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ABSTRACT

Carbon nanosphere particles (CNs) were prepared from glucose using a controlled hydrothermal
and then used as fillers for polysulfone (PS) ultrafiltration (UF) membrane matrix. The prepared
CNs, PS, and polysulfone/carbon nanosphere (PS/CNs) composite UF membranes were character-
ized by scanning electron microscope, X-ray diffraction, and water contact angle. Methyl blue and
Rhodamine B dyes were used as feed solutions to elucidate the performance efficiency of the mem-
branes. The adsorption properties of CNs, oxygen functional groups, and high surface area showed
a significant improvement in the performance of the membranes against dyes removal. Because of
CNs act as fillers, the membrane permeability decrease from 42.2 to 10.9 L/m?* h bar for PS/CNs
(7%). By addition the CNs, dye rejection increased from 51.4% to 93.6% and from 39.3% to 81.5%,
for Methyl blue and Rhodamine B dyes, respectively. While, the water flux decreased from 216.3 to
168.9 L/m?h 629 and from 409.6 L/m?h for the neat PS and PS/CNs (5%), respectively. The high rejec-
tion of Methyl blue than that of Rhodamine B was due to the difference in the molecular weight of

the two dyes and the charged groups for dyes.
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1. Introduction

Enormous amounts of wastewater that contains harm-
ful natural buildups are produced from color assembling
forms, paper, food, material manufacture, and makeup as
a colorant, annually approximately about 700,000 metric tons
of dyes are produced via industries worldwide [1,2]. A large
portion of the colors are poisonous and cancer-causing and
are resistant to degradation by ordinary treatment steps
because of their complex fragrant ring structure [3]. There
are many purification techniques available like biological
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treatment, physical and chemical methods for the evacua-
tion of dyes, all of them have features and drawbacks [4].
Filtration has been considered as a promising sanitization
innovation because of its simple technique, low energy
consumption, environmentally safe and good efficiency,
manufactured membranes are partitioned under organic
(polymeric), inorganic, and hybrids of these two [5-9].
The membrane is a barrier layer between two phases, in
which the particles greater than the pores are rejected and
the littler ones penetrated. In the membrane separation
method, the vast majority of the polymeric layers have been
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set up by the phase inversion process. A homogeneous poly-
mer arrangement is given a role as a thin film mixed with
nanomaterial and submerged into a coagulation bath [10].
Between casting solution and non-solvent, the diffusional
exchange of solvent and non-solvent can make the casting
solution phase-separate to form a membrane [11]. Over the
last three decades nanoparticles have received an increas-
ing amount of research interest. This is due to the unique
size-dependent properties of nanoparticles, which are
often thought of as a separate and intermediate state of the
matter lying between individual atoms and bulk material.
Recently, polymer nanocomposites emerged as one of the
most promising developments in the area of membrane fab-
rication. The Polymer/nano-inorganic particles composite
membranes present an interesting approach for improving
the physical and chemical, as well as separation properties
of polymer membranes because they possess characteristics
of both organic and inorganic membranes such as good per-
meability, selectivity, mechanical strength, thermal stability
and so on. CNs prepared by different carbon sources like
glucose, xylose, sucrose, and derived saccharides at low
temperatures [12]. The number and size of pores in mem-
brane and properties of nano-particle which fill these pores
play an important role in separation methods [13-17].

In this work, CNs were prepared from glucose using a
hydrothermal synthesis method (green—chemistry), low
temperatures in the HTC method obtain nano-sized carbon
sphere have a good dispersion in membrane pores. PSf/
PVP/CNs membrane was prepared by simple dispersing of
CNs into polysulfone casting solution, the prepared mem-
brane for dye removal by filtration system using the stirred
cell to research the effect of concentration of CNs on per-
meate fluxes, morphology structures, and dyes rejection of
the neat polysulfone membranes.

2. Experimental
2.1. Materials

Analytical grade glucose (Sigma-Aldrich, USA, MW =
180.16), ethanol (analytical grade, VWR, France), deionized
(DI) water produced by the LaboStar PRO TWF ultra-pure
water systems, 0.055 uS/cm conductivity (18.2 MQcm resis-
tivity) at 25°C, polysulfone beds (Udel P 3500 LCD MP7,
MW = 77000, Mn = 22000), polyvinylpyrrolidone (PVP), N,
N-dimethylformamide (DMF), Methyl blue and Rhodamine B
were purchased from Sigma-Aldrich.

