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ABSTRACT

Polyvinylpyrrolidone/1-triacontene (PVP/TA) copolymer fibre webs produced

by centrifugal melt spinning were studied to determine the influence of jet

rotation speed on morphology and internal structure as well as their potential

utility as adsorbent capture media for disperse dye effluents. Fibres were pro-

duced at 72 �C with jet head rotation speeds from 7000 to 15,000 r min-1. The

fibres were characterised by means of SEM, XRD and DSC. Adsorption beha-

viour was investigated by means of an isothermal bottle point adsorption study

using a commercial disperse dye, Dianix AC-E. Through centrifugal spinning

nanofibers and microfibers could be produced with individual fibres as fine as

200–300 nm and mean fibre diameters of ca. 1–2 lm. The PVP/TA fibres were

mechanically brittle with characteristic brittle tensile fracture regions observed

at the fibre ends. DSC and XRD analyses suggested that this brittleness was

linked to the graft chain crystallisation where the PVP/TA was in the form of a

radial brush copolymer. In this structure, the triacontene branches interlock and

form small lateral crystals around an amorphous backbone. As an adsorbent, the

PVP/TA fibres were found to adsorb 35.4 mg g-1 compared to a benchmark

figure of 30.0 mg g-1 for a granular-activated carbon adsorbent under the same

application conditions. PVP/TA is highly hydrophobic and adsorbs disperse

dyes through the strong ‘‘hydrophobic bonding’’ interaction. Such fibrous

assemblies may have applications in the targeted adsorption and separation of

non-polar species from aqueous or polar environments.

Introduction

The ability to influence the interaction between multi-

component liquids and fibre surfaces to control

behaviour such as mutual hydrophobicity and

oleophilicity is important in numerous applications

such as filter media, chemical sorbents and protective

clothing. An attractive development strategy is to

identify novel polymer systems for fibre production

for use in such products. However, the limitations

and difficulties when processing such polymers on

conventional spinning lines continue to restrict fea-

sibility. Polyvinylpyrrolidone/1-triacontene (PVP/

TA) consists of a polyvinylpyrrolidone (PVP)
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backbone with 1-triacontene (C30) side chains [1],

Fig. 1, and whilst homogenous PVP is hydrophilic

and water soluble, PVP/TA is non-polar and highly

hydrophobic. The 1-triacontene is densely grafted

and forms a brush copolymer structure [2] and in this

form, the inherent hydrophilicity of the PVP is

modified by the hydrophobicity of the non-polar C30

chains [3, 4]. Currently, PVP/TA is used as a water-

proofing agent in cosmetics and sunscreens as well as

in printing inks and other liquid formulations [1, 4–

7]. It is normally used as a film or in the form of a

liquid dispersion. Given the hydrophobicity, water

insolubility and oleophilic behaviour of PVP/TA, the

production of fibres from this copolymer provides

significant opportunities to extend the range of

industrial applications.

