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A B S T R A C T   

Activated carbon nanofiber nonwoven (ACNFN) has the potential for being high capacity and throughput sorbent 
for a variety of contaminants in water due to high porosity and permeability, respectively. In this work, we 
explore the removal of emulsified oil from water using ACNFNs in both a batch and flow-through mode. The 
ACNFNs were prepared by pyrolysis of electrospun polyacrylonitrile and characterized for specific surface area, 
hydrophobicity, and mechanical strength. The ACNFNs exhibit a removal efficiency of up to 95% in batch mode 
and outperform our control tests with non-activated carbon nanofiber nonwoven and a commercial granular 
activated carbon. Adsorption tests in a flow-through mode demonstrated characteristic breakthrough behavior 
with subsequent clogging. Removal efficiency increased with the thickness of the mat and with prolonged 
operation due to ripening.   

1. Introduction 

Oily wastewater is a common discharge from petroleum refineries 
[1,2], manufacturing plants [3], mining, and metal-processing in-
dustries [4]. These waters threaten terrestrial and aquatic ecosystems 
due to their toxicity and low rate of oil degradation [5,6]. These 
wastewaters contain oil in three general classifications based on the size 
of the oil droplet (dp): free-floating oil (dp > 150 μm), dispersed oil (150 
μm > dp > 20 μm) and emulsions (dp < 20 μm) [7,8]. Free-floating and 
dispersed oil can be removed with relative ease using conventional 
methods including gravity separation, skimming, air flotation, centri-
fugation, and coagulation and flocculation [9–11]. These methods, 
however, struggle to effectively remove stable emulsions [12,13]. 

An adsorption is a common approach to removing emulsions from 
wastewater [8,14]. A variety of sorbent materials have been considered 
for emulsified oil removal, including biomaterials [15], coal [16], barley 
straw [17], silica aerogel [18] bentonite [19], meshed corncobs [20], 
and carbon [21]. Commercially available activated carbon, in powder or 
granular form, is widely used as an adsorbent to remove a range of 
pollutants, including oil [22]. However, for oil, such activated carbons 
have shown slow adsorption kinetics and limited oil removal capacity 
[8,23]. This can be explained by the large diameter of oil droplets 

compared to the diameter of pores of activated carbon, resulting in 
blocking of the pores and preventing further adsorption of oil droplets 
[24]. Favorable adsorption behavior can be achieved by optimizing the 
porous structure [25] and ensuring surface hydrophobicity [18], though 
increasing pore size will reduce specific surface area. 

Activated carbon nanofiber nonwoven (ACNFN) is a form of acti-
vated carbon that is attracting increasing attention as a sorbent due to its 
highly accessible specific surface area combined with its nonwoven form 
factor [26]. ACNFNs can be fabricated through the pyrolysis of elec-
trospun nanofibers. The use of electrospinning offers a degree of cus-
tomization as mat and fiber properties are readily tailored to the end-use 
[27]. Polyacrylonitrile (PAN) is one of the most widely used precursor 
materials. Also used to produce some conventional carbon fibers, PAN 
pyrolysis produces a high carbon yield and is known for its thermal 
stability [28]. 

A series of thermal treatments convert a PAN nanofiber mat into 
ACNFN [28–30]. The general sequence includes stabilization (usually in 
air) [31], carbonization (inert atmosphere) [32], and activation (using 
oxidizing agent or water) [33]. The produced activated carbon nano-
fiber (ACNFN) has a high specific surface area and hierarchical porous 
structure [34,35]. The mat has a high macro-porosity which allows 
convective flow while the small fibers are mesoporous, providing high 
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surface area. The small fibers combined with the accessibility of the fiber 
surface to convective flow reduce diffusion path lengths and improve the 
rate and capacity of adsorption [28]. 

ACNFN has been considered in gas phase adsorption. The adsorption 
of toluene [36], gaseous formaldehyde [37], other volatile organic 
compounds (VOCs) [29], and the treatment of toxic industrial gas [38] 
have all been demonstrated. The rigidity and brittleness of ACNFNs [39, 
40] are common drawbacks of the material and are the reason to be 
cautious when considering the material for aqueous systems. 

