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The presence of inorganic substances in the composition of crude wax decreases its com-

mercial value, necessitating purification of the product. A new physical surface treatment for

filter  media involving the application of nanofibers of Nylon-6 polymer was developed using

the  Forcespinning
®

equipment. The performance of the nanofiber-coated filter was  com-

pared with the results obtained for other filter media of the same composition (nonwoven

aramid fiber fabric), one without physical treatment, and another treated using singeing. An

experimental design was carried out to find the optimum operating temperature and pres-

sure  (170 ◦C and 2.5 bar, respectively). The filtrate volume, specific resistance of the filter

cake,  and filter medium resistance were determined, keeping the filtration time, tempera-

ture, and pressure constant at 1 h, 170 ◦C, and 2.5 bar, respectively. The nanofiber-coated filter

showed the best performance, providing a higher wax filtrate volume and greater retention
Forcespinning
®

Filtration

of  inorganics, with values of 5.39 × 10−5 m3 and 99.6%, respectively.

©  2018 Institution of Chemical Engineers. Published by Elsevier B.V. All rights reserved.
1.  Introduction

Plastics are durable, lightweight, and versatile, enabling their use in a

diverse range of applications (Brems et al., 2013). An important group

of plastics is the polyolefins. The advantages of this group include

the facts that they are odorless, nontoxic, and offer good chemical

resistance. The worldwide market for polypropylene (PP) is expected

to reach 62.4 million metric tons by 2020 (Marek et al., 2015). The

demand for plastics results in the generation of large quantities of plas-

tic solid waste (PSW), which must be recycled for reasons that are both

economic and environmental (Oyake-Ombis et al., 2015; Aznar et al.,

2006). There are four main types of recycling processes, namely pri-

mary recycling (in-plant recycling), secondary recycling (mechanical

recycling), tertiary recycling (chemical recycling), and quaternary recy-

cling (energy recovery) (Wong et al., 2015). Chemical recycling can be

achieved using techniques including pyrolysis, cracking, gasification,
and chemolysis (Al-Salem et al., 2009).
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Pyrolysis is a thermal decomposition process that occurs in the

absence of oxygen. It is a promising option for the conversion of poly-

mers into three major products: wax, oil, and gas (Lopez et al., 2017).

These products are of value in the cosmetics, petrochemical, and other

industries (Anuar Sharuddin et al., 2016; Almeida and Marques, 2015;

Singhabhandhu and Tezuka, 2010). Pyrolysis does not cause contami-

nation of water and is considered a green technology (Abnisa and Wan

Daud, 2014). The process of production of high-density polyethylene,

employing polymerization by addition of ethylene in reactors, is also

a major source of paraffin wax (Cardoso and Fisch, 2016). There are

many applications for wax. Synthetic wax can be used in applications

as diverse as dietary markers in farm animals (Bachmann et al., 2016),

modifiers of base bitumen (Merusi et al., 2017; Iwański et al., 2017), and

temperature indicators for electrical connections in power distribu-

tion networks (Akishino et al., 2016). However, before they can be used,

purification is required of the waxes obtained from the two processes

mentioned above.

The purification of wax consists of the removal of inorganic
substances that may be incorporated in it, as well as decoloration

(Wiley-VCH, 2011). The crude wax purification technique usedin this

ier B.V. All rights reserved.
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Fig. 1 – Schematic illustration of the Forcespinning
®

equipment used to produce the Nylon-6 nanofibers.
ork was dead-end filtration under constant pressure, with the feed

ow being forced perpendicularly through a filter medium that retained

he impurities present in the wax, producing a filter cake and resulting

n the outflow of a clarified fluid (Guan et al., 2017). The filter medium

sed was a nonwoven aramid fiber fabric (Kevlar). This was selected due

o its good mechanical strength, thermal stability, and energy absorp-

ion properties (Li et al., 2014; Jackson and Samanta, 2015).

