
Abstract—The present study based on removal of natural dyes of
Roselle petals, then  used Roselle petals powder (RPP) as an
adsorbent for the removal of methylene blue dye (as a typical cationic
or basic dye) from aqueous solutions. The present study shows that
used Roselle petals powder exhibit adsorption trend for the dye. The
adsorption processes were carried out at various conditions of
temperatures ranging from 278 to 338 K ± 2 K , concentrations,
processing time and a wide range of pH between 2.5-11. Adsorption
isotherm equations such as Freundlich, and Langmuir were applied to
calculate the values of respective constants. Adsorption study was
found that the currently introduced adsorbent can be used to remove
cationic dyes such as methylene blue from aqueous solutions.

Keywords—Adsorption, methylene blue, removal of dyes,
Roselle petals powder.

I. INTRODUCTION

HE natural water resources were often polluted by dyes
discharge of a many industries like  textile, printing, carpet

and paper, ect that leading to increase in toxicity and COD
(chemical oxygen demand) and interferes with the
transmission of sunlight into the watercourse and therefore
reduces photosynthetic process. Colors are the most apparent
indicator of water pollution. The discharge of colored waste
may be toxic to aquatic life [1]. It is found that adsorption
process is a suitable and viable process to remove coloring
matter from effluents, this process is became one of the
effective and attractive processes for the treatment of this dye-
bearing wastewaters [2]–[6]. The major advantages of an
adsorption system for water pollution control are less
investment in terms of initial cost, simple design and easy
operation, less energy intensiveness, non-toxic, and superior
removal of organic waste constituents as compared to the
conventional biological treatment processes [7]. Activated
carbon is the most effective choice as an adsorbent due to its
high adsorption capacity but expensive. Hence it is desired to
be replaced by low-cost, biodegradable or easily available
adsorbents like psidium guava petals, tea petals ash, wood ash
charcoal fly ash and polyaniline etc [1], [ 8]–[13]. Methylene
blue (MB) is an important basic dye widely used for printing
calico, coloring paper, temporary hair colorant, wools, coating
for paper stock, dyeing, printing cotton and tannin, indicating
oxidation-reduction, and dyeing leather, and in purified zinc-

Abdulali Ben Saleh, Department of chemistry, education faculty, Misurata
university, Misurata city, Libya, abdu702002@yahoo.com.

Mohamed Abudabbus Department of chemistry, education faculty,
Misurata university, Misurata city, Libya.

free form, it is used as an antiseptic and for other medicinal
purposes, etc [14], [15] Adsorption of methylene blue from the
aqueous phase is a useful for product control of adsorbents
[16]-[18]. our study based on removal of natural dyes of
Roselle petals, then  used   Roselle petals powder as an
adsorbent for the removal of methylene blue dye (as a typical
cationic or basic dye) from aqueous solutions.

II.PROCEDURES AND MATERIALS

A. Materials and Equipments

The basic dye used in present study was methylene blue
(MW =319.65 g mol-1 termed as MB).  The structure of
methylene blue is shown in Fig. 1.

Fig. 1 Structure of methylene blue

Roselle petals were collected from shop, All chemicals used
were analytical reagents grade and prepared in distilled water.
A single beam UV spectrophotometer  Jenway ( UV- 6035 ),
Japan with a 1cm cell was used for measuring all of absorption
data. A Jenway pH meter (3505) Japan was used for pH
measurements. Shaker, marine field / Germany was used in
this study.

B. Preparation of Adsorbent

Dried Roselle petals were collected from the shop. Then
washed to remove dirt and boiled with distilled water to
completely removed the nature dye, then dried, powdered and
sieved. The powdered petals were again heated and kept on an
oven at 60-70 oC for complete drying.

C. Determination of Methylene Blue (MB)

Concentrations of methylene blue (MB) in the supernatant
solutions were estimated by measuring absorbance at
maximum wavelengths of the dye (λmax= 665 nm) using the
calibration curve shown in Fig. 2. The calibration curve of
absorbance against MB concentration was obtained by using
standard MB solutions at PH≈ 7. The experimental data
reported in Fig. 2 were fitted by a straight line with a high
regression coefficient value (R2 = 0.991).
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Fig. 2: The calibration curve of absorbance (Abs) against MB
concentrations (C)

D. Adsorption Experiments

The studies were conducted 0.2g for isotherms study and
0.3 g for additional studies of adsorbents, taken separately,
were shaken in 25ml and 35ml aqueous solution of MB dye of
varying concentration (1.2x10-5, 2.4x10-5 and 3.6x10-5 g L-1) at
room temperature for definite time periods. At the end of pre-
determined time intervals, adsorbent was removed by simple
filtration. The filtrates were analyzed for the residual
(unadsorbed) concentration of methylene blue,
spectrophotometerically at 665nm wavelength.

III. RESULTS AND DISCUSSION

A. Effect of the Processing Time on Adsorption

The effect of processing time on the adsorption was studied
for the system. The values of absorption were decreased with
increase in time and attains a maximum value when adsorption
equilibrium is reached then the values slightly decreases.
Adsorption processes reaches equilibrium time at 25 min for
C=1.2x10-5 and at 15 min for both another concentrations. The
results are shown in Fig. 3.

