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Incorporating hyperbranched poly(phenylene sulphide) (HPPS) into polypropylene
prior to fibre spinning markedly enhances the dyeability of polypropylene with CI
Disperse Red 202. Meanwhile, the mechanical properties are slightly affected by the

incorporation HPPS. Dyeing tests show that the disperse dye display much greater
substantivity towards the modified PP compared to its unmodified counterpart. The K/S
values of hyperbranched poly(phenylene sulphide) modified PP fibre show no increase
with respect to increased dye concentration from 4% to 6% “on mass of fibres” after
reduction. This is clearly an indication of reaching "saturation" of polar groups available
in HPPS modified PP fibre. DSC tests show that the crystallinity (χc) of HPPS/PP fibres
is slightly decreased, but this decrease is not sufficient to allow the dyeability of
HPPS/PP fibres. The knowledge that may validate higher dye uptake with increased
HPPS content can be attributed to its more polar groups and aromatic rings entered
into the system. The test results of the drawn samples as well as their sonic velocity
modulus have almost the same trend. DMA tests show that HPPS/PP blends 
consist of single-phase amorphous regions. The SEM micrographs show that the size
of the HPPS domains is in sub-micrometer order and they have good interfacial 
compatibility with PP phases, though the former can be extracted by THF from the
matrix.

INTRODUCTION

Polypropylene (PP) fibre has a
hydrocarbon structure of the lowest
specific gravity among the fibre-
forming polymers. The fibre has
good mechanical properties and it
is resistant to abrasion and most
chemicals, which make it attractive
for a large number of textile 
applications. Good dyeability is
essential for widespread commer-
cial acceptance of any textile fibre
[1]. However, dyeability of
polypropylene (PP) fibres has
remained a problem for decades,

due to its hydrophobic nature, 
non-polar site as well as high 
crystallinity and high stereoregu-
larity. Most of the commercially
available PP fibres are coloured by
mass pigmentation. Though the
process produces deep and stable
colours and it is economical for
long run productions, it suffers
from a setback due to the limited
number of shades available which
are not applicable in textile dyeing
and printing operations. In recent
years, there have been considerable
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research works on overcoming this problem. In 
general, graft copolymerization [2-3], chemical 
oxidation treatment [4] and blending [5-8] are the
common methods to improve the dyeability of PP
fibres. 

Hyperbranched polymers have received 
increasing scientific interest during the last decade
due to their diversified molecular architectures and
prospective applications. It has recently been report-
ed that the PP matrix can be dyed by the incorpora-
tion of hyperbranched polyesteramides and the 
dyeability of hyperbranched polyesteramides modi-
fied polypropylene fibres is markedly enhanced [5]. 

The purpose of the present work was to determine
whether the dyeability of PP fibres could be enhanced
through the incorporation of small quantities of HPPS
(Scheme I) into polypropylene prior to fibre spinning.
Hyperbranched poly(phenylene sulphide) is built up

from the polycondensation reactions of 2,4-dichloro-
benzenthiol [9,10]. Due to the presence of polar
groups and aromatic rings, this product has the 
potential to interact with appropriate dyes. 

For determination of the dyeability of PP fibre,
small quantities of hyperbranched poly(phenylene
sulphide) have been used as modifiers. The 
dyeing experiments show that the incorporation of
hyperbranched poly(phenylene sulphide) (1-3 w/w%)
markedly enhances the dyeability of polypropylene
fibres with CI Disperse Red 202 at different dye con-
centrations. Meanwhile, the mechanical properties of
the fine PP fibres are slightly affected.

To the best of our knowledge, it is for the first 
time that dyeable fine PP fibres using hyper-
branched poly(phenylene sulphide) as modifiers is
demonstrated. In addition, the miscibility and 
dispersion morphology of the blends, the crystallinity
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Scheme I. Hyperbranched poly(phenylene sulphide).



and orientation of the modified fibres have been 
studied, as well. 

EXPERIMENTAL

Materials 
Special designed isotactic PP, with a melt-flow rate of
42 g/10 min was obtained from Donghua University
Resin Factory (Shanghai, China). 2,4-Dichloro-
benzenthiol (Shou and Fu Chemical Company,
Zhejiang, China) and N-methyl-2-pyrrolidinone
(NMP) (China National Group Co. of Medicine,
Shanghai, China) were used as received. 