Spinning of homogenous PVP homopolymer and

in blends with other polymers has been previously

demonstrated through electrospinning [8, 9] and

needleless centrifugal spinning [10]. Fibres have been

formed using PVP dissolved in volatile solvents in

conjunction with: a CO2 atmosphere [9]; a saline

sheath [8]; and through centrifugal electrospinning, a

hybrid technique [11]. The needleless centrifugal

spinning of PVP used a 20 % aqueous solution to

form fibres as 400 ± 100 nm in diameter at

4000 r min-1. However, there is little information on

the melt processing of PVP into fibres [12] or the

utilisation of PVP/TA or similar alkylated PVP

materials in fibre spinning studies. Although elec-

trospinning is a versatile spinning technique, it is

limited by many factors such as the need to form an

electrified jet. PVP/TA is insoluble in aqueous sol-

vents and has a depressed melting point compared to

PVP, creating the possibility of low temperature melt

processing. Recently, centrifugal spinning has been

increasingly applied to form non-ideal materials into

ultrafine fibres from either polymer melts or solutions

[13]. This technique involves rotating polymer fluids

at high speeds to induce jet formation and elongation

without the need for external drawing, electrostatic

forces or high velocity hot air [14]. It has been

demonstrated that centrifugal spinning can readily

produce fibres finer than 1 lm from a variety of

polymer materials [14, 15] from either thermoplastic

liquid melts or solutions. Fibres have been produced

from conventional thermoplastics such as nylon and

polyester; speciality polymers such as polycaprolac-

tone and poly(lactic acid); bismuth; ceramic materi-

als; compounds of polypropylene and carbon

nanotubes; compounds of poly(ethylene terephtha-

late) with graphene [13, 16, 17]. In centrifugal spin-

ning, the operating conditions can have a significant

influence on fibre diameter and investigation is often

necessary to establish optimum parameters, balanc-

ing fibre fineness and the level of beading [15].

Forming PVP/TA into submicron fibres using

centrifugal spinning has the potential to significantly

increase the available surface area of the material

compared to films or granulate. This would usefully

facilitate the ‘‘capture’’ of molecules through mutual

hydrophobic and oleophilic adsorption [4, 18].

Specifically, this could assist in the chemical

adsorption of hydrophobic disperse dyes from textile

waste effluent with improved efficiency compared to

traditional sorbents. Disperse dyes are used in the

colouration of polyester and other synthetic fibres

and are typically non-polar and hydrophobic. Dis-

perse dyes are not always decolourised or decom-

posed by biological or reductive treatments and may

therefore persist in the environment and in aquatic

systems [19, 20]. Adsorption of disperse dyes on to a

capture media has been proposed as one solution for

removal, possible recycling and minimising potential

accumulation in the environment [21]. In addition to

the treatment of dyehouse effluent, such hydropho-

bic/oleophilic fibres could also be used as sorbents

and capture agents in domestic laundering, poten-

tially preventing the unwanted cross-staining of dyes

[22].

The purpose of this investigation was to study the

centrifugal spinning of submicron PVP/TA

Figure 1 Typical structure of alkyated PVP brush copolymers,

where R is either hydrogen or a long chain hydrocarbon such as

C30H61 in the case of PVP/TA [1, 2].
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copolymer fibres and to evaluate the structure and

physical properties of resulting fibres and fabrics. In

addition to studying as-spun fibre morphology by

scanning electron microscopy (SEM), the thermal

behaviour and fine structure of the fibres were elu-

cidated by differential scanning calorimetry (DSC)

and X-ray diffraction (XRD), respectively. Finally, the

potential applications of PVP/TA fibre in porous

sorption media were explored by comparing the

adsorption of a disperse dye against an activated

carbon benchmark.

Materials and methods

Materials

The polyvinylpyrrolidone/1-triacontene polymer

was supplied as a flake by Sigma Aldrich, UK, under

the commercial name Antaron WP660, which is also

known as triacontyl polyvinylpyrrolidone, CAS reg-

istered as 2-pyrrolidinone, 1-ethenyl with 1-triacon-

tene (CAS number 136,445-69-7). A commercial

anthraquinone-based disperse dye (Dianix Blue AC-

E, CAS number 98725-74-7) was supplied by Dystar

Textilfarben, Germany, and was used without further

treatment or purification. Chromatography grade

acetone, ([99.8 %) and laboratory grade Triton X100

(CAS 9002-93-1), both via Sigma Aldrich, UK, were

used for the dye adsorption study along with an

activated carbon adsorbent, 1 mm granular Norit�

supplied by Sigma Aldrich, UK. The as-delivered

activated carbon was rinsed in deionised water and

then dried at 50 �C for 24 h in a laboratory oven prior

to use.

Capillary rheometry

Apparent melt viscosity of PVP/TA was assessed

using a RH2000 capillary rheometer (Bohlin Instru-

ments, UK) configured with a capillary die 1 mm in

diameter and 16 mm in length. Rheology measure-

ment was conducted at temperatures of 65, 70, 75,

and 80 �C with piston speeds of 50, 70, and

120 mm min-1.

