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1. INTRODUCTION

Clean water is requirement for all. Methylene blue is one of the most commonly used
substances in the textile industry. Methylene blue can damage the balance of the ecosystem
and adversely affect the environment [1-3]. The methylene blue compound is very easy to
obtain because its cheap price and wide use in dyeing process [4]. The dye molecule is very
stable, thus difficult to be decomposed under natural conditions. Therefore, it is necessary to
remove the dye molecule before being discharged to the environment [5]. The removal
technique of dyestuff has been widely studied including ion exchange, membrane filtration,
coagulation-flocculation, flotation,

electrochemical processes, reverse osmosis and adsorption [6-8]. But due to various
advantages and disadvantages adsorption has been given the prime importance and is
frequently used [9]. Table 1 depicts the merits and demerits of other technologies for dye
removal from water [10]. The adsorption method is recognized as a relatively simple and an
effective method [5,11].

For adsorption process various commercially available activated carbon is the most widely
used adsorbent for dye removal, but they are too expensive. Therefore, numerous low-cost
alternative adsorbents from have been proposed including chemically modified sugarcane,
lignin, pistachio hull waste, coffee husk-based activated carbon, pine cone, rice husk,
synthetic calcium phosphates, natural untreated clay, pillared clays and swelling clays,
Lantana, peanut hull [12].

Lantana camara is abundantly available waste material which has shown promising results in
the form of adsorbents [13-20]. Lantana biomass is a composite compound contains various
functional groups ,these functional groups are notably —OH,C-O-C ,C-HN-H. Those
functional groups enhances the capture of dye molecules by sharing their pair of electrons to
the different cationic adsorbate molecules, resulting in the formation of complexes [18].
These properties of this adsorbent leads to facilitate greater removal of dyes from the aqueous
solution. Limitations noted with number of the studies using Lantana plant and its parts for
adsorption of dyes. The adsorption property of any adsorbent could be increased by cross liking it
with other chemicals like KOH [12], HCI [21], NaOH [22], sulphuric acid, sodium hydroxide and
PEI [23], formaldehyde and sulfuric acid [24]. Moreover the adsorption property of Lantana
can be increased by modifying it with different chemicals, commonly used modifying agents
are Oxalic acid, Citric acid, Formyldehyde, HCL, NaOH, SDS, Sulphuric acid KOH [18].
This study represents the study of removal of methylene blue dye using KOH/NaOH modified
Lantana camara leaves.
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In the current assessment, methylene blue is used as a shading to be expelled from its
manufactured water by utilizing changed leaves of EC. Methylene blue has progressively
broad applications, which consolidate shading paper, ephemeral hair colorant, shading
cottons, wools, additionally, covering for paper stock. Notwithstanding the way that
methylene blue isn't immovably hazardous, it can cause some hurtful effects like Heinz body
game plan, heaving, cyanosis, jaundice, stun, increment pulse, quadriplegia, and tissue spoil
in individuals [25].

2. MATERIALS AND METHODS

Preparation of adsorbent:

The Lantana camara used in this study were obtained from university area near Education
Block Lovely professional university, Punjab India. The leaves were removed from the stem
and were repeatedly washed using tap water followed by distilled water to remove suspended
impurities and dust particles. The washed material was then dried in an oven for 18 hours at a

temperature of 609C. Grinder (Philips) was used to crush dried leaves into small particles to
powder form. The powdered form obtained was sieved to mesh size of 150 um .The
remaining outsized material was again grinded for further size reduction to obtain powdered
form. The sieved material obtained was stored in poly zipper bags and was stored in
desiccator to avoid the moisture and dust particles for further experimental use and
modification [26].

Modification of adsorbent:

Sodium Hydroxide (NaOH) Modification:

4g and 2g of NaOH pellets were dissolved in 1litre of distilled water separately, for the
preparation 0.1M and 0.05 M NaOH solution respectively. For modification 1g of Lantana
powder was immersed in 15ml of 0.05M and 0.1M NaOH separately stirred well and was
kept for 24 hrs under room temperature. The mixtures were then washed with distilled water
until the pH reaches almost 7. The material was filtered using Whatman filter paper number 4

and was kept in an oven for overnight at 609C. The solid residue was collected and was
grinded into powder form by using pestle and mortar, the powder was then stored in zipper
bags for experimental use [27].

