CHAPTER 5
ADSORPTION OF METHYLENE BLUE ONTO THE ACTIVATED CARBON

TREATED WITH HYDROCHLORIC ACID
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Activated carbons prepared from agricultural by- productsw wastes were

5.1 Introduction

reported to result in highly porous carbon structure (Yahya Pl 20 5). However,
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techniques used to optimize the adsorption capacity b@lvatc
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Materials

The adsorbent (CNAC-D3) used was the prepared activated carbon from cocoa
nibs (CNAC-800-3) which was initially activated at 800 °C and impregnated with
K,COs3 at impregnation ratio of 3:1. All chemical reagents used in this work w:'
procured from the Merck, Malaysia (hydrochloric acid 30%), Essex, U wum

hydroxide 99 %) and Hamburg Chemical GmbH (Methylene blue in po@)rm)

5.3 Methods z

Batch equilibrium studies were carried out for adsorpti fm IMMIG on

the treated activated carbons (CNAC-D3). The effects of %dsorb e ‘II@OI]
’
€ rc

solution pH and contact time on the adsorption uptal\v Nm\ dl were

investigated. The stock solution (1000 mg/L \%wylu '

experiments % \

In order to prepare 1000 mg/L : i )ILEQ ) apprommmely 1.0
gram of methylene blue (powder) Ym i ,\ tlf@ﬂﬁd into 1000 mL of
volumetric flask. About 1000 bi du 4SG w!q{%r was added to mark. The

absorbance of methylene bh@ni IIOH S dc,@med at 668 nm using a UV-Vis

ey
spectrophotometer. The cifrvgvgs oeyed from the spectra of the standard

solutions (5 - 100 p%k f.o_): $
v

Ihe slm tion was stored | {%!{rl\ place to prevent direct sunlight to avoid

Nas QI arui prior

duolouu/d d degradation. All chemical wastes were collected in proper
containggs beywre dl@posa]
The sample solutions were withdrawn at equilibrium to determine the residual

concentration. The amount of adsorbate adsorbed, g. (mg/g) and the percent removal of
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adsorbate at equilibrium was calculated according to Equation 4.1 and Equation 4.2 (as

presented in Chapter 4).

5.3.1 Effect of Initial Adsorbate Concentration \i
The effects of initial methylene blue concentration were studSh the

adsorption capacity and percent removal. Approximately, 200 mlL of lvylene blue

solutions with known initial concentration (25-100 mg/L) were prepa n a series of
{ =

250 mL Erlenmeyer flasks. The amount of adsorbent that wa ingo each flask

containing the adsorbates was fixed at 0.1 g. The opening of thcWgas < vLcd‘%_‘ith
N
paraiilm and the flasks were then placed in an isothern e@slam
Iyl X
temperature (30 °C), with rotation speed of 120 rpA unt 15 Ypomi was

reached. \%V
CQ s
| o S
5.3.2 Effect of solution pH “« Q
N &
The effect of solution pH wal red gh th sor@n capacity using different

1

LS |
initial pH of the solutions, ranged frgin ‘2* \ d&)é)ﬂoric acid (0.1 M) and sodium
hydroxide (0.1 M) was usc@ust lﬁe 4 ‘l'l]@ial concentration was 100 mg/L

O

for each flask and was a XitH 04 f,!ids&)cm, The solution temperature was at

11 R 94 A%Q' ’b')’ \’Y%éJ
S S
5.4 Rcs% Discussion

5.4.14ffe f Initial Concentration

——

o=t

Figure 5.1 shows the effects of initial concentrations on the adsorption of
methylene blue onto cocoa nib-based activated carbons (acid treated — CNAC-D3, and

untreated — CNAC-800-3). The initial concentrations were set at 25, 50, 100, 200, 300,
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400 and 500 mg/L. It can be easily observed that the adsorption capacity of methylene
blue on both activated carbons was increased as the initial concentrations increased. The
irend for both activated carbons was almost alike as they possess high surface areas

(more than 1,000 m*/g) and similar active functional groups. \Y'