Centrifugal spinning

Fibre production was carried out using the Force-

spinningTM L1000 M centrifugal spinner (Fiberio,

USA) in a melt spinning configuration using tri-ori-

fice spinnerets with two different orifice diameters

available: 159 lm (fine) and 602 lm (coarse). A static

arrangement of posts positioned 115 mm circumfer-

entially from the spinneret was used as a supporting

collector. The influence of rotational speed was

assessed by varying the rotational speed from 6000 to

15,000 r min-1. A mass of 300 mg of PVP/TA was

added to the spinneret and external heat was applied

until a stable polymer temperature of 72 ± 1 �C was

achieved. The spinneret was then accelerated and

held constant at a given speed for 45 s before decel-

erating. A minimum of two fibrous webs was formed

at each operating condition for assessment. For the

dye adsorption investigations, the PVP/TA fibres

were produced at a rotational speed of PVP/TA at

11,000 r min-1 using the coarser spinneret (602 lm)

only.

Scanning electron microscopy (SEM)
analysis

The fibres were examined using a Jeol JSM-6610LV

scanning electron microscope (Japan). The fibrous

samples were mounted on conductive carbon tape

and gold sputter coated prior to analysis. An accel-

eration voltage of 5–15 kV was used with a typical

working distance of 100 mm. Images were captured

at magnifications of 91000 for fibre diameter mea-

surements. Higher magnifications were used to

image specific areas and fibres of interest. Image

analysis software, Image J, was used to assess the

average fibre diameters by evaluating a minimum of

200 fibres from 5 different regions of the sample stub.

Thermal analysis

The thermal properties of the PVP/TA fibres and

flake were assessed using a Perkin Elmer Jade dif-

ferential scanning calorimeter. Samples were anal-

ysed in aluminium pans from -10 to 250 �C at a rate

of 20 �C min-1 with a nitrogen gas supply of

20 mL min-1. A heat-cool-heat cycle was conducted

on a fibrous sample from 25 to 120 �C at the same

heating/cooling rate under identical conditions.

X-ray diffraction (XRD) analysis

The internal fine structure of the PVP/TA raw

material and as-spun PVP/TA fibres were
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investigated using a P’ANanalytical X’Pert MPD

X-ray diffractometer. The as-supplied PVP/TA flake

was analysed without modification and the fibrous

webs were cold pressed flat into a thin sample prior

to observation. The radiation source was CuKa
(k = 1.540 Å) and the scans were taken in the

theta:theta orientation through 4o–60o with a step size

of 0.0668.

Dye adsorption study

The level of dye removal by the fibres and the sub-

sequent adsorption isotherm for the PVP/TA fibres

and the disperse dye were determined using a bottle

point adsorption method [23, 24]. Dye dispersions of

concentrations of 25–300 mg dm-3 were made using

Dianix Blue AC-E and distilled water. The PVP/TA

fibres were added to the dispersions at a ratio of 0.5 g

adsorbent to 0.1 dm3 of liquor. Triton X100 was

added at a concentration of 1 g dm-3 to act as a

wetting agent. A parallel set of dispersions were

treated with granulated activated carbon under the

same conditions. The dispersions were stirred for

3 days in a sealed jar using a magnetic impeller. After

this period, the dye liquors were passed through

porosity 2 sintered class crucibles to separate the

PVP/TA fibres and carbon granules from the solu-

tions. The filtrates were mixed 50:50 with HPLC

grade acetone in order to dissolve the disperse dye

molecules and the kmax was measured using UV–Vis

spectrophotometry. The measured values then con-

verted into concentrations using a calibration

chart produced for Dianix Blue AC-E in 50:50 dis-

tilled water and acetone.

Results and discussion

Capillary rheometry

The capillary rheometry results given in Fig. 2 show

that the melt viscosity of PVP/TA is sensitive to

temperature changes, reducing from [25 Pa s-1 at

temperatures 65 and 70 �C to\2 Pa s-1 at 80 �C.

