaction and swelling are closely related
to the soubility of a polymer in a particular solvent. In section
1.3, an allugion was made to the role played by the availability
of holes or free volume in!=hancing dye diffusion within the
fibre. it was also shown that the free volume constitutes a
fraction of the total volume of polymer. A general theory on
the nature of free volume has the following as its main postu=
lates:

(i) The free volume is allowed complete freedom of distribu=-

tion so as to maintain a state of minimum free energy.

(ii) In any system, the density in a small element of volume

is a constant only in the sense of a time average. It
is subject to continual fluctuations having a distribu-
tion in time which is governed by well=-established
fluctuation theory.

(iii)

F

momentary decrease in the density in a volume element
is accompanied by a momentary increase in its free volume
and so the distribution of free volume is also governmed
by the theory of fluctuations.

Buaohe(3z) thus developed a theory for predicting the

probability of hole formation based on statistical mechanicse.
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Based on this theory, the number of holes, “b, larger than the

critical volume V* is given by:

0 2
Cexp 4t fer e
(]

(o Coneb e

©
where df = the sgpecific surface encrgy of the polymer

Ay =

b = the wedims of tho hade
b* = the radiug of the holc with volwme V*,
It way therefore be concluded that the problem of solvent
- fibre interaction and its attendant swelling, can be analysed
from the voint of view of statistical thermodynamics. In this
way, swelling can be likened to solution in that there is a ran-
dom intefchange of position between fibre molecules and solvent

molecules, but in swelling this cccurs only to a limited extent,
whorcas in polution itg comtimpes until there is a uniform

mixtured of the two substances.
The free energy of mixing a solvent and a polymer is given
by the thermodynamic relation:

bG = OH - Tbs

m m m
Since the entropy of mixing bSm is always positive due to an
increase in disorder caused by the random mixing of polymer and
solvent wlecules, the free cnergy, 8Gm, will be positive or
negative depending on the magnitude of the heat of mixing, ﬂ-lm.
Swelling or solution will be enhanced if the heat of mixing,

BHm, assumes a small or zero value, as this implies that the free
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energy of nixing will be large and negative. However, it is
commonly acknowledged that most polymer solutions do not obey
Raoutt's laws and hence the condition that DHm be close to zero
is hardly reelized in practice;

Further consideration ¢f the nature of the forces acting
between sclvent molecules and those acting within volywer chains

led Hildebranad (33)

to the conclusion that if the internal pres=
sures in the solvent =2nd polymer were similar, then the heat of

mixing will a=proach a zero values Hildebrand <efined internal

pressure ns the quantity represented byt {%}

where AE = encrgy of vapourisation
V = tine molar volume
The ratio A2 is also known os the cchesive onergy density.
Final;;' Gildebrand formulated the fellowing o uation

which has roved most uscful in credicting the ~ffinity of a sol=

vent for = solynert

fq s a2 [! ‘2’% 2
% = vm [ h-_':-’ - vz ‘1 ﬂz

where 8y = heat of mixing

m = total volume of mixing

&2 = conergy of vapourisation of components 1 and 2.
V = mclar velume of comaonents 1 and 2.
¥ = volume fraction of components

1 and 2 in the mixture.
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§ -

t%?}ﬁ = golubility parameter of components
1 and 2.

From the above equation when 51—-?52. bDH, ~——» 0. There=-
fore, a sclvent may be regarded as a '"good'" solvent for swelling
or dissoclving a polymer, if their solubility parameters habe
comparable values, otherwise, it may be regarded ns a "poor' sol-
vent.

The Hildebrand equation has, however, been experimentally
verified only for amorphoss polymers end certain :Olwz_nts -
where there cre no strong intermclecular forces interacting be=

(34)

tween the two components.

SCOPE OF THE FRESENT INVUSTIGATION

In the pregent investigation, our main purpose is to relate
the effect of treatment of drawn polyethylene terephthalate fibre
with stroncly interacting solvents such as JOMF and acetonitrile
to the dyeability of the fibres. The effect of the solvent on
the mecheonical propoerties of the fibres will also be studied.
Comparison of the mechanical propertics of solvent - treated yarns

with those of a few heat - set samplesa will alsc be given.
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CHAPTER II

HAT SRIALS aNw EAPoRINMENT AL FETHODS

MATZRIALS
(a) Polyethylene terephthalate filaments: The colyethylene

terephthalate filaments used in tnis work were obtained from

the Nigerian Chemicnl and Textiles Industrics Limited,
(NICHEMIZX), Ikorodu, Lagos. They are semi-crystalline materials
having a draw ratio of 3,5 and a yarn number of 3 tex.

