CHAPTER 4

BATCH ADSORPTION STUDIES ON PREPARED ACTIVATED CAR S
FOR METHYLENE BLUE, PHENOL AND SALICYLIC AC[\
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adsorp rocess. The increase in initial concentration of the adsorbate can decrease

the strength of the resistance force. It improves the interaction between the adsorbate
and the adsorbent which lead to improvement of the adsorption uptake (Ahmad &

Alrozi, 2011).
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The purpose of this work was to investigate the performance of the prepared

activated carbon from cocoa nibs (CNAC) as low-cost adsorbent for the removal of

methylene blue, phenol and salicylic acid from aqueous solution d?'batch

equilibrium tests.
4.2 Materials z

The adsorbent used was the prepared activated caigon cocoa nibs (CNAC).
All chemical reagents used in this work were pro fror 01\ Malaysia
.

(hydrochloric acid 30%), Essex. UK (sodium hydro 99 %], Fri 1(,6 Schmidt

Chemical {salicylic acid in powder form), PC tory Ke (l.gy.iu,d Phenol)

T
and Hamburg Chemical GmbH (Methylexth po de rm)

4.3 Methods %% A §

&
t f@sorptlon of methylene blue,

phenol and salicylic ac ld%‘ e ac@cﬁn@ls produced. The effects of initial

adsorbate mmumal& 1]1801'[1 nd solyon pH on the adsorption uptake and

Batch equilibrium stodie

percentage remov, JC 11 vesthy a;@ock solutions (1000 mg/L) of methylene

blue, phenol a

"7@

bt cid ’v e p red prior experiments.
In ¢ & prepare l()G'O @T of methylene blue solution, approximately 1.0
& )

/)

gram cthylene blue (powder) was weighed and transferred into 1000 mL of

v{ wic flask. About 1000 mL of deionized water was added to the mark. The
ab@Pbance of methylene blue concentration was determined at 668 nm using a UV-Vis

spectrophotometer. The calibration curve was obtained from the spectra of the standard

solutions (5 - 100 ppm).

86



An aqueous stock solution of phenol (1000 ppm) was prepared by dissolving
phenol solution in deionized water. Aqueous phenol solution with different
concentration of phenol was prepared by successive dilution of the stock solution v
water. The phenol concentration was determined using the absorbance (at 2 %) of
the solution after getting the UV spectra of the solution with a spectrophotomet®r. The
calibration curve was obtained from the spectra of the standard solutiog l() 100 ppm).

In order to prepare 1000 mg/L of salicylic acid solution, : nately 1.0 gram

njo ()O nL of

T'he mfixture, v's&(?td
- ')50;]50@ of

ratig curve was

of salicylic acid in powder form was weighed and trand

volumetric flask. About 1000 mL of nltrapure water was ad
for aboui one and a half hour io dissolve all the salic

salicylic acid concentration was determined at g

obtained from the spectra of the standard \olullN
E ;)’u

Jsunlight to avoid

Al stock solutions were stored in ¢
decolourization and degradation. A collected in proper

containers before disposal.

;/..

I'he sample solutions vag c with

concentration. The concen ﬁ we
al the maximum way, nga of

adsorbed ai LL]UII:: 1. (mg s m%-tlatcd according to equation 4.1 and the

—)

a Lqm!llwlum to determine the residual
red c‘gﬁ‘{g UV-Visible spectrophotometer

> jadsorbate. The amount of adsorbate

N

percent remoy adsorbate was ualc\?cd as expressed in equation 4.2 (Tan et al.,
2009).
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/ ( e =

( ] ”
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where C, and C. (mg/L) are the liquid-phase concentrations of adsorbate at initial and
at equilibrium, respectively. V is the volume of the solution (L) and W is the mass of

adsorbent used (g

, (Co—Ce) \
(4.2) % Removal = ——x 100 :

o

4.3.1 Effect of Initial Adsorbate Concentration and Contd@.

[n order to study the effects of initial adsorbate co eWn and contact time
S WLmons with

L 2
known initial concentration (25, 50, 100, 200 and 300 « ) for rgeth r’@ phenol
and salicylic acid were prepared in a series of 23 Yb 1‘ askg Yrhe amount
of adsorbent that was added into each flask gOMguRIng B‘e a rba@as fixed at 0.1

g. 0.3 ¢ and 0.5 g respectively. The ()DCHIN \ e se@i with parafilm and
13 W£ a Imltb;&l constant temperature

(30 °C), with rotation speed of I , 1, unil lbrﬁ#pomi was reached. In this

case. the solution pH was k%‘ nal w houﬂ rly@djustmcnt

I
on the adsorption uptake and percent removal, 100 1 a

e flasks

the flasks were then placed in an iso

4.3.2  Effect of So -ﬁ%\ 0}

The LH(‘ 11101 piMprythe @orpnon process was studied by varying the

:
itial pH of mons fr llL pH was adjusted using 0.1 M hydrochloric
0)

acid and w A sodium hydroxie, and was measured using pH meter. The initial
ads N concentration was fixed at 100 mg/L with adsorbent dosage of 0.1 /200 mL.
In t fise, the solution temperature is at 30 °C.



