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Abstract: Biosorption is a process where natural solid material is used to adsorb heavy metal dissolved in a
solution. This method is very promising in treating industrial waste containing hazardous metals and provides
high adsorption capacity. The aim of this research is to remove chromium ion from an artificial liquid waste via
biosorption using biomaterials from Psidium guajava as a biosorbent. Chromium has to be removed from waste
water before it can be disposed safely to the environment because of its toxicity, non-biodegradableand
carcinogenic behaviors. The parameters such as contact time, initial pH solution and temperature of a certain
amount of biosorbent will be varied in this research. The dosage of biosorbent is 2 gram/L. Experiment results
showed that bisorption processes only took place at pH 2, where the experiment reached equilibrium condition
at contact time of 90 minutes for guajava leaves and 240 minutes for guajava fruits and percentage of chromium
adsorbed greater than 99%. Experiment results also showed that equilibrium constants for Cr(VI) adsorption
and adsorptive capability of sorbents decreased as temperature increase. The intensity values of adsorption
processes (n) are in the range of 1 to 10 indicated that biosorbent material from Psidium guajava are very
valuable as chromium adsorbent in the wastewater.
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INTRODUCTION Several methods have been utilized to remove

Waste water containing heavy metals from precipitation [3] and reduction method [4]. However,
industrial activities could contribute to environmental those methods have disadvantages such as limited in
danage. Heavy metals, such as chromium, copper, application, high energy needsand high cost operation.
lead, cadmium, etc, are dangerous environmental Alternative methods have been conducted by some
pollutants. These heavy metals are inorganic micro- researchers to solve these advantages especially in its
pollutants which are of considerable concern high-cost operation problem. One of these alternative
because of they are non-biodegradable, highly methods is biosorption. Biosorption is currently gaining
toxicand carcinogenic. Chromium ion in wastewater is considerable importance as an alternative technology
a heavy metal waste which is being considered. Cr(III) and for the treatment of heavy metal-waste. Biosorption
Cr(VI) are the chromium oxidation states usually concern utilizes the ability of biological materials to accumulate
in the environment. Hexavalent chromium form is of heavy metals from waste streams by either metabolically
particular because of its greater toxicity [1]. Cr(VI) is mediated or purely physico-chemical pathways of uptake
soluble in the water in form of divalent oxy-anion, [5]. Biosorption is a process in which solid of natural
chromate ion (CrO ) and dichromate ion (Cr O ). origin are employed for binding heavy metals. It is a4 2 7

2- 2-

Solutions which contain chromium ion are used for promising alternative method because of its low cost and
electroplating industry, leather tanning, metals its adsorption capacity. Therefore, there is a need for the
recoveryand neutralizing cadmium, magnesium, zinc, etc development of low cost, easily available material, which
[2]. These industrial processes produce toxic chromium could adsorb hexavalent chromium in wastewater. This
wastewater. Toxic chromium wastewaters contaminate the research will employ leaves and fruits of Psidium guajava
environment by filtration and pollutants transportation as biosorbent for chromium adsorption process in
into ground water. solution containing chromium ion.

chromium from industrial wastewaters such as direct
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MATERIALS AND METHODS values were adjusted using NaOH and HCl solution. The

Experiments used colorimetric method to determine 90 minutes for guava leaves and 240 minutes for guava
the concentration of dissolved hexavalent chromium, fruits. After experiment reached equilibrium state, the
Cr(VI), in artificial wastewater from K Cr O solution. solutions were filtrated by filtrating paper Whatman 41.2 2 7

This method can be used to analyze samples containing The filtrate solutions were taken out for the analysis of
Cr (VI) from 0.5 to 50 mg per liter. It used visible light residual chromium concentration in the solution [6].
spectrophotometer to measure amount of chromium ion Batch sorption experiments, for sorption study, were
concentration filtrate. Filtrate absorbance was determined conducted in 250 ml beaker glass at 1 atm, on a stirrer
photo metrically at wave length of 540 nm. In this (70 rpm) for mixing which is immersed in water bath. Water
method, diphenylcarbazide solution, made from 250 mg bath temperature was fixed to reach at a given operation
1,5-diphenylcarbazide and 50 mL acetone, was used to temperature (25, 35, 45and 50 °C). Chromium ion initial
increase filtrate solution absorbance. concentration was 10 mg/L in 100 ml solution volume

