CHAPTER S

ADSORPTION OF METHYLENE BLUE BY THE PRE@D

FIVE ACTIVATED CARBONS

5.1 Introduction \,

Activated carbon was prepared with highly porous st usipg a chemically
activating agent from natural by-products (Yahya et al., .Th squification
L ]

techniques are used for improving the adsorption capacity of activate aibotgg'e et
al., 2016). The optimization process can be obtai sing a different chemical agent

such as zinc chloride, sulphuric acid, phospho id, sodj@r nate>§a sodium
rom a

nitrate buffer solution. The inorganic species wer elim'\
demineralization process. After comp ti%ﬁ proc

ents by this
urfacé@rea and porosity

of adsorbents are enlarged. The aim of “thi St%ﬁ 'nvej: e the removal of
methylene blue from wastewater usl%livated carko %f r c{b,usk, coconut coir, corn
cobs, neem bark, and Moringg%a bark to stig@the performance of the
prepared activated carbon trM ith a cally&%t’lvating agent using batch
equilibrium tests, adsor tiowﬁerm, nd adso ptio@metics studies.

S &
5.2 Materials aq\&mic Q &

N
N
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5.2.1 Sample%ricu ural By-Products
% N
he % ple b[y%en ae@Chapter 3 for this study.
) s

)
S
i
N

®2°Chemicals

—

Methylene blue (MB) was an analytical grade obtained from Sigma, Aldrich.

tandard solution and Stock solution of methylene blue were obtained by dissolving 1g
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MB in 1000 mL deionized water. Working solutions were prepared like 5 mg/L, 10
mg/L, 20 mg/L and 50 mg/L by diluting the stock solutions (1000 mg/L).
chemicals were used 0.5 M HCI (70 %), 0.5 M H2SO4 (>98 %), 0.5 M HN 0%), 1

M NaOH, 0.05 M NaNOs buffer, (10 %) ZnClz, 1 M H3POs. : (f)
The stock solution of 1000 mg/L methylene blue wa epzed in distilled water.

Batch adsorption experiments were conducted for ad i methylenegblue from
waste water by the treated five activated carbons. The effeets M.solﬁﬁon,
dosage, initial concentration, contact time, and perc remaval thﬁ a}@ption
process were studied. This experiment was conﬁ? mixing 0.025 g(activated
carbon in 100 mL of methylene blue solutionmg/ \Imq olu eué}/ flask. The
solution was kept in a shaker at 25+1 °C%ﬁmr3 at the spéeed of rpm. The pH

5.3 Adsorption Experiments

was controlled at 6 for methylene quN e be orption capacity
(Jawad et al. 2016). It was observed the effe e-Solution were adjusted
ranging from 2-11 by 0.1N (HCl“and Oﬂ)%s wi@)sodium nitrate (NaNO3)
0.5M buffer solution. Then th ‘s%% were run r‘iO,Q@'A‘rO, 80, 100, 120, and 180
minutes. The flasks were t x at e Intervals er adsorption, the adsorbent
and the supernatants were separated ce riiu@ at 4000 rpm for 10 min and

samples for analyses (10 mL)

residual dye con@ usirlg FRCAVAS Visi@s Spectrophotometer (Cary 50 Varian,
i

Agilent Technolggies, WJSA Itori absorbance changes at the wavelength
of 668 nm. Tr@aﬂ clr

(5, 10, 20%@ L). To prevent d urization and degradation from sunlight, the
stock w ing &)I‘Uj er pt in a dark place. The amount of adsorbate
ads@&]e (mg/g) and the pe@t’removal of adsorbate at equilibrium were calculated
g to Equation 3.1 and Equation 3.2 (as presented in Chapter 3).

ithd wit clinical syringe and analysed for

att:sr‘r?ed from the spectra of the standard solutions

ﬁ_

N
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5.3.1 Effect of Initial Adsorbate Concentration

The effect of the initial concentration of methylene blue was carried out ranT,
10, 20, 50 mg/L) in the batch adsorption process. A 100 mL of methylene blue ion
was added with 0.025 g of each activated carbon into each 250 mL fIask.She

then placed in a shaker at constant temperature (25+1 °C). The rotation speed of the

k was

shaker was 200 rpm. After 2 hours reaching the equilibrium point thengdt was tested by

UV-vis Spectrophotometer (Cary 50 Varian, Agilent TechnologieShUSA).