Centrifugal spinning of PVP/TA

PVP/TA was successfully formed into fibrous webs

using melt-centrifugal spinning using both the coarse

and fine spinnerets at a polymer temperature of

72 ± 1 �C. When using the fine melt spinneret, fibres

were successfully formed at all rotational spinneret

speeds from 12,000 to 15,000 r min-1 with all other

conditions fixed. At 11,000 r min-1 and below, the

PVP/TA melt was unable to be ejected from the fine

spinneret due to the relatively high melt viscosity. It

is proposed that at low rotational speeds the inertia of

the melt is insufficient to overcome the capillary

resistance of the 159 lm orifice; thus, the critical

speed necessary for successful extrusion was in

excess of 11,000 r min-1 for the combination of

spinneret and temperature investigated [25]. At

16,000 r min-1 and above the level of beading it

became excessive and the level of fibre produced

decreased significantly. It is proposed that the inertial

and aerodynamic forces encountered at such rota-

tional speeds is excessively high, leading to jet break-

up and bead formation as instabilities become critical

[25, 26]. For the coarse spinneret (602 lm), the critical

rotational speed was lower, with fibres being pro-

duced at speeds 7000 r min-1 and above. This was

due to coarser spinneret requiring a lower inertial

pressure to overcome the capillary resistance. With

this spinneret, the beading became excessive at

15,000 r min-1.

Figure 3 shows SEM micrographs from selected

webs which show that the PVP/TA fibres produced

were cylindrical and smooth with very little surface

texture. A disparity in fibre diameters within a sam-

ple can also be observed. Variation in fibre diameter

was evident with very fine fibres ([300 nm) proximal

with much coarser fibres (\5 lm), resulting in a rel-

atively high value of standard deviation, Table 1. A

Figure 2 Apparent shear viscosity curves as a function of shear

rate and temperature.
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one-way ANOVA (a = 0.05) analysis of the date on

the centrifugal revealed that the means were statis-

tically different for conditions measured [p\ 0.001; F

(63.1)[ Fcrit (1.79)] and different within the samples

formed using the coarse spinneret [p\ 0.001; F

(23.6)[ Fcrit (2.02)] and the fine spinneret [p\ 0.05;

F (4.29)[ Fcrit (2.61)].

The formation of coarse fibres was attributed to the

acceleration and deceleration phases in the spinning

cycle; the turbulent attenuation of fibres; premature

jet breakage; and variability in the throughput of

polymer. It is proposed that a combination of these

factors contributes to generating fibres with a range

of fibre diameters significantly greater than the

reported mean value. It has been previously reported

that mean fibre diameter of centrifugal spun fibres

decreases with spinning duration and it is proposed

that a continuous machine would create a lower

proportion of coarse fibres as the effects of accelera-

tion and deceleration are minimised [15].

At low spinneret rotation speeds, the extensional

forces on the polymer jet are lower relative to higher

Figure 3 SEM micrographs of PVP/TA fibres produced using the coarse spinneret at a 8000, b 10,000, c 12,000 and d 14,000 r min-1,

respectively.

Table 1 Mean fibre diameters for PVP/TA fibres made through centrifugal spinning

Spinneret Fibre diameter (lm) Rotational speed (r min-1)

6000 7000 8000 9000 10,000 11,000 12,000 13,000 14,000 15,000 16,000

Coarse �x x 7.88 5.02 5.38 4.23 4.01 3.43 2.81 2.33 b x/b

r x 6.16 3.12 4.31 3.04 3.00 2.20 1.69 1.47 b x/b

Fine �x x x x x x x 1.83 1.43 1.52 1.46 b

r x x x x x x 1.66 1.02 1.20 0.87 b

x web was not produced, b excessive beading/spraying occurred
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speeds and the level of attenuation is lower, resulting

in larger fibre diameters. As with many polymers, the

formation of PVP/TA into fibres is a balancing act

between polymer throughput, initial jet diameter, jet

attenuation and jet break-up [25, 26].

