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ABSTRACT
Removal of textile dyes from waste-water streams by adsorption methodology is getting
importance nowadays. Surge for replacement of activated charcoal with agro-waste materials from
native sources is the main aim of this study. Here adsorption capacity of Ricinus communis stem
powder had been investigated for removal of Methylene Blue dye. For comparison, Ricinus communis
stem powder was treated with formalin to enhance its adsorption capacity. Isothermal and
thermodynamic studies were carried out after optimizing adsorption conditions. The results indicated
that Ricinus communis stem powder had maximum adsorption capacity of 11.59 mg/g, which is
improved after formalin treatment, i.e.19.45 mg/g. Thermodynamic and separation factor values
supported the feasibility of this process. S.E.M studies indicated the porous structural aspects of
Ricinus communis stem powder, suitable for removing Methylene Blue dye.
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1. INTRODUCTION
The treatment of waste water is carried out in various ways, in order to remove dyes, pigments,
heavy metals, organic pollutants and other biological impurities. Filtration, coagulation, ion exchange,
ozonation, photo-catalytic degradation and adsorption on charcoal, are some famous methodologies.
But the main problems associated with such techniques are their cost, management and sludge disposal
etc. (Rafatullah, et al., 2010). Biosorption of pollutants on some agro-waste material is getting
importance as an alternative way of water treatment, because of its low cost, user friendly nature and
ease in handling. So, various types of agro-waste materials are investigated in all over the world for
removing dyes and other pollutants from water. In this study, Ricinus communis stem powder was
used to remove Methylene Blue dye from water by adsorption. Other reported adsorbents for this dye
are: rice husk (Adam, et al., 2013), globe artichoke leaves (Benadjemia, et al., 2011), Neem leaf
powder (Bhattacharyya and Sharma, 2005), wheat shells (Bulut and Aydın, 2006), Posidonia oceanica
dead leaves (Cavas, et al., 2011), cotton stalk (Deng, et al., 2011), hazelnut shell (Doğan, et al., 2009),
swede rape straw (Feng, et al., 2012), oil palm fiber (Foo and Hameed, 2011), spent coffee grounds
(Franca, et al., 2009), Indian rosewood sawdust (Garg, et al., 2004), cedar saw dust (Hamdaoui, 2006),
garlic peels (Hameed and Ahmad, 2009), rattan saw dust (Hameed, et al., 2007), lotus leaf (Han, et al.,
2011), coir pith carbon (Kavitha and Namasivayam, 2007), rejected tea (Nasuha and Hameed, 2011),
jute fibers (Senthilkumaar, et al., 2005), peanut husk (Song, et al., 2011), sugar beet pulp (Vargas, et
al., 2011) and pineapple leaf powder (Vučurović, et al., 2012).
There are different varieties of synthetic dyes like acidic, basic, disperse, azo, diazo, anthraquinone
based and metal complexes which are being used in textile industries [10]. Methylene Blue (M.B, Fig.
1) is a classical, basic dye, originally synthesized by Heinrich Caro in 1876, used for dying hair,
leather and cellulosic fibers, redox indicator, ISO test pollutant in semiconductor photo-catalysis,
photo-sensitizer for singlet oxygen generation, stain for fixed and living tissues, diagnostic agent in
renal function tests, antidote to cyanide and nitrate poisoning and as a treatment for malaria (Mills, et
al., 2011, Ponnusami, et al., 2010)
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Fig 1. Structure of Methylene Blue.

Ricinus communis (Common name: castor oil plant, family: Euphorbiaceae) is widespread
throughout tropical regions. Extract of Ricinus communis has exhibited acaricidal and insecticidal
activities. It is used in medicines, cosmetics and biodiesel production. Its stem is hollow, fibrous and
mucilaginous with spiky texture. That’s why; it is not employed in fuel or fodder. Ricinus communis
stem was used as a biosorbent for the removal of Methylene Blue dye in this study. Previous studies
have been conducted to remove the heavy metal ions and malachite green dye using its leaves and
epicarps which showed its ability to use as adsorbent. Its fruit is mostly used as food and it has also
been investigated as an anti-diabetic medicinal plant (Martins, et al., 2013, Niu, et al., 2007, Santhi, et
al., 2010).

2. MATERIALS AND METHODS
2.1 Reagents and Instrumentation Used
Methylene blue (M.B) (CI: 52,015; chemical formula: C16H18ClN3S; synonym: Basic Blue-9;
molecular weight: 319.86; maximum wavelength: 662 nm) supplied by Merck, was not purified prior
to use. HCl, NaOH and formalin were purchased from Merck and Fluka. Ricinus communis stems
were collected from nearby area of home institute, washed, dried and crushed into fine powder.
2.2 Chemical Treatment of Biosorbent
5.0 g of Ricinus communis stem powder was treated with 50 mL of formalin and employed for
adsorption of dye after drying at 80 oC for 6 hours.
2.3 Adsorption Experiments
All the operational conditions were optimized as described already (Rehman et al., 2012). The %
age adsorption of dye at any instant of time was calculated using Eq.1:
C - Ce
% age adsorption of dye  o
 100
(1)
Co
-1
Here Co and Ce are the initial and final concentrations of dye before and after adsorption in mg.L .