5.3.2 Effect of Contact Time .\d¢ NS
N

The effect of contact time of methylene blue @ucted for L 0,’40)f§a, 100,
120, and 180 minutes in the batch adsorption t iquBs. To investidate tbgasorption
uptake and percent removal, 100 mL of etm ue%»’on with_known initial
concentration (50 mg/L) was prepared. T@ed htio asa é\into each flask
containing the activated carbon and was t0.025

\ :

Spel

5.3.3 Effect of Solution pH \ Aj AQ/
Wthyll

N
The adsorption capacit e blue w. ﬁducted at different pH ranging
from 2 to 11 to investigatethe e ect in Solution. The pH of the solution was

maintained using Nlorid am? | M)%(s'}ld sodium hydroxide (0.1 M). Each
activated carbonywvas 0025 ed wi T%'mg/ L initial concentration of methylene
blue (100 mL m&mn into‘ea Ijslk af'ﬁH (2-11). After 120 minutes, the adsorption
plot was s atch adsorptiod process was carried out for 180 minutes at 251

“© A% N8

N
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Q % Effect of Adsorbent Dosage

The effect of adsorbent dosage was conducted ranging from 0.005 g to 0.05 g of

each activated carbon during removal of methylene blue. The prepared solution (5
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mg/L) of methylene blue (100 mL) was added into each flask containing the activated

carbon and was fixed at (0.005 g, 0.01 g, 0.025 g, 0.05 g) with rotation spee
rpm at 251 °C.

5.4 Results and Discussion ?

5.4.1 Effect of Initial adsorbate Concentration \,

The effect of initial concentration for the removal of zne b‘ue from spiked

aqueous solution using activated carbon such as ric , COC n%orn cobs,
neem bark, and Moringa oleifera bark as shown in Figure 5.1. The initial n6ettQ€ﬁon

e graph t i!n ihz;c%asing
the initial concentration, the removal percenta ethylere aqu@ solution
was decreased but the adsorption quantity of methylen b\a‘ho wasfin6reased using
all activated carbon. At lower initial coné%gn ( / he R{rﬁt (~100%) of

t

methylene blue were removed using m he activat: carb(@nd the adsorption

was set at 5, 10, 20, 50 mg/L. It may be describe

quantity was 20.40 mg/g but with in ing the Ini gnc ]a@l'on up to 50 mg/L, the
removal percentage and the adsor uantity o qthyl ere 53.40 %, 52.80 %,
52.80 %, 53.60 %, 53.00 % aﬂd\ 94, 107 7.71A<$09.34, 108.12 mg/g for rice
husk, coconut coir, corn co m bark a ori@,‘oleifera bark, respectively. It
can be occurred due to n of ac&a}ct‘ion%roup on to activated carbon. The

:d ent‘; due to the increased in the driving

higher mass transfer for most of
force which was yGJi\n}m c n':entr on of@wylene blue (Ahmad & Alrozi, 2011).
The removal p Wge f me e bl (}ere better (99.40 %, 99.60 %, 100 %) for
%ob;ﬁ 6arU n rice husk (94.60 %) as well as Moringa
It

coconut coi
oleifera %.’20 %) s hap d due to possessing more available active sites
onto a %carbon of ocoﬁut cofr, corn cobs and neem bark for adsorbing methylene
bh%spiked aqueous sohﬁ%’n (Jawad et al., 2016). Figure 5.1 shows a slightly
behaviour for the removal percentage of methylene blue for corn cobs and
inga oleifera bark, with increasing the initial concentration from 5 to 50 mg/L, the
ph was not plotted in a gradually decreasing trend. The percentage removal firstly
decreased from 100% to about 50.00 % for (5 to 20 mg/L) then increased slightly (52.80
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% for corn cobs and 53.00 % for Moringa oleifera bark) for 50 mg/L of methylene blue
solution. This pattern of adsorption indicated that monolayer formation of m
blue can be formed on the adsorbent surface (Ahmad & Alrozi, 2011). Answ{ ide,
the removal percentage of methylene blue for coconut coir was better rgaay than
others. The percentage of adsorption decreased with an increas?kve initial
concentration and increased as the contact time prolonged. However,vrease in the

fthe'a

initial dye concentration caused an increase in the loading capaci dsorbent and

this may be due to the high driving force for mass at a high initial,dye concentration