A monoazo type of disperse dye, CI Disperse Red
202 (Scheme II) was used as a commercial grade from
Clariant Chemical Co. Ltd., China. Silvatol as a 
de-oiling agent as commercial grade was acquired
from Ciba Co. Ltd., USA. Other reagents were 
leveling (Tryfac 5553, Cognis, USA) and dispersing
agents (Irgasol DAM, Ciba, USA). 

Synthesis of Hyperbranched Poly(phenylene sul-
phide) 
Hyperbranched poly(phenylene sulphide)  was syn-
thesized in our laboratory [11,12]. A 250-mL three-
neck flask was charged with 80 mL NMP, 10 g 
2,4-dichlorbenzenthiol and 5.6 g KOH. The mixture
was stirred under pure N2 stream and was heated and
maintained for 10 h. The mixture was then cooled and
diluted with an equal volume of water and poured into
300 mL HCl (10%) solution. The resulting 
precipitate was vacuum-dried at 160°C and then 
dissolved with vigorous stirring in a minimum
amount of THF. The THF solution was added 
dropwise to hexanes with vigorous stirring over a
period of 2 h. The precipitate was filtered, washed
with hexanes, and dried thoroughly under vacuum.
The product was obtained as a yellow powder with the
following spectroscopic characterization:

FTIR (KBr): 3051, 1565, 1449, 1365, 1095, 1029,
868, 810 cm-1 and 1H NMR (CD3Cl): 7.47, 7.43,
7.39, 7.37, 7.26, 7.22 ppm. 

In the AB2 systems, the degree of branching 
determined by 1H NMR is usually about 50-60% [13].
However, for hyperbranched poly(phenylene 
sulphide) the degree of branching could not be

Scheme II. CI Disperse Red 202 dye.

determined from its 1H NMR spectrum because the
chemical shifts of the aromatic protons are not well
resolved. 

Preparation of the Blends
HPPS was dissolved in a minimum amount of THF.
Various concentrations of HPPS were added, namely
1% and 3% based on the weight of polymer. The 
solution was then added to PP granules with vigorous
stirring for 2 h. The remaining THF was allowed to
evaporate at its boiling point. Subsequently, the 
mixture was dried in an oven at 75°C to remove any
traces of THF. Melt mixing of the mixture was carried
out in a SHL-35 twin-screw extruder (China) at 220-
250°C and immediately quenched in water, and then
cut into granules by a pelletizer. The resultant blend
chips were vacuum-dried at 100°C for 8 h before
being spun.  

Fibre Formation
The melt spinning of the PP and HPPS/PP granules
was carried out with a Fuji filter MST C400 
melt-spinning machine (Japan) equipped with a 28
holes-spinneret pack, with take-up speed of 
400 m/min. The resulting yarns were less than 
125 dtex/28 f.

Then the as-spun fibres were drawn 3.5 times
using a drawing twisting machine. The temperatures
of hot roller and winding roller were 70°C and 100°C,
respectively. The resulting yarns were less than 
35.7 dtex/28 f (the resulting yarns with a single end
titer less than 1.3 dtex/f) were obtained and used in
the experiment. 

Dyeing Conditions and Colour Measurement 
Fibres were scoured before dyeing at 80°C for 30 min
with Silvatol 1% omf (on mass of fibres). The scoured
fibres were washed thoroughly in tap water and
allowed to dry in the open air. Dyeing experiments
were carried out with a Pyrotec 2001 infrared beam of
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Figure 1. Dyeing method.

high temperature dyeing machine (UK) with a 
liquor-to-goods ratio of 50/1. Dyeing conditions and
recipes are shown in Figure 1. At the end of dyeing
the dyed samples were taken out and rinsed in 
distilled water for 5 min followed by reduction 
clearing. Reduction clearing was tested at 75°C for 
15 min in a 6 mL/L of caustic soda solution of 30%
and 4 g/L hydrosulphite at a liquor ratio of 40/1. The 
samples were then rinsed in cold running water 
followed by neutralizing with acetic acid and once
again rinsed for 5 min in cold running water, and then
dried in the open air. 