Recently, we reported the optimized fabrication conditions to obtain 
ACNFN with good mechanical strength, a high specific surface area, and 
a high hydrophobicity in nonwoven structures. This is aided by the fact 
that ACNFNs (and nanofiber nonwovens in general) have exceptional 
hydraulic permeability that enable their use in applications that require 
integrated or flexible sorbents [35]. Here, we describe the emulsified oil 
adsorption capacity and rate of such ACNFNs using a batch test. The 
effects of the initial oil concentration and the agitating speed on 
adsorption performance are studied in detail. A comparison is made 
between the performance of the ACNFNs, CNFNs and a commercial 
granular activated carbon (GAC) adsorbent. Our belief was that CNFNs 
had better assessable surfaces than GAC and that assessability ACNF has 
accessible surface areas that match PAC and the permeability of GAC. 
Then, ACNFN mats were applied in a flow-system for oil removal from 
water. The results showed that the oil removed by adsorption on and in 
the fibers itself and size exclusion by the open spaces between the fibers. 

2. Materials and methods 

2.1. Materials 

Petroleum oil (18% aromatics basis, B.pt (180–220) oC) was pur-
chased from Sigma-Polyacrylonitrile (PAN) powder was purchased from 
Scientific Polymer Products Inc. (MW avg. 150,000). Dimethylforma-
mide (DMF) was purchased from Acros Organics. For comparison pur-
poses, Granular Activated Carbon (GAC) was used in this study as a 
commercial adsorbent. GAC (Pfaltz and Bauer) was ordered from Fisher 
Scientific. 

2.1.1. Fabrication of nonwovens 
Polyacrylonitrile (PAN) and dimethylformamide (DMF) were mixed 

to prepare 14 wt % PAN in DMF solutions, under constant stirring at 60 
�C for 2 h. The solution was dispensed using a syringe pump (KD Sci-
entific), at a constant rate of 1 cc/h from a 20 gauge blunt-end needle. 
The collector was a grounded drum rotating at 70 rpm. The needle to 
collector distance was 18 cm and the applied voltage difference between 
needle and collector was 22–24 kV. 

The electrospun nonwoven precursor was then stabilized in air at 
280 �C for 1 h in a muffle furnace (Carbolite), followed by a carbon-
ization step in a tube furnace (Lindberg Blue M, Thermo Scientific) at 
600 �C for 2 h in an inert nitrogen atmosphere to make carbon nanofiber 
nonwoven (CNFN). The ramp rate was 1 �C/min for stabilization and 3 
�C/min for carbonization. Activated carbon nanofiber nonwovens 
(ACNFNs) were produced by exposing the CNFN to 1 g/min of steam in 
an inert nitrogen atmosphere at 750 �C for 1 h in the same furnace. The 
ramp rate for activation was 5 �C/min. 

2.1.2. Preparation of the emulsion 
Petroleum oil was used to prepare synthetic oily wastewater. Pe-

troleum oil was added to 500 mL of distilled water to make mixtures of 
100, 500, and 1000 mg/l. The mixture was emulsified in a high-speed 
blender (Waring Two-Speed Blenders) at 24000 rpm for 8 min, at 
room temperature. Emulsions were prepared with three different pe-
troleum oil concentrations: 100, 500, and 1000 mg/L. 

Emulsion stability was measured to ensure a reasonably constant 
emulsion size during the handling of the emulsion. Droplets’ size dis-
tributions of the prepared emulsions were evaluated by laser light 

scattering using a submicron Particle Sizer (NICOMP, Santa Barbara, 
California, USA). The measurements were assessed at different time 
intervals from preparation (1, 2, and 6 h) for all oil concentrations. The 
total measurement time for each sample was 10 min. 

Oil concentrations were measured using UV/Vis spectrophotometer 
(Thermo Scientific Genesys 10S) at a wavelength of 260 nm. The vis-
cosity and refractive index of the samples were measured at 25 �C using 
Brookfield viscometer (LVDV-I Prime Cone/Plate) and Refractometer 
(Bausch and Lomb Abbe), respectively. 

2.1.3. Nonwovens characterization 
Scanning electron microscopy (SEM) images of ACNFN samples were 

obtained before and after tests using field emission scanning electron 
microscopy (FESEM, JEOL 6335F) to determine the surface morphology. 
The average fiber diameter of fifty individual fibers imaged was 
measured using Image J software (National Institutes of Health, USA). 

Nitrogen adsorption/desorption isotherms of the adsorbent samples 
were obtained using the Physisorption Analyzer (Micromeritics Instru-
ment Corporation). The specific surface area of each sample was 
calculated through the application of the BET model. For carbon mate-
rials, the surface hydrophobicity was determined by measuring their 
contact angle with water, using a CAM 101 series contact angle goni-
ometer. The average of ten measurements was taken, with a water 
droplet volume of 5 � 0.5 μL. 