Preparation of adsorbates:

Methylene blue, color (Loba Chemie) was picked as an adsorbent on account of its known
solid adsorption onto solids [27]. The color stock arrangement was set up by dissolving
precisely weighed 1g of powder in 1000ml of distilled water [28]. ). The working solution
was prepared by further dilution of stock solution using distilled water. The final
concentration of working solution was 200mg/dma3 [29].

Batch adsorption experiments:

The batch experiments were performed in 250ml conical flasks with varying dose of
adsorbent (500mg, 750mg, and 1000mg) and contact time (30, 60, 90 and 120 minutes) in
100 ml of working solution. The flasks were agitated by rotatory shaker at constant rotation
(200 rpm).The constant factors were initial dye concentration (200mg/dm3) and temperature
(room temp). The samples were taken at each contact time interval, the solution was filtered
using Whitman filter paper No.4. The filtrate obtained is subjected to spectrophotometric
analysis to measure final absorbance at 539 nm.
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Calculations: ‘T’ test was employed at 5% significance level.

The final concentration of solution was measured using formula:
C1/C2 = A1/A2
Where,
C1 = Initial concentration of dye, C2 = Final concentration of dye, A1 = Initial
Absorbance, A2 = Final Absorbance.
The dye removal percentage was calculated using formula:

q = [C1-C2/C1] X100 (Coskun et al., 2017)

Where, C1 = Initial concentration of dye. C2 = Final concentration of dye. q = percentage
of dye removed.

The experiments were conducted in triplets and the average value was calculated to
measure the percent removal of dye.

3. RESULTS

Adsorption by 0.05M NaOH modified Lantana camara leaves:

The modification resulted in the formation of new sites on the surface of adsorbent, and leads
in the improvement of adsorption capacity in comparison to unmodified. The modification
was done up to 24 hours at room temperature. Both the modified and unmodified material
was tested simultaneously for adsorption with varying dose of adsorbent from 500mg to
1000mg (500mg,750, and 1000mg) and varying contact time from 30, 60, 90 and 120
minutes respectively.

The adsorption of methylene blue at 500mg adsorbent dose is represented in Fig.1l the
process of adsorption was found steady in both modified and unmodified adsorbent with the
increase in contact time there is not much increase in the % dye adsorption it means that the
equilibrium starts establishing just quickly after the incorporation of adsorbent into the dye
solution. Maximum adsorption was achieved at 30 minutes of contact time for both modified
and unmodified material and the equilibrium was achieved at 90 minutes of contact time.
Representation of dye adsorption at 750mg of adsorbent dose is shown in Fig 2. The
influence of contact time is clearly seen in the graph, the demonstrations from is clear that
with the increase in contact time there is change in the rate of dye adsorption., maximum
removal is analyzed at 60 minutes of contact time by both modified and unmodified material
after that there is lag in adsorption, and the equilibrium was established at 90 minutes of
contact time.

Illustration of dye removal at 1000mg of adsorbent dose is shown in Fig.3 the rate of dye
removal shows a little difference between modified and unmodified material. The modified
material shows an increase in dye adsorption with the increase in contact time, but in case of
unmodified material decrease in dye adsorption rate was seen at 60 minutes of contact, after
that the abrupt increase in dye removal was seen maximum adsorption was seen at 90
minutes of contact time for both modified and unmodified material, also the equilibrium was
established at 120 minutes of contact time.

The influence of varying adsorbent dose 500mg, 750mg and 1000mg of modified and
unmodified material (0.05M NaOH) on the adsorption of dye is illustrated in Fig.4. It is clear
from the figure that with the variation in the adsorbent dose there is also a change in the
adsorption of dye shown by both modified and unmodified adsorbent. With the increase in
the adsorbent dose the rate of dye removal decreases. Maximum adsorption in case of
modified adsorbent was shown by 500mg of adsorbent dose (91.5%) ,followed by 750 mg
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adsorbent dose (89%) and least by 1000mg of adsorbent dose (86%) at 60, 90 1nd 120
minutes of contact respectively. Despite a good amount of dye adsorption was also seen by
the unmodified material as well maximum %age of adsorption was seen by 750mg adsorbent
dose (88%) followed by 500mg (87.5%) and least by 1000mg of the adsorbent dose( 86%) at
60, 30 and 90 minutes of contact time respectively.