(b) Dyestuff: The disperse dyestuff uscd was Dispersol ded B =

2B,

EXPeRLIENT WL 1T 008

2«21 Furification of Diagersol hed B-2B.

2g of the disporse dye, Jispersol led B-2B were extracted
by Soxhalatgon. The process lasted until the filtrate coming
out of the cellulose thimble was clear. The solvent used for
extraction wes sulfur-free toluene. The filtrate was transferred
into a 25 ch comical flask and concentrated to about one-third
of its original volume by evaporating on a hot plate. The flask
was allowed to coel to room temperature and then further coeled
at 0°C for 24 hours. The ncedle - like crystals formed were
filtered, rinsed with distilled water and dried in the oven at

105°C for 24 hours. *he weight of dye obtained was 0.586g.
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The melting point of the purified dye was 18800 and its extino=
tion coefficient, 35.67. It showed a peak of maximum absorption

at a wavelength of 512 mm.

2242 Solvent treatment of polyethylene terephthalate yarns

The filaments, 9.0 cm in length, were suspended in turn,
from a rod placed across the top of a 50 em measuring cylinder
containing the solvent. The lower end of the yarn was loacded
with a 5g weight. Since the yarn samples weighed between U.,01g end
0.0%, the forece acting on the suspended samples ranged betiean
0.045 gf/tex and 0.009 gf/tex. The weight served to keep the
filaments parallel to one another inorder to minimize entengles-
ment, Three solvents, N,li- dimethyl formamide (DvF), acetonitrile
(CH3 CN) and methanol were used to swell the yarns. For each

determination, the measuring cylinder containing the sclvent

was kept in a thermostatically controlled water bathe

Using methanol as the test solvent, the effect of tempera=
ture on the shrinkage property of the submaged yarns wao studied.
The water bath temperature was kept constant at 26°C, 3&°C,

&a"c, 51°C, 56°C and 64°C and, on each occasion, for a period

of 30 minutes. The changes in length were measured in a separate
experiment using the cathetometer. In companion experiments, the
effect of dlrnti?ll of solvent treatment on the shrinkage property
of the yarns was also studied using DiMF and acetonitrile as the

swelling media. The first sample was treated for 2 minutes wvhile
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subsequent gamples were treated at five - minute intervals for

a period of one hour. For ecach sclvent, the effect was studied
at twc constant temperatures, 42 C and 74 C. A cathetometer was
also used afterwards to mcasure the changes in the length of the

Yarnse

Heat-setting of polyethylene terephthalate yorns

Samples of the P.IT weighing 4g each were exposed to dry heat
without tension at 99°C, 11&00 and 13000 respectively for a
period of 6 hours. The experiments were carried out in a spe-
cially constructed glass apparatuse. A diagram of the apparatus
is shown in Fige. 5. To obtain the above mentioned temperatures
three solventas: ‘Iater (B.p. 1(1'0';'(:).| 4 - methylpentan - 2-one
(Bape 114—11?00) and Chlorobenzene (B.p. 130 - 133001 were placed
in the heating compsartment, in turn, and heated to their boiling
points. 7The vapour then rose in the column geperating the sample
compartment and the stem and in the process expelled any trace
of water inside the compartment and thereby causing its tempera-

ture to eqguilibriate with that of the sorroundings.

ei of untreated and solvent=treated pol lene terephthala

yarns

Two dye-=baths were prepared each containing th:e same ameunt
of 1g dyestuff digpersed in 1000 cm3 of distilled water contained
in a 2000 em3 culturceflask. Cne dyebath was used for the dyeing

of DMF -~ treated yarns while the othcr was used for the dyeing



of acetonitrile = treated yarns. About 3g each of the yarn

which had previously been treated with the relevant solvent

for 15 minutes at 74°C were dyed in the baths. A high, uniform,
stirring epced was maintained throughout the period of dycinge