2.2. Emulsified oil removal experiments 

2.2.1. Batch experiments 
Batch oil adsorption tests were conducted by placing 0.1 g (a rect-

angular sample of dimensions 4 cm � 2 cm) of adsorbent material into 
250 mL synthetic emulsified oil at room temperature. The solutions were 
stirred by a magnetic stirrer at a rate of 100, 200, and 300 rpm. A cover 
was used over the stir bar to prevent the sample from coming into direct 
contact with the stir bar. 

Control experiments (without using adsorbent) were conducted to 
ensure that a decrease in oil concentration was not caused by instability 
of the emulsion during the experiments or adsorption onto the glass. Oil 
concentrations of 100, 500, and 1000 mg/L were used. 

Adsorption performance of the ACNFNs was compared with equiv-
alent masses of CNFNs (and GACs. The initial pH was 7.3 for all 
solutions. 

2.2.2. Flow-through experiments 
A schematic diagram of the experimental setup used to remove 

emulsified oil from water by the fabricated membranes is shown in 
Fig. 1. The setup consisted of a separating module that would hold small 
coupon stacks of the ACNFN, a syringe pump, mixer, pressure gauge and 
a UV detector with a flow-through cell to detect the variation of oil 
concentration over time. As shown in Fig. 2, the separating module 
included two custom-designed conical pieces designed to hold the 
nonwoven membrane layers in the system (the thickness of each layer 

Fig. 1. Schematic diagram of the flow-through system.  
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was 200 μm). The flow-through module was designed as two mirrored 
pieces. The pieces to assemble the module incorporated a mesh to sup-
port the ACNFN and an o-ring channel to seal around the material. The 
two pieces of the module were designed in Solid works and printed on 
Form 1 stereolithographic 3D printer (Formlabs, Somerville, USA). Form 
1 has used a laser to cure a proprietary resin consisting of a photo-
initiator and acrylic oligomers. 

The nonwoven membrane mats were cut into 3.8 cm discs to fit the 
designed holder. The effective area of the nonwoven membrane was 7 
cm2. The feed solution was continuously mixed throughout the 

experiment using an agitating tank at a stirring speed of 500 rpm to 
avoid the destabilization of the oil droplets during the experiments. A 
syringe pump (KD Scientific) was used to deliver the emulsion at a 
constant rate. The outlet solution was sent to a UV detector which is 
connected to a computer to monitor the oil concentration. 

3. Results and discussion 

3.1. Nonwovens characterization 

The surface morphology and corresponding fiber-size distributions 
of 14 wt % PAN-based nonwoven precursor, CNFN and ACNFN mem-
branes are shown in Fig. 3(a–c), respectively. The range of fiber-size 
distributions and the average fiber size decreased during carboniza-
tion and activation. This is consistent with previous work [33,39,41] 
and is related to weight loss during activation. 

The precursor nanofibers exhibited a range of diameters between 
430 and 700 nm (Fig. 3 a). The CNFN morphology and showed a sig-
nificant reduction in fiber size (Fig. 3 b). The reduction in size is due to 
gases (e.g. H2O, N2, and HCN) evolving from the polymer during carbon 
cyclization [33,39]. Further reduction in fiber size during activation 
occurs as steam reacts with the carbon, releasing CO and H2 and creating 
“defects” on the surface [34]. 

Table 1 and 2 presents the contact angle and the specific surface area 

Fig. 2. Images of the separating module.  

Fig. 3. The SEM images and fiber size distribution of 14 wt % PAN based (a) Electrospun Precursor, (b) CNFN, and (c) ACNFN. (n ¼ 50).  
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of the nonwoven membranes at various stages in their fabrication. The 
PAN-based precursor membrane has a hydrophilic surface and small 
specific surface area. The surface of the CNFN is hydrophobic due to the 
increase in carbon content, and the specific surface area increases 
slightly due to the release of gasses and the loss of non-carbon elements. 
Steam activation induces small defects in the pore structure, which in-
creases the specific surface area. Steam activation also introduces hy-
droxyl groups onto the surface which increases hydrophilicity [39]. 

Fig. 4 depicts typical N2 adsorption/desorption isotherms for the 
carbon-based adsorbents. The CNFN sample shows an increase in N2 
adsorption as the relative pressure (P/P0) increases. This is referred to as 
type II adsorption according to the IUPAC classification [42]. Most of the 
nitrogen adsorption on GAC occurs at a low relative pressure (P/P0 <

0.1), and a long plateau appears at higher relative pressures. This is 
referred to as Type I sorption and is characteristic for micro-porous 
materials (pore size < 2 nm). The adsorption isotherm of ACNFN 
shows moderate N2 adsorption at P/P0 < 0.1 and a continuous increase 
of N2 adsorption along with the enlarged over the region of 0.1 < P/P0 <

0.9, suggesting the presence of both microporous and mesoporous in 
ACNFN which was consistent with previous work [39]. 