2.2. Synthesis of carbon nanosphere (CNs)

Carbone nanospheres were synthesized, in term of a
green-chemistry method, by low heat treatment of glucose
according to hydrothermal processes [18-22]. In brief, 4 g of
glucose was being dissolved in 60 ml of DI water and then
kept in a 100 ml Teflon lined autoclave and heated at 180°C
for 6 h. Then, the autoclave was cooled and the product
was rinsed in ethanol and dried at 60°C for 5 h.

2.3. Preparation of PS and PS/CNs ultrafiltration membranes

The neat PS and PS/CNs composite membranes were
prepared by using the phase inversion technique [23,24].

In brief, PS casting solution was prepared by dissolving
15 wt.% of PS and 4 wt.% of PVP (as pore former) in DMF at
80°C-90°C with continuous stirring for 6 h. Then, the solu-
tion was left at room temperature for 24 h to be degassed,
before the casting the mixture was gently re-mixed to
assure the homogeneity of the mixture. The resultant solu-
tion was then cast on a cleaned surface of a glass plate
using a doctor blade knife to achieve a membrane thick-
ness of ~ 200 um, and then coagulated in a DI water bath.
After about 10 min of gelation, the resulting PS membrane
was removed from the gelation bath and washed with DI
water to remove the residual DMF and pore formation. The
same previous method was used for the preparation of Ps/
CNs membrane, where different amounts of CNs nanopar-
ticles (0-1 wt.%) were firstly dispersed in DMF, the mix-
ture was undergone to ultrasonic for about 30 min with
an operating frequency of 30 kHz to ensure a high degree
of CNs dispersion, after that PVP and PS were added to
the mixture and then cast as illustrated before. The mem-
branes were coded as M0 to M7 depending on the con-
tent of CNs, Table 1. All of the prepared membranes were
kept in DI water for 24 h before use.

2.4. Characterization

The morphological structure of the membranes and
CNs were observed using a scanning electron microscope
(FESEM, ZEISS SEM ultra 60,5KV). The composite mem-
brane samples were coated with gold before the section
images of the membranes. The microstructure of the mem-
branes and CNs were studied by X-ray diffraction (XRD)
Siemens D5000 powder diffractometer Cu K radiation
(wavelength 1 = 0.15406 nm) with a nickel filter at 40 kV and
30 mA. The contact angle of the membranes was calculated
by using contact angle analyzer, high-pressure chamber
by Biolin Scientific.

2.5. Membranes performance evaluation

The performance of the membranes against dye rejec-
tion was carried out using a stirred cell filtration system
connected to a nitrogen gas cylinder (stirred cell, HP4750,
cell diameter of 5.1 cm? and processing volume of 300 ml,
the effective filtration membrane area was 14.6 cm?), Fig. 1.
The pure water permeability of the membranes was tested

Table 1
Composition of the different casting solutions

Membrane PSf(g) CNsMass(g) PVP(g) DMF (g)
MO 15 0 4 81

MO0.5 15 0.075 4 80.925
M1 15 0.15 4 80.85
M2 15 0.3 4 80.7

M3 15 0.45 4 80.55
M4 15 0.6 4 80.4

M5 15 0.75 4 80.25
M6 15 0.9 4 80.1

M7 15 1.05 4 79.95
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Fig. 1. Schematic diagram of the filtration system and Stirred cell HP4750.

at different applied pressures ranged from 1 to 5 bar.
The volume flux was calculated as follow:

where | permeate flux (L/m*h), V is the volume of permeate
solution collected (L), A is the effective membrane area (m?)
and ¢ is time (h) [25]. Permeation flux test of dyes was carried
out using 10 ppm Methyl blue and 10 ppm Rhodiamine
b, their chemical structure are shown in Fig. 2. The experi-
ments were carried out by running filtration cycles and col-
lecting 50 mL aliquots of each dye solution for each, after that
the concentrations were monitored using a an Acculab UVS-
90. UV-vis spectrophotometer at wavelengths of 594 and
554 nm, respectively, the rejection was calculated as follows;

C
R=|1-— |x100%
Cf

where R is the rejection (%), C, and C, are the concentra-
tions of the permeate and feed solutions, respectivily.

