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NOVEL CARRAGEENAN/REDUCED GRAPHENE OXIDE/Ag COMPOSITE AS
ADSORBENT FOR REMOVAL METHYLENE BLUE FROM AQUEOQOUS SOLUTION
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Carrageenan/reduced graphene oxide/Ag composite (CA/RGO/Ag) was synthesized by a
wet chemical method at room temperature using carrageenan, graphene oxide and silver
nitrate as starting materials. As-prepared composite was characterized by UV-vis
spectroscopy, FTIR, SEM, and XRD. Results showed that the reduction of graphene oxide
(GO) and silver nitrate was achieved simultaneously by addition of NaBH,. CA/RGO/Ag
composite was used for adsorption of methylene blue (MB) from aqueous solution. The
effect of parameters such as the ratio of GO and silver nitrate, contact time, pH,
temperature, and mass of the composite has been investigated. The adsorption isotherm
data could be well explained by Langmuir isotherm model. According to our results, the
CA/RGO/Ag composite is a suitable adsorbent candidate for purifying of water pollution.
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1. Introduction

Dyes are widely used in numerous industries such as textile, paper, food, light-harvesting
arrays, cosmetics and pharmaceuticals. Most of them are serious threats to the nvironment and
human health because they can be stabilized, remaining in the water for a long time [1]. According
to the report, 280,000 tons of dye materials enter directly into effluents around the world annually
[2]. Therefore, development of dye removal technique is crucial for environment protection as well
as human health. Technologies like photodegradation, precipitation, membrane separation,
amalgamation and ion-exchange was developed for removing dye pollutant from water [3-8].
Among these techniques, adsorption process is noted to be superior to other methods due to its
economically cost effective, high flexibility, easy automation and simple operation process [9-14].

The selection of adsorbent is essential for adsorption processes. Usually, a good adsorbent
candidate should meet three standards: high specific surface area, pore volume accessible for the
adsorbate molecules and easy regeneration. Recently, using graphene as an adsorbent to solving
environmental pollution problems has received considerable attention due to its high specific
surface area and unique 2D structure for composite material designing. Several theoretical
calculations and experimental measurements were conducted for using graphene as an adsorbent to
remove hazardous pollutants from aqueous solutions [15-19]. Recent literature suggests that
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graphene based composites showed excellent performances for hazardous pollutants removal. For
example, Sreeprasad et al. [20] synthesized a reduced graphene oxide (RGO)-MnO, composites
for removing Hg(ll) from water. The composites showed enhanced removal capability compared
to the parent material. However, the graphene used for composite desigin usually in its reduced
form from graphene oxide (GO) prepared by the oxidation of graphite. The RGO naturally has a
tendency to agglomerate irreversibly, or even to restack into graphite through Van der Waals
interactions [21-23]. Therefore, surface functionalization is considered as an effective way to solve
this problem. In this report. We explore the possibility of using carrageenan functionalized
RGO/Ag (CG/RGO/Ag) composite for removal of methylene blue from aqueous solution. The
synthesized composites were also characterized by UV-vis spectroscopy, SEM, XRD and FTIR.

2. Experimental

2.1 Materials

Synthetic graphite (average particle diameter <20 um), silver nitrate (AgNO3),
carrageenan, methylene blue (MB) and sodium borohydrid (NaBH,) were purchased from Sigma-
Aldrich. All other chemicals used were analytical grade reagents without further purification.
Milli-Q water (18.2 MQ cm) was used throughout the experiments.

2.2 Synthesis of CG/RGO/Ag composite

Graphene oxide was prepared using modified Hummer's method [24, 25]. In a typical
procedure, 125 ml of concentrated sulfuric acid was taken into a flask filled with graphite powder
(5 g) followed by the addition of KMnO, (17.5 g) slowly at 0 °C. The mixture was stirred for 3 h
at 35 °C and then diluted by water at 0 °C. After that, H,O, (30 vol.% in water) was added into
mixture until the bubbling of the gas was completed. The graphene oxide (GO) powder was
collected by centrifugation of the solution and subsequently dried under vacuum at 80°C for 24 h.