A large number of vacant sites were available on the treated acti arbon
compared with the untreated activated carbon. The graph shows thatgal_lower initial
concentrations (25 and 50 mg/L). the adsorption capacity at equlllb as 25 and 50

mg/g. respectively (or 100 % removal). At 100 mg/L initial cqger atl 1, equilibrium

adsorption for CNAC-D3 was almost 100 % (96.47 mg/g

succeeded to remove only 73 % or 72.95 mg/g. At t

activated carbons.
The equilibrium adsorption for C
381.64 me/g when the methylene blL

mg/l to 500 mg/l. compared wnh@

respectively). The higher mass er 10r
driving force which was tf MI LOII( senifption (1Jethylenc blue (Ahmad & Alrozi,
2011) ? (,)

l“i‘:’l“'C 5-2 a’lv} c@({ in the term of percentage removal of
methylene blug th mllml concent @wY- increased from 25 to 500 mg/L, where the
graph was i)\? in up and down trend. This was due to the fact that the percent
remaaal oNgeethylene blue was decreased from 100 % to 60.54 % from 25 to 300 mg/L,
respectively but recorded a slight increased from 400 to 500 mg/L with removal rate of
64.89 to 69.7 %, respectively. This pattern of adsorption indicated the possible
monolayer formation of methylene blue on the adsorbent surface (Ahmad & Alrozi,
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2011). The percentage of methylene blue removal was lower for CNAC-800-3
compared with CNAC-D3 was due to the lack of available active sites required for

further uptake after reaching the equilibrium (Liu et al., 2010).
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5.4.2 Effect of pH Solution
The effect of pH on removal methylene blue by prepared activated carbon was
investigated over a pH range from 2 to 8 and presented as in Figure 5.3. The graph

shows the higher removal of methylene blue for CNAC-D3 compared with CN@

3 AUpH 5. CNAC-D3 was successful to remove 100 % of methylene blue § AC

800-3 was managed to remove 78.05 % of the adsorbate. In fact, at wcvgug of pH,

1zpe sent removal
ere nl\&dﬂl was
X

decreased when the pH increased from 5 to 8. A relative nnar findin /a‘Q.b§ rved

m the previous chapter (Chapter IV: Figure 4.2). q \

It can be assumed that the pH did 1\ l\clv dhafgfe tha;sorpiion of

methylene blue onto the adsorbents ( (N/t \U\QTA -128). The adsorption
capacity was higher in CNAC-D3 \\" ed®o ¢ b@e hydrochloric acid

treatment onto the adsorbent, whic h

‘ 1 l
and the porous structure (ChaptC ah 142,\ ever. the surface functional

groups were relatively uncl \( l@ Fi |< 13).
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Figure 5.3 The percent removals in CNAC- D3 and CNAC-800-3.
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5.4.3 Adsorption Isotherms of Methylene Blue
Figure 5.4 presents the amount of dye adsorbed at the equilibrium time to
indicate the maximum adsorption uptake of the cocoa nib-based activated carbon. The
adsorption isotherm indicates how the adsorption molecules distribute betweeyﬂ!
N

liquid phase and the solid phase when the adsorption process reaches an hrlum
state. 1t is usually due to the large numbers of vacant surface sites thﬁ%‘qiable for

adsorption during the initial stage (Ahmad et al., 2012).
The adsorption equilibrium data were analysed using L 1Rir agpd Freundlich
isotherms. Using the hinear form of the equations, the m& len Msorption
R | @ NS
equilibrium of Langmuir, Freundlich and TemKin haygseecl succgss y'plﬁi‘&d as

'
shown in Figure 5.5, 5.6 and 5.7, respectively. Y' \ \T
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igure 5.7 Temkin adsorption of methylene blue onto CNAC-D3.
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B . . ~ . ~ . 2
he Langmuir isotherm fits the data well and the correlation coefficient, R
values are close to 1. For the Langmuir-type adsorption process, the dimensionless
constant, termed as separation factor Ry, is an essential characteristic and has a value of

