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HIGHLIGHTS:

Efficient sludge nanocomposites(SNCs) fabricated from sludge biomass.

The SNCs enhanced BisphenolA removal.

Surface modification processes displayed crystallinity and good surface textures.

The presence of SNC-HD solid exhibit highest photocatalyticactivity.

ABSTRACT

The enhanced oxidative potential of sludge carbon/TiOznanocomposites (SNCs), applied as
heterogeneous catalysts in advanced oxidation processes(AOPs), was studied. Fabrification of
efficient SNCs using different methods and successful evaluation of their catalytic oxidative
activity is reported for the first time. Surface modification processes of hydrothermal deposition,

chemical treatment and sol-gel solution resulted in improved catalytic activity and good surface



chemistry of the SNCs. The solids obtained after chemical treatment and hydrothermal
deposition processes exhibit excellent crystallinity and photocatalytic activity. The highest
photocatalytic rate was obtained for the material prepared using hydrothermal deposition
technique, compared to other nanocomposites. Further, improved removal of bisphenol A (BPA)
from aqueous phase by means of catalytic ozonation and catalytic wet air oxidation processes is
achieved over the solid synthesized using chemical treatment method. The present results
demonstrate that the addition of TiO,0n the surface of sludge carbon (SC) increases catalytic
oxidative activity of SNCs. The latter produced from harmful sludge materials can be therefore
used as cost-effective and efficient sludge derived catalysts for the removal of hazardous

pollutants.

Keywords:sludge carbons; wastewater treatment; nano composites; fabrication process; catalytic
oxidative reaction

1. Introduction

In recent years, titanium dioxide (TiO;) nano materials have been successfully applied in many
environmental treatment applications. TiO,nano materials have great practical importance due to
their high stability, non toxicity, biocompatibility and useful properties for applications in
photoreactions, semi conductors, solar cells and electro chemistry [1-2], but still suffer due to the
low efficiency, high cost and short irradiation range. Generally, TiO; assisted nanomaterials are
produced by different methods, including hydrothermal synthesis, chemical treatment, sol-gel
solution and vapor phase deposition [3-6]. There have been many research reports of TiO,nano
materials (e.g., nanotubes, nanowires, nanorods, nanofibres and nanoclusters) that exhibit high

surface area, good surface textures and excellent catalytic activity [7-11].



A landmark review reported on the carbon-titanium based photocatalysts that are fabricated with
various supporting materials, including activated carbon, fullerene (60) and graphene[12].
Among them, activated carbons (AC) perform better in several environmental treatment
applications such as photoreaction, ozonation and heterogeneous catalyzed reactions [13]. Due to
the economic benefits, many researchers have been gearing up on the development of cost-
effective and low toxicity catalysts from waste biomass [14]. Only few studies have reported
TiO, deposited on the activated carbons for the removal of hazardous pollutants from water and
wastewaters [15-18]. Li et al. recently reviewed various aspects of titaniumdioxide supported
activated carbon, including, preparation andmechanism of photo catalytic reaction [19]. The
photo degradation of wastewater using TiO,—AC fibers has reported [20]. Yu et al studied the
adsorption and photo catalytic removal of azodye using TiO,-carbon nanotubes [21].Doong and
Chiang have reported the removal of organic compounds and heavy metals using titaniate-carbon
nanotubes composites [22]. These activated carbon based nano materials have vouched for the

cost-effective and good treatment methods to many environmental treatment applications.

On the other hand, the amount of sludge solid residues is increasing day by day due to the
urbanization and industrialization, and such wastes are available at zero cost. These materials are
rich in carbonaceous content, and consist of organic and inorganic compounds as well as small
quantity of nutrients. Huge amounts of sludge waste materials cause disposal problems and are
considered as one of the most costly and challengeable tasks in wastewater treatment plants
(WWTPs) [23]. These sludge solid materials can be for instance converted into useful catalyst
supporting materials that could be utilized for the treatment of hazardous compounds found in

the environment.



In this study, sludge carbon/TiOznano composites (SNCs) were fabricated using different
preparation methods such as chemical treatment (CT), hydrothermal deposition (HD) and sol-gel
solutions (SGS), and their catalytic activity was successfully evaluated in various advanced
oxidation processes (AOPs) for water treatment, such as catalytic ozonation, photocatalytic

oxidation and catalytic wet air oxidation.