The samples for K/S measurement prior to 
mounting onto the reflectance port were fibres in 
bundle. The depth of shade (K/S value, where K is the
absorption coefficient, S is the scattering coefficient)
of the fibres was measured with Datacolor600 plus
(USA). The K/S value was calculated by the Kubelka-
Munk formula as follows:

(1)

where, R is the reflectance at maximum absorption
wavelength.

Washing Fastness Test
The estimation of the wash fastness was measured
according to ISO 105-C01-1989. The value scale was

from 1 to 5.

Characterization and Testing Procedures 
Dynamic Mechanical Analysis 
Dynamic mechanical analysis (DMA) was carried out
with a DMA Q800 (TA instruments, USA) in the 
tensile mode. Dynamic loss (tan δ) was determined at
a frequency of 1 Hz and a heating rate of 3°C/min as
a function of temperature in the range of -90°C to
130°C. 

Scanning Electron Microscopy
Scanning electron microscope (SEM) studies were
performed with a JSM-5600 LV scanning electron
microscope (Jeol, Japan). The Sample was 
broken into two pieces in liquid nitrogen. A cryogeni-
cally fractured piece was etched in THF for 4 h to 
dissolve the HPPS, selectively. Then, the two speci-
mens were sputtered with gold and observed under a 
working voltage of 10 kV with magnification×5000.

Mechanical Tensile Test
The mechanical properties of drawn filaments were
done by AGS-500 universal materials testing
machine (Japan). Test conditions were as follows:
temperature, 25°C; guage length, 200 mm; the 
elongation rate, 200 mm/min. All the data were the
mean and standard deviation from 15 measurements.

Differential Scanning Calorimetry
Crystallinity (χc) of the fibres was calculated by
Q1000 differential scanning calorimetry (DSC)
instrument (USA) under nitrogen. The sample pan
and the reference pan were heated from -35 to 200°C
at the rate of 10°C/min. The apparent enthalpies of
fusion (ΔHf) of the drawn fibres were calculated from
the areas of the DSC endothermic peaks. The 
crystallinity was calculated from the following 
relation:

(2)

where, ΔH (209.0 J/g) is the melting enthalpy of a
perfect iPP crystal [8].

Sonic Speed Orientation Test
The orientation of the fibres was measured with the
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sonic velocity method with a SOM-2 sonic speed 
orientation tester (China) at a frequency of 
10 kHz, according to Yu et al. study [8].

RESULTS AND DISCUSSION 

Miscibility and Morphology
The dynamic viscoelastic curves for the neat PP and
HPPS/PP blends (1/100 and 3/100 w/w) are shown in
Figure 2. All the storage modulus versus temperature
curves experience a gradual decline in storage 

Figure 2. The DMA data for neat PP and HPPS/PP blends
(1/100 and 3/100 w/w): (a) tan δ vs. temperature, (b) 
storage modulus vs. temperature.

Figure 3. SEM Micrographs of HPPS/PP blend (3/100 w/w):
(a) cryogenically fractured (magnification×1000), (b)
cryogenically fractured and etched (magnification ×1000),
and (c) cryogenically fractured and etched (magnification
×5000).

modulus with temperature increasing from -90 to
130°C. PP exhibited three relaxations peaks, α, β and
γ relaxation maxima. The α-relaxation, which looks
like a shoulder (83.02°C) relates to slip mechanism of
polymer chains in the crystallites [14], the γ-
relaxation peak appears at negative temperature [15].
The β-relaxation (30.8°C) is assigned to the motion of
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the main chain in amorphous regions, thus it is 
regarded as the glass transition temperature (Tg) [16].
The Tg of hyperbranched poly(phenylene sulphide) is
58°C [17]. Resulting from their very low content of
HPPS, the blends (1/100 and 3/100 w/w) show only
one glass transition temperature corresponding to the
glass transition temperature of PP. Interestingly, 
with increasing the hyperbranched poly(phenylene
sulphide) content, the glass transition temperature of
PP phase tends to shift towards higher temperatures.
These results indicate that the blends are partially
miscible. 

Figure 3 represents the SEM micrographs of the
HPPS/PP blends (3/100 w/w). As shown in Figure 3,
HPPS is dispersed in PP matrix and the size of the
hyperbranched poly(phenylene sulphide) domains is
of sub-micrometer order. It is easily observed that the
interfacial compatibility is acceptable between HPPS
and PP, while the former can be extracted from matrix
by THF, suggesting that there is a certain phase 
separation between PP and HPPS. 

