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The paper describes the mass coloration of polyester and nyton 6 using perylene-based pigments
having groups structurally similar to the substrate. For this purpose, five perylene-based pigments
were prepared by reacting 3,4,9,10-perylene tetracarboxylic acid dianhydride (PTDA) with
methylamine, ethanolamine, glycine, 4-aminobutancic acid and 6-aminocaproic acid. Structural
characterisation of these pigments was carried out by elemental analysis, and electronic, i.r. and
mass spectroscopy. The pigments were found to be stable up to 360°C and started decomposing
above this temperature. Mass-coloured polyester and nylon 6 fibres showed better pigment
dispersion, darker shades and better fastness properties when compared with fibres produced by

the chip coating method.

INTRODUCTION

Considerable work on perylene-based pigments has pre-
viously been reported [1-6]. For example, they have been
incorporated in polyester and nylon 6 to give red, maroon
and violet shades. These pigments generally exist in the
substrate in a dispersed form [7-9]. In an attempt to
improve the compatibility of the pigments with the
substrate, we prepared five perylene-based pigments by
reacting 3,4,9,10-perylene tetracarboxylic acid dianhy-
dride (PTDA) with methylamine, ethanolamine, glycine,
4-aminobutanoic acid and é-aminocaproic acid, accord-
ing to Scheme 1.

Inthe present paper NN —di-(w-carboxyalkyl)perylene
tetracarboxylic acid bisimide pigments are identified ac-
cording to the number of methylene groups present (1) by
asuffixof1,3or 5. Forexample, NN “di-(y-carboxypropyl)-
3,4,9,10-perylene tetracarboxylic acid bisimide has been
designated as Pjca.

EXPERIMENTAL

Materials

3,4,9,10-Perylene tetracarboxylicacid dianhydride (BASF),
and methylamine, ethanolamine and glycine (Merck)
were used as supplied. 4-Aminobutanoic and 6-amino-
caproic acid were prepared in the laboratory from 2-
pyrolidone (Fluka) and caprolactam (GSF) according to
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Scheme 1

the procedure described elsewhere [10,11]. Commercial
polyester ([n] = 0.69in phenol:tetrachloroethane, (80:20)
mixture at 25°C) and nylon 6 ([n.;] = 2.41, 1% solution in
96% sulphuric acid at 25%C) obtained from JK Synthetics
were used as supplied.

Synthesis of perylene-based pigments

Pigments were synthesised by reacting PTDA with meth-
ylamine, ethanclamine, glycine, 4-aminobutanoic acid
or 6-aminocaproic acid according to the procedure re-
ported elsewhere [6].

A typical reaction for the synthesis of NN-dimethyl-
3,49,10-perylene tetracarboxylic bisimide (Py) was as
follows. PTDA (1 mol) and methylamine (2.5 mol) (35%
aqueous solution) and 21 of ethylene glycol were taken in
a 3 1 round-bottomed flask equipped with a condenser
and an agitator. The solution was agitated continuously
for 3-4 h at room temperature and then the temperature
was raised and solution refluxed for 20 h. For NN “di-(w-
carboxyalkyl)-3,4,9,10-perylene tetracarboxylic bisimide
pigments, the reaction was performed at high tempera-
ture (200-210°C) under pressure. The reaction mixture
was cooled and then filtered. The residue was washed
with water and dried for 3 h at 220°C.

Characterisation
The density of perylene tetracarboxylic acid bisimide

where R = CH, NN’-dimethyl-3,4,9,10-perylene

tetracarboxylic acid bisimide {P,)

R = CH,CH,OH NN“-di-(2-hydroxyethyl)-3,4,9,10-
perylene tetracarboxylic acid
bisimide (Pg)

R = {CH,},COOH NN“-di-(e-carboxyalkyl}-3,4.9,10-
perylene tetracarboxylic acid
bisimide (P,ca)
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pigments was determined using a pycnometer with n-
heptane as solvent. Elemental analysis for carbon, nitrogen
and hydrogen of various pigments was carried out using
a Perkin Elmer 240C elemental analyser. Structural
characterisation was done by recording i.r. spectra in
potassium bromide pellets using a Perkin Elmer 580B
spectrophotometer. Mass spectra were recorded using a
JMS-D 300 mass spectrometer.

Electronic spectra of all pigments in sulphuric acid
were recorded on a Beckman DU-8 spectrophotometer.
The thermal stability of the pigments was evaluated
using Perkin Elmer thermogravimetric system with TADS
data recording at a heating rate of 10 degC/min in a
nitrogen atmosphere.

Particle size reduction of pigments
Pigment particle size was reduced by dryand wet grinding
methods. Indry grinding the solid pigment was placed in
a cylindrical steel pot with glass balls and ground for 48
h, by which time the particle size was small enough for
use in the mass coloration of polyester and nylon 6 by
chip coating. The particles were sieved through an 80 um
mesh.

