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ABSTRACT

Using natural adsorbants for the removal of dyes from solutions may represent a new and effective
method of dye control and treatment. In this study, the adsorption of methyl orange by Lebanese
Eryngiumcreticum was evaluated. Removal rates of methyl orange were determined by UV-Vis
spectrophotometry and the adsorption process was found to be affected by initial dye
concentration, adsorbant concentration, and pH. Adsorption isotherms were also plotted and
showed a type Il isotherm at pH 2, and a type V isotherm at pH 10. The adsorption of
Eryngiumcreticum was then compared to other synthetic adsorbants and was found to offer similar
adsorption capacity to some.
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INTRODUCTION

There is a global increase in the production of dyes. Industries such as textile, cosmetics,
pharmaceuticals, and food use dyes extensively despite the fact that they pose great environmental

23 and are

hazards'. Azo-dyes, such as methyl orange, account for at least 50% of all dyes
frequently attributed with being extremely toxic and possibly carcinogenic®®. There is an
abundance of published work regarding the removal of these dyes from wastewater. An approach
that has been widely studied is adsorption which uses different adsorbents such as zeolites, clays,
and polymeric materials*. However, most of the adsorbents are synthetic and few researchers have
studied the possible uses of natural ones. Eryngiumcreticum, belongs to the family Umbellifereae,
is a perennial plant found mainly in Middle Eastern countries® °. E. creticum was shown to contain
considerable amounts of polyphenols®. Despite the lack of a universal definition, it is known that

polyphenols contain large numbers of phenol structural units” ®

. Polyphenols also contain
numerous radicals. Such structures may allow different forces between polyphenols and dyes to
occur, and optimize dye adsorption efficiency. This paper discusses the possible use of E. creticum
as an adsorbant of methyl orange, and describes the variation of the adsorption efficiency as a

function of pH, amount of adsorbant, and concentration of methyl orange.
MATERIALS AND METHOD

Collection and Extraction of E. creticum

Fresh plant was gathered from south Lebanon on spring season between March and May in 2013.
Then, plants were well cleaned and washed with water and then dried in the shade and at room
temperature and dried inside the limit in humid, well-opened to prevent damage happen to
samples. After this period, leaves and stems of the collected plants have been grinded and
transformed to powder by a grinder. The powders were preserved in clean plastic containers, kept
away from light and heat and moisture until use. 100g of plant powder were macerated in 300mL
of distilled water for 12 hours at room temperature, followed by another maceration for 12 hours at
37°C. The macerate obtained was then filtered, the filtrate was lyophilised to produce 5g of dry
extract”.

Methyl Orange Powder

Methyl orange or 4-[4-(Dimethylamino)phenylazo]benzenesulfonic acid sodium salt was obtained
from Aldrich.

Preparation of solutions

A 250mg/L stock solution of methyl orange was prepared by mixing 250mg of methyl orange
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powder with 1 L of distilled water in an erlenmeyer flask, and stirred for 24 hours using a magnetic
stirrer. The solution was kept in the dark to prevent some photochemical reactions from taking
place, which might interfere with our results.From the stock solution, 100mL of the following
solutions were prepared after dilution with distilled water: 0,5,10,20,50,75,100,and 150mg/L. 25
mL of each solution was then added to 50mg of E. creticum powder and placed on a rotary shaker
for 1 hour to allow the interaction between the plant and methyl orange particles to take place. In
order to study this interaction at different pHs, we added few droplets of hydrochloric acid (HCI)
or sodium hydroxide (NaOH) to obtain acidic and basic media, respectively, prior to the addition
of the plant, while using a pH meter to measure the pH variation. Studies on pHs of 2,3,4,6,8,10,
and12 were conducted.After removal from the shaker, the mixture was filtered using a Blchner
funnel, and the filtrate was collected'®*%,

Determination of adsorption efficiency

Total adsorption of methyl orange was evaluated using spectrophotometric analysis by measuring
the absorbance of methyl orange solutions before addition of E. creticum and after its addition (i.e.
filtrate). Absorbance was read at 463nm using a UV-Visible spectrophotometer. The different

absorbance levels were then compared to determine adsorption values'®*2,

RESULTS AND DISCUSSION

Three main parameters were studied in this experiment: initial dye concentration, concentration of
adsorbant (E. creticum), and pH.

Effect of initial dye concentration

The increase in dye concentration caused a significant increase in removal efficiency by the plant,
which almost doubled from 38% at 5Smg/L to 72% at 200mg/L, indicating the presence of a strong
linear correlation between the two factors (R?=0.8681). These results are shown in figure 1. This
response can be attributed to one or both the following reasons: (1) the increase in dye
concentration triggered an increase in adsorption rate due to the utilization of more binding sites?,
(2) the adsorption of the dye on the adsorbant surface created more sites for other dye particles to
bind to.