The specific surface area and the contact angle of each used adsor-
bent are presented in Table 1. The high contact angle of the CNFN in-
dicates a surface hydrophobicity. After steam activation, the ACNFN 
surface exhibits a lower hydrophobicity. This is attributed to the 
increased oxygen content of the material added during exposure to high- 
temperature steam [39,43,44]. As compared to the GAC the hydro-
phobicity of both the CNFN and ACNFN is high. This is due to the dif-
ferences in the surface hierarchical structures [37]. 

3.2. Emulsion characterization 

Fig. 5 presents the histograms of the oil droplets size distribution of 
emulsions over time. The histogram divides the particle counts into 
discrete size ranges along the horizontal axis. The height of each vertical 
bar corresponds to the volume percentage of oil droplets in each range. 
The histograms of the emulsion confirm the successful preparation of an 
emulsion without the use of an emulsifier. The average droplet size is 
less than 6 μm and remains below this value for more than 6 h. This 
indicates that the oil in water mixture produced in our experiments can 
be classified as emulsions. 

3.3. Oil removal dynamic study 

3.3.1. Effect of initial oil concentration 
Fig. 6 a shows the removal of emulsified oil by ACNFN as a function 

of time, at 25 �C, at different initial oil concentrations. For the various 
initial oil concentrations, the plots show increasing oil adsorption over 
time. For short times, the change of the normalized concentration in 
time is similar to the three oil concentrations. This would imply that the 
kinetics of the process are roughly first order in the oil concentration (ln 
(c/c0) ~ (-k.t), with k the overall rate constant). Indeed, for all three 
emulsions the ln(c/c0) versus ~ (-k.t) (Fig. 6 b) gives a straight line with 
slope k¼ (1.5 þ 1)*10� 4 s� 1. For low concentration, this linear relation 
persists for up to 4 h. For the highest initial concentration of 1000 mg/L, 
a deviation of the linear trend is observed, which is attributed to satu-
ration of the adsorbent material, and a more pronounced shift to larger 
droplet sizes for the more concentrated oil in water emulsions (Fig. 7). 

First-order kinetics of sorption processes have been observed frequently 
by others, see e.g., Refs. [21,45]. In our study, the reason can be external 
mass transport resistance, from the liquid bulk towards the surface (of 
the individual fibers) in the ACNFN, even at the high stirring speed that 
was applied. 

3.3.2. Effect of stirrer speed 
Fig. 8(a–c) depicts the effect of the stirring speed on the oil removal 

rate. Clearly, the rate of oil removal increases with increasing stirrer 
speed. The same behavior was noticed by Ref. [20] for oil adsorption 
using meshed corncobs. It confirms that external mass transport resis-
tance has a pronounced effect on the kinetics of the adsorption process. 
An increase in the stirrer speed corresponds to an increase in the Rey-
nolds number, which is well-known to result in an increase in the 
Sherwood number and hence in the mass transfer coefficient. In the 
batch set-up used in this study, the stirrer speed could not be increased 
further, implying that the kinetics of oil removal is dictated by the 
process conditions rather than by the inherent kinetics of the sorption of 
oil into the nano-sized pores of the ACNFN. 

Table 1 
Specific surface areas and contact angles of the membranes tested.  

Membrane type Specific surface area (m2/g) Contact angle (o) 

Preursor 7 � 2 80 � 5 
CNFN 15 � 5 135 � 2 
ACNFN 520 � 20 120 � 3 
GAC 260 þ 10 25 � 3  

Table 2 
SEM images of the various membrane materials after their use in the flow- 
through system for oil removal at room temperature (25 �C). The inlet flow oil 
concentration was 500 mg/L, inlet flow rate was 400 mL/h and eight membrane 
layers were used.   