Inwet grinding, 50 g samples of pigment together with
5 g dispersing agent (Dexod 11) were taken in a round-
bottomed flask fitted with an agitator with PTFE stirring
blades. To this 250 ml of water were added and stirring
continued for 24 h. The resulting dispersion was filtered
through a filter cloth (pore size <15um). Thisslurry was
used for mass coloration of nylen 6. The pigment slurry
was prepared in ethylene glycol for mass coloration of
polyester.

Preparation of pigment-coated chips

Nylon 6 and polyester chips were coated with powdered
pigment prepared by dry grinding. For this purpose 500
g polymer chips (nylon 6/PET) and 0.082 mol perylene
pigment (1% on mass basis of Pscs) were taken in a
specially designed cylindrical grinding bottle and kept
on a rotating ball mill for 3 h. The coated chips were dried
in vacuum for 24 h. The dried chips were used for melt
spinning. Coated chips with 1% pigment were used to
study melt properties.

Preparation of mass-coloured chips

Polymerisation of caprolactam to prepare nylon 6 was
carried out in a batch-scale polymerisation unit with a
capacity of 8 1. The unit was equipped with a pre-melter,
Dowtherm heating facility, vacuum pump, nitrogen line
and oligomer trap.

Molten caprolactam (5 kg) was mixed with 0.082 mol
pigment slurry (1% on mass basis of P5c4) in 250 ml water
and 25 ml acetic acid (40%) and then introduced into the
polymerisation reactor. Polymerisation was carried out
in the conventional manner [12] with a pressureup to 7.5
kg for 4 h then under a vacuum of 40 kPa (300 torr) for 3
h. The transition from pressure state to vacuum state was
achieved in 2 h (total polymerisation time 9 h). The
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polymer melt was extruded into strands and chopped
into chips. The chips were extracted with boiling water in
a pilot extraction unit to remove the monomer and oligo-
mers, and dried in a vacuum oven for 24 h at 100°C before
melt spinning the coloured chips.

Abatch-scale polymerisation reactor with a capacity of
5 1 was used for polyester preparation. This unit was
equipped with a methanol/ethylene glycol condenser, a
collector for condensates, a vacuum pump and anitrogen
line and Dowtherm heating facility.

Dimethylterephthalate (1.52 kg), ethylene giycol (750
ml) containing 0.84 g manganese acetate and 0.16 g
sodium acetate were introduced into the polymerisation
reactor, which was maintained at 120°C. The reactor
temperature was then raised to 180°C, where trans-
esterification starts. Transesterification was monitored
by measuring the amount of methanol present. After
complete liberation of methanol, 0.032 mol of the pig-
ment slurry (approx. 1% on mass basis of Ps¢,) in 150 ml
ethylene glycol was introduced into reactor and the
temperature raised to 240°C while gradually removing
ethylene glycol. At this stage a polycondensation catalyst
(antimony trioxide, 1.0 g) and a heat stabiliser (triphe-
nylphosphate, 1.31 g) were added to the melt. The
polycondensation was carried out under a vacuum of 67
Pa (0.5 torr) for 4 h. The polymer melt was extruded into
a ribbon, cut into chips and dried in a vacuum oven for
25 h at 125-130°C before melt spinning.

Melt spinning of nylon 6/polyester

Polyester and nylon 6 coated with perylene pigments/
mass-coloured chips were melt spun in the conventional
manner [13]. A laboratory-scale grid melt spinning unit
was used for melt spinning of monofilaments from the
polymer chips, equipped with:

(a) cylindrical heating block for feeding polymer chips
{b) hydraulic press

(c) filter device

{d) spinnerette holding block

(e) take-up device.

A 38 mm diameter filter of pore size 40 um was fitted in
the spin pack along with a monohole spinnerette. Fila-
ments were collected at a speed of 250 mm/min. The yarn
was passed through a trough containing the spin finish
and was collected on a take-up unit on paper bobbins.
The spinning temperature for nylon 6 was 270°C, while
for polyester the temperature was maintained at 285°C.

The as-spun filament yarns were conditioned (12 h,
25°C, 65% r.h.) and draw twisted on a single-stage labo-
ratory-scale draw twister at a draw ratio 3.3 for nylon 6
and 4.0 for polyester. Nylon 6 samples were cold drawn
while those of polyester were hot drawn over a heated
goddet (80°C) and on a hot plate (160°C). The drawing
speed was approximately 200 m/min.

The relative viscosity of mass-coloured nylon 6 was
determined using 10 g/l solution in sulphuric acid (96%
by mass) at 25°C. The intrinsic viscosity of mass-coloured



polyester was determined in phenol/tetrachloroethane
mixture (80:20) at 25°C. Surface characteristics of mass-
coloured fibres was investigated by using a Leitz polar-
ising microscope at a magnification of 40x.