Effect of adsorbant concentration

Increasing the adsorbant concentration, while maintaining the initial concentration of the dye at
200mg/L, increases the efficiency of adsorption as well. Our data shows that there is a strong
linear correlation between the concentration of the adsorbant and the adsorption efficiency

(R?=0.8847), and that the maximum adsorption was at the highest concentration of E.
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creticumused(200mg/L). This is depicted in figure 2, which shows the variation of the optical
density of the filtrate as a function of E. creticum concentration.

This response may be due to: (1) the increase in the number of binding sites as more adsorbant
molecules are added, (2) the formation of complex structures at high E. creticum levels which may

be able to adsorb methyl orange more strongly or for a longer time.
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Figure 1: Percentage removal of methyl orange as function of concentration
Effect of pH
Optimum adsorption efficiency was observed at pH 3, where adsorption reached about 80% of
initial dye concentration. However, there is no linear correlation between pH and adsorption
efficiency, as the values retrieved from this experiment show a highly disorganized scatter plot, in
which adsorption efficiency increases and decreases randomly with change in pH. It is important to

note, however, that there is a slightly higher adsorbance rate at lower pH (R*=0.1982) (figure 3).
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Figure 2 Percentage absorbance of methyl orange as function of concentration
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Figure 3 Percentage removal of methyl orange as function of PH

Adsorption isotherm studies

The adsorption of methyl orange by E. creticum could be explained by adsorption isotherms.
These isotherms were studied at pH 2 and 10 (figures4 and 5) in order to show their behavior at a
wide range of pHs, especially considering that methyl orange has a pKa in the range of 4.3-4.5*
14" or sometimes reported even less'®. At pH 2, the adsorption isotherm follows the type Il
adsorption; an upward sloping convex function which increases exponentially at higher
concentrations. Such adsorption type is characterized by weak adsorbate-adsorbant interactions®®,
the driving force for the primary adsorption, which lead to the formation of the mono-layer. After
the monolayer is formed, adsorbate-adsorbate interactions dominate the adsorption process,
resulting in an accelerated increase in adsorption rate'” **, At pH 10, the graph shows a similar
shape at the beginning, but forms a “Plateau” at higher concentrations. This characterizes type V
isotherms, and can be explained in the same manner as type I11 isotherms at low concentrations. At
higher concentrations, however, there is a stagnation in the adsorption process which could be
attributed to the formation of highly adsorbed structures that are not able to undergo any further
interaction with methyl orange molecules. At pH 2, methyl orange forms a zwitterion after a
hydrogen atom attaches to the azo-group®. E. creticum, on the other hand, may form protonated
particles at such a low pH (pKa of phenol = 10.1)°. The presence of these chemical structures
could mediate interactions between the adsorbant and the adsorbate through attractions between
different charges and dipoles. However, after the monolayer forms, adsorbate-adsorbate
interactions increase heavily, possibly through the formation of electrostatic bonds between
d15, 19, 21, 22

different methyl orange molecules. At ph 10, methyl orange becomes negatively charge

and E. creticum may form negatively charged particles as well (pH=pKa). Electrostatic repulsion
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between methyl orange and E. creticum might arise. This would probably explain the slow
formation of the monolayer. Zhang and Fang® studied the adsorption of methyl orange on charged
colloidal silver particles, and concluded that the benzene rings of methyl orange molecules
probably allignnext to negatively charged silver particles. This could also happen between methyl
orange and E. creticum particles, explaining the formation of the monolayer, and between methyl
orange molecules themselves, explaining the increase in adsorption rate after the formation of the
monolayer. The negative charge of methyl orange, on the other hand, could have mediated the
weak overall adsorption capacity (with QpH2>> QpHio), and the formation of a “Plateau” at higher
concentrations, since repulsion forces may interfere in adsorbate-adsorbate interactions. Compared
to synthetic adsorbants, E. creticum offers similar and satisfactory results, reporting close
adsorption capacities, especially at lower pHs'. However, some adsorbents report significantly
higher capacities™ ?°. Availability and cost of production must be taken into account before
determining the feasability of using E. creticum as a methyl orange adsorbant, which are outside

the scope of this article.

Adsorption Isotherm at pH 2

80 100
Ce (mg/L)

Figure 4: Adsorption capacity as function of methyl orange concentration at PH 2

Adsorption Isotherm at pH 10

0 20 40 60 80 100 120
Ce (mg/L)

Figure 5: Adsorption capacity as function of methyl orange concentration at PH 10
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CONCLUSION

The present study shows that Eryngium creticum can be used as a natural adsorbant for the

removal of methyl orange from aqueous solutions. The effect of dye concentration, adsorbant

concentration, and pH on the removal of methyl orange were studied. Adsorption isotherms were

also plotted and studied at pH 2 and pH 10. Adsorption of methyl orange on E. creticum was

shown to follow a type 11 isotherm at pH 2 and a type V isotherm at pH 10. In addition, adsorption

rates of E. creticum were found to be satisfactory compared to other synthetic adsorbants.
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