Samples were introduced into the dyeing flasks at SOOC and were
removed 4, 16, 36, 64, 100 and 144 winutes after the dyeing
temperature of 100 C had bcen attaineds In addition, each dycbath
contained abcut 0,5g of the original, untreated yarn which was dyed to
maximum time. All the dyed samples were rinscd in hot and then

in cold waler after dyeinge They were air - dried at room temperaturees

20245 M}titgtive determination of fixed dye on Polyethylene tere-
phthalate fibrese

(a) Dye-extraction

The procedure of extracting disperse dyes from dyed polyethy=-
lene terephthalate fibres had previously been discribed by Erik
Kiluﬂ"S)- This procedure was adopted in this experiment,.
0401g of the dyed yarn was placed in a 5::m3 conical flask and

3 of the extraction solvente The flask was

covered with 1 om
loosely stoppered to avoid possible air oxidation of the dis~
charged dyes The extraction sclvent was DMF whose pH had
previously been adjusted to 4.2 with the aid of p=-toluene sul-
phonic acid solution in DIF, The flask was placed in a thermo-

statted oil-bath maintained at 140°C. The extraction time was

3 minutese, Two to threc extractions were carried out depending
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on the concentration of the dye in the fibre. The extracts
were diluted to mark with DMF in a 50 cm3 volumetric flask.
Extraction was carricd out on all dyved samplese.

(b) lHeasurement of cbsorbance of dye solutions

The abscrbance of esnch dye golution was messured using the
PYE UNICAM SP6 - 200 spectrophotometer which had previously been
calibrated using standard dye solutionse. In the very dilute
concentration range, the absorbancces of these solutions, when
plotted against their concentrations, gave the linear plot
shown in Fige 6 in accorcance with the Beer = Lambort lawe
From this plot, the concentrations of the dye extracts were
found by interpolation. 7The absorbances were measurced at a

constant wavelength of 512 nm. The dye per cent absorbed is

related to absorbance by the equation given belowi-

Meagurconent of Qechanical prgggrties

The mechanical properties of single polyethylomr terephthalate
filaments were measured on an Instron tensile testing machine,
Table model 1026, with a test length of 5.0 cm in the load cell
range of 50 = 500g and with cross-head ~nd chart spced of 100 mm/
min respectively. Measurements were carricd cut on original
(untreated), solvent treated and heateset fibre samplcs as well

as onsolvent—treated samples dyed for 4, 64 and 144 minutes.



The original (control) sample which was dyed for 144 minutes
was also testeds All tosts were carried out at 70% relative
humidity and 22°C. 5 to 7 specimens were used for each sample.
The results were expressed in the form of the conventional
specific stress against extension per cent graphs. From these
graphs, the nean tensile strength, extension - at - break per

cent, initial wodulus and secant modulus - at = break were founde

24247 Determination of density

The Davenport 2 = column density measuring apparatus was
used to determine the densities of all the fibre samples whose
mechaniczl properties were measured as described in section
24246, exccpt the control sample. The density gradient column
was filled with a mixturc of carbon tetrachloride (CC1,) and
n - heptane at 23,0 + O.lOC. The column was previously calibrated
with glass floats of known densities. Prior to suspension in
the column, the fibre sauples were soaked in ccy, for 20 hours
and then allowed to equilibriate in the column for 24 hours, after
which their respective heights were noted, Their densities were

subsequently found from the calibration plot by interpolations
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EAPERIFENTAL RESULTS AND DISCUSSION

3+1 EFFECT OF HEAT-SETTING ON MECHANICAL PROPERTIES OF PET FIBRES

It is generally believed that stretéhing or drawing of
polycthylene terephthalate fibres imparts a greater degree of
morphological order on thems This is usually accompanied by
improved crystallinity owing to a better alignment of chain
moleculess Van der Waal's forces which play a major role in
binding together the molecules are now rein forced by hydrogen
bonds which act at closer runges(Jﬁ). The resulting tight
structure imparts strength to the fibre especially in the direc-
tion of orientation. Such a structure renders molecular penetra=-
tion difficult. Hence, properties like dyeability, soil release
and hydrophilicity are adversely affecteds In addition, the
macromolecules themselves are highly strained and are therefore
in a therwodynamically unstable condition.

When drawn PET fibres are heated above the glass transition
temperature, Tg, the oriented molecules in the amorphous regions
will try to reach a higher entropy but their ceiling is hindered
by the crystalline material. With increasing temperature, the
stress in the amorphous regions increases and conversely the
strength of the crystalline material decrcascs. Hence, more

and more shrinkage due to deformation of the crystalline regions
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occurs accompanied by a twinning of crystals or slippage of
crystal ulaness A now semi-crystalline molecular order emerges
on freezing which is thermodynamically more stuble(37).

