CHAPTER 6

REMOVAL OF PARACETAMOL IN SIMULATED GASTRIC FLUID USING

THE COCOA NIB-BASED ACTIVATED CARBON \q

Activated carbon can be used as oral antidote for 1 uz. imtxications. Few

0.1 Introduction

studies have demonstrated the capacity of activated carbon Wpadgprbe Juugerous

N
remov ph!\n'gﬂ—gcutical
’ b
\ di ‘wacnau using

toxic compounds (Rey-Matull ei al., 2014). StudieA
product and by-products such as paracetamol, Wupro

N

agricultural waste activated carbon showed \

Dutta et al., 2015). :\T
Toxicity in paracetamol, also ;%S . ‘é J

er ri Ulg

(Antoine & Dear, 2016; Lubel™Ct :) 204 aq‘eé}}lol is an analgesic drug acts as

problem that usually leads to act

pain killer Uoz\\'iak«l%cbe&& N¢ 'raks l4)\_ commonly use in Malaysia (Mohd
et al, 2015) as it is w%‘ vaflaBle fc&éﬁb over-the-counter drug (Laffoy et al.,
2000; Zain et al.,% Usyh 'uen-eust throwing away the unused or expired
paracetamol i > sink (syrup pam@'amol) or in the rubbish bin. Paracetamol is a

pluumucc%‘oducl which is not biodegradable and will not easily decompose. This

will cegate F¥environmental and health problem as paracetamol enters to groundwater

supplies. The residue can contaminate the treated water and even drinking water (Mohd

et al.,, 2015).
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The purpose of this work was to investigate the effectiveness of the prepared
activated carbon in removal of paracetamol from aqueous solution. The adsorption

capacity of the activated carbon was studied using batch equilibrium tests, adsorption

The adsorbent used was the prepared activated carbon frwzoa nibs (CNAC)

¢ gsork')ate used was the

soluble paracetamo) 500 mg tablet (Brand Panadol ble, dSK\yalaysia): All

S
chemical reagents used in this work were pr(@rom the g’rc_{,—}\/lalaysia
(hydrochloric acid 30% and sodium chloridev %xé fssei UK (sodium

hydroxide 99 %). %V u‘ é
NS
6.3  Methods %% o A T $

GF) solution, approximately
2.0 g of sodium chloride (‘/\%ms licy; ie ¥

mL lask. The mixture &xl u@th dc@&:ed water to make it to the mark. The
P
pH of the SGF solu(‘ cN]‘s spiat | ylex&éfull etal., 2014).

A stock "&'ﬁ of, phraglt
(Q ; b}é
0(

paracetamo N 0'mg), which eac\Lﬂ)aYlel was assumed to contain correctly 500 mg of

pzuuccmn?z ¥ labelled on the packaging to the SGF solution reaching a concentration

isotherm and adsorpiion kinetics studies.

6.2 Materials

which was treated with hydrochloric acid — CNAC-D3.
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t%nL of concentrated HCI in 1000

=

ofal 000ge/L. Approximately, 100 mL of stock solution was transferred into three 250

ml Nlasks. The solutions were \ater added with activated carbon with the mass of 0.1 ¢.
Analyses were done in triplicate. The mixtures were kept under constant stirring

at 100 rpm for six hours at room temperature (25.0 £ 0.1 °C) (Rey-Mafull et al., 2014)
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or stirred at 120 rpm for 24 hours at 30 °C. The mixtures were then filtered with filter
paper and filter funnel. Approximately 5 ml of the filtrate was collected for the UV/Vis
analysis. A calibration curve of paracetamol was developed using a UV/VIS

spectrophotometer (Agilent Cary 60 UV-Vis, USA). The maximum ab'om was

determined at Zyae = 245 nm. The amount of paracetamol adsorbed activated
carbon was calculated from the calibration curve developed. The 1t of adsorption
at time of equilibrium. g, (mgg'l). was calculated. V

Batch equilibrium tests were carried out to study t

- xr’pTon capacity of the

activated carbon (CNAC-D3). The effects of initial paracc¥gnol oM;io%_solulion

N
pH and contact time on the adsorption upl%i pergen g,e,re\u val were
4 X

mvestigated. \ Y\J
\Y’ 3\
@)

6.3.1 Effect of Initial Paracetamol £oncent \OD\T &-\

The effects of nitial para%l co‘r&cen

adsorption capacity and percé novrl.

o
jon AQS?SGF were studied on the

.@[ely, 100 mL of paracetamol

solutions with known un’liz\%cm Lated .‘(JME:) mg/L) were prepared in a series of
250 mL Erlenmeyer l&}‘hm@t of\ Srbent that was added into each flask
containing the adso SWe ﬁ)flcjg)‘]‘hc opening of the flasks were sealed with

i _ Ny , )
parafilm and l% (S W }pla In an isothermal water bath shaker at constant
(cmpcruue °C), with rotaﬁ@speed of 120 rpm, until equilibrium point was
reachg