The sorbents used were crushed guava leaves and the biosorbent dosage used was 2 gram/L. The
and fruits. All of these materials were obtained from equilibrium experiments were performed at pH 2 for
local house yards; materials were crushed by blender, each sorbents. The pH values were adjusted using HCl
washedand then dried in the sun for two days. After solution. These experiments were conducted to see the
drying, the materials were kept in vacuum plastic ware. effect of temperature on the adsorption process. Sample

Filtrate concentration was determined from calibration solutions were mixed until contact time of 90 minutes for
curve. Calibration curve was made by dissolving main guava leaves and 240 minutes for guava fruits (equilibrium
solution, consist of 2,8269 gram of K Cr O and 1000 ml, contact time for equilibrium experiment). After experiment2 2 7

distilled water. Visible spectrophotometer was calibrated reached contact time observed, the solutions were
using sample solutions having concentrations of filtrated by Whatman 41 filtrating paper. The filtrate
0; 2,5; 5; 7,5; and 10 mg/L. These samples were used solutions were taken out for the analysis of residual
for calibration curve based on measurement of visible chromium concentration in the solution.
spectrophotometer in 540 nm. Batch adsorption isotherm experiments, for

In the kinetic study, batch sorption kinetic adsorption isotherm study, were conducted in 250 ml
experiments were conducted in 250 ml beaker glass at beaker glass contains 100 ml solution at 25 °C and 1 atm,
25 °C and 1 atm, on a magnetic stirrer (70 rpm) for mixing. on a magnetic stirrer (70 rpm) for mixing. The equilibrium
Chromium ion initial concentration was 10 mg/L in 100 ml experiments were performed at pH 2 for each sorbents.
solution volume, meanwhile, the biosorbent dosage used The pH values were adjusted using HCl solution. Initial
was 2 gram/L. The kinetic experiments were performed chromium ion concentrations were fixed at the
at three different pH conditions (2, 7 and 10) for each concentration of 10, 20, 40, 60and 80 mg/L and the
sorbents. The pH values were adjusted using NaOH and biosorbent dosage used was 2 gram/L. These experiments
HCl solution. This experiment was conducted to see the were conducted to evaluate the biosorbent adsorption
effect of contact time on the adsorption process. Sample capacity and the quality of adsorption process. Sample
solutions were mixed for every 15 minutes contact time solutions were mixed until contact time of 90 minutes for
until equilibrium time of 90 minutes for guava leaves and guava leaves and 240 minutes for guava fruits (equilibrium
240 minutes for guava fruits. After experiment reached contact time for equilibrium experiment). After experiment
contact time observed, the solutions were filtrated by reached contact time observed, the solutions were
Whatman 41 filtrating paper. The filtrate solutions were filtrated by Whatman 41 filtrating paper. The filtrate
taken out for the analysis of residual chromium solutions were taken out for the analysis of residual
concentration in the solution. chromium concentration in the solution.

In equilibrium study, batch equilibrium experiments
were conducted in 250 ml beaker glass at 25 °C and 1 atm, RESULTS AND DISCUSSIONS
on a magnetic stirrer (70 rpm) for mixing. Chromium ion
initial concentration was 10 mg/L in 100 ml solution Kinetic experiment described solute uptake
volume. The biosorbent dosage used was 2 gram/L. The rate as a function of contact time between adsorbent
equilibrium experiments were performed at three different and sample solution. Adsorption kinetic is one of
pH conditions of 2, 7and, 10 for each sorbents. The pH important characteristics defining adsorption efficiency.

aqueous solution was mixed until equilibrium time of
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Fig. 1: Variation of %CR(VI) absorbed with contact time Fig. 4: Variation of equilibrium constant, K , with

Fig. 2: Oxidation of tannin by H ions compare to anion Cr(VI).+

Fig. 3: Interaction between positive charge tannin with are oxidized by H ions, positive tannin molecule will form
HCrO anion ionic binding with chromium anions HCrO which are4