3. Results and discussions
3.1. Characterization

It was found that CNs were successfully prepared by
using a hydrothermal reaction of glucose at a low tem-
perature of 190°C. The microstructure and morphology
of the samples were observed at different two magnifica-
tions using SEM, Figs. 3a and b. Carbon nano-spheres were

prepared by hydrothermal carbonization (HTC) glucose,
in the range of 50-400 nm. Based on many experiments,
not shown here, the heat treatment of hydrothermally
synthesized CNs by using glucose gave the good proper-
ties, surface morphology yield and reduce the particle size,
which made it disperse very well in the polysulfone cast-
ing solution. Glucose arrangement was kept in a 100 mL
Teflon lined autoclave and warmed for 6 h at 190°C. It was,
firstly, broken down into hydroxymethyl-furfural, and
afterward continuous polymerization—polycondensation
with the development of little cores has been carried out.
These cores developed as indicated by the Lamer model
until every one of the “monomers” has been expended and
the last molecule size was achieved. The temperature plays
a significant role in determining the quantity of surface
oxygen groups, the number of oxygen groups decreased as
the temperature increased, an examination of oxygen sub-
stance and O/C proportions showed further carbonization,
and was directly related to temperature, so by expanding
hydrothermal procedures time or temperature (over 190°C)
prompts an expansion in breadth of CNs since more atoms
can arrive at the focal center lead to an increase in diameter
of carbon and extra-enormous size over 500 nm in distance
across which is not of our interest at this time, so CNs are
mass materials without significant porosity [26-28].

Fig. 3 displays SEM micrographs of PS, PS/PVP, and
PS/CNs nanocomposite membranes with different con-
tents of CNs. The polysulfone membrane was found to
be somewhat porous (Fig. 3c), but as PVP was applied, a
highly porous membrane with clear pores was created (Fig.
3d). It is recognized that the addition of PVP improves the
formation of a pore in polymer membranes and enhances
their permeation properties; it is a strong pore-forming
agent and anti-biofouling agent by giving enough time to
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Fig. 2. Chemical structure of the organic dyes.

accumulate and shape a dense layer of polysulfone mole-
cules. The number of pores and the porosity of the prepared
membrane are therefore found to be increased [29-31].
The changes in membrane morphology as a result of add-
ing CNs are shown dramatically as it fills the membrane
pores (Figs. 3e-h). As the CNs in the polymer casting solu-
tion increased from 0.5% to 7%, the surface structure of PS
appears to have changed significantly. As a consequence, the
CNs penetrated the surface of the membrane and accumu-
lated in the pores, the diffusion through the surface pores
occurs because the particles are small enough (50-400 nm)
to escape the size exclusion, through the nanoparticles to
try to fill all the pores to provide high density. The inclu-
sion of CNs would improve the properties of electrical,
thermal, and surface adsorption [32-34]. In order to be
well mixed and evenly distributed throughout the polymer
matrix even at the highest concentration, the rejection of
dyes by surface adsorption properties has increased [35].

XRD analysis was studied to obtain further information
about the effect of CNs on the physicochemical properties
of PS membranes, Fig. 4. The X-ray diffraction patterns of
CNs exhibited a shoulder band at 26 = 16.5° and a main
broad one at 20 = 21°, which indicates a significant level of
topological disorder in the sample during the preparation
process. The presence of no other detected peaks supports
the amorphous nature of the CNs sample and the random
organization with no specific geometry of the nanoparticles
[36,37]. The X-ray diffraction of PS/CNs blended membrane
shows the same broadband with a little shift, which con-
firm the existence of CNs in the polymeric network of the
membrane and small peak sharper in presence PVP act as
pore former [21].

The measurement results of the water contact angle of
PS and its composites with CNs membranes are shown in
Fig. 5. It is clear that, contact angle values showed a grad-
ual decrease from 83.3° of PS membrane to 61.2°. This grad-
ual decrease indicates an increase in hydrophilicity of the
membranes due to the surface oxygen groups (-OH and
—-C=0) that produce low temperature (HTC) processes in
the CNs [36,37].

3.2. Membranes performance

The membrane permeability of the PS ultrafiltration
membranes was gradually decreased as CNs concentration

increases in the casting solution from 0.5 to 7 wt.%, Fig. 6.
This was clearly seen since the permeability decrease from
42.2 L/m? h bar for PS membrane to 10.9 L/m? h bar for PS/
CNs 7%. This is because pure polysulfone casting solution
produced a thinner and more porous membrane, conse-
quently provided a higher hydraulic permeability, as CNs
were added it affects the pore structure of the membranes
either by deposition in therein or increasing the membrane
thickness. As the thickness of membrane support increased,
the membrane becomes denser and the presence of sponge-
like structure has reduced the rate of water permeability
through the membranes.