76

‘E,.
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6.3.2 LEffect of Contact Time
The effect of contact time on the adsorption of paracetamol onto CNAC-D3
was studied within 0 to 360 minutes. Four batches of initial concentrations (10, 25, 50

and 100 mg/L) were prepared and were added with 0.1 g of the activated c?&? he

opening of the Masks was sealed with parafilm and the flasks were thu d on
hotplate with magnetic stirrer. The mixtures were kept under constant shllng at

approximately 100 rpm for six hours at room femperature (25.%0{0(?).
6.3.3 Effect of Solution pH

NY.
The efiect of solution pH was studied on (%rpnm ca IW@;
different initial pH of the solutions (pH value: l{y 1101%&:@ (0.1 M)
and sodium hydroxide (0.1 M) was used u@[hg pH.

par: wetamol was 50 mg/L. for cach flag k an 1\ dde

N? S lm concemmlmu of

'Lh&Q of adsorbent. The

analysis performed following iln >(g Erime i ((m@e hotplate).

The pH values were sg wu du 0w1 asons pH 3 is a normal pH

value for normal human 51%1 whet mpjr YINJis a normal when foods are in the

system (Kong & Sing N) anldp\s IS ménolmal value for duodenum and small
N

c&)rlu released of ammonia in the stomach

|cv
due (o urease gi (nu (e p? m§{vmuna such as H.pylori, the acidic pH value

could inc xhaxhi fbove pll 7 (Due)w etal., 2014).
\

Ssults and Discussion

~
ESN

6.4.1 Effect of Initial Concentration
Figure 6.1 shows the adsorption capacity of paracetamol onto the activated

carbon at equilibrium, g. at different initial concentrations (50, 100, 200, 300 and 400
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mg/L). The graph shows a significant increase as initial concentration increases. The
equilibrium adsorption was increased from 25.0 to 194.04 mg/g as the paracetamol’s

initial concentration was increased from 50 to 400 mg/L. The initial concentration

serves as the driving force for higher mass transfer in order to develop the onship

¢ 1nitial stage of

between adsorbate and the adsorbent (Ahmad & Alrozi, 2011). !%

A large number of vacant sites were available durin

adsorption. The increase of the initial concentration of paracet ad increased in the

driving force between paracetamol molecules and CN$ hn"ad & Alrozi, 2011).
N3

250 é J ' _b
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6.4.2 % f Contact Time\g’
1:1gurc 6.2 demonstrates the effect of contact time on the adsorption of

pMaggfamol from 0 to 360 minutes. The graph shows different adsorption performance

as different initial concentration of paracetamol solution was used.
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[t can be easily observed from the graph that by increasing the contact time, the
adsorption of paracetamol increases. It is obviously demonstrated that equilibrium is
reached within a shorter period of time (30 minutes) for lower concentration of
paracetamol (10 mg/L). As the driving forces (initial concentrationYMease,
cquilibrium processes proceed gradually and was almost ended at 360:1@5 for 100
mg/l. of paracetamol solution

It was strongly believed that at the mitial stage of @:n, the rate of
adsorption is fast due to the accessibility of the paracetam oz‘ule to a large number

of vacant pores and surface sites. After an interval of timgost pf ThegFant sites were

o

Ny

c L | RdsOrpio al ‘mng slower
: 4 T

as more molecules tend to occupy less vacant SXW] }dé a.hmq\j 011). At the

same time, the ability of CNAC-D3 to,a§ mole, f pgréigctamol decreased

already engaged by the adsorbate molecules. The

gradually due to unavailability of vac ls}o

adsorbent (Said et al., 2014). A si%& e
al.. (2015) where they used lea%de

in aqueous solution.

at 1S minutes (\fC(@' S
at 60 minutes g % tact’i he )/ak

4

residual comggWration at 15 mimt\c},efnd 60 minutes contact time was relatively big (45

rQips on the surface of the

&
)rp@ was reported by Dutta et
&

arbon to remove paracetamol

i to be about 10 %. The difference between

9%). The MMence between residual concentration at 60 minutes and 120 minutes
cagtact e was approximately 5 % and between 120 minutes to 360 minutes was about
4 %. Due to these calculation, a steady equilibrium state approximation was assumed
and a quasi-equilibrium situation (Ingole & Lataye, 2015) was estimated at t = 360

minutes. Therefore, further experiments were conducted at t = 360 minutes only.
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Figure 6.2 Effect of contact time on g. of pig eZmoh.