The mechanical properties of the fibres were deter-
mined using Statimat M tester. For testing light fastness,
the samples were mounted on a frame partly covered
with an opaque sheet, leaving the other half exposed
outdoors for 15 days. The faded samples were then
compared with standards.

RESULTS AND DISCUSSION

Characterisation of perylene-based pigments

The results of elemental analysis of various perylene-
based pigments are given in Table 1. The experimental
results agree well with theoretical values, thereby con-
firming the structure of the pigments. The densities of the
various pigments are also given in Table 1. The density
decreased in the following order in carboxyalkyl substi-
tuted perylene pigments: 1CA > 3CA > 5CA, the highest
density being observed in Py¢4 (1.71 g/cm®), which may
be attributed to better packing in the crystal lattice.

Table 1 Result of density and elemental analysis of various
pigments

Amount (%)

Density
Pigment  (g/cm?) C H N
P 1.60 6.30
(6.70)
Poe 1.62 68.92 3.90 5.58
(70.20) (3.77) (5.86)
Pica 1.71 66.32 2.85 5.64
(66.40) (2.76) (5.53)
Paca 1.60 68.42 3.98 5.06
(68.33) (3.91) (4.98)
Psca 1.51 7017 4.32 4.43
(69.90) (4.85) {4.53)

Figures in parentheses are calcuiated amounts

The structural characterisation was carried out by i.r.
and mass spectroscopic techniques. Relatively low in-
tensity absorption bands due to aromatic and aliphatic
C~H stretching were observed in the region 3100 to 2900
cm!in the i.r. spectra of pigments. A peak at 1600 cm™!
observed in all these pigments is due to aromatic C=C
stretching, L.r. spectra of all these pigments showed the
bands at 1695 to 1710 cm~" and 1655 to 1690 cm™ due to
C=0 stretching of imide (Figure 1}. N-Substituents had
only a marginal influence on the position of these bands
{14,15]. No absorption bands due to the presence of an
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Figure 1 [.r. spectra of perylene pigments Py, and P,

anhydride group (between 1750 and 1800 cm™) were
observed.

The electron impact induced fragmentation patterns
of perylene pigments were also recorded for characteri-
sation. A molecular ion of relatively weak abundance at
m/e 418 was observed only in the case of pigment Py;. No
molecular ion peak was observed in other perylene pig-
ments. Fragmentions due to 8 cleavage of N-alkyl groups
or loss of CO group were observed[16,17].

The electronic spectra of perylene-based pigments
(recorded in sulphuric acid solution) are shown in Figure
2. All pigments showed two main absorption bandsin the
visible region. The first band {A) was at 554 + 1 nm and
the second band (B) at 600 £+ 1 nm. Band A was weak
relative to band B and substituents had a relatively great-
er effect on this band than on band B. Band A probably
arises as a result of transitions between levels that are
localised in the aromatic rings of the pigments [18]. Band
Bis relatively sharp and of high intensity. It is due to the
electronic transition (m-n*) involving the whole conju-
gated system, i.e. both polycyclic ring and the carbonyl
groups of the electron-withdrawing substituted alkyl
imides.

Typical thermogravimetric traces of perylene pigments
are shown in Figure 3 and the results are summarised in
Table 2. All the perylene pigments were stable up to 350-
400°C and started decomposing above this temperature.
The pigments Pyg, Pica, Pica and Psca showed two-step
degradation, while in others a single degradation step
was observed. The initial rate of degradation was rapid in
all the samples except Psc,, and subsequently slower
degradation was observed. The temperatures at which
degradation (7,) began and at which the maximum rate
of weight loss occurred (T,,,,) for pigments containing
carboxylic groups (P1ca. Paca and Psc,) were lower than
for those pigments having no carboxylic groups. On the
basis of T,,, data, Pyr and Py; were the more stable. The
char yields at 650°C were in the range 34-48%. Similar
results have been observed in anthraquinone dyes con-
taining carboxyalkylamino groups, which exhibited
lower thermal stability than similar dyes containing hy-
droxyalkylamino or acyloxyalkylamino groups[19]. Thus
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Figure 2 Electronic spectra of perylene pigments
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Figure 3 Thermogravimetric traces for perylene pigments Py and P

the presence of free carboxylic groups in pigments may
lead to a decrease in thermal stability. However, since all
these pigments were stable up to 350400°C, they can
conveniently be used for the mass coloration of polyester
and nylon 6.