Adsorption by 0.1M NaOH modified Lantana camara leaves:

The modification leads in the production of new positions on the adsorbent and results in
increasing ability of adsorbent towards the removal of dye, both the modified and unmodified
material were tested all together. Higher amount of dye removal was recorded during the
adsorption process.

The rate of dye removal % by the modified and unmodified Lantana at 500mg dose of
adsorbent is shown in Fig.5. There was not much difference in the removal % of dye between
modified and unmodified material, each material shows almost equal rate of adsorption, the
maximum adsorption was recorded at 90 minutes of contact time, and the equilibrium was
obtained at 120 minutes.

The mean % adsorption rate at 750mg of adsorbent dose by unmodified and modified
Lantana (0.1M NaOH) is demonstrated in Fig.6 It is clear from the Fig. that unmodified
material shows more efficiency towards adsorption and higher %age of dye was removed by
the unmodified material, maximum dye removal percentage was seen at 60 minutes of contact
time, there after it starts decreasing and the equilbrium between modified and unmodified was
established at 90 minutes of contact time , however in this case the unmodified adsorbent
shows better removal as compared to modified Lantana.

The adsorption of dye at 1000mg of adsorbent dose by unmodified and modified Lantana
(0.1M NaoH) is represented in Fig.7. The unmodified material shows more % rate of dye
removal as compared to modified, with the increase in contact time there was abrubt decrease
in the removal of dye. The equilibrium was established at 120 minutes of contact time for
both modified and unmodified adsorbent.

It is clear from Fig.:5, 6 and 7 that with the increase in adsorbent dose and contact time there
is decrease in mean %age of dye adsorption; the maximum adsorption was recorded at 90
minutes of contact time at 500mg of adsorbent dose for both modified and unmodified
material respectively.

The effect of varying adsorbent dose on the adsorption of dy by unmodified and modified
Lantana(0.1M NaOH) is shown in Fig. 8.The comparative figure clearly shows that an
observable change in the adsorption is noted with the change in adsorbent dose fro 500 to
100mg (500,750 and 1000mg). The rate of adsorption decreases with the increase in
adsorbent dose.For modified adsorbent the maximum adsorption rate (90%) was seen at
500mg of adsorbent dose folowed by 750mg of adsorbent dose (76%) and least adsorption
rate was shown by 1000mg of adsorbent dose (57%) at 120, 90 and 60 minutes of contact
time respectively. Although a better rate of dye removal was recorded by unmodified
material over modified ,in case of unmodified 92% of the dye removal was shown by 500m
of adsorbent dose at 120 minutes of contact time followed by 750mg and 1000mg adsorbent
dose, their percentage was 83% and 70% respectively at 90 and 30 minutes of contact time.

4. DISCUSSION

The use of harmful dyes several industrial sectors eventually drain into water resources along
with other wastes. The present focus of the study is to discover a lucid method for the
removal of these substances. Adsorption is an economically effective method that results in
efficient eradication of such dyes. The adsorption process has been suggested by the
numerous researchers after their studies on dye removal [18] this study deals with the
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adsorption of Methylene blue by Lantana leaves powder of 150um mesh size, this material
was found effective in removing methylene blue from water The result was in steady with the
studies of [15]..

Modification of the material proved an important factor in adsorption of dye, the chemical
modification leads to the formation of new active sites on adsorbent as compared to
unmodified material higher rate of dye removal was recorded by the modified adsorbent. The
chemical modification of the material was done by NaOH.

NaOH modification increased the adsorption capacity to a greater extent. 0.5, 0.1 M NaOH
solutions were used for the modification of Lantana leaves powder. As the concentration of
the NaOH solution used for modification was increased, dye removal efficiency also
increased, the increase could be seen due to the porous surface obtained after modification, it
can be can be illustrated from the study of [12].

Adsorbent dose in adsorption process is also an important factor. The experiments were
conducted at varying adsorbent dose from 500mg, 750 and 100mg respectively, it was seen
that with the increase in adsorbent dose the removal of dye also increases and maximum
removal of dye was recorded at 1000mg of adsorbent dose. The results indicate that the rate of
adsorption increased with increasing adsorbent dose, this is observed due to presence of more
sites on the adsorbent material which stick up more dye molecules it can be illustrated by the
studies of [30].