6.4.3 Efifect of Solution pH

Paracetamol is a weak electrolyte when di i alcy. ec@ of that, the

completely  dissociate  in aque

the percentage rcnm\%\w
[t can hc%%"om Pidug P tl \w adsorption of paracetamol at pH 3 gained
the highest AJZS mg/g) with t 6;3\:/651 C. (3.37 mg/L) at the end of the process.
N f
[his w z%\@d by the adsorption at pH 8 (ge = 46.26, C.= 7.49) and pH 5 (gc =
174 CY* 4.23). The result showed that the maximum paracetamol adsorption is
obtained at pH 3 which is suitable in stomach environment.
I'o explain the interaction of the paracetamol molecules at lower pH (pH 3), the

molecules of paracetamol were not protonated into other molecules at the environment
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therefore it results in higher adsorption capacity. In acidic environment, neutralization
oceurs to some of the negatively charged ions and the molecules of paracetamol remain
dissociated. In fact, when the pH value increases, competitive adsorptions occur
between the molecules of paracetamol and OH™ molecules that cause a decrw the
N
adsorption capacity (Dutta et al., 2015). %

As discussed in previous chapter, at low pH value, the SUH;%YO']C he activated
carbon was packed with cation. More positive sites available tdgory’adsorbate anion
| i: S a‘. the range of 2-4,
the negatively charge activated carbon was neutralized i ly itw‘chloric acid
from the SGF solution. At similar pH, paracclamo@as neftr 1(’1«.’4\%( Due to

'

this reaction, the repulsive electrostatic effect was?!n N
of paracetamol and positively charged aci\/\ rb Eur
ercent

which increased the adsorption capacity. When the solutio

the adsorption process which allows th

(Mohd et al., 2015). % ] A
&
N «%] Q
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0 Figure 6.3 Effect of solution pH on g, of paracetamol.
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¥
ol m@culcs exist

in anonic state when the solution pH increases (O@H 9. \N;z{ pH, surface of the

Percentage Removal (%)

According 10 Mohd et al. (2015), about he the paralcl

activated carbon was negatively vhargc\%yrcﬁ uloa ely Q&a ged paracetamols

resisted the negatively charged acigvated "¢ sults in decreased in

adsorption capacity %
It can be suggested l‘r(Y} expperiy
clectrolyte became a neutra Fm)’:culc Y o

S and changed into Ll&l\(,‘m "ar 7 (\BNd et al., 2015). Figure 6.4 shows the
O
. : WA A
difference in pcrcc% VAl »Wrac‘f‘mmolg where the most paracetamol removed
G &
from the syst% s whet i ’solu@i set at pH 3 (~ 96.3 %) while at pH 8, the
pcwcntug\'* val was drop [(@6,3 %. At pH 5, the adsorption was observed to

decregu 1pll 3 atabout 3 %. The decreased in the adsorption showed that a weaker

o5}

; t(aga?m‘mcd into half anionic form at pH

1 of the anionic molecule of paracetamol with cationic carbon surface.
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6.5 Adsorption Isotherms of Paracetamol
Fioure 6.5 illustrates the paracetamol adsorption isotherm on the activated
carbon. The activated carbon was categorized as L-type activated carbon, where initially
a sharp rise occurred and plotted a curve at low concentrations followed by wation
d

N

“adsorbent

limit at high concentrations. The chart showed a high affinity of ad
system which showed that the adsorption active sites had inq“bcliv, competition
between paracetamol molecules and activated carbon (Fcrreirw 2015).
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Figure 6.6 %\ f'li&%ﬂ!relationship of C/q. versus Ce, 10g ge Vs

log Coand ge \ hk} LlSilﬁ‘ xpfin leg@”data obtained for paracetamol adsorption from
4
ndlich and 1\eml®éolhcrm, respectively. The intercept and the slope

Langmuirail
of the »lu\nsull the ¢, and K, values for Langmuir, Kyand n values for Freundlich and

s v as B values for Temkin. The data were tabulated in Table 6.1.
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Table 6.1 Isotherm constants for adsorption of paracetamol by CNAC-D3

qm KI

R R
Langmuir ~ (mg/g) (L/mg)
O 98? 188.68 0.1646 0.05 E
R’ 1/n n , %
Freundlich - 7 » ((mg{g)(mgN)'"™)

04997‘) 0.3642 2.7457

lemkin e I
O 8303 4 106 30. 389 .

the Langmuir equation (R° = 0.983) and Freundlig

of gm and K, for the Langmuir and Kyand » fi

me/g and 0.1646 L./mg, and 4.9234 and %
coefficient for Temkin equation was n

the adsorption data. é ) j
:mRa.ngm,n a

Therefore, Freundlic J]
' g s
the R values (0.9979 ‘mégg,} ,‘\&Q‘e Lo
used to explain the ndw 11S( f.lth{@]' it hardly provides information on the
’

monolayer adsorpg®p ¢
I"able G wa comp 15(& of ;fsorption isotherms of paracetamol onto several