BisphenolA (BPA) is an endocrine disrupting chemical (EDC) that has been extensively used in
chemical industry, food industry and pharmaceutical applications. The EDCs once introduced
into the aquatic environment exhibit high toxicity and estrogenic effects to living organisms [24-
25]. In the present study, model BPA aqueous solution was treated by the above-mentioned
AOPs utilizing the synthesized SNCs. The latter have shown high BET surface areas, and
subsequently enhanced the catalytic oxidative removal of BPA. Additionally, the sludge carbon
DS800 sample itself shows significant catalytic activity that was even further improved after a
surface modification process. Based on these observations, one can produce a cheap and
effective nano composite from the harmful sludge materials for the environmental treatment

applications.

2. Experimental section

2.1 Fabrication of sludge nano composites
2.1.1 Preparation of DS800 sludge carbons

The slurry anaerobic sludge was dried in a furnace at 105 °C for 24 h. This material was soaked
in distilled water for 2 h and dried at 105 °C for 48 h. The resulting dried sludge (DS) material
was grinded and sieved approximately to mesh size ranges from 0.5 to 0.7 mm. 10 g of dried
sludge was placed in a quartz reactor (AFORA, Ref no: V59922) and carbonized at 800 °C for a
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fixed dwell time of 2 h. This material was washed several times with distilled water and then
grinded to very fine powder using a mortar and pestle. The powder sludge carbon was denoted as
DS800. The weight ratio of DS800 and TiOp,was maintained at 1:1 for all the fabrication

processes.

2.1.2 Chemical treatment

DS800 (1.0 g) and 1.0 g of TiO, P25 Degussa (Sigma-Aldrich) was added to 150 mL of 10
mol/L NaOH solution, then the solution was thoroughly mixed with ultrasonic homogenizer for
10 min. The solution was placed in a Teflon-lined autoclave, and hydrothermally treated at 130
°C for 24 h. The solid was cooled and divided into two equal portions. The first portion was
washed several times with Milli-Q water. The second portion was washed three times with 0.1
mol/L Hydrochloric acid solution and thoroughly washed with Milli-Q water. The final materials

were separated by centrifugation and freeze-dried.

2.1.3 Hydrothermal deposition

1.0 g of DS800 and 3.45 g of TiOSO4-H2S04-H20 (Sigma-Aldrich) were mixed in 100 mL of
Milli-Q water. The solution was thoroughly mixed with ultrasonic homogenizer for 10 min and
then the sample was placed in the Teflon-lined autoclave for 5 hours at 120 °C. The obtained
materials were thoroughly washed with Milli-Q water followed by centrifugation and the

obtained material was dried at 80 °C in air for 12 h.

2.1.4 Sol-gel solutions

66.8 mL of isopropanol (Sigma-Aldrich) was added to a 250 mL RB flask and then 3.70 mL of

Ti[OCH(CHj3),]4 (Merck) solution was carefully added drop wise to the mixture at vigorous



stirring conditions. Equal volume of water/nitric acid (65 %, Sigma-Aldrich) solution was added
drop wise to the mixture and refluxed at 80 °C under vigorous stirring for 60 min. After the
formation of a white precipitate 1.0 g of DS800 was added. This suspension was stirred at room
temperature for 180 min. The obtained material was separated by means of centrifugation and
dried at 80 °C in air for 12 h. To obtain the sludge nano composites, all the fabricated materials

were further calcinated at 300 °C in air for 60 min.
2.2  Characterization of nano composites

Micro structure images of nano composites were determined using scanning electron microscope
(SEM) and transmission electron microscopy (TEM). Elemental compositions of the nano
composites were analyzed by energy dispersive X-ray (EDX) spectrum (Inca system, Oxford
instruments) instrument. The Fourier transform infrared spectroscopy (FTIR) spectra were
recorded in Attenuated Total Reflectance(ATR) mode by using a Perkin Elmer spectrometer
(model Frontier) in the frequency range between 4000 to 400 cm™. The surface area of materials
was determined by measuring nitrogen adsorption and desorption isotherms at -196 °C
(Micromeritics, model Tristar 11 3020). BET (Brunauer—-Emmett—Teller) theory was applied in
order to calculate the specific surface area of materials. X-ray diffraction(XRD)diffractograms
were obtained using a D/max-ra X-ray diffract meter (Bruker-AXS D8- Discover diffractometer)
with CUK radiation at 40 kV and 40 mA over the 20 range of 5-70°. Diffuse reflectance UV-Vis
spectra were obtained using a Perkin-Elmer Lambda 35 spectrophotometer equipped with the
RSA-PE-19M Praying Mantis accessory. BPA conversions were monitored using a HPLC
instrument (Spectra System™), which operated in the isocratic analytical mode using 100 mm x
4.6 mm BSD Hypersil C12 2.4 um column with the flow rate of 0.5 mL/min and methanol:
ultrapure water of 70:30 (UV detection at A =210 nm).
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2.3.  Catalytic activity measurements