Effect of contact time was clearly visible in adsorption process ,with the increase in contact
time from 30 to 120 minutes the rate of adsorption also increase ,maximum adsorption was
recorded at 90 and 120 minutes of contact. This increasing adsorption was due to the binding
of more dye molecules with increasing their contact time with the adsorbent dos, the results
were according to the adsorption studies of [31].

Various biosorbents derived from waste materials have been studied with different types of
beneficial effects [32-36].

5. CONCLUSION

The adsorption of methylene blue using Lantana leaves powder was studied by varying
experimental conditions. The adsorbent is an eco-friendly and economically effective method
by using plant waste. The adsorption process was carried out using unmodified and modified
adsorbent (Lantana leaves powder). The results showed that modified adsorbent proved to be
much effective as compared to the unmodified adsorbent. It was found that dye removal
capability increased with increasing contact time (30 to 120 minutes) of the dye solution. It
was due to increase sticking and filling of more spaces on the adsorbent with increase in
contact duration. The maximum adsorption was assessed at 90 and 120 minutes of contact time
the results obtained are found to be statistically significant.

The results clearly confirmed that Lantana leaves powder can be used as an easily available
low-cost adsorbent for the removal of dye.

6. REFRENCES

[1] Khanday, W.A., Marrakchi, F., Asif M. & Hameed, B.H., Mesoporous zeolite—
activated carbon composite from oil palm ash as an effective adsorbent for methylene
blue, J. Taiwan Inst. Chem. Eng. 70, 32-41, 2017.

[2] Islam, M.A., Sabar, S., Benhouria, A., Khanday, W.A., Asif, M. & Hameed, B.H.,
Nanoporous activated carbon prepared from karanj (Pongamia pinnata) fruit hulls for
methylene blue adsorption, J. Taiwan Inst. Chem. Eng. 74, 96-104, 2017.

[3] Marrakchi, F, Ahmed, M.J., Khanday, W.A., Asif, M. & Hameed, B.H., Mesoporous-

4260



[4]
[5]

[6]

[7]

[8]
[9]
[10]
[11]
[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

European Journal of Molecular & Clinical Medicine
ISSN 2515-8260 Volume 07, Issue 07, 2020

activated carbon prepared from chitosan flakes via single-step sodium hydroxide
activation for the adsorption of methylene blue, Int. J. Biol. Macromol. 98, 233-239,
2017.

Hamdaoui, O. & Chiha M., Removal of methylene blue from aqueous solutions by
wheat bran, Acta Chim. Slov. 54, 407-418, 2007.

Yang, D., Lingbing, Q. & Yang, Y., Efficient adsorption of methyl orange using a
modified chitosan magnetic composite adsorbent, Journal of Chemical and
Engineering Data. 63 (1), 147-158, 2016.

Nataraj, S.K., Hosamani, K.M. & Ainabhavi, T.M., Nanofiltration and reverse
osmosis thin film composite membrane module for the removal of dye and salts from
the simulated mixtures, Desalination 249 (1), 12-17, 2009.

Mohammadnezhad, J., Khodabakhshi-S, F. & Bakhshi, H., Preparation and evaluation
of chitosan-coated eggshell particles as copper(ll) biosorbent, Desalin. Water Treat.
57 (4), 1693-1704, 2016.

Fu, F. & Wang ,, Removal of heavy metal ions from wastewater: a review, J. Environ.
Manag. 92 (3), 407-418, 2011.

Pavan, F.A., Mazzocato, A.C. & Gushikem, Y., Removal of methylene blue dye from
aqueous solutions by adsorption using yellow passion fruit peel as adsorbent,
Bioresour. Technol. 99 (8), 3162-3165, 2008.

Robinson, T., McMullan, G., Marchant, R. & Nigam, P., "Remediation of dyes in
textile effluent: a critical review on current treatment technologies with a proposed
alternative." Bioresource Technology 77, no. 3, 247-255, 2001.

F. Marrakchi, W.A. Khanday, M. Asif, B.H. Hameed, Cross-linked chitosan/sepiolite
composite for the adsorption of methylene blue and reactive orange 16, Int. J. Biol.
Macromol. 93 (2016) 1231-1239.