Different types of physical treatments have been developed with

he aim of increasing the performance of materials, including coat-

ng (GPTMS/rGO) on AA-2024 aluminum alloy (Dun and Zuo, 2017),

eposition of titanium coating on SiC fiber (Luo et al., 2017), boron

itride coatings on silicon carbide fibers (Yuan et al., 2016), and sur-

ace modification of aramid fibers with a hybrid coating (Chen et al.,

014). Other physical treatments that have been applied to filter media

n order to increase filtration capacity include singeing, calendering,

embrane coating, and laminating (Cirqueira et al., 2017; Qian et al.,

015). However, to the best of our knowledge, there have been no stud-

es of the purification of crude waxes involving dead-end filtration and

he use of filter media submitted to different types of physical treat-

ents. The present work describes the coating of the filter medium

ith nanofibers produced by the Forcespinning
®

method (Sarkar et al.,

010). This equipment has been used previously to produce the follow-

ng nanofibers: polyacrylonitrile (PAN) (Weng et al., 2014), poly(vinyl)

utyral (PVB) (Weng et al., 2015a), Nylon-6 (Weng et al., 2015b), Sn/C

omposite (Agubra et al., 2016), and chitosan/polyamide (Dotto et al.,

017). Nylon-6 nanofibers were used here as a filter coating, due to their

ood thermal resistance (Weng et al., 2015b).

The objective of this work was therefore to develop a new physical

reatment involving coating the filter with nanofibers. Different filter

edia (untreated, singed, and coated with nanofibers) were evaluated

n the purification of crude wax. Firstly, the optimal parameters for

he filtration process were determined using a central composite rotat-

ble design (CCRD). Subsequently, Nylon-6 nanofibers produced by the

orcespinning
®

method were used to coat the filter medium. Finally,

or each type of surface treatment, evaluation was made of the follow-

ng filtration parameters: total volume of filtrate, specific resistance of

he cake, and resistance of the filter medium.

.  Material  and  methods

.1.  Materials

aste crude wax was kindly donated by the company Alkaest
Brazil). Perlite was obtained from Imerys (Argentina). Nylon-6
Mw  = 11,202) and formic acid (98%, HPLC grade) were pur-
hased from Sigma–Aldrich. Filter media without and with
hysical treatment (singeing) were supplied by Renner Têxtil

Brazil).

.2.  Characterization  of  the  materials

he solids content of the wax was measured by loss-on-
gnition, using a muffle furnace (model 1109, Ind. Magnus,
razil) operated at 500 ◦C for 2 h (Mu  et al., 2017). The chem-

cal groups present in the wax, the Nylon-6 nanofibers, and
he filter media (untreated and coated) were identified by FTIR
pectroscopy (IR Prestige 21, Shimadzu, Japan) (García et al.,
014). The viscosity of the wax was measured as a function
f temperature, using a viscometer (VS/003, Brookfield, USA)

Goldstein, 1996). The specific mass of the crude wax was
etermined with a gas pycnometer (Ultrapyc 1200e, Quan-
achrome Corporation, USA) (Demers et al., 2014).

The grammages  of the filter media were determined with a
emi-analytical balance (model PB 303, Mettler Toledo, USA),
ollowing the NBR 12984:2009 standard procedure (Nonwoven
 Determination of Mass per Unit Area). The filter thicknesses
ere measured with a thickness gauge (model M-73210-T,
Mainard, Brazil), according to the NBR 13371:2005 procedure
(Nonwoven — Determination of Thickness). The permeabili-
ties of the filter media were determined with a permeability
meter (model 6940, Karl Schroder KG, Germany), following the
NBR 13706:1996 procedure (Nonwoven — Determination of Air
Permeability).

The morphological characteristics of the filter media and
the Nylon-6 nanofibers were observed by scanning electron
microscopy (SEM) (TESCAN, Czech Republic) (Goldstein et al.,
2003). The mean nanofiber diameter was determined from
the SEM micrographs using Image  J software (NIH Image,
USA) (Li et al., 2010). Thermogravimetric analysis (TGA) of
the nanofibers was performed using a TGA-50 analyzer (Shi-
madzu, Japan) (Weng et al., 2015b).

