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Conversion of The Surface Charge of Nannochloropsis sp. with
Cations and The Adsorption Test for Methylene Blue and

Methyl Orange in Dyes Solution
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Abstract. Conversion of algae biomass load of Nannochloropsis sp. (AB-N) with Na+ cations to produce algae-Na (AB-NS) as
adsorbent of methylene blue (MB) and methyl orange (MO) has been carried out. Adsorbent characterization using Infrared
Spectrophotometer (IR) to identify functional groups on the adsorbent, and Scanning Electron Microscopy with Energy
Dispersive X-Ray (SEM-EDX) to analyze surface morphology and elemental composition in the adsorbent. The pH used in the
MB dan MO adsorption test by the AB-NS adsorbent at pH 3-12. The optimal MB dye adsorption process at pH 12 with removal
efficiency of 75.53% while MO at pH 3 with removal efficiency of 59%.

Keywords: Adsorption, Nannochloropsis sp., methylene blue, methyl orange, dye.

1. INTRODUCTION

The growing industrial sector has a bad influence on the environment because the waste produced is more and more
and of course disturbs the balance of the ecosystem [1]. Most of the pollutants contained in industrial waste are dyes. When
the dye is present in the waste, it will form a more complex chemical structure so that the mixture becomes difficult to
separate [2]. Nearly 10.000 types of dyes with an amount in excess of 7 x 105 tons are produced annually [3], and of these
dyes contained in water about 15% [4] which have a high potential as environmental pollutants.

Some of the textile dyes that pollute the aquatic environment are methylene blue and methyl orange. Methylene blue is
a dye that can irritate the digestive tract, skin and cyanosis in the nose [5]. One of the anionic dyes which has an azo group
in the form of dark orange powder is methyl orange [6]. Most of these synthetic dyes are an environmental problem due to
their wide use, are toxic and cancer-causing [7-9]. In addition, the supply of oxygen in water decreases and triggers the
activity of anaerobic organisms resulting in a product that smells bad. Several methods have been used to reduce
contamination due to textile dyes such as filtration, coagulation, precipitation, ion exchange, electrodialysis, ultrafiltration,
adsorption and others [10-11]. Of these several methods to reduce water pollution, the adsorption method is the most
frequently used [12-14], because the adsorption process is simpler, the cost used is quite cheap, has no side effects, is
environmentally friendly, and the adsorbent can be reused [15-16].

In recent years, scientist have focused on treating dyes and heavy metals contaminated waste by using organism such
as algae. Currently, adsorbents derived from natural materials have been developed for processing waste such as algae
biomass. Algae biomass is quite abundant in marine waters and in the form of cultivation in several parts of Indonesia.
Algae biomass is an excellent adsorbent to absorb pollutants, both organic [17-18] and inorganic compounds such as dyes
[19]. The ability of algae as an adsorbent that is able to adsorb well because it has a functional group and can be reused has
received a lot of attention [20]. Nevertheless, algae have several drawbacks, namely being very soft, easily damaged, and
not large in size. Therefore, this weakness must be overcome, then the surface charge is converted using various supporting
polymers. The conversion of the surface charge of algae biomass has proven to be an effective technology such as the use
of cations which can make the adsorbent rich in positive charges. The algae biomass adsorbent is negatively charged and
has an active group of alkaline or alkaline earth cation exchangers. This active group acts as a charge counterweight which
can be converted to other cations. In this research, adsorbent from the algae biomass of Nannochloropsis sp. to adsorb MB
and MO dyes by utilizing active algae biomass groups and the cation-exchange properties of Na+ cations. Thus it is expected
that an adsorbent that is effective in absorbing the dye in solution will be obtained. The results of this research can be a
solution to overcome the spread of harmful dyes in the environment.



2. MATERIALS AND METHODS

2.1 Materials
In this study, the biomass of the algae Nannochloropsis sp. originating from the Lampung Marine Cultivation

Development Center (BBPBL), aquadest, NaCl, NaNO3, NaOH, HCl, methylene blue (MB), and methyl orange (MO). To
obtain a stock solution, 1 g of MB and MO dye were dissolved in 1 L of water, then the concentration of 2.8 mmol L-1 of
MB and 3.05 mmol L-1 of MO was produced. The absorbances of MB and MO dyes were shown in 663 and 464 nm,
respectively. Before being mixed with the adsorbent, 0.1 M NaOH or HCl was added which was adjusted to the initial pH.