To synthesize CG/RGO/Ag composite, 0.5 mg carrageenan was dissolved into 50 mL
water by 30 min sonication to form a brown solution. 10 mL GO dispersion (1 mg/mL) was added
into carrageenan solution for 1 h stirring. After that, a certain amount of AgNO; solution (50 mM)
was added into the mixture for another hour stirring. Then, 1 mL NaBH, solution (0.5 M) was
added to the above mixture dropwise. The color of the mixture turned form brown to black. After
30 min stirring, the composite was centrifuged, washed and dried at 80°C for 24 h. (denoted as
CG/RGO/Ag-1, CG/RGO/Ag-2, CG/RGO/Ag-3, CG/RGO/Ag-4, CG/RGO/Ag-5 and
CG/RGO/Ag-6 for the weight ratios of GO and AgNOs set as 1:5, 1:10, 1:20, 1:30, 1:40 and 1:50,
respectively). CG/RGO and RGO/Ag sample also synthesized using a similar method except
addition of AgNO; and carrageenan, respectively.

2.3 Characterizations

Surface morphology of samples were analyzed by scanning electron microscope (SEM, S-
4700, HITACHI). FTIR spectra were obtained using a Nicolet 8700 FTIR spectrometer (Thermo
Scientific Instrument). X-ray diffraction patterns were collected from 10° to 60° in 20 by a XRD
with Cu Ko radiation (D8-Advanced, Bruker).

2.4 MB adsorption experiments

To investigate the adsorption capability of the adsorbents, the MB was selected as the
model dye. The experiments were carried out by putting a certain weight of adsorbent into 50 mL
MB aqueous solution. The dye solution was magnetically stirred over the magnetic stirring rod
throughout the experiment. At a specified time interval, 1.5 mL of suspension was then taken out,
separated by centrifugation. The absorption of MB was then measured by a UV-vis spectroscopy.
The absorbance of MB at 664 nm was used for measuring the concentration change. The uptake
amount of dye molecules was calculated by the following equation:
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Where m is the mass of adsorbent in g, V is the volume of MB solutions in L and C, and C, are the
initial and equilibrium concentrations in mg/L, respectively.

3. Results and discussion

The formation of Ag nanoparticles and reduction of GO was confirmed by UV-vis
spectroscopy. Fig. 1A shows the UV-vis spectra of GO and CA/RGO-Ag composite. The spectrum
of GO displays a maximum absorption peak centered at 228 nm and a shoulder peak at about 316
nm, corresponding to m—n* transitions of aromatic C—C bonds and n—nr* transitions of C=0 bonds
[26]. In the spectrum of CA/RGO-Ag-6 composite, the absorption peak of GO dispersion at 228
nm gradually red-shifted to 263 nm and the shoulder absorption peak at 316 nm disappeared,
indicating that the GO has been reduced by NaBH,. Moreover, a new peak at 421 nm is also
observed in the spectrum of CA/RGO-Ag-6 composite, which related to the surface plasmon
resonance absorption band of Ag nanoparticles, indicating the formation of Ag nanoparticles.

The surface functionalization process was confirmed by the FTIR study. Fig. 1B shows the
FTIR spectra of GO, carrageenan and CA/RGO-Ag-6 composite. As expected, the spectrum of GO
exhibits signals at 3432, 1638, 1156 and 1038 cm™" corresponding to the —OH vibration stretching,
carboxyl C=0, epoxy C—O and alkoxy C—O, respectively [27]. It can be seen that these peaks
show a relatively lower intensity or even vanished in the spectrum of CA/RGO-Ag-6 composite,
further confirm the reduction of GO. The spectrum of carrageenan shows the peaks at 2900 and
1374 cm™', which can be assigned as the vibration of C—O bonds. Moreover, the spectrum also
exhibits three characteristic peaks for carrageenan at 1225, 915 and 852 cm™' [28, 29]. These
peaks also were observed in the spectrum of CA/RGO-Ag-6 composite, indicating the successful
surface functionalization of carrageenan.
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Fig. 1. (A): UV-vis spectra of GO and CA/RGO/Ag-6. (B): FTIR spectra of GO, carrageenan and
CA/RGO/Ag-6.