2.3.  Procedures

2.3.1.  Preparation  of  Nylon-6  nanofibers  and  coating  of
filter  media
Nylon-6 nanofibers were produced using a Forcespinning

®

system (model L1000-MS, FibeRio, USA), as shown in Fig. 1.
A solution was prepared by dissolving 25 wt%  of Nylon-6 in
formic acid (98%) (Weng et al., 2015b). The Forcespinning

®

parameters (needle, rotational speed, % of maximum suction
power in the vacuum creation system (VCS), collection time,
and the spinneret solution/collection system distance) were
set in order to produce a homogeneous nanofiber-coated fil-
ter. These parameters were based on previous studies (Weng
et al., 2015b; Dotto et al., 2017), preliminary tests, and informa-
tion provided by FibeRio. Approximately 2 mL of the solution
was fed into the spinneret. Half-inch 30-gauge needles were
connected to the spinneret solution. The equipment was oper-
ated for 9 min  at a rotational speed of 10,000 rpm, with the
fibers collected on equally spaced vertical steel pillars. Coat-
ing of the filter was achieved by attaching it to the VCS aligned
with the collectors, which was operated at 75% of maximum
suction power. The distance between the spinneret solution
and the collection system (VCS equipment) was 12 cm.

2.3.2.  Experimental  apparatus  and  filtration  experiments
The experiment apparatus used for the filter measurements
is shown in Fig. 2. Firstly, the crude wax sample was quartered
to ensure homogeneity (Mullin, 2001), followed by addition of
approximately 3 wt% of perlite to the quartered wax (Purchas
and Sutherland, 2002) and heating the mixture until it became
fluid. The filter was positioned between the two flanges, with

a metal screen placed on the lower flange as a support. Per-
lite was deposited on the filter, forming a 3 mm thick pre-coat
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Table 1 – Experimental conditions of temperature (T) and
pressure (P), according to the central composite design.

Assay T (◦C)a P (bar)a

1 144.36 (−1) 1.44 (−1)
2 165.64 (1) 1.44 (−1)
3 144.36 (−1) 3.56 (1)
4 165.64 (1) 3.56 (1)
5 140 (−1.41) 2.5 (0)
6 170(1.41) 2.5 (0)
7 155 (0) 1.0 (−1.41)
8 155 (0) 4.0 (1.41)
9 155 (0) 2.5 (0)
10 155 (0) 2.5 (0)
11 155 (0) 2.5 (0)

a The coded values of the variables are in parentheses.

Table 2 – Operational conditions during the
laboratory-scale liquid filtration tests.

�P (N/m2) T (◦C) A (m2) Cs (kg/m3) � (kg/m s) � (g/cm3)

−4

of the crude wax. The FTIR analysis enabled identification
of the type of wax (linear or branched wax) to be purified
(Purchas and Sutherland, 2002). The apparatus was then con-
nected to the bottom of the cylinder and the wax sample was
fed to the top of the cylinder. After the system had reached
thermal equilibrium, the cylinder was closed with the top
cover and the nitrogen gas piping was connected. The pres-
sure was maintained constant by controlling the nitrogen flow
using a manometer (Dhabhai et al., 2016). The filtration time
was measured from the moment when the first drop of filtrate
appeared. Finally, the volume of filtered wax in the system was
measured and the ash content of the product was determined.