Mechanical Properties 
In terms of the effect of modification on the 
mechanical properties of the drawn fibre, it is found
(Table 1) that no marked differences between the 
values of each parameter of strength and the 
elongation-at-break of pure PP and HPPS-modified
PP fibres can be seen, which indicates that they are
slightly affected with increasing hyperbranched
poly(phenylene sulphide) content.

When the resulting yarns with a single end titer of
PP fibre are below1.3 dtex/f (1.3 g/10000 m), PP fibre
is an ideal material for pyjamas and sportswear, for its

good wicking effect, special performance of wet 
permeability, good hydrophobic property, fast dry and
soft hand. In this work, continuous multifilament
yarns less than 35.7 dtex/28 f (the resulting yarns with
a single end titer are less than 1.3 dtex/f) were
obtained, indicating that HPPS-modified PP fibres
would keep the wet permeability, good hydrophobic
property and fast dry of PP fibres.   

Crystallinity and Orientation 
Figure 4 presents DSC curves of the neat PP and
HPPS/PP fibres (1/100 and 3/100 w/w) during 
heating at a rate of 10°C/min. The PP crystallinity (χc)
for each sample was calculated from the heat of fusion
during heating as shown in Figure 4 and it decreased
with the addition of 1/100 and 3/100 w/w hyper-
branched poly(phenylene sulphide) content in PP
matrix. As shown in Figure 4 and Table 1, the crys-
tallinity (χc) has reached 51.75% in neat PP
fibre. When 1/100 and 3/100 w/w hyperbranched
poly(phenylene sulphide) were added to neat PP
fibres, the crystallinity (χc) content of PP fell to
44.65% and 44.50%, respectively. As crystallinity
(χc) is decreased, the amorphous parts are increased,
and the dye uptake is increased accordingly. In this
respect the small decrease of less than 7% is not suf-
ficient to explain the dyeability of HPPS/PP fibres.
Because HPPS/PP fibres (1/100 w/w and 3/100 w/w)
almost have the same crystallinity (χc), although the
K/S value of HPPS/PP fibres (3/100 w/w) is much
higher than that of HPPS/PP fibres (1/100 w/w).

When the orientation of the composite fibres
increases, the dispersing tortuosity from the fibre 
surface to the centre becomes longer, and the dye 
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Sample Neat PP fibre HPPS/PP fibre
(1/100 w/w)

HPPS/PP fibre
(3/100 w/w)

Denier of drawn filament (dtex)
Strength-at-break (cN/dtex)
Elongation-at-break (%)
ΔHf (J/g)
Crystallinity (χc%)
Tm (°C)
Sonic velocity (km/s)
Sonic velocity module (gf/d)

1.17
4.0±0.2

34.8±1.7
108.19
51.75

170.33
4.86

266.90

1.20
3.9±0.2

36.0±1.7
93.34
44.65

169.18
4.89

270.21 

1.25
3.8±0.2

38.5±1.9
93.03
44.50

169.24
4.90

271.30 

Table 1. Properties of the drawn neat PP and HPPS/PP fibres.



Figure 4. DSC Heating curves of neat PP and HPPS/PP
drawn fibre (1/100 and 3/100 w/w).

uptake is decreased. As shown in Table 1, the sonic
velocity modulus of all samples is almost the same,
which is the result of equal drawing for all. Because
of the influence of the orientation and crystallization,
apparent calorimetric melting temperature (Tm) of
HPPS-modified PP fibres is slightly lower than that of
the neat PP fibres, as shown in Figure 4 and Table 1.

Dyeability
Figure 5 shows K/S values achieved as a function of
hyperbranched poly(phenylene sulphide) content at
2% “on mass of fibres” before and after reduction 
clearing. It was evident that reduction clearing

Figure 5. K/S Values of neat PP and HPPS modified PP
fibres (1/100 and 3/100 w/w) at 2% “on mass of fibres”
before and after reduction clearing.

removed a large proportion of the dye which had been 
adsorbed onto both the neat and modified PP fibres.
However, a comparison of the neat and modified PP
fibres revealed that the modified polypropylene fibres
displayed much greater substantivity for the disperse
dye. The pale depth of neat PP fibres was probable,
since no sites on PP fibres were available for dye
interactions. 