Nasuha, N., Hameed, B.H. and Din, A.T.M., 2010. Rejected tea as a potential low-
cost adsorbent for the removal of methylene blue. Journal of Hazardous Materials,
175(1-3), pp.126-132.

Gautam, R.K., Gautam, P.K., Chattopadhyaya, M.C. and Pandey, J.D., 2014.
Adsorption of Alizarin Red S onto biosorbent of Lantana camara: Kinetic,
equilibrium modeling and thermodynamic studies. Proceedings of the National
Academy of Sciences, India Section A: Physical Sciences, 84(4), pp.495-504.

Amuda K., Sarafadeen, O., Olayiwola, O. A., Alade A., O., Farombi A. G. & Adebisi
A. S., "Adsorption of methylene blue from aqueous solution using steam-activated
carbon produced from Lantana camara stem." Journal of Environmental Protection 5,
no. 13, 1352, 2014.

Kumar P. S., Palaniyappan, M., Priyadharshini, M., Vignesh, A.M., Thanjiappan, A.,
Sebastina Anne Fernando, P., Tanvir Ahmed, R. & Srinath, R., Adsorption of basic
dye onto raw and surface- modified agricultural waste. Environmental Progress &
Sustainable Energy, 33(1), 87-98, 2014.

Gautam, R.K., Gautam, P. K., Banerjee, S., Rawat V., Soni, S., Sharma, S. K., &
Chattopadhyaya, M. C., "Removal of tartrazine by activated carbon biosorbents of
Lantana camara: kinetics, equilibrium modeling and spectroscopic analysis." Journal
of Environmental Chemical Engineering 3, no. 1,79-88, 2015.

Amuda, O. S., Akeem O. O., Abass O. A., Abolaji G. F., & Segun A, A., "Adsorption
of methylene blue from aqueous solution using steam-activated carbon produced from
Lantana camara stem."” Journal of Environmental Protection 5, no. 13, 1352, 2014,
Banerjee, S., Gautam R. K., Rai P., & Chandra Chattopadhyaya, M.C., "Adsorptive
removal of toxic dyes from aqueous phase using notorious weed Lantana camara
(Linn.) as biosorbent." Research on Chemical Intermediates 42, no. 6, 5677-5708,

4261



[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

[28]

[29]

[30]

[31]

[32]

[33]

[34]
[35]

European Journal of Molecular & Clinical Medicine
ISSN 2515-8260 Volume 07, Issue 07, 2020

2016.

Girish, C. R., & V. Ramachandra Murty. "Adsorption of phenol from aqueous
solution using Lantana camara, forest waste: kinetics, isotherm, and thermodynamic
studies.” International scholarly research notices 2014,2014.

Gautam, P. K., Gautam R. K., Banerjee S., Chattopadhyaya M. C. & Pandey, J. D.,
"Adsorptive removal of alizarin red S by a novel biosorbent of an invasive weed
Mikania micrantha." National Academy Science Letters 40, no. 2, 113-116, 2017.
Argun, M.E., Dursun, S., Ozdemir, C. and Karatas, M., Heavy metal adsorption by
modified oak sawdust: Thermodynamics and Kkinetics. Journal of hazardous
materials, 141(1), 77-85, 2007.

Chowdhury, S., Mishra, R., Saha, P. and Kushwaha, P., Adsorption thermodynamics,
kinetics and isosteric heat of adsorption of malachite green onto chemically modified
rice husk. Desalination, 265(1- 3),159-168, 2011.

Galvdo M. L., Guilherme D. & Carlos R. C., "An approach to textile dye removal
using sawdust from Aspidosperma polyneuron.” International Journal of
Environmental Studies 74, no. 1: 75-85, 2017.

Garg, V.K., Amita, M., Kumar, R. and Gupta, R., Basic dye (methylene blue) removal
from simulated wastewater by adsorption using Indian Rosewood sawdust: a timber
industry waste. Dyes and pigments, 63(3), 243-250, 2004.

Vadivelan, V., & Kumar, K. V. Equilibrium, Kinetics, mechanism, and process design
for the sorption of methylene blue onto rice husk. Journal of Colloid and Interface
Science, 286(1), 90-100, 2005.