-

In the kinetic experiments, sorbent capacity is determined between tannin and HCrO , it can be concluded that it is
from contact time required to reach equilibrium state. a chemical adsorption. Interaction between chromium
Effect of contact time to the %Cr(VI) adsorbed by guava anion and tannin is shown in Figure 3.
leaves and fruits are shown in Fig. 1, where adsorption Effect of temperature experiment to adsorption
process took place only at pH=2. Figure 1 shows that, as process is determined by varying temperature operation
it is expected, the amount of Cr(VI) adsorbed increases to 25, 35, 45and 50 °C. These experiments were not
with increasing contact time. Mechanism of Cr (VI) conducted at higher temperature to prevent biomaterial
adsorption by leaves and fruits of guava have not been damage. Temperature operations change affects to
known before. Variation on pretreatment and preparation thermodynamic parameters of adsorption process [6].
of biosorbent, method and metal behavior can be Equilibrium constants for Cr(VI) decreased as temperature
considered to explain whether adsorption mechanism is increases for guava leaves and guava fruits as shown in
ion exchange, surface adsorption, chemical adsorption, Figure 4. This phenomenon is due to the exothermic
chemical complexation or complexation adsorption [1]. adsorption reactions of Cr(VI) ions with guava leaves and
Electrostatic force, ion exchange and chemical fruits and the weakening of sorptive forces between the
complexation must be considered in analyzing the effect guava leaves and guava fruits binding sites and the Cr(VI)
of pH on Cr(VI) adsorption. Thus, the adsorption pattern ionsand between the adjacent molecules of the sorbed

c

temperature, T.

in acid condition is due to attract-electrostatic force
between positive part of biosorbent surface and HCrO4

-

anions of Cr(VI) from solution. On the other side, at pH 7
or 10, there will be a competition between anion Cr(VI) and
OH from the solution, where OH was very dominant- -

Effect of pH to adsorption process is not only
affected by electrostatic force. It is possible that tannin
substances in guava fruits and leaves affected the
adsorption process. At pH 2, H ions in solution will+

attack carbonyl group in tannin of guava leaves or guava
fruits. By H ions attack, double bond between C=O will+

be eliminated and tannin will change into positive charge
molecule as shown in Figure 2. After tannin substances

+

4
-

dominant ions species at pH 2. From ionic interaction
4

-
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Table 1: Value of Thermodynamic Parameters

Guava Leaves Guava Fruits
---------------------------------------------------------------------------------------- -----------------------------------------------------------------------------------------

H S G H S GHo o o o o o

T (K) C /C (Kc) (Joule/mol.K) (Joule/mol.K) (Joule/mol.K) C /C (Kc) (Joule/mol.K) (Joule/mol.K) (Joule/mol.K)ae e ae e

298 60800.00 -1.08E+07 -30.865 -27291,311 60800 -9141339,587 -12,061 -27291,.311
308 30400.00 -1.12E+07 -30.865 -26432,176 30400 -9448095,949 -12,061 -26432,176
318 20266.67 -1.15E+07 -30.865 -26218,374 30400 -9754852,311 -12,061 -27290,364
323 20266.67 -1.17E+07 -30.865 -26630,612 20266,667 -9908230,492 -12,061 -26630,612

phase. The adsorption is exothermic, hence the amount
adsorbed at equilibrium must decrease with increasing
temperature, because G decreases with an increase ino

temperature of the solution. This explains why the value
of G (Table 1) becomes more negative with an increaseo

in temperature.
By assuming activity coefficient is uniform at low

concentration (Henry Law), thermodynamic parameters
can be determined using equation [1]:

(1)

(2) Fig. 5: Variation of Log (K ) with 1/T.

(3)

K is equilibrium constant, C equilibriumc eq

concentration in solution (mg/L)and C solid phaseAe

concentration at equilibrium (mg/L). G , h and So o o

represent change in free energy, enthalpyand entropy.
From equation (3), H and S were obtained by linearo o

Van’t Hoff plot of log K versus 1/T as shown in Figure 5.c

Correlations obtained by linear regression are:
For guava leaves:

(4) concentration of Cr(VI) in the solution

For guava fruits: adsorbed species [1]. From enthalpy changes and

(5) process occurred is chemical adsorption.