(>
adsorben 1; LS ( ear that cocoa mb\gased activated carbon (CNAC-D3) had a relatively

modté

sorption capacity of 188.68 mg/g.
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Table 6.2 Comparison of the maximum monolayer adsorption of methylene blue
onto various types of activated carbons

Maximum monolayer
ge (mglg) Reference

Coconut mesocarp 90.81 Ferreira et al., 20 T
Commercial activated ,

Adsorbent

; 25.25 Mohd et al., 2
carbon #1
Commercial activated

o 555.0 Rey-Mafull et’al”, g 14
carbon #2
Tea wasle 195.95 Duta et aly 5
_ Cocoanibs 188.68 R Tlyg wq!

6.6  Adsorption Kinetic of Paracetamol \do
> ' ‘—}Y'
In order to investigate the adsorption kinetic arace}ax ol @nto tﬁ-}surfacc of

V

¢ pseyd8-second-order

cnd‘itial paracetamol

S} Figure 6.9 and 6.10.

concentrations (25 to 100 mg/L) and Lh@lts can\'cﬁs n

o i
The values of different model paral\l e sQown "Fa@l)b:
Ficure 6.9 shows the Wo—ﬁfl-o k@'lc model for paracetamol

) (

adsorption. The values of K7 anc ef@ll’.,) R? obtained from the plots for

paracetamol adsorption (&acti\ e 'bon@ given in Table 6.5. The experimental
\ s O
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g. values were not n%‘cm nt

%v 3

plots. In mmi[im% ich & ?O) \&CS for paracetamol adsorption plot were not
\l: :

achieved at ecr and higher con&énratlon (0.8395 for 25 mg/L. and 0.7135 for 100

me/L), w0 0csts that the adsorption of paracetamol on the cocoa nib-based

i (_%
fle@l ulated values obtained from the linear

acti®egd girbon was not following the first-order model.

Figure 6.10 illustrates linear plots of #/g, versus ¢ to characterise the pseudo-
second-order kinetic model. The correlation coefficient, R? values were almost equal to
unity (> 0.999) for all paracetamol concentrations, which indicates the applicability of
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the second-order kinetic model to describe the adsorption process. The calculated g.

values shows good agreement to the experiment values, as addressed in Table 6.3.

tAmC adsczpuon,
N

48'
O‘Sl

A100 mg/L.
50 mg/L
@25 mg/L.

400

Figure 6 @;uio--. :cogd-prd ﬂ&ﬁ paracetamol kinetic adsorption.
& v
A S
N“)tmn kinetics mode%ualion constants and correlation coefficients for
(Trption

Table 6.3
p;uuu:l;nr b) i

Kinetic models

ity » Pseudo-first-order Pseudo-second-order
concentration  qe cal Ky R? q., cal K R?
(mg/L) (mg/g) (1/h) (mg/g) (g/mg h)
25 11474 0.033 0.8395 25510 0.009 0.9994
50 23.002 0.017 0.9244 51.546 0.002 0.9989
100 - 30.954 0.008 0.7135 98.039 0.001 0.9997
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6.7  Conclusion
The performance of the demineralized activated carbon prepared from cocoa
nibs was investigated using batch adsorption study of paracetamol. The activated qgrbon
was found to have an adsorption capacity of 48.32 mg/g with its percentage % of
96.27 % at pH 3 where the initial concentration of paracetamol was 100 nfé%v 50 mL
of solution. The final concentration of paracetamol left at the end of the edgeriment was
N

low (3.37 mg/L). The removal efficiency of paracetamol was fowlm decrease with

stoma h' enydronment

¥
1S
m{' 7 vgstudicd
: icted@ Freundlich

and Langmuir adsorption models with adsorpm acity of {8.68 @/gh The kinetics

of the adsorption was found to follow the %’ S%@X k&?ﬁcs at various initial
o &
concentrations. \ S
’ S

€ gvbater. The amount of activated

mcrease in pH value indicating the suitability of its usa
which usually at high acidic value.

Different isotherms such as, Langmuir, Freus

and it was found that the adsorption characteris

qnn'il@trdose case should be more than 0.1
g which was used in fly. The apnahnt Q&-édsorbeni acquired in the in situ studies

might be differed wc amout

from the othg

usgd @ﬁ vitro studies due to the risk of interference

icnts of stomach that may be present.

2

nibs and W®ted with hydrochloric acid is highly potential to be used as adsorbent in

paracetamol removal in aqueous solution.
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