(Bulut and Aydin, 2006). In other words, the residual con ation of dye molecules

will be higher for higher initial dye concentrations. In
the ratio of the initial number of dye molecules to the,available
and subsequently the fractional adsorption b s independ o’ th({)initial
- 4
concentration. Y. \ Y\}T
CN \Wb 2.
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Figure 5.1 Effect of initial concentration on methylene blue removal by
‘3 husk, coconut coir, corn cobs, neem bark, and Moringa oleifera bark
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5.4.2 Effect of contact time

The effect of contact time to the adsorption of methylene blue in 180 mirTr
experiments was shown in Figure 5.2. The contact time between the activate on
and the solute is an important parameter to determine the equilibr@ of an
adsorption process. The graph shows the pattern of the adsorption capacity of'methylene
blue with time at 25+1 °C. The graph indicates that the quantity of ads@rbate adsorbed
at time, ¢: is not significantly increased with the increase in conwe. During first
10 minutes, the ¢; of methylene blue was 104.04, 103.22,,106.80, 106.08, and 105.22
rinda oleifera bark,
tol W} 107.71,

mg/g for rice husk, coconut coir, corn cobs, neem bark,

7 X
equilibrium state and remove the maximum traﬁQQ e ast%o_kbates. The
adsorption capacity of all activated carb er betnﬂr forsthe inj,@*stage due to
available active sites of adsorbents. Thmx‘!?stage shown aﬁbst rate indicating

a rapid adsorption process. The subsequentista e% hoL',E al due to a slower
adsorption process. c) A
N
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Figure 5.2 Adsorption capacity on methylene blue (50 mg/L) removal by rice
husk, coconut coir, corn cobs, neem bark, and Moringa oleifera bark
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5.4.3 Effect of pH Solution

The effect of pH in the adsorption process was conducted ranging pH from
which was shown in Figure 5.3. At pH 6, the removal of methylene blue fr, ous
solution was good about (~100%) by the adsorbents of coconut coir, cor&g neem
bark but other two activated carbon (rice husk and Moringa oleifera bark) can remove
more than 94% of methylene blue from aqueous solution. With increasing the pH value,

the percent removal also increased and at pH 6, the removal pe?Wge was highest.
CW was decreased. It
catid1 formed (MB™)

zero- OWE on most
(
6,

After increasing the pH values from 6 to 11, the removal per

can be observed that methylene blue contains basic properti

was attracted to a negative surface of adsorbents due to
3

of the activated carbon being about below 6. When H > pH(pzc tr'e s@%&é of

ere C%l_ better

adsorption of methylene blue by electrostatic atw between egative’surface of

adsorbents and positive charges of methylew. W g
&

At pH 2, the methylene blue (MB) a ion was lower due @igh concentration
of H* ions. This H ions competed B* i(@i)gad u"@on sites, hindering the
adsorption of MB* ions by adsorbe otohated ad q rpti \tes were not capable of
binding MB™ ions due to electrostatierepulsi he p&bcreased, H* ions decreased.

activated carbon contains negative charges. For t ason, at

Therefore, extra negativelyT site§ wer de a ethyl blue cation (MB* ions)
adsorption increased b% tatic attracti n}éo@ technique of MB* in adsorption
lectrostati he @Hylene blue adsorption on activated

can be conducted by.ele

carbon is also desp@ﬁ/ th ‘on-e hange@nique. The major functional groups of

adsorbents ar Na b x;;l, xyl @natic ring that are responsible for ion

exchange.@ova perc tag%sef, B using coconut coir was good which
t

e e}e rostatic m@nism was not the only mechanism for dye

adsorptiontig/the soluti blfF w,a\s,Wso affected by the chemical reaction between the
ad nd dye molecules @&}Degs et al., 2008).