Characteristics of mass-coloured chips

Table 3 shows that a decrease in relative viscosity with
Picar P3ca and Pscp was observed, possibly due to regu-
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Table 2 Results of thermogravimetric analysis of perylene
pigments

Residual weight

Pigment  To (°C)  Tmax (°C)  at650°C
Pu 538 594 48
P 477 518 43
Pica 418 432 48
Paca 379 395 34
Pooa 353 402 38

Table 3 Properties of mass-coloured chips

Relative viscosity

of nylon 6
Intrinsic
viscosity
Before After of polyester
Pigment  extraction extraction (I/kg)
Pu 213 2.24 6.2
Pue 2.15 2.25 6.3
Pica 2.10 2.20 6.0
Paca 2.11 2.21 5.9
Psca 2.09 2.20 8.0
Neat
polymer 2.15 2.25 6.1

lation of molecular mass by carboxyl groups in the pig-
ments. Colorants having amino functional groups react
with carboxyl groups, while colorants containing carboxyl
groups react with amino groups of the monomer or the
chain of polycaproamide. Similar observations have been
made while preparing coloured nylon 6 using mono-and
di-aminoanthraquinones or chloroanthraquinones. In
polyester a slight decrease in intrinsic viscosity was ob-
served with carboxyalkyl-substituted pigments (Pica,
Pycas Psca) (Table 3).

Fibre properties

Polyester and nylon 6 were coloured to varying depths
and shades with the pigments used in this study. In
general, the mass-coloured fibres were darker than fibres
preduced by the pigment coating method. The shade
obtained depended on the concentration, average particle
size and distribution of pigment. The increasing depth of
shades produced by the polymerisation technique may
be attributed to the solubility of pigment in the polymer.
In the chip coating method the pigments were in contact
with molten mass for a short time (<3 min) and their
solubility may not have been sufficient to give dark
shades. Ata given concentration of pigment, the depth of
shade on nylon 6 was much deeper than that on the
corresponding polyester samples. However, deeper
colours were observed with carboxyalkyl-substituted
pigments, even in the chip coating method. Maximum
depth was noted with pigments Py and Psca, which



may be attributable to their good solubility in nylon 6
polymer due to the geometrical and chemical similarity
between the pigment molecule and the polymer chain.
All these pigments in nylon 6 and polyester showed deep
fluorescence.

The surface characteristics of the fibres were observed
by polarising microscope. In general, fibres obtained
from mass-coloured chips produced by the polymerisa-
tion technique showed better dispersion of the pigment
than those prepared from coated chips. Both Pscxand Pacy
showed good uniformity in dispersion when they were
incorporated in nylon 6 by either of the methods. In Py
the hydroxy end groups may undergo condensation
with the polymer backbone, thereby leading to uni-
formity.

The mechanical properties of coloured nylon 6 and
polyester filaments produced by both methods were
compared and the results are given in Table 4. Filaments
produced by the chip coating method showed better
mechanical properties. No definite trend was observed
in tenacity or elongation properties of mass-coloured
nylon 6 and polyester filaments.

Table 4 Mechanical properties of mass-coloured fibres

Coating method Polymerisation method

Tenacity Elongation  Tenacity Elongation
Pigment {g/dtex) (%) (g/dtex) (%)
Nyilon 6
Neat polymer 4.5 39 4.0 34
Pu 4.8 34 4.3 31
Pue 4.7 36 3.9 29
Pica 4.2 23 3.9 35
Paca 4.7 30 4.1 31
Peca 4.4 a3 4.1 31
Polyester
Neat polymer 4.2 23 4.5 25
Pu 45 24 3.7 17
Pue 4.0 28 4.0 21
Pica 4.0 14 4.2 21
Paca 3.9 17 4.0 24
Peca 4.0 17 4.3 18

Fastness properties

The results of light fastness determinations of perylene
pigments on polyester and nylon 6 are given in Table 5.
The filaments produced by chip coating were found to
have inferior light fastness than the corresponding
samples produced by using chips from the polymerisa-

Table 5 Resulis of light tastness properties of perylene
pigments on nylon 6 and polyester

Coating method Polymerisation method

Pigment Nylon 6 Polyester Nylon 6 Polyester
Pu 4 5-6 5-6 5-6

Pue 4 5 5 4-5

Pica 4 5 4-5 5-6

Paca 5 4 4-5

Psca 4 5-6 4-5 5-6

tion technique. Similar observations have been reported
by other investigators [20]. Relatively low fastness to
light was observed with all these pigments on nylon 6
when compared with the corresponding pigments on
polyester, which may be attributable to the reducing
nature of the former.

CONCLUSION

These results show that mass-coloured fibres obtained by
the polymerisation method displayed better pigment
dispersion, darker shades and better fastness properties
in comparison with the fibres obtained by the chip coating
method. Furthermore, the pigments having substituent
groups structurally similar to the substrate gave better
dispersion by both methods.
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