The nrocess described above, known as heat-setting or
anncaling, has considerable ¢ffect on mechanical properties.
Statton et al.(js) have identified regular chain folding as the
dominant morpholegical event occuring during heat - settinge

Table 1 shows the values for the mechanical properties of the

heat=set drawn polyethylene terephthalate fibres. Typical stress
strain curves are given in Jigure 9, The low estensibility of

the heat=set sanples indicstes an improvement in their crystal-
linity. This is confirmed by results from density determinations
{(Table 2.) There is also considerable improvement in mean tensile
strength and initial modulus of the samples after heat-setting.
However, these mechanical properties decreased with increase in
heat-setting temperature while the extensibility remains constant.
The decrease in tensile strength and initial modulus with increase
in heat-setting temperature may probably be as a result of dis~
orientation of the molecular structure as setting at each higher
tempercture creates more chain - folded sites, The increase in
crystallinity with heat-setting temperature may probably be due

to the fzct that chain - folding places more molecular segments
closer together, thereby facilitating the formation of crystallites.

Plots of crystallinity - per cent against tensile strength and
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MECH/NICAL PROPERTIES OF HEAT~SET DRaWN PET FIBRE

Measurcments

PET FIBRE SAMPLES

Heat-set at 99°C

Heat-set at 114°C

Heat-set at 130°C

Mean Yensile

Strength(gf/tex) 8.30 7.80 764
Mean extension-

at=break % 8 8 8
Initial Modulus

(gf/tex) 79.31 75 50
Secant liodulus-

at=break(gf/tex) 103.8 975 95.5
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initial modulus are given in Figures 11 and 12. They reveal
an inverse relationship between crystallinity and these pro-

perties,

EFFECT OF SOLVENT TRIATMENT ON SHRINKAGE OF PoT FISRES

The interaction between the polymer chains and certain
solvents such as OMF and acetonitrile may provide another source
of energy to cause localized disruption of intermolecular forces
resulting in structural rearrangement. Compared to heat-setting
technique, such solvent - induccd modification has the advantage
of having a lower activation energy. The action of solvent is
believed to be two - fold; the disruption of intermolecular forces
in the swollen state by a solubilizing action (plasticisation) and
a secondary crystallization process, involving chain folding,
of the newly relaxed chnins(39}- Chemical annealing i.e. the
action by solvents of strong plasticising ability, at room
temperature is believed to be similar to thermal anncaling at
temperctures below 1?506(,9)' Structural modification caused
by treatment of FPIT fibres in DM at 120°C for 2 minutes is of
a similar magnitude as that achieved by heat-setting at 240°¢c for
180 minutes;h°’5 Stattéﬁlgna shown that increase in crystallinity
due to chain=folding of relaxed chains may be related quantita=-
tively to the observed per-cent shrinkage. The magnitude

of the observed volume swelling and shrinksge depends upon the

original structure (orientation and crystallinity) of the fibre
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and upon external variables such as temperature, time and environ-
ment. It also depends on the plasticising ability of the solvent.
Knox et alfjg) have shown that any crystallites which may be
formed during treatment in a particular solvent do not affect
subsequent shrinkage behaviour in stronger solvents.

In examining the kinetics of solvent - induced shrinkage,
it is usually possible to identify three distinct regions along
the time - axis. Plots of change-in-length per cent under various
treatment conditions against time of treatment are shown in Figure
4, When they are extrapolated to the X - axis, the regions between
the origin and the intercepts are known as induction periods. They
represent the times required for a critical fraction of filament
cross~section to be penetrated by the solvent. The second region
which corrgsponds to the section lying along the sharper slope
is kinetic controlled and is zero - order with respect to the
solvent concentration. !In the final region, the rate of shrinkage
decreases tending towards equilibrium. As is apparent from Figure
4, an equilibrium was not observed in the final region of the
kinetics curve. All the curves showed tendency to rise to a peak
after a period of 15 minutes and then drop drastically. Another
peak seriod was observed after 45 minutes. This fluctuation after
a time of treatment of 15 minutes was contrary to the findings of

(42) (42)

earlier workers « However other studies on the shrinkage

kinetics of polyethylene terephthalate fibre in tetrachloroethane
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showed a similar fluctuation, though on a minor scale, which

was attributed to entanglements among the fibres while immersed

in the swelling solvent. The small piece of object used by these
earlier investigators to align the filaments in a parallel orien-
tation weighed 6.57 x 10_4 gpd. This weight is much bigger than
the one used by us as earlier indicated in section 2.2.2. Hence,
it is probable that despite the weight attached to our polyethylene

terephthalste filaments, much entanglement may still be expected.

