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Curcuma longa or turmeric was used as adsorbent for aluminium removal. The effects of operational factors,
including pH, contact time and dose were studied, and their optimal controls were proven. Overall uptake of
Curcuma longa was at the maximum when pH ranged between 5 and 9 and the optimal removal was 91.2%.
Optimal removal of 95.8% was achieved at the 90" minute for the batch experiment. A dose of 6 g/L was

Key Words: enough for optimal removal of 93.6%. Aluminium adsorption onto Curcuma longa was found to have a good
Adsorption correlation with Freundlich adsorption model contrary to the Langmuir model. Simple kinetic model such as
Aluminium pseudo-first order, pseudo-second order, Elovich equation and intra-particulate mixing models were employed
Curcuma longa to determine the adsorption mechanism. The adsorption kinetic study showed that the pseudo-second
Turmeric order kinetic was the most applicable, and this result suggests that chemical adsorption process was more

dominant.

INTRODUCTION

Aluminium can be found all around the environment such
as water, plants and also in food. Aluminium compounds
are used in industrial and pharmaceutical sectors as food
additive, cosmetics and household products (de Amorim
et al. 2006, Krewski 2006). The main source of aluminium
uptake into human was through food, drinking water and
medicine (Y okel & McNamara2001). Neurotoxicity of alu-
minium to human health was discovered a few decades ago.
Aluminium accumulation may increase the risks of neuro-
logical disordersand bone disorder such as Alzheimer’ sdis-
ease, Parkinson’ sdisease, dementiaand osteomal acia (Zatta
2000, Buratti 2006).

Curcuma longa or turmeric belongsto the family Zingi-
beraceae and isin the same group with ginger and galangal .
The genus Curcuma includes hundreds of species of plants
with underground rhizome (Jayaprakasha et al. 2005).
Curcurmin (an active ingredient commonly found in Cur-
cuma §p.) hasbeen used in traditional medicineto cure cuts,
asthma, epilepsy, kidney stone, abdominal cramp, high cho-
lesterol level and Alzheimer’s disease. However, its phar-
macological mechanism, especially for Alzheimer’ sdisease
isdtill not fully understood (Duke 2002).

Therearemany researchesthat sudy the relati on between
curcumin and aluminium in neurotoxicity. Previous study
indicated curcumin’ sability to bind redox active metalsand
cross the blood-brain barrier could be playing the crucial
rolein preventing against Al-induced neurotoxicity (Pallavi
Sethi et al. 2009). Treatment with tannic acid and curcumin
reduced the accumulation of the Al and Pb in rat’s brain

(Candan & Tuzmen 2008). Curcumin exerts a protective
effect against aluminium-induced elevation of ageing-related
changes by modulating the extent of oxidative stress (by
upregulating the activities of antioxidant enzymes) and by
regulating the activitiesof Na*, K* ATPase, PKC and AChE.
Therefore, it issuggested that curcumin countersa uminium-
induced enhancement in ageing-rel ated processes (Sharma
et al. 2009). Hence, this study aims to investigate the ad-
sorption properties of aluminium onto Curcuma longa pow-
der interm of adsorption equilibrium and kinetics.

MATERIALS AND METHODS

Preparation of adsorbent: Fresh Curcuma longa pieces
were weighed and dried in the Protech Model BS240 oven
for 4 hours. Thedried pieceswere then grounded to become
powder.

Batch adsor ption experiments: Batch adsorption experi-
mentswere doneto determinethe effect of pH, contact time
and adsorbent dose on aluminium removal.

Effect of pH: Sulphuric acid (37%) or sodium hydroxide
(1 M) was added to a known concentration of aluminium
solution to control its pH. Batch experiment was done by
adding 0.1g of Curcuma longa powder in aseriesof six coni-
cal flasks containing aluminium solution with pH ranging
from2to 12. Theflaskswere covered by parafilm and shook
with Orbital shaker Model 719 at 200 rpm. After shaking
for 120 minutes, the shaker wasturned off tolet the solution
to stabilize for 5 minutes. The solution was then filtered
through asize 40 Whatman filter paper followed by 0.45um
cellulose nitrate filter membrane. The final aluminium
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concentration in thefiltratesisthen measured by Eriochrome 100 -
Cyanine R method (ECR) (APHA 2005)

Effect of contact time: Eight conical flasks containing 50
mL of aluminium solution were prepared and their initial 9 1
aluminium concentrationswere determined. In each of the

conical flasks, 0.1 g of Curcuma longa powder was added. 90 - ﬁ\\
The mixtures were then subjected to ashaking procedure at

200 rpmfor 5, 10, 15, 30, 45, 60, 120 and 150 minutes. Af-

ter leaving the solution to stabilize for 5 minutes, the solu- 85 -
tions were filtered and aluminium concentrations in each

flask were measured.