Examination of the discontinuities or fibre ends

resulting from breakage is shown in Fig. 4a, b, which

shows that the fibre end breaks are relatively abrupt

and smooth-faced with no indications of fibrillation

or ductile fracture. Such fibre breakage was observed

across all samples irrespective of the process condi-

tions employed, and therefore appears to be a char-

acteristic feature of centrifugally spun PVP/TA fibres

and the bulk properties of the co-polymer. A slight

imperfection frequently observed on one edge of the

break cross section is strongly indicative of brittle

tensile fracture, as previously detailed [27].

A schematic representation of the brittle tensile

fracture in a PVP/TA fibre is shown in Fig. 4c.

Within a fibre with a surface flaw (i), the crack will

propagate (ii) until eventually the fibre breaks (iii)

leaving a characteristic clean break across most of the

width of the fibre fracture face. The increased

propensity of fibre breakage is not only thought to be

a combination of disruption of polymer streams

during spinning but also to fracture of fibres during

handling of the PVP/TA webs, which although self-

supporting, were relatively weak. Bending failure in

brittle materials also produces the clean fracture as

shown in Fig. 4 [28], and it is likely that load

in bending also causes a significant number of

breaks.

Internal fine structure and thermal analyses
of fibres

The DSC experiments revealed the thermal behaviour

of PVP/TA flake and fibres when heated through the

melting point, Fig. 5.

The PVP/TA flake has a broad melting endotherm

with T-onset at 55 �C and a Tmelt at 72 �C with a profile

typical of the melting of a semicrystalline polymer

with one crystal form. The DSC thermograms of the

PVP/TA fibres exhibit a significantly different ther-

mal profile. The fibre endotherms have a double peak

or shoulder trace (50–60 �C), which is most clearly

evident in the fibres produced from the coarse spin-

neret. This double endotherm indicates that PVP/TA

fibres have a clear a and b peak profile not observed

in the flake. The major a peak was the main melt

transition and is found at around 76–80 �C which

was preceded by smaller b peak at 57–62 �C that

Figure 4 Fibre end breaks as observed in PVP/TA fibres formed

in a 15,000 rpm (fine spinneret); b 12,000 r min-1 (coarse

spinneret) with the mechanism of brittle fracture modelled in c.

Figure 5 DSC thermograms of PVP/TA fibres formed using both

the coarse and fine spinnerets at selected processing speeds.
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represented a pre-melt transition. Double melting

peaks such as these in DSC can be attributed to the

following conditions:

i. Two distinct crystal morphologies and

configurations;

ii. Re-crystallisation behaviour during the DSC

scan [29];

iii. Material is actually a binary blend of two

different grade products [30];

A typical heat-cool-heat DSC scan for PVP/TA is

given in Fig. 6 which shows that the double peak

profile observed in fibres was erased by the first

heating cycle and the melting profile for the second

heat scan does not include this secondary peak. This

secondary heating profile was observed in all the

PVP/TA fibres regardless of processing conditions.

The deletion of this early peak indicates that it is a

feature of processing not inherent to PVP/TA. The

absence of such a b-peak for the flake material sug-

gests that conditions (i) and (ii) are not applicable in

PVP/TA. It is thus concluded and appears that cen-

trifugally spun PVP/TA has two crystal conforma-

tions: a primary a-crystal that is found in both the

flake and the fibre; and a secondary b-crystal form,

which melts at a lower temperature and is formed

during the processing of PVP/TA into a fibre using

melt processing.

The XRD patterns, Fig. 7, for PVP/TA flake and the

centrifugally spun fibres generated two dominant

peaks superimposed onto a broad and weak halo that

stretches from 10� to 30� 2h. This broad shoulder is

indicative of an amorphous region [31] and it has

been demonstrated previously that homogenous PVP

exhibits low levels of order in XRD analyses indi-

cating that PVP is entirely amorphous [32, 33].

However, the distinct peaks evident in the XRD

patterns for PVP/TA fibres are a strong indicator of

long range order and therefore semi-crystallinity. The

PVP/TA diffraction pattern has peaks at 21.6�, 24.0�,
and 36.4� 2h along with additional secondary peaks

between 25� and 40� 2h. The peak locations and

diffraction pattern shape are very similar to that of

linear and branched polyethylene [34]. Polyethylene

forms an orthorhombic crystal with peaks found

around 21.4�, 24.2�, and 36.5� 2h [35, 36].