2.3.3.  Experimental  design
A 22 central composite rotatable design (CCRD), with three
central points and four axial points, was applied in order
to obtain the optimal filtration conditions that provided the
greatest amount of filtered wax. Three replicates at the cen-
ter point were used to estimate the error sum of squares
(Chielle et al., 2016; Myers et al., 2016). The experimental con-
ditions, factors, and levels were established in preliminary
tests and are presented in Table 1. The experimental design
was generated using Statistica v. 10.0 software (Statsoft Inc.).
The response variable was the total volume of filtered wax. In
these tests, only the untreated filter medium was used. The
filtration time was set at 10 min.
Fig. 2 – Schematic illustratio
250000 170 4.71 × 10 58.86 0.00195 0.9679

2.3.4.  Application  of  filter  media  with  different  physical
surface  treatments
The different filter media were evaluated in terms of the
volume of filtrate obtained, using the optimal temperature
and pressure conditions determined from the experimen-
tal design. In this step, the filter media used were either
untreated or physically treated (singed or coated with Nylon-6
nanofibers). The filtration time was 1 h. The specific resis-
tance of the cake and the resistance of the filter medium
were determined from Eq. (1), as used previously elsewhere
(Sioutopoulos and Karabelas, 2016; Koch and Krammer, 2015;
Mahdi and Holdich, 2013).

dt

dV
= �˛Cs
A2 (�P)

V + �Rm

A (�P)
=  KpV + B (1)

where V denotes the filtrate volume (m3), A is the cross-
sectional area of the filter (m2), t is the filtration time (s), �

is the viscosity of the filtrate (Pa s), � is the specific cake resis-
tance (m/kg), Rm is the resistance of the filter medium (m−1),
Cs is the solids concentration (kg solids/m3 filtrate), and �P
is the pressure drop across the filter (N/m2). Kp (s/m6) and B
(s/m3) are the filtration parameters. The operating conditions
are listed in Table 2.

3.  Results  and  discussion

3.1.  Characterization  of  the  materials

The loss-on-ignition test results showed that the impurities
content of the crude wax was about 1.7%. These results were
obtained as the average of ten analyses. The density of the
crude wax was 0.9679 ± 0.003 g/cm3, obtained as the average
of ten analyses using helium pycnometry.

Fig. 3 shows the Fourier transform infrared (FTIR) spectrum
n of the filtration setup.
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maximum volume of filtered wax. The results for wax filtra-

Table 3 – Characteristics of the filtration media.

Surface
treatment

Untreated Singed Nanofiber-coated

Average fiber
diameter (�m)

11.68 ± 1.2 11.37 ± 1.69 0.592 ± 0.76

Grammage
(g/m2)

546 578 576

Thickness (mm) 2.8 2.6 3
Permeability
(L/min dm2)

235 130 125

Table 4 – Volumes of filtered wax obtained in
experiments performed according to the CCRD model.

Assay Filtered volume (cm3)

1 5.21
2 8.23
3 8.65
4 8.57
5 6.66
6 13.27
7 5.67
8 8.14
9 5.51
Fig. 3 – FTIR spect

n this study (Silverstein et al., 2005). The results showed
hat the absorption frequencies were characteristic of normal
lkanes, hence characterizing the crude wax as paraffin. The
ain characteristic vibrations of this class of compounds are

ue to the axial and angular deformations of C—H. The FTIR
pectrum of the crude wax showed the following character-
stic bands: 2956.04 cm−1 (asymmetric axial deformation of
H3); 2916.49 cm−1 and 2848.98 cm−1 (symmetric axial defor-
ations of CH2); 1471.75 cm−1 and 1463.07 cm−1 (symmetric

ngular deformations of CH2); 1377.23 cm−1 (symmetric angu-
ar deformation of CH3); 729.12 cm−1 and 719.48 cm−1 (doublet
symmetric in-plane CH2 deformations) (Silverstein et al.,
005).

Fig. 4 shows the TGA results for the Nylon-6 nanofibers. It
an be seen from the TGA curve that the nanofibers started
o degrade at around 380 ◦C, and were fully degraded below
80 ◦C. This analysis confirmed that the nanofibers were
btained from the Nylon-6 polymer, and also confirmed the
igh thermal resistance of these nanofibers (Weng et al.,
015b).

Fig. 5 shows SEM images of the surfaces of all the filter
edia (untreated, singed, and nanofiber-coated), revealing dif-

erences in the surfaces of the media. The fiber diameters were
nalyzed using Image  J software.