2.3.1. Ozonation reaction

Ozonation reaction was carried out in a batch reactor thermostated at 15 °C. The ozone/oxygen
mixture was used and flow was adjusted to 40 mL/min. 100 mg of SNCs material was
homogeneously dispersed in 500 mL of BPA solution (Co=10 mg/L) by an ultrasonic
homogenizer for 2 min. Before starting the experiment, the solution was stirred for 20 min in

order to avoid the initial adsorption effect of the nano composites.

2.3.2. Photocatalytic reaction

For the photocatalytic reaction, 31.3 mg of SNCs was dispersed in 250 mL of BPA solution. The
reactor unit was thermostated at T = 20 °C (Julabo, model F25), magnetically stirred (300 rpm)
and continuouslysparged with purified air (45 L/h). Initially, the mixture of solution was stirred
for 30 min (dark time) in order to establish the equilibrium of the sorption process.The
photocatalytic oxidation was carried out under the UV high-pressure mercury lamp (150 W, with

a maximum X at 365 nm)irradiation for 60 min.

2.3.3. Catalytic wet air oxidation

The catalytic wet air oxidation experiments were performed in a continuous-flow trickle-bed
reactor with catalyst loading of 300 mg at 200 °C, total pressure of 25.5 bar and oxygen partial
pressure equal to 10 bar. The aqueous solution of BPA (Cteq = 10 mg/L) was fed ([l = 0.5
mL/min) into the reactor unit by means of HPLC positive alternative displacement pump
(Gilson, model 307). Liquid-phase samples were collected at the reactor outlet by an automated

sampler at the regular time intervals, and the duration of the experiment was set to about 40 h.



3. Results and discussion

3.1.  Surface textures of nano composites

The fabricated SNCs were characterized using advanced techniques in order to examine their
structural configurations and morphologies. The micro structure of nano composites was
determined by scanning electron microscopy (SEM) and transmission electron microscopy
(TEM). The micro structure images of SNCs are presented in Figure 1. The surface of SNCs was
not uniform; further, they were highly impacted by the surface modifications process. Figures 1
A and B show the SEM images of SNCs prepared via chemical treatment (CT) through the water
and acid washing, denoted as (SNC-CT-W) and (SNC-CT-A), respectively; feather like
nanostructures with small bundle shape were obtained. The observation shows that the surface of
SNCs remains with little changes in the special arrangement after the acid washing process. The
structure of SNC-CT-A sample (Figure 1 B) confirms that theTiOyparticle aggregates have
densely appeared around the sludge carbon (SC) surface. On the images 3D flower like

structures are observed. TEM images of SNCs are shown in Figure 1.

TEM images of SNC-CT-W (Figure 1 A2, A3) and SNC-CT-A (Figure 1 B2, B3) samples
show the dark spots with spindle shape covered throughout the surface. The formation of SNCs
using chemical treatment forms 3D flower like structures and a facial arrangement is clearly

visible. The impurities of sludge carbon and amorphous carbon are also observed.

(Figure 1)

Hydrothermally deposited materials (denoted as SNC-HD) exhibit small granular particle size
that are thickly arranged in surface. Similar composites were also obtained using the sol-gel
solution method. The growth of TiO, particles was not homogeneous in the SNCs. It can be
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concluded that the fabrication methods as well as precursors considerably influence the

properties of SNCs[26].

The SEM images of SNC-HD sample (Figure 1 C) show hard grained clusters and consist of
many ball-shaped nanoparticles over the surface. They are mostly nano particle sized and clearly
observed on the TEM image (Figure 1 C2 & C3). The SEM images of sol-gel developed SNCs,
denoted as SNC-SG, are shown in Figure 1 D. They show small ball-shaped size and densely

arranged surface (Figure 1 D2 & D3).