3. RESULTS AND DISCUSSION
3.1 Surface Characterization
Surface characterization of Ricinus communis stem powder was carried out by Scanning Electron
Microscopy (SEM). The results are presented in Fig. 2, which clearly indicated the porous nature of
the adsorbent that can adsorb dye from water.
3.2 Effect of Adsorbent Dose:
From Fig. 3, it was indicated that maximum adsorption (94%) occurred with 0.4 g adsorbent dose.
After that, due to coagulation of adsorbent particle in solution, further adsorption rate decreased.
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4. EFFECT OF CONTACT TIME
Fig. 4 has shown that maximum adsorption 76% occurred at a contact time of 65 minutes. Initially
more surface was available for adsorption, but with the passage of time, all adsorption sites were
occupied, which resulted in decreased adsorption rate.

5. EFFECT OF PH:
As Methylene Blue is a cationic dye, so it adsorbed more in acidic conditions, due to more
ionization. Ionized portion chemisorbed more on Ricinus communis stem powder. So, it is obvious
from results that maximum adsorption 86 % occurred at pH 4 as shown in Fig. 5.

6. EFFECT OF AGITATION RATE
Adsorption efficiency was improved by increasing agitation speed, but after a certain optimized
condition, it decreased because all binding sites had been utilized and no binding sites were available
for further adsorption. Maximum adsorption of Methylene Blue with Ricinus communis stem powder
was 73%, which occurred at 100rpm, Fig. 6.

7. EFFECT OF TEMPERATURE
Adsorption equilibrium is a thermo-dependent process. This effect may be due to the fact that at
higher temperatures, a decrease in the movement of the solute occurs which results decrease in
adsorption. Maximum adsorption of Methylene Blue with Ricinus communis stem powder was 73%,
which occurred at 40 oC, Fig. 7.

Fig 2. SEM image of Ricinus communis stem
powder.

Fig 3. Graph showin effect of adsorbent
dosage on Methylene Blue dye adsorption
by Ricinus communis stem powder.
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Fig 4. Graphs showing effect of Contact Time on
Methylene Blue dye adsorption by Ricinus
communis stem powder.

Fig 6. Graph showing effect of agitation speed on
Methylene Blue dye adsorption by Ricinus
communis stem powder.

Fig 5. Graph showing effect of pH on Methylene
Blue dye adsorption by Ricinus communis stem
powder.

Fig 7. Graph showing effect of temperature on
Methylene Blue dye adsorption by Ricinus
communis stem powder.
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8. ISOTHERMAL AND THERMODYNAMICAL INVESTIGATIONS
Optimized adsorption conditions were applied to remove Methylene Blue dye from water using
untreated (U.T.B) and formalin treated (F.T.B) Ricinus communis stem powder and equilibrium data
was analyzed by Langmuir model, i.e.:
1
1
1


q
bq m C e
qm

(2)

Where the term ‘q’ (mg.g-1) is the amount of dye adsorbed, ‘Ce’(ppm) is the remaining dye
concentration, ‘qm’ (mg g-1) and b (L.g-1) are Langmuir constants. Langmuir Separation factor ‘RL’ was
calculated with Eq. 3:
1
RL 
(3)
(1o  bCo )
For calculating ‘ΔGo’ Eq. 4 was used:
ΔGo = −RT ln K

(4)

Here ‘ΔGo’ is in KJ.mol–1, ‘R’ is the universal gas constant, ‘T’ is the absolute temperature in Kelvin
and ‘K’ is the reciprocal of Langmuir constant ‘b’ (Rehman et al., 2012).
Table 1: Langmuir isothermal parameters for Methylene Blue dye sorptive removal by Ricinus communis
stem powder.
Adsorbent
U.T.B
F.T.B

RL

Langmuir Isotherm Parameters
Slope
2.096
0.545

Intercept
0.086
0.051

R2
0.982
0.91

qmax (mg.g-1)
11.59
19.45

Δ G0
(KJmol-1)

b (L.g-1)
0.041

0.328

-7.91

0.094

0.175

-5.85

Table 2: Comparison of removing capacity of previously reported adsorbents for Methylene Blue dye with
present study.
Adsorbent
Rice husk
Peanut husk
Garlic peels
Banana peels
Neem leaves
Orange peels
Madhuca longifolia leaves
Fly ash
Wheat shells
Eugenia jambolana seeds (J.S)
Citrullus lanatus peels (W.M.P)

qm
(mg.g-1)
4.41
72.13
8.62
20.8
8.76
18.6
3.66
13.42
16.56
4.902
35.714

Correlation coefficient (R2) values indicated that this model is applicable on this system. It means
monolayer chemisorption occurred more during dye removal by the adsorbent. Maximum adsorption
intensity ‘qm’ values indicated that formaldehyde treatment increased the adsorption capacity of
Ricinus communis stem. Comparison of adsorption capacity with other reported adsorbents, which
was mentioned in introduction and Table 2, indicated that Ricinus communis stem has a potential to be
used for adsorption of Methylene Blue. The values of ‘b’ clearly pointed out that increase in the
adsorption would not occur with increasing temperature because adsorption is generally an exothermic
process. Separation factor values are lower than unity in both cases, showing that adsorption of
Methylene Blue dye was favorable with Ricinus communis stem. The feasibility of use of Ricinus
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communis stem powder for adsorption was also indicated by ∆Go values, which are negative, i.e.: 7.91 and -5.85 for U.T.B and F.T.B.

9. CONCLUSION
From this study, it can be safely concluded that Ricinus communis stem powder is a
very effective biosorbent for removal of cationic dyes from waste water. Its adsorption capacity can be
almost doubled by chemical modification with formalin for removing Methylene Blue dyes especially.
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