Fig. 3 The effect of processing time on the adsorption

B. Effect of Temperature on Adsorption

The temperature and adsorbed amounts of dye was also
studied in the range of temperatures 298 to 338 K, using 0.3g
of adsorbent, 35mL of MB solution (C=1.2x10-5) for 30min.
The inspection of adsorption study shows a decrease in the
amount of adsorption of dye with the rise in temperature as

shown in Fig. 4. It shows that adsorption of dye on RPP is
exothermic in nature.

Fig. 4 Effect of temperature on adsorption of MB solution using RPP

C.Effect of pH on Adsorption

The effect of PH on the adsorption 35mL of MB solution
(C=1.2x10-5) for 30min using 0.3g of RPP was studied in a
wide range of pH between 2.5-11 and the results are shown in
Fig. 5. According to the absorption values, the removal of the
dye was more favorable in neutral (pH= 7) medium as
compared to that of acidic and basic mediums.

Fig. 5 The effect of pH on the adsorption of MB solution using RPP

D.Adsorption Isotherms

The equilibrium adsorption isotherms are of fundamental
importance in the design of any adsorption system. In this
study Langmuir and Freundlich isotherms were employed for
treatments of the equilibrium adsorption data [19]. The
linearized forms of Freundlich and Langmuir equations can be
written as (1) and (2) respectively:

CeKfQe logloglog (1)

XmbCeXmx

m 11
(2)

where Kf and n are Freundlich constants related to adsorption
capacity and adsorption intensity of adsorbent respectively.
Value of 1/n indicates the type of isotherm to be irreversible
(1/n = 0), favorable (0 < 1/n < 1) and unfavorable (1/n>1)
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[14], [19]-[20]. In Langmuir model, X is the amount adsorbed
by adsorbent, Xm is the maximum amount adsorbed and b a
Langmuir’s constant signifying energy of adsorption, which
calculated from the intercept and slope. Ce is the equilibrium
concentrations of the dye in solution, Table I shows the
experimental data of applied adsorption isotherms.

Fig. 6 shows a linear plot of log Qe vs. log Ce for MB dye
adsorption on RPP at room temperature. As can be seen from
Table II, the value of n is equal 0.53, indicating unfavourable
adsorption phenomenon in this case.

TABLE I
EXPERIMENTAL DATA OF APPLIED ADSORPTION ISOTHERMS

Symbols Values

(C0) x10-5 1.2 2.4 3.6

(C e)x10-5 0.57 0.59 1.2

C=(C0-Ce)x10-5 0.63 1.81 2.4

(X ) mgx10-2 5.03 4.71 19.18

m (g) 0.2 0.2 0.2

Qe =  ( )x10-2 25.17 23.55 95.90

(1/Ce )x104 17.54 16.94 8.33

(m/X)x103 3.97 4.25 1.04

logCe 5.244 5.229 4.921

logQe 2.599 2.634 2.018

Fig. 6 Fruendlich isotherm obtained for adsorption of MB

The linear plots of m/x vs 1/Ce, as shown in Fig. 7
confirmed the applicability of the Langmuir model for the
system under investigation.

TABLE II
FREUNDLICH AND LONGMUIR PARAMETERS FOR THE REMOVAL OF

MEHTYLENE BLUE DYE USING ROSELLE PETALS POWDER (RPP)
Freundlich isotherm
parameters

Langmuir isotherm parameters

parameter
s

n R2 Xm b R2 K

Values 0.53 0.991 0.18 1.92 0.981 0.99

Fig. 7 Langmuir adsorption isotherm for the adsorption of MB

The values of K (dimensionless constant separation factor)
indicate the type of isotherm as being irreversible (K=0),
favourable (0< K< 1), linear (K=1) or unfavourable (K>1)
[19]-[20]. K, using the following (3):

01

1

bC
K (3)

where b is the Langmuir constant and C0 is the highest initial
concentration of dye (mg/L).

The calculated value of K (0.99) obtained for highest
concentration (3.6x10-5 g L-1) for system indication (Table II)
of RPP being suitable adsorbent for removal of MB from
aqueous solutions with favorable isotherms.

IV. CONCLUSION

The adsorbent used in this paper was effective in removing
methylene blue from aqueous solution. The effect of
processing time on the adsorption was studied for the system.
The temperature and adsorbed amounts of dye was also
studied and it is showing that adsorption of dye on RPP is
exothermic in nature. According to the absorption values, the
removal of the dye was more favorable in neutral (pH 7)
medium as compared to that of acidic and basic mediums. The
regression coefficients in this case were found in 0.981 and
0.991 for Langmuir model and Freundlich model respectively.
It could be concluded that the adsorption isotherms of MB
using RPP followed the Langmuir model and Freundlich
model. The dimensionless factor K revealed that the
adsorption process for adsorbent is very favorable. The
Freundlich constant n related to adsorption intensity of
adsorbent MB/RPP isotherms revealed that the adsorption
process for adsorbent is unfavorable.
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