N

indicate
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Figure 5.3 Effect of pH change for methylene blue (5 mg/L) of rice husk,
coconut coir, corn cobs, neem bark, and Moringa oleifera bark
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5.4.4 Effect of Adsorbent Dosage \&

@
The effect of dosage of acﬂ% for e‘l‘e of methylene blue from

wastewater is shown in Fi ure grap can be observed that with
increasing the adsorber% there gjf met ne blue also was increased. The
removal percentage of ene blug %, 42.20 %, 26.00 %, 33.60 %, and
25.00 % using 0.0 f the fCtI carbo %f rice husk, coconut coir, corn cobs,
neem bark and Mor olei re ively and also were removed 94.60 %,
99.40 %, 99. 0 %, and .%Ol%ﬁe)ng 0.025 g of adsorbents. It was reached at
an equilib e using 0. (jggé of adsorbents for 100 mL solution. This can
be obt e to ‘havi Jmor ding sites of adsorbents for complexation of
blue. Further increagmg the adsorbent dose above 0.025 g, the methylene
b duction was not increased significantly. This occurred due to the equilibrium

tween binding adsorbate and unadsorbed adsorbate in the adsorption process.

116



120
100} Y'
sok %
5 | \
E 5
60}
e | ey
R I ;
40F
- e Rice Husk
i Coconut Coir
- === Cormn Cobs
20F e Neem Bark
- Moringa Oleifera
0 -| P N T NN TN SN N TN NN TN N NN [N TN TN NN N [N Y SN TN N [ N N N d
0 10 20 30 40 50 60 @ Y‘
\

A Y , V '
Figure 5.4 Effect of dosage for methylene blue (5 mg/L) of rice husk, coconut
coir, corn cobs, neem bark, and Moringa oleifera bark

L

5.4.5 Adsorption Isotherms of Methylen Iue _\
The adsorption isotherm and som of ‘e hylpise using activated carbon
of rice husk, coconut coir, cor neem Mor olelfera bark were shown

in Figures 5.5-5.7 respectiv: U|1b m State, ;&%orptlon isotherm designated

how the adsorbate mo uIe tributes be ent and solution. At the initial
stage, the adsorbent contains avai abfe ér4ye sites and shows well adsorption
capacity (Ahmad NOlZ) |on data, the Langmuir, Freundlich,
and Dubinin Ragdush successfully plotted for the removal of
methylene bl wa, te\K/at 'Ehe c&?@nut coir was well fitted with the Langmuir
|sotherm asac sed o the lation coefficient, R? value to 0.999 but other
activat n of r|{e orn-eabs, neem bark, Moringa oleifera bark were closely

fitte ith  Freundlich |so@r1 For the Langmuir adsorption process, the

onless constant, Ry, is an important characteristic and has a value of 0 < R_ < 1,
indicates a favourable isotherm as shown in Table 5.1. The R value is defined

On equation 5.1.

(5.1) RL =1/1+hCi
117



From the developed plots, the summary for the constant isotherm value of methylene
blue was shown in Table 5.2. A high value of b for coconut coir and a low val

(0.587,0.108, 0.602, 0.545, and 0.587 for rice husk, coconut coir, corn cobs, rk,
and Moringa oleifera bark, respectively) indicate a high and favorable s I tlon
process. The values of Langmuir for coconut coir and Freundlich fo activated
carbons indicated a favourable condition for methylene blue a n onto all
activated carbon. From the Dubinin-Radushkevich model, adsor rgy values (E)
indicated that the adsorption process was occurred by ph dsorption for all

activated carbon (E< 8) but only corn cobs adsorption wa W cher,wlcal adsorption

(E > 8-16).
‘ o
Table 5.1 Separation factor, R. (Ahmad'8Alrozi 20#3 J C}
R. value Nature of adsorpti Iat@h: value
Ved