To obtain the sludge carbon DS800, sewage sludge was calcinated in the absence of air at 800 °C
for 2 h. The derived DS800 solid has hard surface and shows pores of different size, which can
hinder mass transfer and consequently decrease catalytic activity. The surface images of sludge

carbon (DS800) are shown in Figure 1S.

(Figure 1S)

Since the DS800 is originated from sewage sludge, it also contains impurities like organic,
inorganic and volatile compounds. EDX spectral analysis detected the elemental fraction of the
nano composites, which are mainly composed of TiO, and SC.The detection of metallic
titaniumfails in the SNC-SG material (Figure 2S), while lower amount of titanium was observed

in the SNC-HD solid.

(Figure 2S)

This is probably because of the growth mechanism of titanium particles utilizing the concerned
methods. On the contrary, high amount of titanium particles was detected for chemically treated

sludge nano composites.
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The microcrystallinity of the SNCs was determined using XRD analysis, and the derived
diffractograms are shown in Figure 1. The CT-W and CT-A materials (Figure 1 A1 & B1) are
composed mostly of rutile crystalline phase, and higher amount of anatase phase was observed
for the hydrothermally deposited solid (Figure 1 C1). In the case of sol-gel sample less anatase
crystalline phase was found (Figure 1 D1). The peaks at 25.4° correspond to the plane of anatase
phase in the SNC-HD solid. The peaks of rutile phase were detected at 27.5° for CTs samples.
The XRD examination of DS800 reveals the presence of amorphous carbon. Higher content of
quartz (26.8°), calcite (29.5°) and a lower amount of albite (28°) were detected in the DS800

sludge carbon (Figure 1S Al).

Results of surface porosity of SNCs are presented in Table 1. The BET specific surface area and
porosity were dramatically improved using different modification processes. BET specific
surface area of SNC-HD material (309 m?g) was quite higher in comparison to other SNCs.
Lower BET surface area was measured for the SNC-CT-W material (3.0 m?g), which is
probably due to the sodium salts accumulated in the pore cavities. Physiochemical properties
such as surface area, crystallinity and functional groups were enhanced the oxidative catalytic

reactions[27].
(Table 1)

The surface porosity of the samples fabricated using hydrothermal and a sol-gel solution process
is highly enhanced. The total pore volume of nano composites was in the range of 0.01-0.39
cm®/g. The pore diameters of SNCs were in the range of 2.9-22.1 nm. Better porosity and the

higher surface area could enhance the adsorption of BPA molecule.
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The UV-Vis diffuse reflectance spectra of SNCs are shown in Figure 2 A. These results were
almost similar, but quite different from spectra of DS800 sludge carbon and commercial TiO,
P25 sample. The SNCs exhibit an intense absorbance below 350-400 nm. The absorbance
spectra of SNCs reasonably show a combination of features seen in the spectra of DS800 sludge

carbon and TiO; P25 (commercial sample from Degussa) nano particles.

FTIR/ATR spectra illustrated in Figure 2 B give information about functional groups present on
the surface of solids. The main vibrations for sludge carbon DS800 are observed at 1000 cm™,
which is related to Si-O vibration. Another major peak is observed at 1500 cm™ for the SNCs
material that could be attributed to stretching of aromatic compounds. The band at 1612 cm™
appeared for SNCs, which is related to vibration of quinine and -C=0 group. There are two
peaks (in the range of 1000-1300 cm™) observed for SNCs associated to C-O stretching band of
ethers. After the treatment process, oxygenated functional groups peaks are significantly
reduced. The chemical groups present in the SNCs are mostly belonging to aromatic and

aliphatic compounds.
(Figure 2)

The nitrogen adsorption/desorption isotherms of SNCs are shown in Figure 2C. It can be seen
that the SNCs follow hysteresis cycles that are closely related to type IV adsorption isotherms.
The SNC-HD isotherms are quite different from the other fabricated materials, since they exhibit

a large hysteresis loop, associated to meso porosity.