2.2 Algae biomass production
The algae obtained were dried for 3 days. Furthermore, it is heated using an oven at 400 ºC for 2-3 hours. After being

roasted, the algae are crushed using a grinding machine until they are smooth with a size of 100 mesh.

2.3 Convert the surface charge of algae to Na+ cations
The algae surface charge conversion process was carried out by dissolving 5 grams of Nannochloropsis sp. with 0.1 M

NaCl as much as 100 mL in Erlenmeyer. Then stirred using a shaker for 1 hour, and allowed to stand for 24 hours. After
that it was filtered using filter paper, the precipitate was washed with distilled water to pH 7 to remove the remaining
sodium chloride. Then the precipitate was dried at room temperature.

2.4 Adsorbent characterization
AB-N and AB-NS adsorbents were characterized by an IR spectrophotometer (Model 8201 PC Shimadzu) to determine

the presence of functional groups of algae biomass. Then characterized by SEM-EDX (Model EVO MA 1) to determine
the composition of the constituents and the shape and morphology of the algae surface.

2.5 Zero point charge measurement
The pzc value and the optimum pH of the adsorbent were used to determine the AB-N and AB-NS charge. In

determining this pzc value, as much as 0.05 g of AB-N and AB-NS were put in 10 mL of 0.1 M NaNO3 solution in 10
different Erlenmeyer. Each Erlenmeyer is made with a different pH, namely at pH 3-12. Then stirred for 24 hours at 100
rpm. After that, the pH was measured. Then the pH of the sample was measured at last, then the value of ∆pH was
calculated. Then a ∆pH graph is made against the initial pH, and it will get a line located at point 0 on the x axis (initial
pH) the value obtained is called the pzc value.

2.6 Adsorption
In this experiment, MB and MO dye solutions were used with a concentration of 0.1 mmol L-1. First, 0.05 g AB-N and

AB-NS was added to the MB dye solution stirred using a shaker at 100 rpm for 60 minutes at various pH ranges from 3–
12. Furthermore, the mixture was centrifuged to take the filtrate. The absorbance of the filtrate was measured at a
wavelength of 664 nm using a UV-Vis spectrophotometer. The amount of adsorbate adsorbed at equilibrium, qe (mmol g–

1), is calculated by

qe =
( )

(1)

Removal (%) =
( ) × 100 (2)

where qe is the amount of MB and MO solution adsorbed (mmol g–1), w is the mass of adsorbent (g), Co is initial
concentration of MB and MO solutions (mmol L–1), Ce is the final concentrations of MB and MO solutions (mmol L–1),
and v is the volume (L).

3. RESULTS AND DISCUSSION

3.1 Synthesis and characterization of adsorbents
Both adsorbents were characterized by FTIR to determine the presence of functional groups and SEM-EDX to

determine the constituent composition and shape and surface morphology.



FIGURE 1. IR spectrum of AB-N

The IR spectrum of AB-N (Figure 1) obtained an absorption band at a wave number 1653.01 cm-1 which shows a typical
C = O absorption of a carboxylic acid. In addition, the absorption band is found at the wave number 3695.61 cm-1 which
indicates the primary N-H groups. Furthermore, the absorption at a wave number 2921.85 cm-1 which indicates the C-H of
a CH2 (aliphatic) carbon chain [21].

FIGURE 2. IR spectrum of AB-NS

The IR spectrum of AB-NS (Figure 2) gives absorption peaks at wave numbers 1658.56 and 3697.05 cm-1 which
indicated the presence of typical absorptions of C=O and N-H. The absorption bands at 2854.27 and 2923.7 cm-1 indicate
C-H (aliphatic) groups. The absorption which indicates that AB-NS has been formed is at wave number 1421.35 indicating
the presence of an O-Na group (Na cation bonds with O on the carboxylic group).