Feed side Permeate side 

Precursor 

CNFN 

ACNFN 

Fig. 4. Nitrogen adsorption isotherms of ACNFN, GAC, and CNFN from 
BET analysis. 
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3.3.3. Effect of adsorbent type 
Fig. 9 represents the oil removal efficiency of an ACNFN when 

compared with a CNFN and GAC. The adsorbents show different oil 
removal rates and capacities. The GAC displays a low rate of oil removal, 
in spite of its relatively high surface area. This behavior has been asso-
ciated with the hydrophilicity of the pore surface of the GAC, which 
would favor the formation of “water clusters” that block some of the 
pores [46]. The rate of oil uptake of the CNFN and GAC are similar for 
the first ~4 h. After this, the rate of oil removal appears to increase for 
the CNFN. This is attributed to the more hydrophobic surface charac-
teristics of the CNFN, which implies a higher affinity of oil for this 
surface and prevents the formation of water clusters. For the ACNFN, the 
kinetics are limited by external mass transport resistances. 

Consequently, the oil removal rate is first order in the oil concentration, 
and much faster than observed for the other adsorbents, With the 
ACNFN, ~20% of the emulsified oil was removed within in 2 h. 

3.4. Flow through adsorption performance 

3.4.1. Effect of membrane material 
Fig. 10 a shows the removal of emulsified oil as a function of time 

using eight layers of the PAN-based precursor, CNFN and ACNFN mats in 
a flow-through system using an influent emulsion flow rate of 400 mL/h. 
The corresponding pressure drop in the system is shown in Fig. 10 b. 
Table 2 shows SEM images of both sides of the first layer of the mem-
branes used for oil removal. 

Fig. 5. Evolution of the droplet size distributions and average droplet size of 
emulsions (500 mg/L oil) at 25 �C. 

Fig. 6. The effects of the initial oil concentration on (a) oil removal percentage, and (b) the kinetics of the adsorption process. All experiments were done at 25 �C, 
the mixing rate was 300 rpm, the ACNFN dose was 100 mg, and the emulsion volume was 250 mL. 

Fig. 7. Oil drop size distribution and average droplets size for different oil 
concentration emulsions after 1 h of preparation, at 25 �C. 
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The PAN-based precursor nonwoven membrane decreased the con-
centration of the permeate oil to half that in the influent stream, which 
continued to decrease during the experiment. The pressure drop through 
the module increased over time (Fig. 10 b). This suggests that clogging is 
occurring and this is confirmed in Table 2. This phenomenon may have 
been exacerbated by the coalescence of oil droplets at the surface of the 
nonwoven as they attempted to move through the matrix. 

The CNFN behaved differently. In the permeate, the concentration of 
the oil e was initially quite low, then increased over 15 min, and then 

decreased. This characteristic breakthrough curve suggested adsorption 
of oil and then breakthrough, but then coalescence of oil and clogging. 
The same behavior was seen for the ACNFN, which exhibited even better 
oil removal and prevented breakthrough for a longer period. 

This behavior can be explained based on the removal mechanisms. 
The precursor simply removes the oil by coalescence and surface 
screening. This means that as oil droplets coalesce, they grow in size and 
the nonwoven screens them at the feed surface. As the PAN fibers clogs, 
the effective pore size of the nonwoven decreases and the fiber becomes 
more size-selective. This is a type of filter ripening effect and is indicated 
by the increased pressure drop across the fiber mat during the test 
(Fig. 10 b). There may be some adsorption on the PAN fibers as well, 
though the hydrophilicity of the material would make that less likely (or 
have less effect) than the more hydrophobic carbon materials. 

With more hydrophobic materials, we can expect that the wicking of 
the oil into the fiber matrix would occur. This wicking produces the 
breakthrough effect noted in the first hour of the test for both materials. 
Eventually, the fiber is overwhelmed with oil and begins to clog, causing 
the oil removal mechanism to shift from adsorption to size exclusion as 
the effective pore sizes drop. This behavior is enhanced by the ACNFN 
mesoporosity, which allows for the adsorption of oil into the individual 
fibers. The increased capacity for oil adsorption enables a longer 
breakthrough event prior to nonwoven clogging and pore size shrinkage. 
The lower propensity to clog for both CNFN and ACNFN is also 
demonstrated in the lower pressure drop across the mat for both mate-
rials (Fig. 10 b). Table 2 would also suggest that even for these materials, 
most of the clogging occurs in the upper layers of the nonwoven. 

Fig. 8. The effect of the rotating speed on the adsorption process. All experiments were done at 25 �C, the initial oil concentration was 500 mg/L, the ACNFN dose 
was 100 mg, and the solution volume 250 mL. 