R.>1 Unfavourab Vg:
RL=0 @
O<R.<1 Fa\g; 8-0.602

R.<1

T
It can be carried out by so @mﬁﬁpﬂo@ graphs were given in
Figures 5.5-5.7 for the standa muir a und@ﬂand Dubinin-Radushkevich
models. The higher value Ts detribe the af of activated carbon to bind
pollutants. Other han c

adsorbents. From t abo da \ﬂ{{ init (%’(1 62) of adsorbent was good for
coconut coir but ffl ty of other act d carbons were not well.

onsidered/a th’e}ntlre number of active sites of

Langmuw m res $ a n(’famlayer of pollutants that was designed on
activated From he q against log Cs of Freundlich isotherm were
obtain onstar'l't /n The Freundlich constants k and 1/n are
adsaak capacity and adsorpﬁ\af intensity which are summarized in Table 5.2.

‘%&orptlon properties can not be detected clearly by the Langmuir and Freundlich
G erm model. It can be described by the D-R isotherm (Azouaou et al., 2010). If the

ean adsorption energies (E) are below 8 kJmol™* indicates that the adsorption process

is physical adsorption. When the E values are ranging 8-16 kJmol™ that the adsorption
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process follows chemical bonding. Table 5.2 of adsorption energy values of rice husk,
coconut coir, neem bark, and Moringa oleifera bark were 2.39, 4.83, 0.49, 4
kJmol ™t indicate physical adsorption (E<8) for the methylene blue adsorpti ﬁ
On the other hand, the adsorption energy value of corn cobs was 11.24 (E Icated
that methylene blue was adsorbed by chemical adsorption process. The!&gnt data of
all activated carbon without coconut coir were well fitted for Freun ke (1/n < 1,
K > 1). The Freundlich equation represents multilayer and heterogeneous adsorption on
the surface of the activated carbon. Overall, coconut coir, CT , and neem bark
m

showed high adsorption capacity to remove methylene \‘/astewater. The

relatively high adsorption quantity was consistent wit sult oWarlier due
to possessing high surface areas and pore volu eﬁ@the

of” functigna odps.\g ch as

ch \A@/Gescribed

\d site;sgﬁissociation,
atio electrostatic

s by “mesopor

adsorption capacity was affected by the pres

carboxylic, hydroxyl, and aromatic (C=C) gro
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Figure 5.5 Langmuir adsorption for methylene blue (50 mg/L) of rice husk,
coconut coir, corn cobs, neem bark, and Moringa oleifera bark

119



22p

)= Rice Husk

[ | === Coconut Coir
2 [~ | =—@)— CornCobs

| | =)= Neem Bark

Moringa Oleifera

— % 22
Figure 5.6 Freundlich adsorption for methylene blue (50 mg/L) of rice husk,
coconut coir, corn cobs, neem bark, and Moringa oleifera bark
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Figure 5.7 Dubinin-Radushkevich plot for methylene blue adsorption of
rice husk, coconut coir, corn cobs, neem bark, and Moringa oleifera bark
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Table 5.2 Isotherm constants for adsorption of methylene blue by all activated carbon

Methylene Langmuir model Freundlich model Dubinin-Radu?ﬂ'th

blue \
R? Clmax B R? 1/n K R? 3b

(mg/g) (L/mg)

Rice husk 0.70 125.00 0.14 0.88
Coconutcoir 099 109.89 166 0.61
Corn cobs 0.60 119.05 0.13 0.58

Neem husk 0.78 12658 0.16  0.97

Moringa 0.58 129.87 0.10 0.80
oleifera bark

5.4.6 Adsorption Kinetic Studies \)z

The kinetics of the adsorption proeess evalua

x e p@do-first-order and
pseudo-second-order kinetic models, Figures fr .8 3
kinetics plot for the first, secon(i$t)_p%r i l
bl