4.3.3 The Point of Zero Charge (pHp:c)

The pHp.e is an important tool in determining the acidity or basicity of the
adsorbent and the net surface charge of the carbon in solution. To measure t pzcs
the pH of the solution is maintained by using 0.1N HCl and 0.1N NaOH %\IS‘ The
pHpze values of different activated carbon used for the adsorption%imem are
determined by using solid to Jiquid ratio of 1:1000. For this, 0.1 1% tivated carbon

.\Wﬂ)r 24 hours. Final

of the§olutigh (El-Sayed

is added to 100 ml of water with varying pH from 2 to 12 ar

pH of the solution are measured and plotted against initi

et al, 2014). ‘é | -:53'
F 4 \;Y.

g
‘S\Y'
O
e

Figure 4.1 shows the effecis 3 ‘1i.rati>5'l' on the adsorption of

@érem initial concentraiions

4.4 Resulits and Discussion

441 Effect of Initial Conecentration

methylene blue, salicylic acid a h)

(25,50, 100, 200 and 300 n 730 °C Wt ¢; I
Loy
capacity of methylene l'ﬂ&\icylid actonnd pl\pé{()n CNAC increase with increasing

cry 4 '?ba@lis is due to the fact that the initial

of mitial comcntrat)n

concentration pf% the
L&i ’
(Ahmad & ATz ¥0L1).

le similar resulis have been reported in the literature for the removal of

@

fory ("ro tackle resistance during mass transfer

The adsorption equilibrium, g. was increased from 25.0 to 201.89 mg/g when

methylene blue initial concentration increased from 25 mg/L to 300 mg/L. Similar

observations were made on salicylic acid and phenol, where the ge increased from 18.24
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{0 197.07 mg/g and from 16.83 to 14526 mg/g, respectively. The increase in mass
transfer was due to the increased in the driving force, which was the initial concentration
of the adsorbates. A reverse behavior was witnessed in percent removal, \Vthe
percent removal decreased when the initial concentration increased (@ et al.,
2015). A
All three adsorbates demonstrated a relatively similar gend! he quantity of
adsorbate’s molecules adsorbed was increased as the initial nwmn increased (the
amount of adsorbent used was fixed at 0.1 g for each e hent). Wao, (2006)
L 2

nber qf ads@r t‘cieél.eculcs
c ral%}TThe total

alt&; the initial
&

nge. @’ graph shows that

l=

A,

Jrration compared with

N
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|
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Qe 4.1 Adsorption uptakes versus initial concentrations at 30 °C for

methylene blue, phenol and salicylic acid.

Methylene Blue, phenol and salicylic acid have different molecular sizes. Table

4 1 illustrates the molecular sizes and some of the properties of each adsorbate. The size
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of methylene blue (0.46 nm- %) is bigger compared with salicylic acid (0.24 nm’ 3) and

phenol (0.08 nm?) has the smallest molecule size.

m

Adsorbates were removed by the adsorbent progressively due to avai f

large number of vacant sites with active surface functional groups @urface

(Kumar & Jena, 2016). According to Raoul et al. (2015), the pore size'© adsmpuon
sites and the size of the adsorbate is not the only factor that affec %c sorption when
they experimented the adsorption of salicylic acid onto ricg anvtce husk activated

carbons.

dye) which present in the aromatic rings ai iple 'l'l@:xplaincd the mass

A,
Eﬁ?ﬂsorbates although the

size of methylene blue nmiu:ul(s

liquid phase resulis from a r{ahi zup i&dnd non-electrostatic interactions

between spece 1es in solutidmand can

Table 4.1 Mole, 3/ offfads
Adb()l .n% Mo cu

b r.i_iR'(nm) Reference
Methylene 0.76 x 1.70 x 03857 0.46 (cubic) Arias et al., 1999
Phenol E\ 0.67 x 0.80 x 0.15 ~ 0.08 (cubic)  Swiderska-Dabrowska & Schmidt,
2011
Si id 0.24 (cubic) Zhou & Raphael, 2005 -