0 < R, < 1, which indicates a favorable isotherm adsorbate/adsorbent as shown i{&e'

|
(5.1) R =
o \3-

1¢ ms constants

/mg aw value

of R; (0.0232) indicate a high and favorable solute/adsorber sorptipn pr cfss @11(1

1. The R, value is defined as in equation 5.1.

Table 5.2 summaries the values of methylene blu

calculated from the developed plots. A high value of Ky (0.42

et al., 2008). The values of Langmuir and Temkin am\ T&e Dl

indicated a favorable conditions for methylene tcwor t?c‘rl 0 c@mb based
activated carbon. \

Ahmad & r 071 11)
o

C‘:@ed Ry value

alue [ iroce
. 7\’7/“\ ! % urabh:‘l 5“] ‘
R =0 ine ‘4/ X
0<Rr <1 &\l‘d\\) ldb éJ 0.0232
N . &
A
‘—3 'S
O
Table 5.2 Isotl WISt foffa so@m of methylenc blue by CNAC-D3
K[
o R
& . oo (Limg) "

Table S.1 Separation factor.

L anumnr 1
0.97634 191.94 0.4208 0.0232
0 1/n n ks
F ((mg/g)(mg/L)"™)
0.7113 0.4556 2.1949 4.2038
) A
Temkin ! (L/g) ! ]
0.9381 2.585 34214 -
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Based on Table 5.4, the Freundlich isotherm failed to fit the data well, as the
correlation coefficient, R value (0.7113) is far from 1. The fact that the Freundlich
isotherm did not fit the experimental data well may be due to a result of homogeneous
distribution of active sites onto the CNAC-D3 surface rather than hetK ous
distribution. The  Freundlich equation represents multilayer and h&erogencous

adsorption on the surface of the activated carbon (Argun et al., 2007). Yv

I'emkin isotherm assumes that the heat of adsorption of all th o]eculcs in the

;at nteraction and

g ahergisglip l some

layer would decrease linearly with coverage due to adsorbent-

)

the adsorption is characterized by a uniform distribution of bin

5’3*/

maximum binding energy (Ahmad et al., 2012). A pl g. versugIn @ ’v a Imcar

4 N3
with B as the slope and B (In A7) as the interc c&gue

an Qar ¢ Temkin
constants. \ 044

Overall, CNAC-D3 showed high @iﬁ ption &1
.

ésorb methylene blue
N
during the experiments. The relativel

apag @fr nethylene blue onto
S

)ta@earlier where the activaied

ds
the activated carbon was consistent t.

carbon are having high surface :;’ nd
mesopores. Besides phy si&\o)u L, t adso{@m capacity of the activated carbon

produced were im“luu%\) the Bre W&%unctlonal groups such as carboxylic,

hydroxyl and nm%kp ot (he ace&he functional groups could dissociate and

Y-

became neg 11Auh‘u<cg ites, wl\ $hYattract the positively charge methylene blue

cations n%mm interaction (Alrozi, 2010).

TaJe 5.3 lists a comparison of maximum monolayer adsorption capacity of

&otunes that mainly contribute by

methylene blue onto several adsorbents. It is clear that cocoa nib-based activated carbon

had a relatively moderate adsorption capacity of 191.94 mg/g.
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Table 5.3 Comparison of the maximum monolayer adsorption of methylene blue onto
various adsorbents

Maximum monolayer

Adsorbent g (mg/g) Reference
- Pczu;ﬁ stone 412.0 Attia et al., 200
Ricinus communis epicarp 62.5 Santhi & Manonmagl
Pecan nutshell 400.0 Bello-Huitle c%
Jatropha curcas fruin shell 49917 Tongpoothorget al., 2011
Cocoa shell 212.77 Ahmad et aff 2012
Crescentia cujete fruit shell 66.67 Joseph Ner, 2013
Cola nuts hell 8712 Nsagni adcam, 2013
Fox nutshell 980.39 Jefa, 2016
Cocoa nibs 191.94