H° and S° can be obtained from equation (4) and ions in solution, the experiments were varied into 10, 20,
(5). G°, H°and S° at various temperatures are shown 40, 60and 80 mg/L at 1 atm and 25 °C. These experiments
in Table 1. The negative values of H° indicate the only conducted at pH 2 and contact time of 90 minutes for
exothermic nature of the process, while the negative S° guava leaves and 240 minutes for guava fruits. Percentage
represent a decrease in the degree of freedom of the of Cr(VI) adsorbed by guava leaves relatively constant in

c

Fig. 6: Variation of %CR(VI) absorbed with initial

adsorption rate, it can be concluded that adsorption

To see the effect of initial concentration of chromium
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Fig. 7: Variation of chromium adsorbed per unit
mass of biosorbent, qand residual chromium
concentration at equilibrium condition, C .eq

the range of initial concentration observed, meanwhile,
for guava fruits decrease with an increase in initial
concentration of Cr(VI) in the solution as shown in
Figure 6. The decrease due to active sites in biosorbent
surface in solution has reached saturated condition so
that biosorbent can not adsorb chromium ions from
solution any further.

Isotherm equations Langmuir and Freundlich are
usually used to determine effect of pH change and change
of chromium ions initial concentration in solution.
Chromium ions distributions between liquid phase and
solid phase are equilibrium parameters of adsorption
process. Isotherm equation determines whether an
adsorption process is “favorable” or “unfavorable” for
chromium removal process. Langmuir isotherm equation
is valid for monolayer adsorption in surface containing
finite number of binding sites. The treatment assumes
sorption energies uniform in surface and no sorbate
transmigration in the plane of the surface. Freundlich
isotherm theory explains that the ratio of the amount of
solute adsorbed into a given mass of adsorbent to the
concentration of the solute in the solution is not constant
at different solution concentrations. In this study
Freundlich’s Equitation is used to determine adsorption
isotherm experiment.

(6)

(7)

Freundlich adsorption isotherm represents relation
between chromium adsorbed per unit mass of biosorbent
(q) and residual chromium concentration at equilibrium
condition (C ). K and n are constants which representeq f

adsorption capacity and adsorption intensity,
respectively. The plot of log q versus log C for variouseq

solution initial concentrations is found to be linear
indicating the applicability of the classical adsorption
isotherm to this adsorbate–adsorbent system. Plot of q
values versus C for each biosorbent is shown byeq

Figure 6. Value of K and n constants are obtained usingf

Figure 7, where adsorption capacities of guava leaves and
guava fruits are 4.2 and 2.9 mmol chromium ions per gram
of biosorbent, respectively. Meanwhile, the intensity
values (n) are 2.2 and 2.5 for guava leaves and fruits,
respectively. High K values indicated that higherf

chromium affinityand the values of n in the range of 1 to
10 indicated that adsorption process using leaves and
fruits of guava is favorable [1].

CONCLUSIONS

Experiments have been conducted to adsorb Cr(VI)
ion from the solution using guava leaves and fruits as
adsorbent. Experiment results showed that the adsorption
process occur only at pH 2. The mechanism of Cr(VI) ion
binding to guava leaves and fruits may include surface
adsorption, physical adsorptionand chemical adsorptions.
At pH 2, the experiment was reached equilibrium condition
for guava leaves and fruits at the contact time of 90
minutes and 240 minutes, respectively and percentage of
chromium adsorbed reaching 99,7% for initial chromium
concentration of 10 mg/L. Meanwhile, for commercial
powdered activated carbon (PAC) at the same pH
condition and operation conditions, the experiment has
reached equilibrium condition in contact time of 15
minutes. The equilibrium constants for Cr(VI) adsorption
and adsorptive capability of sorbents decreased with
increasing temperature indicated that biosorption
processes using guava leaves and fruits were exothermic
processes. Cr(VI) biosorption on guava leaves and fruits
were described only by the Freundlich isotherm model.
From adsorption isotherm experiment, the sorption
capacities (K ) of guava leaves and fruits were 4.2 and 2.9f

mmol/gram, respectively. Meanwhile, the intensity values
of adsorption processes (n) for both materials were 2.2
and 2.5, respectively. These intensity values showed that
guava leaves and fruits are very valuable as chromium
adsorbent, or at least are potential as biosorbent for
chromium removal from wastewater.
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