It can be seen from Fig. 5(c) and (f) that in the case of
he coated filter, the coating affected almost the entire fil-
er surface, leading to greater uniformity of the fibers and
ewer empty spaces, ensuring better coverage of the material
ith nanofibers. The images show that the nanofibers were

ong and homogeneous, but with some sites of agglomeration
Fig. 5(c)), which could have been due to the low viscosity of
he solution (Zarrini et al., 2016).

The main characteristics of the filter media are provided in
able 3. The difference between the weights of the untreated
lters and the filters coated with nanofibers was due to the
ass of the deposited nanofibers. The nanofiber layer had a

hickness of 0.20 mm and caused a decrease of 53.2% in the
nitial permeability, compared to the untreated filter, from
35 L/min dm2 to 125 L/min dm2.

The FTIR spectra of the Nylon-6 nanofibers and the fil-
ers (untreated and nanofiber-coated) are shown in Fig. 6.
he nanofiber FTIR spectrum showed characteristic peaks
f Nylon-6 at wavenumbers of 1543.12 cm−1 (N H bending

ibration, amide II), 1643.42 cm−1 (C O stretching vibration,
mide I), and 3305.17 cm−1 (N H stretching vibration) (Weng
of the crude wax.

et al., 2015b; Zarrini et al., 2016). The untreated filter medium
exhibited absorption peaks at 3331.51 cm−1 (N H stretching
vibration), 1654.03 cm−1 (C O stretching vibration, amide I),
and 1548.91 cm−1 (coupling between C N stretching vibration
and N H bending vibration) (Xu et al., 2016). Since nanofiber
coating is a physical treatment that does not alter the chem-
ical composition of the filter medium, the FTIR spectrum of
the nanofiber-coated filter corresponded to the sum of the
FTIR bands of the Nylon-6 nanofibers and the untreated filter
medium.

3.2.  Statistical  analysis

The optimal filtration conditions were determined using the
central composite rotatable design (CCRD). The effects of tem-
perature (in the range from 140 to 170 ◦C) and pressure (in the
range from 1 to 4 bar) were evaluated in order to obtain the
10 4.45
11 5.08
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Fig. 4 – TGA curve for the Nylon-6 nanofibers.

Fig. 5 – SEM images of the untreated (a), singed (b), and nanofiber-coated (c) filter media, at 100× magnification. Images (d),
 filte
(e), and (f) are of the untreated, singed, and nanofiber-coated

tion according to the CCRD are shown in Table 4 (Chielle et al.,
2016).

Calculation of the regression coefficients (Table 5) was used
to evaluate the significance of the effects of temperature and
pressure on the volume of filtered wax. All the parameters
evaluated were significant. The linear and quadratic effects

of temperature and pressure were positively significant, while
the interaction effect was negatively significant (p < 0.10).
r media, respectively, at a magnification of 1000×.

The polynomial quadratic model for the dependence of the
volume of filtered wax on T (coded value) and P (coded value)
is shown in Eq. (2).

Filtered volume = 5.02 + 1.54T + 2.29T2 + 0.91P + 0.75P2 − 0.77 TP

(2)
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Fig. 6 – FTIR spectra of the Nylon-6 nanofibers and the untreated and coated filter media.

Table 5 – Regression coefficients for the effects of
temperature and pressure on the volume of filtered wax.

Factora Regression
coefficient

Standard
error

t-test  p*

Mean 5.02 0.31 16.44 0.0037
Temperature (1)
(◦C) (L)

1.54 0.19 8.21 0.0145

Temperature (1)
(◦C) (Q)

2.29 0.22 10.26 0.0094

Pressure (2) (bar)
(L)

0.91 0.19 4.87 0.0396

Pressure (2) (bar)
(Q)

0.75 0.22 3.37 0.0781

1L by 2L -0.77 0.26 -2.93 0.0996

a L = linear effect, Q = quadratic effect.
∗ Significance level of 90% (p < 0.10). If p < 0.10, the factor is signifi-

cant.