Y' \ Y
5.4.4 Adsorption Kinetic Studies V S.
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CNAC-D3. The pseudo-first-order an

e dov“\;d (ﬁdnetic models were
- ‘O
applied 1o evaluate the kinetic parafg@ of thingdy rptwﬁ&process (Agarwal et al.,

2015)

Ay

¢
kinetics. T'he values of
|

Figure 5.8 dcmnnslr;&!hx
g %co
methylene blue adgmptigh ong they ptivag
experimental g ’w“"'\‘» {0 gl‘cw%i with the calculated values obtained from
D

e
the linear ple . ddition, the high¥’ (> 0.90) values for methylene blue were not

achievagla

C lowest concentration (0.812 for 10 mg/L). This shows that the adsorption
of metMwgfic blue on the cocoa nib-based activated carbon was not first-order.

Figure 5.9 shows a lincar plot of Vg, versus t to represent the pseudo-second-
order kinetic model. This is more likely to predict the behaviour over the whole range

of adsorption. The graph shows good agreement between the experimental and the
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calculated ¢, values, as addressed in Table 5.4. In addition, the correlation coefficient,
R” values were almost equal to unity (> 0.94) for all methylene blue concentrations,
which indicates the applicability of the second-order kinetic model to describe the dye
adsorption process on the cocoa nib-based activated carbon. %\z
The results suggest that more than one step may be involved in theddscTption
process (Gurses et al., 2006). 1t also assumes that the rate limiting SlYlS.ChCmical
sorption (chemisorption) involving forees created through sharin geeedD¥ exchange of

clectrons between sorbent and adsorbate as covalent forces (Ofon My, 2 (i;)‘

| ]
N4
2 l’n~ b
12 AL
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*1'7 8 & '\(13 1
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L= —9 &K #200mg
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Figure 5.9 pseudo-second-order of methylene blue Kinetic adsorption,
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Table 5.4 Adsorption kinetics model equation constants and correlation coefficients for
methylene blue adsorption

Kinetic models

Pseudo-first-order Pseudo-second-order
Initial &

concentration e, cal K R’ qe, cal K>

(mg/L)
(mg/g) (1/h) (mg/g) (g/mg h)
10 8711 15.369 0812 10.000 0.000 Wv
25 19.508 4081 0.916 25641 0.691 V 995

50 43.654 3.087 0.963 52.356 0.15 0.995
100 83,188 0.390 0.963 87.719 4 0.942
200 160.871 0.397 0.969 158.730 0’ '0.9’

5.4.5 Adsorption Mechanism

201 1). The eftect of intra-particle diffusg CSI1S 1ds@hon can be determined
{ 'S

> o v [ . o g,
where Kig is the m‘Amclc diffusion r@onstam (mg/gmin'?).

- e ~ . /9 v = . # o
Figure y1ows a plot of ¢, against /%, derived from Equation 5.12 to give a

linear Pl‘®opc kia and intercept C;. The C; value provide the information on the

thickness of the boundary layer where the larger the value, the greater the contribution

of the surface sorption in the rate-controlling step (Diilger et al., 2013).
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A different nature of the plotted graphs was obtained due to the wavering of
sorption at the initial stage and at the final stage of the adsorptions. This phenomenon

can be due to boundary layer diffusion which occurred at the initial stage and the

intraparticle diffusion which occurred in the later stage (Kumar et al., 2011 E\z
160 z
\x,

140
) 120
100 X

I

. J\gS mg/L
S50 n
.y

Y 4l /1
J QH mg/L
~

g, (mg/g)
(2

0.5
-
Figure 5.10 Intraparticle diffusion ot' hc
It can be observed from the :& 1at th

of initial concentration of metjpyler® blue 43& throa@ the origin (0), but the other

through the origin indiagdin

linear plots that fh'q IDpas th h’ll&gorigin were assumed to be due to the
difference in th w mass w‘gﬁr iléz initial and final stages of adsorption. This
A o
ra

-limiting step wa¥ not only the intraparticle diffusion but together

1}

pointed out t

\\illlﬂé&édl‘)’ layer control, which can be operating simultancously in the sorption

proces mar et al., 2011).