It is proposed that PVP/TA forms branched chain

crystals where the C30 side chains falls and in crys-

tallographic register with local C30 elements whilst

the PVP backbone remains in an amorphous state.

The crystallisation of a graft chain on an amorphous

backbone is known as interdigitating packing [37].

Deviations in backbone chain registration and varia-

tions in chain length would allow for a single

copolymer brush to enter both crystalline and amor-

phous regions and would incorporate further defects

and disorder into the crystal system. Previous

research has indicated that graft side chains will only

crystallise at sufficient distance away from the back-

bone; this will further limit the size of the crystal

formed by the C30 chains in at least one dimension

[38, 39]. A simple model of this interaction is given in

Fig. 8.

Figure 6 DSC thermogram showing a heat-cool-heat cycle of

PVP/TA fibres formed at 8000 r min-1 in the coarse spinneret.

Figure 7 Selected XRD plots of PVP/TA flake and fibres.
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Based on this structure, there is a possible link

between the laterally crystalline structure and the

propensity for PVP/TA fibres to undergo brittle

fracture. The net orientation of the brush polymer is

proposed to be along the length of the fibre and the

crystalline elements roughly perpendicular in net

orientation. Therefore due to the relatively small

dimensions of the crystals, the microfibrils will be

capable of slipping more easily relative to chain

folding high polymers [40]. This could explain the

brittle tensile fractures observed in the SEM micro-

graphs of the fibres. It is hypothesised that these

lateral crystals do not contribute to the tensile

strength and elasticity associated with crystallised

regions in long linear chains [41].

Adsorbent behaviour of PVP/TA fibres

Having successfully produced PVP/TA fibres for the

first time it was deemed useful to determine their

feasibility as a fibrous sorption material and their

relative performance against activated carbon. The

UV–Vis adsorption values for the filtered solutions

were converted into dye concentrations at equilib-

rium (Ce) at each dyebath concentration (C0), using a

calibration curve for the disperse dye, Dianix Blue

AC-E, in 50:50 acetone. The adsorption at equilibrium

Qeð Þ for the PVP/TA fibres was calculated using Qe ¼
ðC0 � CeÞ V

m where V is the volume of solution and

m is the mass of adsorbent.

Table 2 provides the summary of the adsorption at

equilibrium figures at each dye concentration along

with the degree of removal, calculated using:

Removal %ð Þ ¼ ðC0 � CeÞ=C0 � 100. As indicated

the PVP/TA fibres effectively adsorbed the disperse

dye molecule, with removal rates of up to 97.1 %,

based on an original dye concentration of

25 mg dm-3, with an adsorption at equilibrium as

high as 35.4 mg g-1.

Comparison of the adsorption data, relative to

granular activated carbon, indicated that the acti-

vated carbon had comparable adsorption of the dis-

perse dye to the PVP/TA fibres but overall had a

lower capacity for adsorption with a Qe of

30.0 mg g-1. The isothermal plots for PVP/TA fibres

and activated carbon show that the empirical data are

well represented by the Langmuir isothermal model,

Fig. 9. The Langmuir model stipulates that adsorp-

tion occurs as a single monolayer limited to a finite

number of dye sites. Therefore, the isothermal

adsorption of disperse dyes on these materials is

related to the surface area as this will determine the

number of adsorption sites available.

Activated carbon is known for its high surface area

due to a fine pore structure, enabling relatively high

capture of particulate such as dyes on the surface.

Figure 8 Schematic model for crystallisation of graft copolymers

[37–39].