Fig. 2 shows the morphology of as-prepared RGO/Ag, CA/RGO-Ag-1, CA/RGO-Ag-3
and CA/RGO-Ag-6 composite. Compared with CA/RGO-Ag composite, RGO/Ag exhibits a
completely different morphology, Ag nanoparticles show an aggregated cluster form and touch on
the RGO sheet surface. However, in the CA/RGO-Ag composite, RGO sheets are embedded into
carrageenan gel. On the composite surface, we could observe a uniform distribution of single Ag
nanoparticles when a higher AgNO; content was introduced during the preparation.
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Fig. 2. SEM images of (A) RGO/Ag, (B)CA/RGO/Ag-1, (C) CA/RGO/Ag-3 and (D) CA/RGO/Ag-6.

The powder X-ray diffraction of the samples are shown in Fig. 3. The diffraction pattern
of the GO displays a characteristic peak at 11.2°. This peak is not seen for CA/IRGO/Ag-6
composite, further indicating the GO has been reduced. The crystallinity of carrageenan is depends
on the oriented packing of helices, however, there is no obvious peaks can be observed in the
CA/RGO/Ag-6 composite, indicating the carrageenan lost its crystallinity after interaction with
GO and Ag nanoparticles. Moreover, the presence of diffraction peak at 38.4° and 44.7° can be
assigned to the (111) and (200) lattice planes of the Ag nanoparticles, respectively [30].
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Fig. 3. XRD patterns of GO, carrageenan and CA/RGO/Ag-6.
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Fig. 4 shows the adsorption rate of MB (1 x 10~ M) on 20 mg of CA/RGO/Ag -1,
CA/RGO/Ag -2, CA/RGO/Ag -3, CA/IRGO/Ag -4, CA/IRGO/Ag -5, CA/RGO/Ag -6 and RGO/Ag
composite. It can be seen that all CA/RGO/Ag composites show superior absorption property than
that of RGO/Ag composite, indicating the incorporation of carrageenan could highly increase the
adsorption capacity of absorbent. The CA/RGO/Ag-4 composite exhibits the best adsorption
capacity, which could remove almost all of the MB molecules in the aqueous system. Therefore,
the weight ratio of GO and AgNO; for fabricating CA/RGO/Ag absorbent was set as 1: 30. The
high percentage removal of MB by CA/RGO/Ag composite can be attributed to the high specific
surface area of carrageenan functionalized RGO sheets and the catalytic activity of the surface
deposited Ag nanoparticles [31, 32]. Moreover, the RGO/Ag composite could reach to adsorption
equilibrium within 20 min, while the CA/RGO/Ag composites require about 35 min, suggesting
the incorporation of carrageenan may decrease the surface adsorption rate.
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Fig. 4. Adsorption profiles of MB on CA/RGO/Ag -1, CA/RGO/Ag -2, CA/RGO/Ag -3,
CA/RGO/Ag -4, CA/RGO/Ag -5, CA/RGO/Ag -6 and RGO/Ag composite.

The effect of temperature on adsorption was investigated using 50 mL MB (1 x 107> M)
on 20 mg of CA/RGO/Ag -4. The results are shown in Fig. 5A. It can be observed that the
adsorption capacity of CA/RGO/Ag -4 increases with temperature rise. It because the adsorption
of MB is an endothermic process. In this study, the highest value of g. was reached 39.72 mg/g
with a removal rate of 99.7% at 340 K.

Generally, waste water released from industries possesses a wide range of pH. Therefore,
the pH of the system is very important parameter on the adsorption process. Fig. 5B displays the
effect of pH on the adsorption of MB onto CA/RGO/Ag -4 composite. It can be seen that
increasing the pH from 2 to 9, adsorption capacity of CA/RGO/Ag -4 composite is increased from
30.51 to 38.12 mg/g. Further increasing the pH to 12, result no change in the adsorption capacity.
The possible explanation of high adsorption performance at high pH condition could be the change
of the surface charge. At higher pH condition, the surface of CA/RGO/Ag -4 composite becomes
predominate negative charge, which could adsorb more cationic MB molecules. Similarly several
researchers have demonstrated the same result in which adsorption capacity of adsorbent
was increased with increase in the pH of MB solution [33, 34].
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Fig. 5. (A) Effect of temperature and (B) effect of pH on preferential adsorption
of MB dye on CA/RGO/Ag -4.