4.4.2 Effect of pH Solution
The solution pH is largely related to the surface chemistry of the adsorbent and

on the chemistry of the adsorbate in solution. The surface chemistry of the prepared and
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acid treated activated carbon has been studied by determining their point of zero charge
= t o)
pH (pHpye). Figure 4.2 shows the plot of the final pH against initial pH for the activated

carbon. The intersection of each of these plots with the y = x function is considered to

be the pHyze. The pHpze was found to be around 7 for the activated carbon. \z
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Figure 4.2 The final against initial pH% fo >§
‘é f

H'wwﬁnmf p! ri th

«..@10\/21! of methylene bl
: 0 y blue,

phenol and salicylic acid onto € NA (101 [bf I?‘équ be observed that methylene

blue and phenol were havi n&‘lwc
¢

in increase pattern until

Figure 4.3 illustrates the ¢

bm paltern The graphs were plotted

xfw&)("\’n reached pH 9. However, salicylic
acid was plotted a o/ grap Whl(‘h recorded decrease in percentage
removal as the ue increase. \"}’

It L‘%SCCH that the adsorption of methylene blue was increased with
increatag from 2 to 7. The optimum pH value for methylene blue adsorption was
at pH 7. Then, the adsorption performance decreased when the pH increased to 9. This
is in agreement with the studies reported by Pua et al. (2013) and Nsami & Mbadcam

(2013). Pua et al. (20 13) examined the adsorption capacity of cocoa pod husk activated
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carbon and Nsami & Mbadcam (2013) investigated the performance of cola nut shells

activated carbon on the adsorption of methylene blue onto lignocellulosic adsorbents.
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Figure 4.3 Effect of initial pH on methylene blue, pipol

Low pH value was unfavorable io neth¥le u
low pH value, the adsorbeni offered qénunfber e« y charged sites but
more positively charged surface sit abl, am 10 ()6) Methylene blue is a
(

basic dye. which also called a Wosive slcyl

1 ge(g? sites attract, the positively

charged dye is atiracted heo 1'\' sy chargasites (Angel, 2017). With more

O
\ N
positively charged smiH i

he ¢

S I'bc ('l't did not favor the adsorption due to
4

@

electrostatic rppul@rm? ui 6@‘1\6 presence of excessive proion (H")
competed wiih&mons of the meth;}gg blue molecules for the adsorption sites via
LlLLllOSldllL u ‘tions (Pua et al., 2013).

lh ge sites of the basal plane on the surface of activated carbon represent
active sites for oxygen chemical adsorptions (chemisorptions). This location is occupied
by surface oxygen functional groups, either acidic or basic. Examples of the acidic

aroups are carboxyl, lactone, hydroxyl and carbonyl and the basic groups are chromene-
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type and pyrone-type (Rakic et al., 2015). As discussed in the previous chapter, CNAC
has carbonyl (C=0) oxygen functionalities, which is very polar as it is a hydrogen-bond
acceptors (the carbonyl).

A similar pattern of adsorption was observed in removal of phenol. @
agreement with the studies reported by Norzilah et al. (2011) and by lngx', ataye
(2013). The optimum pH for adsorption of phenol in this study was obsgegg at pH 7.

At very low pH values, the surface of activated carbon waswlmllaled with

Zpli'imzreased, the
se Mgs above
v

, >\
7. the decreased in phenol adsorption may be resulted igge® tfiree fagto A')détl]hani

b 4
etal, 2015). Y' N Y\'T
...

First, the negatively charged of the K irfac mcereased with

pH. However, at the same time phenol \\'aﬁ,hangcd

which was significant for the rcpu]si% be

carbon. Second, the presence of a 1'?"011 f'r‘,
| O

adsorbed by the activated carbon. | ird, thefhegg \kg&arges on the activated carbon’s
surface were repulsive ll@ck@isgr@on of phenol ions and phenol

PN
adsorption (/\hdc]—(}hal@ﬁ 2P19). 'o' C—g}

lhe adsorphigigt sghi zcnd@nto the prepared activated carbon was

many positive charges, which gave a large static repulsion for

static repulsion forces decreased and the phenol adsorption incY

NS

cenghe phenol 1ons which were

K

relatively difte jrom the other lw@sorbales, The graph shows that the optimum
pl for lhc@on was at pH 2. The adsorption capacity was decreased when the pH

bfrom pH 2 to pH 9. A similar finding was reported by Raoul et al. (2015)

when they studied the adsorption of salicylic and sulfosalicylic acid onto rice and coffee

husks activated carbons.
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As discussed earlier, the surface of the activated carbon was full with cation at
lower pH (pH 2). The salt of salicylic acid (salicylate) formed anion (C7HsO37) when
dissolved in water (NCBI, 2017). A strong electrostatic interaction created between the
surface of the adsorbent and the salicylate. More positive sites were available@%
adsorbate anion which increased the adsorption capacity. @