10 mlcated the adsorption
A -c’énstant values (ki, k2, kd,

L?wown in Table 5.3. There
is a far difference for ge vaIueMe fi quati@\)etween experimental values
(108.94, 107.71, 107.7 10mnd 48.1 g/g@%calculative values (8.34, 7.62,
8.01, 5.59, and 4.54 r%or riceh @Q@E} coir, corn cobs, neem bark, and
Moringa oIeiferampectire ; coefﬁeﬁt regression value (R?) was not close
to 1. So, these g& ere itte@with b&kﬁrst-order model. On the other hand, the

experimental Oexp ~*10 4:'10 , 107.71, 109.34, and 108.12 mg/g) and

calculativ Qcal 111;, 8.6@08.69, 111.1, and 108.69 mg/q) for rice husk,

R?) of adsorption kinetics for m adsorptioh w,

coconu% n cobs ark ‘&%Moringa oleifera bark, respectively were closed
for the pseudo-second-order m%g—and also coefficient regression constant (R?) was
a unal to unity (~1) for zm”activated carbon. So, the adsorption of methylene blue

i parameter for all activated carbon was well fitted to the second order model.
G results indicate that there are several steps involved in the adsorption process. It
ay be conducted that the rate limiting step is the physical adsorption process proved

by the D-R model for most of the activated carbon.
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The rate of adsorption for methylene blue was evaluated by external transport or
intra-particle transport. Linear lines of the graph were obtained in Figure 5.10. f
the lines developed did not pass through the origin. According to Kumar et N%
if the linearity was achieved and the line passes through the origin, i I(dates the

internal diffusion is the slowest step in the adsorption process. The g e of rice

husk, coconut coir, corn cobs, neem bark, and Moringa oleifera ba not linear
and did not pass through the origin. It is indicated that the adsorptioh process was
controlled by film diffusion (Kumar et al., 2011). The adsorpti ethylene blue by
t

all activated carbon were conducted by film diffusion, ext spart was shown to

be more prominent than internal transport. There ar eps fUiKscaation: (1)
external mass transfer during the initial adsorption process followed ntrﬁ-&&tﬁcle
diffusion. (2) The rate limiting process is contro y film diffusi hzlt h‘ag%l high

adsorbate affinity for the adsorbent (Ahmad et ). \4' \‘3'
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Figure 5.8 Pseudo-first-order of methylene blue (50 mg/L) kinetic adsorption for

{ rice husk, coconut coir, corn cobs, neem bark, and Moringa oleifera bark
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Figure 5.9 Pseudo-second-order of methylene blue (50 mg/L) kinetic adsorption
for rice husk, coconut coir, corn cobs, neem bark, and Moringa oleifera bark
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Figure 5.10 Intra-particle diffusion of methylene blue (50 mg/L) for rice husk,
coconut coir, corn cobs, neem bark, and Moringa oleifera bark
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Table 5.3 Adsorption kinetics parameters for methylene blue adsorption

Methylene First Second Intra
blue order order Partix
dif@sig‘
Cexp R? Qcal k1 R? Qcal Ko % R?
m

mg/g mg/g min’ mg/g min-2

Rice husk 10894 096 834 0.02 1.00

Coconut  107.71 0.95 7.62 0.01 1.00
coir

Corncobs 107.71 0.98 8.00 0.01 0.99

Neem bark 109.34 0.93 5.59 0.02 1.00

Moringa  108.12 094 454 0.01 0.99z 108,
oleifera CV

bark N

5.5 CONCLUSION

o
\Bm &
The adsorption of methylene blue uI ctivateq‘:}arbon such as rice husk, corn
in? ol §

cobs, neem bark, and Wor eifera bark/were ely fitted by Freundlich model
(R?~0.97) but activated carben of_cof oir Was well fitted with Langmuir model
(R?~0.99). Most o thivat[ed \n sh physical adsorption by D-R model

(E<8) without cern cobs (E ads n kinetics parameter was well fitted by
pseudo-secon odel (R ,0!)) tﬁa) pseudo-first-order model and intra-particle
diffusion ctivated carbon. adsorption kinetic model indicates that the

rya)'wd out.by several mechanisms. It may be caused by an

adsorpti recess vﬁ
acti)& on the surface, q@sion and adsorption into the interior pore of the
nts. The adsorption capacity of adsorbent can be influenced by the interaction
tive ions with surface functional groups of adsorbents. This study suggests that
activated carbon can be used as an essential adsorbent for the removal of methylene

lue from wastewater.
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