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Introduction

Dyes are widely used in various industries segments. The
improper disposal of this material in affluents can
contaminate water sources and soil, being very dangerous
to humans, animals and the environment .

Graphene and others carbon materials can be used to
produce membranes due to their chemical structure and
physical properties.

Graphene oxide (GO) is applied as a membrane material
since his good mechanical stability, oxygen-containing
groups and surface area. In contrast, the instability in water
and low flux are some of the disadvantages in select this
material.

In reduced graphene oxide (rGO), hydrophobic areas
between layers are responsible to generate low-friction
flow of water, contributing to elimination of impurities.
Furthermore, the m-conjugated rGO’s structure presents
the advantage to attract pollutants with benzene rings
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Figure 1 — Example of mechanism of dyes and oil-
water emulsion separation in a GO membrane.



Materials and Methods
= Preparation of GO and rGO
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Figure 2 — GO preparation. Figure 3— rGO preparation.



Materials and Methods

= Preparation of rGO filtration membranes

Cellulose acetate (CA) membranes, with 0.2 um of pore size and 25 mm of
diameter, were used as substrates to deposit graphene.

rGO dispersions were elected to produce filtration membranes (FM) because of
his hydrophobic character.

Filtration membranes were produced in a home-made spray coating deposition
equipment (Figure 4), with parameters presented in Table 1.

Table 1 — Deposition parameters.

rGO Deposition/

. Ni pressure Temperature .. Number of
Sample concentration (psi) Q) Drying time lavers
(mg/ml) P (s) y
40-ly rGO FM 1,0 20 90 °C 1/30 40
60-ly rGO FM 1,0 20 90 °C 1/30 60
80-ly rGO FM 1,0 20 90 °C 1/30 80 Figure 4 - Home-made

spray coating.
100-ly rGO FM 1,0 20 90 °C 1/30 100 >




Materials and Methods

= Characterization = Dye removal

rGO dispersion:

Raman spectroscopy — NT-MDT NTEGRA spectrometer,
with 473 nm of laser wavelength and 100 s of radiation
time;

SEM - QUANTA FEG FE], voltage of 2 kV, spot size 4.5
to 5.0 and working distance from 4.7 to 8.3 mm.

Filtration membranes:

XDR - X'Pert MRD PANalytical, cobalt source, 40 KV
and 40 mA of voltage and current;

UV-vis absorption
spectra

Raman spectroscopy - NT-MDT NTEGRA spectrometer,
with 473 nm of laser wavelength and 100 s of radiation
time;

SEM - QUANTA FEG FE], voltage of 5 kV, spot size 3 to
5 and working distance from 11.2 to 14.0 mm.

Figure 5 — Permeation cell.



Results and Discussion
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= rGO dispersion characterization

rGO dispersion

2D

1 K 1 d 1
1000 2000 3000
Raman shift (cm™)

Figure 6 — Raman spectra of rGO dispersion.

Figure 7 — SEM micrographs.

Raman spectroscopy
D band (1370 cm) - associated to sp® hybridized carbon
atoms, which corresponding to structural imperfections of
graphene sheets and disorder, due to oxidation;
G band (1590 cm) - related to sp? hybridized carbon and
tangential vibration, responsible for identifying graphene
structure.
SEM analysis
Lateral dimension of 45.9 + 26.6 um.



Results and Discussion

= rGO filtration membranes characterization

XRD
CA substrate presents an amorphous halo at 20 = 7.2° and rGO
filtration membranes have peaks at 20 = 7.8° and 8.2°, which
were related to (002) crystal plane of GO.
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Figure 8 — XRD patterns for CA substrate and rGO fm.

Raman spectroscopy

Noticed elevations in the Raman shift correlated to the D
(1368 cm) and 2D (2737 cm™) bands and a evident presence
of G band (1584 cm), proving that the deposition method

was efficient.

—40-ly rGO FM
— CA substrate

-

Intensity (a.u.)

1000 | 2000 | 3000
Raman shift (cm™)
Figure 9 — Raman spectra of CA substrate and rG{ fm.



Results and Discussion

= rGO filtration membranes characterization

Figure 10 — SEM micrographs
for: (a) CA substrate; (b) 40-ly
rGO FM; (c) 60-y rGO FM; (d)
80-ly rGO FM; (e) 100-ly rGO
FM.
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SEM analysis

it is possible to note the wuniform
surface  with  pores from the
commercial CA substrate, whereas in
as-prepared rGO filtration membranes
samples, the micrographs acquire a
rough aspect, characteristic from an
accumulation of graphene, making
even feasible to see some flakes.



Results and Discussion

= Dye removal evaluation

(8)

Figure 11 — Filtration membranes: (a) CA substrate; (b) 40-ly rGO FM,; (c) 60-ly tGO FM;
(d) 80-ly rGO FM; (e) 100-ly rGO FM before permeation test; (f) CA substrate; (g) 40-ly
rGO FM; (h) 60-ly tGO FM; (i) 80-y rGO FM,; (j) 100-1y rGO FM after permeation test.

The area of interest of none
rGO’s filtration membrane
suffered significant damage
during tests, what means
that the studied membranes
are stable.
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Results and Discussion

= Dye removal evaluation
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Figure 13 — Solutions.
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Figure 12 — UV-vis absorption spectra for feed and permeation solutions. the samples with 40, 60 and 80 layers. 1



Conclusions

= the rGO dispersion was successfully produced and has lateral size and
properties suitable for an application as filtration membranes;

= the spray coating method produced uniform and stable rGO membranes;

= the permeation test indicates that rGO filtration membranes can be used to
eliminate dyes from manufacturing and textile industry wastewater as a
simples, low-cost and scalable method.
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