In another study, the time of treatment in methanol was kept constant

and temperature was varied_. plot of change~in-length per cent
against temperature is shown in Figure 3. It was found that a peak
of maximum shrinkage occured at k2°c. A probable explanation may
be that the crystallites formed at this temperature are just strong
enough to support the swollen structure and further increase in
temperature leads to their being melted as the process of secon-

dary crystallization is being initiated.

EFFECT OF HSAT aND SOLVENT - TREATMENT ON THE UZNSITY OF PET FIBR:S

The density of a fibre is generally proportional to the amount
of crystallinity within that fibre. Table 2 shows the densities
of various PET fibre samples and the corresponding percentage
crystallinities. It must be emphasised that the density changes
due to the disorientation of ordered amorphous regions should be
considered in the calculation of crystallinity values from density

(40), (43) (44)

determinations. « Recent studies by Samuels and Jilson
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TABLE 2

RESULTS OF DENSITY MIASUREMENTS
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PET fibre Samples

Density(gcm-J) Crystallinity %

Untreated
CH3CN - treated
DMF - treated

HEAT=3ET 5/JPLES
Heat-set at 99°c
"o 114%
" ] 1300c

DYED 5/iPLES

‘h—l—-—-

DMF treated-dyed 4 min
1] "6 min

" " 1“ min

1.404

1.422

1.452

1.410

1.433
1,450

1.433
1.381
1.452

5745

7245

975

62.5
81.7
95.8

81.7
38.3
9745
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have shown that the somi-crystalline PiT fibres can be treated
as a two-phase system, and that macroscopic shrinkage results
frum a disorientation of oriented amorphous regions. Other
studies have shown that crystallization by chein - folding is

(43)- In this study,

important near the polymer melting point
heat=gatting and solvent-treatment led te increase in dengity
compared te the original, untreated sample. Uensity increased

with incrcease in setting temperature (Figure 13). N,N-dimethyl
Tormamide - treated sample had a higher density than the acetonitrile=-
treated sample. In certain cases densities of 1,452 ga:m"'3 suggeat-
ing crystallinities as high 28 98% were recorded. Such valueﬁ

are cengidered unrealisti& in that they suggest the virtual dis-
appearance of an amorphous phase through selective chain scission

at the interphase between crﬁstalline and amorphous phases. This
event wag not observed in other studiea(QO). It was then suggested
that unrealistically high density values were as a result of
preferential absorption of carbon tetrachloride (CClz) the heavier
component of the carbon tetrachloride ~ n-heptane mixture in the
density gradient column. A& similar observation of unrealistically
high density values of polyeaster after hydrolytic etching at a
temperature of 180°C has been reported by Miyapgi and wunderlich(&é)-
These authors alsoaliributed ¢he high density values to preferrential

absorption of the heavy component of the density gradient celumn

(Carbon=tetrachloride - n-~heptane). The surprising selective
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absorption of carbon tetrachleoride, a non - interacting solvent,
must be attributed to the structural changes produccd by DMF
treatments in the unrestrained condition at higher temperatures
and is a reflection of the extent of void formation and the
porosity of the resulting stmctumsw). The occurence of un=-
realistically high density values can be avoided if a liquid
system, such as calcium nitrate solution which does not permit
preferential absorption, is used. This is illustrated in Table
3 which shows density values observed with DMF - treated samples
at 140°C and 150°C for 15 minutes.

In the same studies,(ko) Critical Dissolution Time Concept
was introduced. Critical Dissolution Time (CUT) measurements
suggest that increases in density as a result of UMF treatmentp
below 120°C must be associated with the formation of small crysta-
llites but at temperatures above 1200(.‘., a large increase in
crystallite size and stability is suggested by the sudden’ increase
in COTe The increase in density or crystallinity observed with
increasing heat-setting temperature may thus be accounted for in
two ways: increase in heat-setting temperature introduces more
chain~folding sites which serve as nucleating centres and the
overall higher stability of the new structure confers greater
stability on the crystallites which grow to larger sizes.