Figure 5.11 shows the calculated B, values were plotted against time (/; hour).
The g. for 25, 50, 100 and 200 mg/L. was 25, 50, 99.25 and 181.25 mg/g, respectively.
The calculated F and B, values were listed as in Table 5.5. These values were used to
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develop linear plot in order to identify whether external transport or intra-particle
transport controlled the rate of adsorption (Benaissa, 2010).

| incar lines were obtained in Figure 5.11, however every line developed did not
pass through the origin. According to Kumar et al. (2011), if the linearity wa@d
and the line passes through the origin, it indicates the internal diffusion_iNthe<€lowest
step in the adsorption process. From Figure 5.11 too, it was observed t carity that

cmmm diffusion

was plotied did not pass through the origin. This situation indic

Table 5.5 Calculated values for /" and Br

25 mg/L Y0 mg/L
C e F B B
o 0 04977 0.4977
0.25 0.6924  0.6813 0.2446
0.5 0.8752  1.5833 -0.0887
0.0590

0.43%‘“ N 0.1624

0.1329
06843 05192 05717 0.3503

1.5 - : YN 375 6T
. —— @402 0.8500  0.7149  0.7571

W VARS
3. Y' © 100 ppm

>
\Cv) 025 ppm
050 ppm
‘ a A200 ppm

0

05 | ¢ e a
00 |t
Qe 0.5 1 15 2 25 3 3.5

-1.0 t (hour)

Figure 5.11 Boyd plot for adsorption of methylene blue onto CNAC-D3.
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As the adsorption of methylene blue onto the treated CNAC was controlled by
film diffusion. external transport is shown to be more prominent than internal transport.
This system indicates the operation of two stages: external mass transfer during the
initial sorption process followed by intraparticle diffusion of methylene blue\xzid
(reated cocoa nib-based activated carbon. Film diffusion is usually rg %ling in
systems that have small particle size and high adsorbate affinity l‘w adsorbent

(Ahmad et al., 2012). Similar observations were obtained by MCI al. (2012),

Kumar et al. (2011) and Benaissa (2010) in adsorption of m b'ue onto cocoa

shell. cashew nut shell and almond peel-based activated !‘arbo

3.5 Conclusion

From these results, it is seen that 11\@0-5«:(:0 dmé‘aclic model and
%ysrem % v gtiﬁlity of both models
o ; S

showed that the adsorption prncc\

mechanism (Ahmad et al., 2012; BY%a, 2P10)¢ %\
C'J N
fer

jatl {n da‘aé)alcr fit and a good linearization

Boyd model are applicable for this adsorp

I'he pseudo second-Qrc

7

safe to assume mw pt,iofi‘ by v low chemisorption. This assumption is also
based on the QO = ation by Ahmad 8. (2012) and Bulut et al. (2008).

Wy & ption (chemisorptions) might take place until the surface active sites
are fu upied. Then, the methylene blue molecules diffuse into the pores for further
adsorption interactions. The adsorption capacity of activated carbon is thus dependent
not only on the surface arca but also on the interaction of positive ions with surface

functional groups of activated carbon.
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The adsorption of methylene blue on cocoa nib-based activated carbon followed
the Lanemuir and Temkin isotherm models (R?>0.9). The pseudo-second-order kinetic

model and Boyd model fits for the adsorption. The monolayer adsorption (191.94 mg/g)

o

capacity was comparable with other adsorbents (Table 6.3). The pseudo—sec\ der
model fits better for the adsorption kinetics as compared to the psem:

model. The adsorption kinetic models suggest the adsorption proc & complex,

-order

—

involying more than one mechanism. The mechanism may invol emption of dye at
an active site on the surface, diffusion and adsorption into ';criir pores of the

activated carbon particles. The results of this study show i tl

produced from cocoa nibs and treated with hydrochldMgacid cz‘g’l e dfed as potential

adsorbent in methylene blue removal in agueous solulign. \ S.

WV

4,
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