SEM analysis provides information on surface morphology. Based on Figure 3 (a) it looks like a solid chunk. While in
Figure 3 (b) the AB-N after being modified with Na, it shows a large surface area, and it is observed that there are grains
attached to the surface which indicates the presence of Na+ in AB-NS [22].

4000 3500 3000 2500 2000 1500 1000 500

%
 T

ra
ns

mi
tta

nc
e

Wave Number (cm-1)

36
95

,61

34
25

,57 29
21

,85
28

54
,76

23
67

,47

16
53

,01 10
62

,15

15
30

,60

4000 3500 3000 2500 2000 1500 1000 500

%
 T

ra
ns

mi
tta

nc
e

Wave Number (cm-1)

36
97

,05

34
30

,91

29
23

,7
28

54
,27

23
70

,2

16
58

,56 15
38

,99
14

21
,35

10
74

,2



(a) (b)

FIGURE 3. SEM micrographs (a) AB-N and (b) AB-NS

TABLE 1. Elemental composition of AB-N and AB-NS

Element AB-N (wt%) AB-NS (wt%)
C 40.46 35.68
O 52.15 54.42
N 07.38 8.69
Na - 1.21

Based on EDX data on the AB-N. (Table 1) that there are elements C, N and O from the carboxyl and amine groups in
algae, besides that there are also elements such as Na, Mg, Zr and Ca which are cations contained in algae. In AB-NS that
there are elements of C, N, O, and Na, where there has been uniformity with excess Na cations.

3.2 Determination of Zero Point Charge
Determination of the pHpzc value was made to determine the effect of pH on the surface charge of AB-N and AB-NS

adsorbents. This can be seen on the surface of the adsorbent whose pzc value (initial pH – final pH) is close to zero, which
is the optimum pHpzc of the adsorbent. The pzc value of the optimum AB-N adsorbent is at pH 8 and the optimum AB-NS
is at pH 10 with pzc values 0.13 and 0.5, respectively (Figure 4).

The pHpzc AB-N and AB-NS adsorbents are at pH 8 and 11. Thus, the pH area that is below pHpzc is positively charged,
while the pH area above pHpzc is negatively charged [23].

FIGURE 4. pHpzc curve on AB-N and AB-NS adsorbents
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3.3 Effect of pH
One of an significant factor in adsorption dye and contaminants is pH solution. Based on Figure 5 (a) for the AB-N

and AB-NS adsorbents which adsorbents MB dye showed the highest adsorption power at pH 12. Whereas in Figure 5
(b) the adsorption of MO dye by AB-N and AB-NS adsorbents showed the highest adsorption at pH 3.

Based on the results of the pHpzc determination, for AB-N adsorbent where the pH area is below pHpzc (pH 8 for
AB-N and pH 10 for AB-NS) is positively charged while the pH area above pH 8 and pH 10 is negatively charged. MB
is a cationic dye where at high pH (alkaline) there is an electrostatic interaction between cationic dyes and functional
groups (carbonyl and amines) [24], while at low pH (acid) there is a cation exchange between MB dyes and Na+ cations.
MO is an anionic dye where at low pH it causes the surface of the biomass wall to be protonated so that there is an
electrostatic interaction, while at high pH it causes the surface of the biomass to be negatively charged, but there is an
electrostatic interaction between MO and Na+ cations.

In this study, MB adsorption was more effective at high pH which showed that electrostatic interactions were more
dominant and showed more effective results than cation exchange, while MO dye showed effective results at pH 3.

(a) (b)

FIGURE 5. Curves for the influence of pH on the adsorption of MB (a) and MO (b) dyes

CONCLUSION

In this research, the surface charge conversion of AB-N with Na cations have been successfully carried out. This adsorbent
has been characterized by FTIR and SEM-EDX and the results show that the adsorption ability of the dye is good ~ 0.01
mmol L-1 MB with a removal efficiency of 75.53% at pH 12 and MO with a removal efficiency of 59% in acidic conditions
(pH 3). With this technique, AB-NS is obtained which has a high adsorption capacity for MB dye and causes the absence
of side products that can damage the environment.
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