Al Removal (%

Effect of dose: In thisexperiment, the amount of Curcuma 80 T T T T T 1

longa powder added into the aluminium solution was var- 0 2 4 6 8 10 12 14

ied. The amount added were 0.05g, 0.10g, 0.15g, 0.20g, pH

0.25g, 0.30g, 0.35g and 0.40g respectively. Eachdetermined  Fig, 1: Optimization of pH for Al removal from agueous solution using

mass of Curcuma longa was added into 8 separate conical Curcuma longa powder.

flasks containing 50 mL of aluminium solution and shook

for 120 minutes at 200 rpm. After a 5-minute settling time, 94 1

the solution was then filtered through a size 40 Whatman

filter paper followed by 0.45um cellul ose nitrate filter mem- 93

brane. The final aluminium concentrationin thefiltratesis =

then measured by ECR method (APHA 2005). E 92 4

Adsor ption isotherm and kinetics: Inisotherm study, the g

amounts of Curcuma longa powder used were 0.05g, 0.10g, GE) 91 4

0.15g, 0.20g, 0.25g, 0.30g, 0.35g, and 0.40g respectively. =

In the kinetic studies, shaking timewasvaried for 5, 10, 15, =

30, 45, 60, 90, 120 and 150 minutes. 90 1

RESULTS AND DISCUSSION 89 : . . ’ |

Effect of pH: Thisstudy found that al uminium removal was 0 2 4 6 8 10

at its optimal rate at pH ranging between 5 and 9 (Fig. 1). Dosage (g/L)

Optimum removal rate was recorded to be 91.2% with the

mean val ue ranging from 85.95+5.02% t0 91.65+0.63%. This Fig. 2: Dosage effect for Al removal from agueous solution using

showed that pH plays an important rolein determining ad- Curcuma longa powder.

sorption capacity of Curcuma longa to aluminium. pH in-

fluencesthe binding stesof metal to the adsorption surfaces. 98

Inaddition, pH also influencesthe chemical structure of the 96 -

metal in agueous solution, hence influencing its bioavaila- /ﬂ—‘

bility (Ozacar 2005). il //

Effects of dosage: Adsorption capacity of Curcuma longa T 921 '

toaluminium increased by increasing itsdosage asshownin g 90 4 r/

Fig. 2. Optimal aluminium removal of 93.65% was obtained 2 :

at the dosage of 6 g/L.. Withincreased adsorbent dosage, alu- < 887

minium increases because of the increased Al removal in 86 /

ion exchange site ability, surface areasand the number of ©

avail able adsorption sites(Naiyaet al. 2009). o ' : ‘ !
0 50 100 150 200

Effect of contact time: Adsorption capacity for aluminium S g

increased with increased contact time (Fig. 3) until it reached

equilibrium. Optimal contact time for aluminium adsorp- Fig. 3: Optimum contact time determination for Al removal.
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tion was 90 minutes with 95.85% removal. Contact timeis
the time needed for adsorption process to achieve equilib-
rium when no more changes in adsorptive concentration
were observed after acertain period of time. Long contact
time was required to achieve equilibrium because of the dif-
ferencesin the characteristicsand propertiesof the adsorbents
(Hussein et al. 2006).

Adsor ption isother m: Freundlich isotherm model wasused
asamodel for adsorption on heterogeneous surfaces. This
isotherm isexplained based on the following equation;

Ing,=InK_+ 1UnInC, (D

Where g, is the adsorption capacity at equilibrium, K_
and nisthe congtant valuein the equation was obtained from
the y-intercept and slope of the log g, versuslog C, plot as
showed inFig. 4(a).

The Langmuir adsorption isotherm assumed that maxi-
mum adsorption equal sto the saturation of a monolayer of
aluminium on the surface of the adsorbent at constant en-
ergy. Langmuir equation is commonly used for monol ayer
adsorption onto adsorbent with l[imited adsorption sites. The
equationisasfollows;

g.= QbC_/1+bC, (2
This equation can be transformed into linearized forms
asfollows;

=4 WE)

The Q constant denotesthe maximum adsorption capac-
ity or maximum number of aluminium ionsper mass unit of
Curcuma longa that can form a complete monolayer that
covers the whole adsorbent surface at high aluminium ion
equilibrium. Fig. 4(b) showsthe Langmuir plot for thisex-
periment. Based on the correlation coefficient, R?val ues of
both Freundlich and Langmuir modelsarelisted in Table 1.
We found that Freundlich model ismore suitableto explain
the adsorption isotherm. Aluminium maximum adsorption
capacity on Curcuma longa was up to 7.68 mg/g.