Fig. 9. Effect of adsorbent type on the adsorption effectivity. All experiments 
were done at 25 �C, mixing rate was 300 rpm, initial oil concentration was 500 
mg/L, ACNFN dose was 100 mg, and solution volume was 250 mL. 
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3.4.2. Effect of membrane thicknesses 
The effect of the number of the nonwoven precursor, CNFN and 

ACNFN layers on the efficiency of oil removal is shown in Fig. 11(a–c), 
respectively. Using fewer layers of the precursor membrane had no 
obvious effect on the oil concentration in the effluent. This is due to the 
fact that oil drops were removed by size exclusion on the top of the first 
layer, so subsequent layers played a little roll in removal. The number of 
nonwoven layers of the CNFN and ACNFN membranes, however, had a 
clear effect on the amount of oil in the permeate stream. Since adsorp-
tion mechanisms were in part responsible for oil removal, thicker non-
wovens provided more material for adsorption and longer residence 
times to adsorb. Activation of the carbon had a modest effect on effluent 
quality as more surface area provided more adsorption area for oil 
removal. In this case, while breakthrough occurred relatively quickly, 
the permeate oil concentration was substantially lower than that exiting 
the CNFN material. We note that these experiments lasted 2 h, over 
which the emulsion droplet size changed modestly. 

3.4.3. Effect of flow rate of the inlet solution 
The effect of influent flow rate on the removal of emulsified oil 

droplets by eight layers of ACNFN membrane mats at an inlet oil con-
centration of 500 mg/L using various influent flow rates (50, 100 and 
400 mL/h) is shown in Fig. 12. ACNFN membranes removed emulsified 
oil droplets by a combination of two mechanisms (adsorption and size 
exclusion) until the adsorption sites were fully saturated. Removal 
peaked at this point, and the oil concentration then decreased due to the 
size exclusion of oil droplets on the top surface of the membrane. 

Decreasing the flow rate had a substantial effect on the concentration of 
permeate oil and on the time required to reach the peak (Fig. 12 a). The 
contact time between the oil droplets and the adsorption sites increased 
by decreasing the inlet flow rate, leading to an Table 1 increase in oil 
removal by adsorption. 

The slope of the breakthrough curve increased with a volumetric 
inlet flow rate, reaching the peak faster than with the other flow rates. 

Fig. 10. (a) Oil removal performance of the various membrane materials used 
in this study. (b) Pressure drop in the system for the various membranes. The 
inlet flow oil concentration was 500 mg/L, inlet flow rate was 400 ml/h and 
eight membrane layers were used. 

Fig. 11. Effect of layer number on oil removal using a) ACNFN, b) CNFN and c) 
precursor membranes. Inlet oil concentration was 500 mg/L, and Inlet flow rate 
was 400 mL/h. 
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The residence time of the emulsified oil droplets among the nanofibers 
was too short for occupying all the adsorption sites. Oil droplets accu-
mulated quickly on the surface of the ACNFN mat, creating a distinct 
layer of oil on the top layer. The contact time between the adsorbate and 
the adsorbent was thus minimized, leading to an earlier peak, increasing 
the flow rate and reducing the time for saturation. 

The variation of concentration of the permeate oil with the treated 
volume of the emulsion is shown in Fig. 12 b. Treating the same volume 
of solution at a higher flow rate increased the oil concentration in the 
permeate flow due to a decrease in adsorption. Decreasing the inlet flow 
rate, however, increased the time needed for adsorption and enhanced 
oil removal. 

4. Conclusions 

In this work, it has been demonstrated that PAN based electrospun 
ACNFN can be used for emulsified oil adsorption from oily wastewater. 
The ACNFN has unique surface properties and exhibits a high rate of, 
and capacity for, oil removal. It has a high specific surface area, meso-
porous structure, and high hydrophobicity. In batch experiments, the 
initial oil removal rate is roughly first order in the oil concentration, and 
strongly dependent on the stirrer speed. This implies that the inherent 
oil sorption kinetics of the ACNFN are fast as compared to the external 
mass transport resistances. The results show additional adsorption of 
(aggregated) oil droplets on the outside of the fibers in the ACNFN, in 
addition to the uptake of oil in the nano-sized pores of the fibers. The 
results imply that the ACNFN allows for much faster removal of larger 

amounts of oil from oil-water emulsions, as compared to other 
(commercially available) forms of activated carbon. The authors 
acknowledge that this study neglects to discuss the cost of the materials 
relative to one another. ACNFN is likely to be an expensive sorbent 
material compared to GAC. That said, it is producible at-scale and also 
offers unique adsorption properties that might relegate it to specialty 
adsorption applications where more expensive materials can be justified 
so long as their performance is improved. 
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