The effect of adsorbent content on adsorption of MB was also studied. A series of
adsorption experiments were conducted with varied amount of CA/RGO/Ag-4 (5-50 mg) and 50
mL of MB solutions (1 x 10~ M). The results indicate that increasing the CA/RGO/Ag-4 dosage
from 5 mg to 20 mg, the adsorption performance of CA/RGO/Ag-4 increases from 28.28 mg/g to
39.87 mg/g (Fig. 6A). Simultaneously the removal rate of MB is increased from 23.54% to 97.7%
respectively. However, further increase in the amount of CA/RGO/Ag-4 from 20 mg to 50 mg, the
adsorption capacity of CA/RGO/Ag-4 for MB is decreased to 17.25 mg/g. Therefore 20 mg of
adsorbent was optimized for this work.

In order to investigate the effect of initial dye concentration on adsorption properties, a
series of experiments were conducted using different concentration of MB solution with 20 mg of
CA/RGO/Ag-4. As shown in Fig. 6B, the adsorption is very fast at lower initial concentration of
MB solution. The percent removal of MB then decreases along with the increase in initial
concentration of MB due to the fact that when the concentration increases, there will be increased

competition for the active adsorption sites and the adsorption process will increasingly slow down
[35].
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Fig. 6. (A) Effect of adsorbent dosage and (B) Effect of initial MB concentration on adsorption
of MB using CA/RGO/Ag -4.

Adsorption isotherms are viable for describing the relationship between adsorbate
molecules and the adsorbent surface and highlight the distribution of adsorbate molecules between
the liquid and solid phases [36]. There are many methods for analyzing adsorption equilibrium
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data. The equation parameters of these equilibrium models often provide some insight into
the adsorption mechanism, the surface properties and affinity of the adsorbent for adsorbate [37,
38]. In this work, both Langmuir and Freundlich models are used to understand the experimental
results.
The Langmuir isotherm model can be expressed by the linear form of following formula:
C C 1

—_&t=_"°¢ 4

qe qmax qmaxKL (1)

Where g. (mg/g) is the equilibrium amount of the MB adsorption by CA/RGO/Ag-4 composite, C,
(mg/L) is the MB concentration when equilibrium condition is reached. gmax is (mg/g) is the
maximum adsorption amount. K, (L/mg) is the Langmuir constant related to the enthalpy of the
process. The values of gm. and K, for adsorption of MB were calculated from the slope and
intercept of the linear plot of C./q. vs C.. The linear plots are shown in Fig. 7 and results are
summarized in Table 1.

I
il

C/q, (g/L)
e

o
Te

0 50 100 150 200 250 300
C, (mg/L)

Fig. 7. Langmuir models of MB adsorption for CA/RGO/Ag -4.

The Freundlich isotherm model can be expressed by the linear form of following formula:

qe:KFC]e;/n )
Where Kg is the Freundlich constant related to the adsorption capacity of CA/RGO/Ag-4

composite. 1/n is the Freundlich exponent related to surface heterogeneity.
The logarithmic form of the Freundlich equation can be expressed as:

Iogqe=logKF+1 logC,
n ®)

The linear plots are shown in Fig. 8 and results are summarized in Table 1.

From the results, the MB adsorption on CA/RGO/Ag-4 is fitted into aforementioned two
isotherm models. It can be seen that the result of the Langmuir isotherm model fit slightly better
than the Freundlich model for preferential adsorption of MB. In summary, CA/RGO/Ag composite
with relatively high adsorption capacity, rapid removal rate has great potential for industrial
application in water treatment.
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Table 1. Isotherm Constants of MB Adsorption for CA/RGO/Ag -4.

Isotherm model Parameter MB dye
Langmuir Qmax(M/g) 39.7
K. (L/mg) 0.02144
R’ 0.997
Freundlich Kr (ma/g) 32.41
n 6.369
R 0.988

4. Conclusion

The CA/RGO/Ag composite was successfully prepared via a facile wet chemical route.
UV-vis and FTIR spectra confirmed the reduction of GO and formation of Ag nanoparticles. The
as-prepared composite was used for removing MB dye from wastewater. The Langmuir isotherm
is suitable for characterization experimental adsorption isotherm. Based on our results, the
CA/RGO/Ag composite provides a simple and environment friendly separation method for the
removal of dye pollutant from aqueous systems.
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