The results of thermal reduction of SNCs are shown in Figure 3. This thermal study leads to an
observation that novel SNCs had better thermal stability, which was further supported by the

results obtained in the continuous-flow catalytic wet air oxidation process conducted at elevated
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temperature. The higher weight loss for DS800 sludge carbon was observed at 500 °C. The major
weight loss for the SNC-CT-A solid was observed at 450 °C (Figure 3 C). A weak weight loss
was also observed at 550 and 500 °C for SNC-HD (Figure 3 D) and SNC-SG (Figure 3 E)
samples, respectively. The weight losses are mainly attributed to the removal of surface adsorbed
compounds and their derivates in the SNCs.Based on the surface texture results indicate that
there is a strong interaction of titanium oxide and sludge carbon. Our findings are supported with

the results reported [28-29].

(Figure 3)

3.2. Environmental wastewaters applications

3.2.1 Photocatalytic reaction

Figure 4A shows the photocatalytic activity of SNCs and sludge carbon for the removal of BPA
from aqueous solution. Under the photoreaction in a period of 60 minutes, the SNC-HD particles
were able to remove nearly 36 % of BPA from the solution. Photocatalytic activity of SNC-HD

solid was obviously higher than of other nano composites.

(Figure 4)

BPA removal rate by using DS800 sludge carbon was very low compared to the other SNCs.
DS800 material is obviously not a self-photocatalytic material under the UV irradiation range.
The photoactivity of SNC-SG and SNC-CT-A materials was low, probably due to the lack of
electron exchange over the sludge carbon matrix. Complete BPA removal in the presence of

TiO, P25 sample was observed in the same period (Figure 3S).

(Figure 3S)
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Only 27 % of BPA removal was measured over the SNC-CT-W solid. The results revealed that
the SNC-HD material was the best candidate for the photocatalytic removal of emerging
pollutant. The observation that the hydrothermal deposition conditions lead to the formation of

more anatase phase, might favor the photocatalytic reaction[16].

The surface textures of the nano composites play a major role in the photocatalytic oxidation of
BPA in the reactor system. Enhancement of photocatalytic activity of SNCs under UV light can
be due to the surface chemistry, surface area, presence of oxygen and functional groups, such as
quinine and carbonyl (detected in the FTIR/ATR spectra). On the basis of above surface
characteristic information, a possible photocatalytic mechanism of SNCs could be proposed. It is
suggested that the complex SNCs materials provide the sludge carbon-titanium oxide linkage
that extends the photocatalytic activity[15]. The specific characteristics of the SNCs enable that
(i) the sludge carbon serves as an electron carrier, and (ii) the number of holes and positive
charge build on TiO, surface[30].The electron carrier effects of SC contribute to avoid the
recombination of photoelectrons and valence-band holes, which in turn enhances the formation
of hydroxyl radicals and oxidation of liquid-dissolved BPA molecules. A mixture of SNCs and
BPA solution was initially run in dark for 30 min, and no observable decrease of BPA
concentration by adsorption was detected. This means that SNCs solids serve as photocatalysts to
enhance BPA removal. Figure 4B shows the schematic illustration of photocatalytic reaction

mechanism using SNCs.

3.2.2. Catalytic ozonation reaction

Figure 5A shows the removal of BPA in catalytic ozonation with SNCs and TiO,nano particles.

SNC-HD and SNC-CT-W materials enabled complete removal of BPA during the 60 min
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ozonation reaction. Complete BPA removal was achieved as well in the presence of commercial
TiO, P25 sample. In a short period of 5 min high BPA removal of 75, 71 and 67 % was achieved
for SNC-CT-A, SNC-CT-W and SNC-HD samples, respectively. While using TiO, P25, SNC-
SG and DS800 samples, these values were equal to 61, 57 and 49 %, respectively, in the same

time period (Figure 5B).

(Figure 5)

The SNCs as ozonation catalysts are shown to be more active in the removal of BPA from the
liquid phase. SNCs with basic surface properties and with large pores enhanced this ozonation
process. Suspensions of SNCs accelerate the decomposition of ozone, acting as initiators for the
chain reaction and the transformation of the ozone molecules into secondary oxidants, which can
react with adsorbed BPA molecules to form end products (Figure 5C). The surface textures of
the SNCs play an important role in the ozonation of BPA solution. The adsorption of BPA

solution could be strongly affected by the surface charge of nano composites[31].