EFFSCT COF SULVENT TREATHMENT ON UYEABILITY

The chemical potentials of the dye molecule in the solution

and in the fibre phases may be represented thusi-



T/BLE 3

Density and crystaliinity of polyestor yarns after treatment in DMP

(ﬁqpestrainedj_at various times and temperaturcs determined by two

licuid systems in dopnsity gradient columns.

Treatment Liquid Sysatenm
Conditions Heptanej- cclh Water ~ calcium nitrate
Jensity (g/em’)  Cryst.% | Density(g/cm3) Cryst. %
60°Cy 180 min 1,383 4o 1.386 42.3
80°C, 18O min 1,387 43,3 1.388 XA
100°c, 180 min 14391 46,7 1.392 C k7.5
120°C, 180 min 14396 5048 1.395° 4948
1:0°c, 15 min 1,428 7745 14401 54,8
140°¢, 180 min 1ebhle 50.8 1.409 6147
1500(:’ 2 min 1.‘!&21'0 . . 37-5 1-‘!#00 53'9
15006, 15 min 10447 93.3 1,400 o 54.3
150°¢, 180 min 1.450 | 95.8 1.401 5544
(AFTER WEIGMANN et al U‘O))
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o
Ps = FS + RT 1n g = = = = = (1)
/Af = flfo + RT ln af = = ~ = = (2)

when a dynamic equilibrium has been established (1) and (2)

become equal and hence the following relationship holds:-

where us and uf are the chemical potentials of the adsorbate
in the external and adsorbant surfaces respectively, ag and ag
are the corresponding activities

Pso and Ffo are the corresponding standard chemical potentials,.

The quantity, =~ q;o, which represents the change in standard
chemical peotential or standard molal free energy in the transfer
from the-externgl to thg adsorbant phase is known aas the affinitye.
It is evident from {(3) that for partition to occur between the
axternal and adsorbant phases, a, must be greater than a, e For

very dilute concentrations, as in a disperse dye system, the

quantity af o
EO R TR
-] . Cnf
where Cb = Concentration of bound dye
Cf = Concentration of free dye

K = Partition coefficient.
and n may assume a non -.zero poaitive Galue'which accounts for

non-linearity in the adsorption istherm.
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This relationship holds even within the voids in the fibre
struc*ture, since the currently accepted view is that diffusion
of dyes into the fibre occurs through the agency of water-filled
microvoidse According to the pore model of diffusion which is
believed to opcrato(&O) in solvent - induced modified fibre, a
substantial proportion of the dye molecules that penetrate the
fibre become adsorbed and immoblized, thus reducing the 8ffective
uptake rate with time. Mathematical analysis of the problem
shows that for a large liquour to goods ratio, the following
relationship hdlds to a first approximation:

2 < @

while for a small liquour to goods ratio, the corresponding

relationship is:-

C A |

where it and M are quantities of dye taken up at time t and
after an infinite period of time (t — ), a, the raduis of the
fibre and D the diffusion coefficient of dye in the fibre.
(47)
Berndt et al has enumerated other factors such as dye-
stuff concentration, temperature, stirring, and pH which affect
the reproducibility of disperse dyeing of polyester fibres. It

was shown in section 1.3 that increase in temperature accelerates

dye diffusion within the fibre while increases in dye concentration
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and stirring rate increase dye-uptake. Results from Imperial
Chemical Industries (ICI) show that between pH 2.8 and 7.0 diffusion
can occur without fibre damage for 2 hours at 1690C(48). Harndt(k?)
suggested that these difficulties can be overcom; by determining
a relative dye-uptake in which the dye-uptake of the test sample
is normalized by the dye-uptake of an untreated, control sample
dyed simultaneously in the same bath. This technique was used
in this investigation and relative dye-uptakes are therefore used
to characterize the dyeability of the solvent~treated samples.
As these values do not represent equilibrium values, they are
more reflective of dye diffusion characteristics.