Adsor ption kinetics: Most sorption processes take place by
amultistep mechanism comprising: (i) diffusion acrossthe
liquid film surrounding the solid parti cles (aprocess control -
led by an external mass transfer coefficient), (ii) diffusion
within the particle itself assuming a pore diffusion mecha-
nism (intraparticle diffusion), and (iii) physical or chemical
adsorption at the site (Kumar et a. 2005). Four kinetic mod-
elswere tested tofit the experimental data points; intraparticle
diffusion, pseudo-first-order, pseudo-second-order and
Elovich models. Mathematical expressons of these models
aregiveninegs. (4)-(7), respectively (Lagergren 1898, McKay
et al. 1999, Chien & Clayton 1980, Weber & Morris1963).
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Fig. 4: Freundlich (a) and Langmuir (b) isotherm for Al adsorption onto
Curcuma longa powder.

Ing,—q=1Inqg—Kt (4
t 1 1
? = PE + ) (5
1
q:b— 1n(ab) + Int ...(6)
g _kt*+c (7

Where g,and g, are the amounts of aluminium adsorbed
at atimetand at equilibrium, respectively. While k isthe
intraparticle diffusion constant, cisintercept; k and k, are
pseudo-first-order and pseudo-second-order rate constants,
respectively. The symbols of a and b are Elovich coeffi-
cientsrepresenting initial sorption rateand desorption con-
stants, respectively. Fig. 5 (d) showed the kinetic adsorption
plot for aluminium adsorption ontoCurcuma longa. Kinetic
adsorptionfor pseudo-second-order model occurschemically
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Fig. 5: Kinetic adsorption study tor Al adsorption onto Curcuma longa powder according to (a) pseudo-tirst-order, (b) pseudo-second-order, (c)
Elovich and (d) Intraparticle kinetic models.

Table 1: Constant values and R? for Freundlich and Langmuir models.

Freundlich Constant values Langmuir Constant values
R? 0.9539 R? 0.8831
1/n 3.2345 Q, (mg/g) 7.6839
KF (mg/g)(mg/L)" 0.2519 b (ml/mg) 0.1805

and involvesval ence forcethrough ion sharing or exchange
between the adsorbent and the ions adsorbed onto it
(Septhum et al. 2007). Pseudo-second-order kinetic model
showered the strongest correlation (R? = 0.9888). Thissug-
geststhat al uminium adsorption occursin amonolayer fash-
ion, and its adsorption pattern occurs via chemical adsorp-
tion or viaion exchange. Aluminium ionsreact chemically
with the specific binding sites on the surface of Curcuma
longa.

The Elovich equation has been used to further explain
the second order kinetics model with the assumption that

the actual adsorption surfaceis energetically heterogeneous
(Thomas& Thomas 1997). Elovich kinetic model showed a
good correlation for Curcuma longa (R? > 0.9) despite the
correlation value being lower than the correl ation coefficient
for thefirst and second order kinetic models. Therefore, this
could be used to explain that the adsorption surfaceisener-
getically heterogeneous. The plot of intraparticle model was
expressed by g, versust®® asshown in Fig. 5(d). It was present
multilinearity, indicating that three stepstake place. Thefirst,
sharper portion is attributed to the diffusion of adsorbate
through the solution to the external surface of adsorbent or
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Table 2: Constant values for adsorption kinetics models.

Constant Value
Pseudo-first-order model

R? 0.9611
k, (mint) 0.0473
q, (mg/g) 4.78
Pseudo-second-order model

R? 0.9999
k, (9/mg min) 0.0512
ge (mg/g) 48.78
Elovich model

R? 0.9031
a (mg/g min) 3.463
b (g/mg) 0.7849
q, (mg/g) 7.0068
Intraparticle diffusion model

R? 0.5838
Ki (mg/g min¥?) 0.0472
c 4525
q, (mg/g) 45.70

the boundary layer diffusion of solute molecules. The sec-
ond portion describes the gradual adsorption stage, where
intraparticle diffusionisarate limiting. Thethird portionis
attributed to the final equilibrium stage (Aharoni & Ungarish
1977).

Table 1 givesthe constant values and correl ation coeffi-
cients for both Freundlich and Langmuir models. On the
other hand, Table 2 summarizesthe constant valuesfor the
adsorption kineticsand their correlation coefficients.

CONCLUSION

The results and discussion presented in this paper showed
that the optimal parameters determined in the experiment
were effective in determining the efficiency of aluminium
adsorption onto Curcuma longa. Comparison between two
mathematical equationsfor the adsorptionisotherm revealed
that the strongest correlation was shown by the Freundlich
model (R?=0.9458). Therefore, the Freundlich model isused
to represent the adsorption of aluminium onto Curcuma
longa. Second order kinetic model is used to explain the
adsorption kinetics of auminium onto Curcuma longa (R?
= 0.9888). Thissuggeststhat aluminium adsorption occurs
in the multi-layer mode, and it occurschemically or viaion
exchange between the phenolic functional groupsin Cur-
cuma longa with aluminium ion.
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