The adsorption performance was observed to decrease in every sysis when the
pH value was increased to 9. In higher pH value, the adsorbates \Mlieved to be
more soluble. At the same time, more surfaces of the ac m bon became
negatively charged. This situation creates repulsion interactioMypetween QSorbatc

NS
t al\ﬁ) 4 1'1 a@tion,
T
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%)
=
=X

<«
=z
job)
o
(=9
=
-
Y
=
=
=
=

[
=
jo5)
o
o
=
=53
(@]

g=s
[
<
=
c
o
1
(@]
-
a
=
-
a

rcas{é M percentage

o)

removal. \T AN
H S
e o )
u
"
\ A‘Q
4.4.3 Effect of Contact Time T ' N

Figure 4.4 shows the efteCt ¢ cox@jﬁ%sorption process performed n

30 minutes of cxperimcms& ,)ntw,ll tinae bet the adsorbent and the adsorbate

o
is a significant parmncl%\el nﬂl?r'tinﬁ)nccessary to reach equilibrium of an

adsorption. The st%kere gev’(_)J’e o@erhylene blue, phenol and salicylic acid.
Y-
Ihe graph prcs&w pattern of the @rption capacity of each compound with time

at 30 °C. %
@aph indicates that the quantity of adsorbate adsorbed at time, q: 18

observed to increase with the increase in contact time. For 10 minutes of contact time,
the ¢; for methylene blue, phenol and salicylic acid was 31 02, 19.02 and 5.38 mg/g.

respectively. After 30 minutes, the g, could only increase up to 45.11, 36.79 and 14.61
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mg/g for methylene blue, phenol and salicylic acid, respectively. Hence, the prepared

activated carbon needs greater contact time to remove the maximum concentration of

the adsorbates.
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Figure 4.4 Effect of contact time on different adsw. K

\C—)

Figure 4.5 shows the quantity of adgprbates’a e
observed in the figure, the quantity of { rbaft ad
with the mcreased in contact time mugo
methylene blue, phenol and salic 1?\22; ¢

tion plots were much horizontal,

|3.32 mg/g, respectively.

L=

recorded to be '7’7:l<" ] 7 apd¥49 :l ng NYor methylene blue, phenol and salicylic

acid, respective \y'
S

It can \scrvcd too from the graph in Figure 4.5 that the g, was differed for
every gdsorNmie. Similarly, the adsorptions were took place in two stages. The initial
stage occurred in fast rate to show a rapid adsorption process. The next stage was much

horizontal indicating a slower adsorption process. The second stage for methylene blue

and phenol started earlier which was after 30 minutes of the contact time. For salicylic
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acid, it was only started after 120 minutes of the contact time. The extension of the
initial stage for the adsorption of salicylic acid was believed to be due the molecular
size of salicylic acid, which is smaller in nature than the methylene blue and phenol.

Hence, the molecules could occupy more available sites in a longer time compar’cw

the other adsorbates. : %

During the initial stage of adsorption, a large number of surf tes were

available for the adsorbates molecules to cause a rapid adsorption. Alwapse of time,

iZand' bulk phases

caused some resistant for the remaining surface sites to be 11 (A mwahman,
| ]

2011). % '-{:’X'
g ¥

It was also understood that during the first stag Wihe a@fption of
ed Qigc functional

the presence of repulsion between the solute molecules of the

adsorbates onto the surface area of the activated

groups available on the surface of the activaged carbonmIRgr le{&nd stage involved
the occupation of porous structures, whe S eSY r@ed in the mesopores
structure. This indicated the ratio of'g E: N acega to the initial number of

90
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Figure 4.5 Adsorption of adsorbates onto CNAC in 240 minutes of contact time.
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4.5 Conclusion

The adsorption of methylene blue, phenol and salicylic acid onto the prepared
activated carbon showed distinguished performances of the activated carbon. The initial
concentration of the adsorbates, their pH and the contact time between the a.d@

and the activated carbon affected the adsorption performance. The adsor!t%werc

facilitated by available sites and surface functional groups on the a(Vw carbon,
together with the repulsion interaction between the charges. V
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