Tables 4 and 5 give values for the dye absrobed per cent
by fibres which had been pretreated with N, N-dimethyl~formamide
and acetonitrile. These values are presented as graphq of dxe
absorbed per cent against square root of time of'dyeing {n figure
8. A characteristic feature of these graphs is the occurence
of a temporary saturation phase between 36 and 100 minutes in
the dyed fibres. A suflden sharp rise is then noticed between
100 and 144 minutes. This effect is more apparent for the DMF -
treated fibres. The effect of the solvent-treatment is to create
voids within the fibre structure and thereby causing the dyestuff
to migrate more rapidly and to achieve saturation at much

(49)

earlier dyeing time. 1In other studies a close correlation

was observed between dye-uptake and yoid volume, calculated from
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density data. This observation contrasts with that of 1.C.I,
workers who recommended a minimum period of 2 hours to achieve
levelness of shade at 130°09“8’. They also showed that better
depth of colour can be obtained at 120°C without a carrier than
at 100°C with a carrier and that with some exceptions it was
undesirable to use a carrier at 120 C. Under the treatment condi=-
tions used in this work i.e. T#OC and 15 minutes, acetonitrile
was found to be a rather weak plasticizer, Compared to the un-
treated sample, it improved dye-uptake by 3%. DMF treatment
enhanced relative dye uptake by 61%. Compared to acetonitrile

- treated samples, UMF - treatment also resulted in improved
diffusivity, as is evident from the slope of the initial portion
of the rate of ‘dyeing ¢urves shown in Fig. 8

3«5  EFFeCT OF SOLVENT - TREATMENT AND DYEING ON MECHANICAL PROPER-
TIES OF PET FIBRES.

Table 6 illustrates the mechanical properties of the untreated,
untreated and dyed, solvent-treated and solvent-treated and dyed
samples. Figures 10a, 10b and 10¢ also show the stress-strain
curves for solvent-treated and some dyed PET fibres. A full
characterisation of the effect of solvent~induced modification of
fibre structure on its dyeability cannot be achieved unless
cognisance is also taken of the side effects of such treatment

(50)

on mechanical properties. Ugbolue and aula observed that

disperse dyes initially caused a reduction in tensile strength

of undrawn PET fibres and that at saturation the original tensile

(50)

strength was restored. They also observed a monotonic decrease
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in the extensibility as well as a monotonic increase in the
initial modulus with dyeing time. Results from drawn fibres

in this study indicate a decrease in the tensile strength after
a dyeing period of 144 minutes, an increase in extensibility and
an increase in initial modulus. The decrease in tensile strength
and the increase in extensibility suggest that the dye is acting

(51)

as a plasticizer. Okajama et. al have in their studies on

the dichroism of the PET - disperse dye system confirmed that
disperse dyes act as weak plasticizer. They have also sho'lm(si)
that a distribution of lateral order exists in the amorphous
region and that dye molecules do not distribute homogeneously
throughout the entife amorphous region but exist only within
the region of lowest lateral order. In considering the varia@ion
in the intial modulus, several forces come into play. The value
of the rubbery modulus depends firstly on the volume concentration
of the crygtalline lamellae which act simultaneously as rigid
fillers and as physical cross - links(sa). Secondly this modulus
is a function of the number, the average length and the conformation
of the amorphous segments between the lamellaetsa)-

Table 6 also shows that DMF and acetonitrile treatment led
to a weakening of the tensile strength of PET fibres, with the DMF
having a more pronounced effect. An increase in extensibility

was observed for the DMF -~ treated fibres while no apparent

change in extensibility was found for acectonitrile treated fibres.



T/\BLE 4

PERCENTAGE DYE ABSORBED BY DMF - TREATED PET FIBRES

g;:?_n;f (in) Absorbance ?g;;zr;tia:;gl; Dye absorbed %

4 04100 2.75 1.38

16 04130 3050 1475

6 04170 ko75 | 2.38

64 | 0.172 h,76" 2.38

100 : 0.175 4,78 2439
DMF - ' '

1th (treated) 04235 6.63 | . 3e:

1&b {(untreated) 0,150 .13 . 2,06




TABLE 5

PARCENTAGE DYE ARSORDBED BY LCETONITRILE -~ TLSATED DET FIBRES

L7

Time of __ Concentration . '
oDyeing (min) Abscrbance (9/cm3 x 103) Dye absorbed %
4 0,055 150 0.75
16 0.070 2.00 1.00
36 0,080 2.25 1413
64 0,095 2450 1.25
100 0095 2063 131