Table 6 – ANOVA of the filtered volume of wax model at
a 90% level of confidence.

Source of
variation

Sum  of
squares

Degrees of
freedom

Mean
square

Fcalc(90%) Ftab(90%) R2

Regression 60.43 5 12.09 8.67 3.45 0.90
Residuals 6.97 5 1.39
Lack of fit 6.41 3 2.14
Pure error 0.56 2 0.28
Total 64.28 10

t
n
w
t
l
T
l
t

Table 7 – Variation of the viscosity of the crude wax as a
function of temperature.

Temperature (◦C) Viscosity (cp)

130 29 ± 0.35
140 3.45 ± 0.15
150 3.15 ± 0.3
160 2.00 ± 0.45
170 1.95 ± 0.15
In order to satisfactorily represent the experimental data,
he statistical model (Eq. (2)) should be predictive and sig-
ificant (Myers et al., 2016). Therefore, analysis of residuals
as also performed, which consisted of a significance test of

he model fit based on analysis of variance (ANOVA), calcu-
ation of the coefficient of determination (R2), and the F-test.
he results obtained were predictive at the 90% confidence

imit, since the calculated F value (8.67) was higher than the

abulated F value (3.45), as shown in Table 6.
Since the model was statistically valid, Eq. (2) was used to
generate a response surface (Fig. 7) showing the volume of
filtered wax as a function of the independent variables (tem-
perature and pressure).

The temperature was the parameter that showed the great-
est significance. The best temperature was around 170 ◦C, due
to the fact that the higher the temperature, the lower the vis-
cosity of the wax (Shames, 2002), enabling the wax to pass
more  easily through the filter medium. This behavior was con-
firmed by analysis of the viscosity of the wax as a function of
temperature (Table 7), as well as by the experimental volumes
of filtered wax (Table 4). At constant pressure (2.5 bar), the fil-
tered volume of wax increased from 6.66 to 13.27 cm3, when
the temperature was increased from 140 to 170 ◦C.

The effect of pressure was not as significant as that of
temperature. Studies have shown that the same filter media
may exhibit differences in terms of filtration rate and clarifi-
cation of the filtrate (Koch and Krammer, 2015), which could
be caused by partial blockage of the filter medium by solid
particles soon after the start of the filtration process. This
effect can be significant, even in the case of perfectly homo-
geneous filters. As a result, the effect of pressure is of greater
significance during the initial stages of the filtration, before
complete formation of the cake (Roussel et al., 2007). Based on
the results, the pressure chosen was 2.5 bar, since higher pres-
sures would lead to wastage of nitrogen and increased cost of
the wax filtration.
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Fig. 7 – Response surface for the volume of filtered wax as a function of temperature and pressure.

Fig. 8 – Plots of t/V against V for the filtration tests
performed with an untreated filter (blue triangles), a singed
filter (black squares), and a nanofiber-coated filter (red
circles). (For interpretation of the references to colour in this
figure legend, the reader is referred to the web version of
this article.)

Table 8 – Mean values of the variables in the filtration
experiments, obtained by plotting the volume versus
time/volume curves for each type of filter medium, and
the average values of the specific resistance of the cake
and the resistance of the filter medium.

Surface treatment Untreated Singed Nanofiber-coated

V*10−5 (m3) 4.54 4.49 5.39
Kp*1012 (s m−6) 2.17 1.76 1.26
B*107 (s m−3) 2.92 3.87 3.39
�*1012 (m kg−1) 10.50 8.50 6.09
Rm*1012 (m−1) 1.79 2.34 2.05
Therefore, the best conditions chosen for maximizing the
volume of filtered wax were a temperature of 170 ◦C and a
pressure of 2.5 bar, which were employed in the subsequent
filtration tests.