Figure 6 shows K/S values of PP and hyper-
branched poly(phenylene sulphide) modified PP
fibres (1/100 and 3/100 w/w) as a function of dyeing
concentration after reduction clearing. It is clear that
the neat PP fibres were dyed to a pale depth, and the
modified PP fibres were dyed to a deeper depth. Even
the HPPS/PP fibres (1/100 w/w) showed much 
higher K/S value than neat PP fibres after reduction
clearing. The difference revealed that the incorpora-
tion of hyperbranched poly(phenylene sulphide) into
the PP prior to spinning, markedly enhanced dye
uptake. In the case of the modified fibres (Figure 5),
the dye uptaking increased with increased hyper-
branched poly(phenylene sulphide) content from
0/100 w/w to 3/100 w/w which can be attributed to
the increased introduction of polar groups and 
aromatic rings provided by hyperbranched poly
(phenylene sulphide). 

The finding from Figure 6, that dye uptake of
unmodified PP fibre almost does not increase with
increased dyeing concentration from 2% to 6% on 

Figure 6. K/S Values of PP and HPPS modified PP fibres
(1/100 and 3/100 w/w) as a function of dyeing concentration
after reduction clearing.
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mass of fibre suggested "saturation", and that may be
attributed to availability of no polar groups on neat PP
fibre for dye interaction. However, Figure 6 also
shows that there is no increase in the K/S values of
hyperbranched poly(phenylene sulphide modified PP
fibre with respect to increased dye concentration from
4% to 6% “on mass of fibres”. The latter finding may
be attributed to the saturation of dye sites available in
hyperbranched poly(phenylene sulphide) modified PP
fibre, as a result of the adsorbed dye molecules hav-
ing occupied all of the limited numbers of the entered
polar groups. 

The wash-fastness ratings of CI Disperse Red 
202 dye on neat and hyperbranched poly(phenylene
sulphide) modified PP fibres are shown in Table 2.
The results are acceptable and show no shades.

With the incorporation of hyperbranched
poly(phenylene sulphide), we suppose that the greater
dye uptake and wash fastness could be explained by
the following points:

- With hyperbranched poly(phenylene sulphide)
dispersed in PP matrix the -Cl can easily form 
intermolecular hydrogen bonding with the proton 
supplying groups, such as -OH, -NH2, and -NHR
which commonly appear in the dye structure.

- Aromatic rings, existing in hyperbranched
poly(phenylene sulphide) can form π bonds with the
groups supplying protons existing in the dye 
molecules, which also help to deeper shades.

CONCLUSION

The hyperbranched poly(phenylene sulphide) 
(modified PP fibres were prepared by melt spinning
with slightly weakened mechanical properties and

good wash fastness. DMA tests show the blends are of
single-phase nature in amorphous regions, and the
hyperbranched poly(phenylene sulphide) has been
dispersed in PP matrix uniformly as shown in SEM
micrographs. The HPPS modified polypropylene
fibres show significantly increased dyeability with CI
Disperse Red 202 dye and the disperse dye displays
much greater substantivity towards the modified
polypropylene fibre compared to its unmodified 
counterpart. DSC thermograms show that the 
crystallinity (χc) of HPPS/PP fibres is lower than that
of the neat PP fibre, although the small decrease does
not adequately explain the dyeability of HPPS/PP
fibres. The observed increase of dyeability can be
explained by the increased presence of polar groups
and aromatic rings provided by HPPS acting as 
available sites for dyes molecules. The finding that
there is no increase in the K/S values of HPPS 
modified PP fibre with respect to increased dye 
concentration from 4% to 6% “on mass of fibres”
after reduction clearing suggests that “saturation” of 
available polar groups has occurred in HPPS modified
PP fibre.
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Fibres Neat PP fibre HPPS/PP fibre
(1/100 w/w)

HPPS/PP fibre
(3/100 w/w)

Change

Staining
PP
Polyester
Cotton

5
5
5
5

5
5
5
5

5
5
5
5

Table 2. Comparison of wash-fastness rating of 2% “on mass of fibres” of neat PP and
HPPS/PP fibres.
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