CHn ON=-
1hl(treated) Q04155 La25 2.13
1hhi {untreated) 0. 1:9 H.13 2,06




TABLE 6

THE MECHANICLL PRCPERTIES OF VARIOUS TRE.TLD PET FIBRES

44

In= Un= D= DMIF = DMF - DMEF- nxunz Q._unz D._unz nr..unq._.
Waiiiiiasivki treated treated trectced | treated | treated | treated | treated | treated | treated | trezted
dyed for L min 64 min | 144 min 4 min 64 min | 14k nin
\ 144 min dyed dyed dyed dyed dyed dyed
Mean
Tensile strength 3423 2.65 257 2ek2 2.19 2.67 2.68 2.50 2e14 283
(gf/tex)
Mean extension-
at-break % 1% 13 1345 10 9 12 12 12 -8 10
Initial |
Modulus 25 32.69 30.31 33.02 1731 20.69 18.67 24 .68 23.33 29.50
(gf /tex) h
J
o
Secant _
Modulus 26,92 mo-um 21442 2h.20 24,133 22.25 22.33 20.83 Mm...wm Nm.uo _
(gf /tex) _
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A decrease in initial modulus is to be expected from theory

and while this was observed for acetonitrile~treated fibres,

an increase was found for DMF - treated fibreg. Apart from the
anomaly repregented by the high value found for the initial
modulus of DMF - treated fibres, the changes in mechanical
properties are consistent with a fibre which is undergoing a
reduction in orientation. The extent to which this reduction
manifests itself in terms of observed changes depends on the
physical characteristics of the fibre, especially its degree of
orientation and crystallinity, treatment conditions as well as

the eifectiveness of the plasiicizing solvent. The treatment
conditions used, i.e. ?&OC and 15 minutes, is considered not
sufficiently drastic to produce very marked changes when acetonitrile
is used as the plasticizing solvent because of the lower interacting
ability of acetomitrile. The constancy of the extensibility value,
despite acetonitrile treatment may be understood in the light of
the preceeding statement. It is probable that extensibility may
well be a less sensitive test for evaluating mechanical properties
of modified polyethylene terephthalate, A similar observation

is recorded for the extensibility of PET samples heat set at

lower temperatures (Table 2). The unusually high value of the

initial modulus for DMF - treated fibre is comparable to a similar
observation in the solvent - treatment of nylon 66 yarns.(53)

This effect was thought to be associated with a possible re-

orientation of hydrogen bonds or with the withdrawal of bound
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waters On this basis, a plausible explanation may be attempted
for the high initial modulus of DMF - treated fibres. Ny, N =
dimethyl formamide is a strong hydrogen-bonding solvent which is
difficult to extract completely from the fibre matrix., Some
regicdual DMF is left after solvent-treatment although this has
no effect on the dyeability of the fibres(ho). The presence
of hydrogen bonds could give rise to the high initial modulus.
The mechanical properties of the solvent-treated and dyed
fibres exhibit a noticeable periodicity. The values of the
main parameters namely, tensile strength, extension - at =
break per cent and initial modulus were lowest after dyeing for
64 minutes. This time falls within the dye saturation period
illustrated in Figure B. Hence the lowering of the mechanical
properties at this time is thought to be due to plasticization
by the dyes since it has been ahown(SOJ that disperse dyes act
as weak plasticizer which disrupts the lateral order of the
oriented amorphous regions. The gradual build-up in mechanical
properties of drawn, solvent-treated PET fibres after 144 mimutes
of dyeing may probably be due to the effect of saturation with

the dyes acting as rigid fillers. However, further investigation

in this area would be required to establish thds conclusivelyes
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The following conclusions have been drawn from this

investigation:-

(1)

(2)

(3)

(4)

(5)

NyN=dimethyl-formamide is a more effective plasticising
solvent than acetonitrile for PIT fibres,

Treatment of polyethylene terephthalate filaments in
DMF at ?QOC for 15 minutes prior to dyeing enhanced

relative dye~uptake by 60%.

wWhen compared with pressure dyeing of polyethylene
terephthalate at 130°C, which has been found to be

more effective than carrier dyeing at 10000, PET
treated with a highly interacting solvent like DMF
achieves saturation after 36 minutes of dyeing compared
to 2 hours required for pressure dyeing.

For purposes of improving the dyeability of PET fibre,
DMF is 20 times more effective than acetonitrile after
treatment in both solvents at ?&OC for 15 minutes prior

to dyeing for a peried of 144 minutes.

The deterioration of useful mechanical properties
of the PET fibre subjected to solvent-treatment at

7§°C prior to dyeing is not drastice.



(6)
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Considerable savings in dyeing costs may be realised by
employing DMF - golvent treatment of PET and dyeing at
100%¢ than by using pressure or high temperature dyeing

and carriersas
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