Kumar, P.S., Ramalingam, S., Senthamarai, C., Niranjanaa, M., Vijayalakshmi, P. and
Sivanesan, S., Adsorption of dye from aqueous solution by cashew nut shell: Studies
on equilibrium isotherm, kinetics and thermodynamics of interactions. Desalination,
261(1-2), 52-60, 2010.

Nasuha, N., & Hameed, B. H., "Adsorption of methylene blue from aqueous solution
onto NaOH-modified rejected tea.” Chemical engineering journal 166, no. 2,783-786,
2011.

Sadaf, S. & H.N., Bhatti, Evaluation of peanut husk as a novel, low cost biosorbent for
the removal of Indosol Orange RSN dye from aqueous solutions: batch and fixed bed
studies. Clean Technologies and Environmental Policy, 16(3), 527-544, 2014.

Etim, U.J., Umoren, S.A. & Eduok, U.M., Coconut coir dust as a low cost adsorbent
for the removal of cationic dye from aqueous solution. Journal of Saudi Chemical
Society, 20, S67-S76, 2016.

Silva, T. L., André L. C., Patricia, S.C.S, Zhang, T., Asefa, T. & Almeida V. C.,
"Mesoporous activated carbon fibers synthesized from denim fabric waste: efficient
adsorbents for removal of textile dye from aqueous solutions.” Journal of Cleaner
Production 171,482-490, 2018.

Feryal A., "Adsorption of basic dyes from aqueous solution onto pumice
powder." Journal of Colloid and Interface Science 286, no. 2, 455-458, 2005.

Patel S. Potential of fruit and vegetable wastes as novel biosorbents: Summarizing the
recent studies. Reviews in Environmental Science and Biotechnology, 11(4), 2012.

Singh H., Rattan V.K. Singh H., Rattan V.K.

Adsorption of nickel from aqueous solutions using low cost biowaste adsorbents.
Water Quality Research Journal of Canada. , 46(3), 2011.

4262



European Journal of Molecular & Clinical Medicine

ISSN 2515-8260

Volume 07, Issue 07, 2020

[36] Sharma P., Kaur H., Sharma M., Sahore V. A review on applicability of naturally
available adsorbents for the removal of hazardous dyes from aqueous waste. 183, 1-4.

2011.

[37] Singh S., Kumar V., Datta S., Dhanjal D.S., Sharma K., Samuel J., Singh J. Current
advancement and future prospect of biosorbents for bioremediation. Science of the
Total Environment, 709, 2020.

[38] Goyal K., Arora S. Equilibrium and kinetic studies of adsorption of lead using low
cost adsorbents. Indian Journal of Science and Technology, 9(44), 2016.

Table 1:

Different Methods for the removal of dye from industrial effluents, merits and demerits (Tim
Robinson et al., 2000).

Methods

Merits

Demerits

Photochemical

No sludge production.

Production of byeproducts.

Electrochemical
Destruction

Products formed are nontoxic in
nature.

More consumption of electricity.

Ozonation

No change in volume when
applied in gaseous state.

short half time.

Fentons reagent Effective ~ removal for both |[Release of slime.
hydrophobic and hydrophilic
dyes.
Activated Best removal of various types of  [Very cheap.
carbon dyes.
Cucurbituril  |Good adsorption  for various |Very high expensive.
dyes.
Membrane Universal removal for every dye  [Formation of high concentration
filtration slime.

lon exchange

Least loss of adsorbent.

Not effective for all types of

dyes.
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Fig. 5- Mean % dye sorbed by unmodified and modified Lantana (0.1M
KailH) at S00mg sdsorbent dose
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Fig. T: Mean % dye sorbed by unmodified and modified
Lantana (0.1M NaOH) at 1000mg adsorbent dase

" (p<0.01)
T I
—— -
T
E T I I
30 [u] a0 130

T rre= iy i L=

Fiz. 8: Compariszon mean % dye sorbed by ummodified and modified
Im;{ﬂlhﬂﬂi}aiﬁﬂﬂ.?ﬂmdlﬁﬂmgaﬂmﬁmdm

respectively

Tirme i minurtes
H P OCIMED S0y BUgasatalIED 500y W MODIFED Fomg
Bussoeiieh Some Bprmgen 1noomy T UNMODRED 1000mg

33 - o 130

4267