3.2.3. Catalytic wet air oxidation

Figure 5D shows BPA conversions as a function of time on stream obtained in the presence of
SNCs examined in the continuous-flow catalytic wet air oxidation (CWAOQ) process. Removal of
BPA in the presence of SNC-CT-A solid was 96.4 %. For comparison, removal of BPA was 94.2
and 94.1 % for SNC-HD and SNC-SG samples, respectively. About 45 % BPA removal was
measured using low surface area silicon carbide (SiC) as a reference inert material (Figure 4S),

which is in good agreement with the results reported [32].

(Figure 45)
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This finding confirms that in the given range of experimental conditions BPA oxidation
undergoes both catalyzed as well as non-catalyzed oxidation routes. Further, high BPA removal
was attained using SNC-CT-A solid, compared to other materials. Based on this observation, the
presence of oxygenated groups in the SNCs and continuous sparging with oxygen (O_) accelerate
the formation of hydroxyl radicals (HO*), which can activate the BPA aromatic ring in order to
form end products. Figure 5E shows the schematic illustration of catalytic wet air oxidation.Our
new findings permit to imagine future research using products coming from the harmful waste
solids.The biggest strength of this research work is to utilize zero cost waste solids for the
removal Bisphenol-A by using advanced oxidation processes including, photocatalytic, catalytic
ozonation and catalytic wet air oxidation in order to obtain biodegradable products at

environmental acceptable conditions.

4, Conclusions

In summary, surface modification processes of hydrothermal deposition, chemical treatment and
sol-gel solution resulted in improved catalytic activity and good surface chemistry of the SNCs.
Materials obtained after chemical treatment and hydrothermal deposition processes displayed
crystallinity and photocatalytic activity. In this study, better removal of BPA was achieved over
the SNC-CT-A material in the catalytic ozonation and catalytic wet air oxidation reaction. The
highest photocatalytic efficiency was achieved in the presence of SNC-HD solid, compared to
other materials. Based on these observations, one can conclude that the addition of TiO, on the
surface of sludge carbon (SC) increases the mobility of charges, electro negativity and electro
affinities, which in turn enhances (photo)catalytic activity of these solids. Since the SNCs are

produced from harmful sludge materials, they can be therefore used as cost-effective and
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efficient biomass derived catalysts for the removal of hazardous pollutants from water and

wastewaters.
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FIGURES CAPTIONS

Figure 1. Scanning electron microscope (SEM) images of sludge nano composites fabricated

using different fabrication methods: chemical treatment after the washing with water (A), acid

(B), hydrothermal deposition (C), and sol-gel solution (D). X-ray diffraction (XRD) patterns of

sludge nano composites chemically treated after washing with water (Al), acid (Bl),

hydrothermal deposition (C1) and sol-gel solution (D1). TEM images of sludge nano composites

fabricated using chemical treatment after washing with water (A2 & A3), acid (B2 & B3),

hydrothermal deposition (C2 & C3) and sol-gel solution (D2 & D3).
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Figure 2. (A) UV-Vis diffuse reflectance spectra, (B) FTIR/ATR spectra, and (C) nitrogen
adsorption/desorption isotherms of fabricated sludge nano composites, sludge carbon DS800 and

TiO, P25 (Degussa).

Figure 3. Thermal reduction of sludge nano composites and sludge carbon DS800.

Figure 4. (A) Removal of BPA over sludge nano composites and sludge carbon DS800 during
the period of 60 min under UV light; (B) schematic illustration of photocatalytic reaction

mechanism using fabricated sludge nano composites.

Figure 5. (A) Ozonation reaction after 5 min using fabricated sludge nano composites, sludge
DS800 and P25 TiOy; (B) temporal course of ozonation reaction during the 60 min; (C) the
schematic representation of catalytic ozonation reaction mechanism; (D) removal of BPA in the
presence of sludge nano composites and sludge carbon DS800 obtained in the continuous-flow
catalytic wet air oxidation reaction carried out in the trickle-bed reactor; (E) the schematic

illustration of catalytic oxidation reaction mechanism.
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TABLE CAPTION

Table 1. Specific surface area (Sger), total pore volume (Vpore) and average pore width (dpore) Of

sludge nano composites and DS sludge carbon.
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Table 1

Sample SeeT Vpore Opore
(m’/g) (cm®/g) (nm)
DS800 74 0.09 50
SNC-CT-W 3.0 0.01 22.1
SNC-CT-A 173 0.36 8.5
SNC-HD 309 0.39 51
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ACCEPTED MANUSCRIPT

SNC-SGS 261 0.18 2.9
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