Table 2 Proportion of

disperse dye removed by PVP/

TA fibres and activated carbon

and amount of dye adsorbed

onto the adsorbent fibres and

carbon

Initial dyebath concentration, Co (mg dm-3)

25 50 100 150 200 300

Dye/fibre parameters

Equilibrium concentration Ce (mg dm-3) 0.7 8.4 24.7 38.5 61.3 122.8

Dye removal from solution (%) 97.1 83.2 75.3 74.3 70.4 59.1

Adsorption at equilibrium Qe (mg g-1) 4.9 8.3 15.1 22.3 27.7 35.4

Dye/activated carbon parameters

Equilibrium concentration, Ce (mg dm-3) 1.0 5.9 21.5 40.2 73.4 150.4

Dye removal from Solution, (%) 95.9 88.3 78.5 73.2 63.3 49.9

Adsorption at equilibrium, Qe (mg g-1) 4.8 8.8 15.7 22.0 25.3 30.0
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Numerous chemical bonding mechanisms can exist

between a surface and a disperse dyes in aqueous

media [42]. The literature shows that the adsorption of

disperse dyes and other hydrophobic/insoluble

compounds is linked to the prevalence of hydropho-

bic sites on the surface of the material [21, 43]. It is

proposed that the adsorption of non-ionic disperse

dyes onto such materials occurs through a weak

chemical bond such as the non-polar bonding of

hydrophobic materials [44, 45]. This ‘‘hydrophobic

bonding’’ of non-polar materials in aqueous environ-

ments is shown to be unusually strong as it is a

combination of interface bonding between the adsor-

bent and adsorbate and the mutual phobicity for

water and other polar aqueous liquids [46–48]. Once

two hydrophobic species are brought together, the

energy required to dissociate the elements is a func-

tion of the energy required to disrupt the hydrogen

bonding of the surrounding water molecules, creating

a bonding phenomenon that is long range and much

stronger than the ionic and electrostatic interaction

between the two molecules [46, 47]. The Langmuir

model assumes that there is a finite number of ‘active

sites’ onto which adsorption can occur. For reactive

dyeing, these sites can be related the number of

functional groups at the surface of the polymer; for

disperse dyeing, onto hydrophobic materials these

‘active sites’ may be regions where hydrophobic

bonds are most likely to occur The triacontene-grafted

chains on the PVP polymer backbone provide the

hydrophobic adsorption sites for the PVP/TA fibre.

The hydrophilic PVP is masked by the graft chains,

creating an entirely hydrophobic surface. In contrast

for activated carbon, there are a mixture of

hydrophobic and hydrophilic regions, with disperse

dyes being captured at hydrophobic regions [49]. As

the interaction between PVP/TA and the dye mole-

cules relies on mutual hydrophobicity and does not

require elevated temperatures or secondary salts,

there is potential to use such a material to collect not

only dyes but other material such as hydrocarbons

and fatty soils in either a laundry or industrial setting.

Conclusions

Polyvinylpyrrolidone/triacontene was successfully

melt spun into ultrafine fibres through melt cen-

trifugal spinning. Increasing the rotational speed

reduced the average fibre diameter with typically the

fibre average diameters observed being 1–2 lm,

although some individual fibres were observed as

fine as 0.2 lm. The fibres were found to be highly

brittle, and examples of brittle elastic fracture were

observed through SEM analysis of the fibres. DSC

and XRD analyses suggest that this brittleness was

linked to the graft chain crystallisation where the

PVP/TA was in the form of a radial brush copolymer

which forms a semi-crystalline structure where the

triacontene branches interlock and form small lateral

crystals around an amorphous backbone. The radial

triacontene branches also impart hydrophobicity and

‘‘mask’’ the hydrophilic nature of the PVP backbone.

This hydrophobic behaviour could potentially be

useful in adsorption applications and this research

assessed the effectiveness of PVP/TA fibres as a dye

adsorbent. This was the first time that PVP/TA fibres

have been considered as an adsorbent for disperse

dyes. The PVP/TA fibres had an adsorption capacity

of 35.4 mg g-1 of Dianix Blue A-CE under neutral

conditions, exceeding the capacity observed for

granular-activated carbon. The hydrophobic nature

of the PVP/TA fibres and associated high surface

area potentially offers a suitable adsorbent medium

for disperse dyes, binding the colorants through non-

polar hydrophobic interactions.

Figure 9 Recorded data and calculated Langmuir isothermal

curves for PVP/TA fibres and activated carbon.
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