3.3.  Filtration  tests

Fig. 8 shows the results of the filtration tests, in the form
of filtration curves obtained by plotting the experimental t/V
values against V. A filtration time of 60 min  was used for
each type of filter medium: untreated (blue triangles), singed

(black squares), and nanofiber-coated (red circles). The filtra-
tion tests were performed in triplicate, but for clarity, only one
of the curves for each filter medium is presented. The results
demonstrated that coating the filter surface with Nylon-6
nanofibers increased the volume of filtered wax.

Table 8 presents the mean values of the variables obtained
during the filtration experiments. Use of the nanofiber-coated
filter medium resulted in the greatest volume of filtered wax
of 5.39 × 10−5 m3, which was 17% higher than obtained for
the singed filter. The filtration parameters (Kp and B) were
obtained by fitting the curves shown in Fig. 8 (Geankoplis,
1993). Use of the coated filter medium resulted in the lowest
value for the specific resistance of the cake (6.09 × 1012 m kg−1).
The resistance of the coated medium was 2.05 × 1012 m−1, an
intermediate value when compared to the values reported
for other filter media submitted to different types of physical
treatments.

Despite having a lower permeability (Table 3), the
nanofiber-coated filter resulted in the highest volume of fil-
tered wax, which was probably because the 0.20 mm thick
layer of Nylon-6 nanofibers acted as a filtration aid (together
with the 3 mm thick pre-coat of perlite). Consequently, the

nanofiber-coated filter could increase the porosity of the cake
on the surface of the filter medium. These findings were in
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Fig. 9 – Images of the crude wax (A) befor

Table 9 – Mean contents of inorganics, determined using
loss-on-ignition analysis, and the solids removal
percentages, for each type of filter medium during
filtration for 60 min.

Wax sample Inorganics content (g) Removal percentage

Crude wax 0.0850 ± 0.005
Filtered wax
(untreated filter)

0.0007 ± 0.0001 99.21

Filtered wax
(singed filter)

0.0005 ± 0.00005 99.41

Filtered wax
(coated filter)

0.0003 ± 0.00005 99.60
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greement with the fact that the lowest specific resistance
f the filter cake was obtained with the nanofiber-coated fil-
ers (Table 8). Khude (2017) reported that the presence of
anofibers provided higher filter efficiency and a high filtra-

ion volume, with relatively small decreases in permeability.
ther studies have also described the use of filtration aids to

acilitate the filtrate flow, increase cake porosity, and provide
 higher volume of filtrate (Du et al., 2011; Lee and Eiteman,
001).

The percentage removal of inorganic content exceeded 99%
or the 3 types of filter medium tested (Table 9), with the
reatest removal (99.6%) achieved with the nanofiber-coated
edium. This could be explained by the presence of fewer

oids on the surface of the medium, which also resulted in
ower permeability (Table 3) (Sinha-Ray et al., 2015). Hence, a
reater contact surface area was available for the retention of
mpurities. All the experiments were performed under identi-
al operating conditions, and in all cases, the filtration resulted
n the removal of the color of the crude wax, leaving it whitish
n color (Fig. 9).

The results demonstrated that the most effective physical
urface treatment was coating with Nylon-6 nanofibers. This
reatment resulted in a greater volume of filtered wax and a
igher degree of purification.

.  Conclusions

he Nylon-6 nanofibers produced with the Forcespinning
®

quipment were long and homogeneous, and presented high
hermal resistance. The optimal conditions for the filtration
e and (B) after the filtration process.

experiments, determined using experimental design, were a
temperature of 170 ◦C and pressure of 2.5 bar. Comparison of
the use of untreated, singed, and nanofiber-coated filter media
for the filtration of crude wax confirmed the superior perfor-
mance of the nanofiber-coated filter medium, with a filtered
volume of wax of 5.39 × 10−5 m3 and 99.6% retention of impu-
rities. The physical treatment of filter media by coating with
nanofibers is a promising technology that could be employed
in larger-scale trials to evaluate potential applications of these
systems.
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