Fig. 7 shows the effect of CNs onto the water flux and
rejection of organic dyes. It can be seen that while the rejec-
tion of the two dyes was gradually increased with increas-
ing CNs content, the water flux was shown to be decreased.
From the figure there is a difference in the performance of
the membranes against the two dyes. For Methyl blue dye,
the rejection increased from 51.4% f to 93.6% with a grad-
ual decrease of water flux from 216.3 to 168.9 L/m2 h for
the neat PS and PS/CNs (5%), respectively. On the other
hand, in the case of Rhodamine B, the rejection increased
from 39.3% to 81.5%, while the flux decreased from 629 to
409.6 L/m? h. The high rejection of Methyl blue than that
of Rhodamine B is due to the difference in the molecular
weight of the two dyes and the charged groups for dyes
[35,38,39]. In other words, Donnan exclusion and sieve
mechanism depended on the pore size and solute diameter
played an important role in the membranes performance.
CNs size and shape affected the rate of dye rejection and
permeation flux, as it prepared with small size consequently
had a high surface area, adsorption of dyes was significant.

4. Conclusions

Carbon nanospheres were successfully synthesized using
a green-chemistry method by the hydrothermal decomposi-
tion of glucose in the water at low heat treatment (190°C).
It was used at different concentrations (0.5%—-7%) as fillers
for polysulfone (PS) ultrafiltration membrane, which pre-
pared by phase inversion technique. The adsorption prop-
erties of CNs, oxygen functional groups, and high surface
area, showed a significant improvement in the performance
of the membranes against dyes removal. Methyl blue and
Rhodamine B dyes were used as feed solutions to elucidate
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Fig. 3. SEM surface images of (a and b) CNs, (c) PS, (d) PS/PVP, (e) PS/CNs,, (f) PS/CNs,, (g) PS/CNs,, and (h) PS/CNs,.

61



62 H.M. Abbas et al. /| Desalination and Water Treatment 193 (2020) 57-63

——CNs
—PSICNs
—PS

Y Sl lads aik
L A halAlusd e o

a.u

Fig. 4. XRD patterns of PS/PVP, CNs, and PS/CNs membranes.

90
80 <
60 =
50 4

PS PS/IPVP  MC-0.5 MC-2 McC-4 MC-6 MC-7

Water contact angle (o)
1

Fig. 5. Effect of CNs concentration on the contact angle of the
membranes.

300

——1 bar
—@—3 bar
+5 bar

\m

T 1 1511+« &t T 1
0 0.075 045 0.3 0.45 086 0.75 0.9 1.05

250 4

Permeability (L.me/h.bar)
= o S
o o o
1 1 L

(3]
o
1

Carbon nanosphere content

Fig. 6. Membranes permeability at different pressures as a func-
tion of CNs content.

100

90

80

70 4

60

Rejection (%)

—&— Methyl blue
—eo— Rhodamine B

50 -

40 4

800

700 4 —i—Methyl blue
—&—Rhodamine B

600-.
500.-
400
300-

2001 .\._H\.ﬂ—.—.—-

100

Water flux (L/m>.h)

— v
0.0 0.2 0.4 0.6 0.8 1.0 12
Carbon nanosphere content

Fig. 7. Water flux and rejection of Methyl blue and Rhodamine
B dyes.

the performance efficiency of the membranes. Because of
CNs act as fillers, the membrane permeability decreases
from 42.2 L/m? h bar for PS membrane to 10.9 L/m? h bar
for PS/CNs (7%). The results revealed that for Methyl blue
dye, the rejection increased from 51.4% f to 93.6% with a
gradual decrease of water flux from 216.3 to 168.9 L/m? h
for the neat PS and PS/CNs (5%), respectively. On the other
hand, in the case of Rhodamine B, the rejection increased
from 39.3% to 81.5%, while the flux decreased from 629 to
409.6 L/m? h. The high rejection of Methyl blue than that
of Rhodamine B was due to the difference of the molecular
weight of the two dyes and the charged groups for dyes.
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