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Abstract

The removal of heavy metal ions Cr (V1) and Zn (1) from agqueous solution using the
skin of orange peel (Citrus sinensis) as an adsorbent under different experimental
conditions was investigated in this study. The concentrations of the metal ions adsorbed
were determined by atomic absorption spectroscopic (AAS) method. The parameters
investigated were temperature, contact time, adsorbent dosage, initial metal ions
concentration and pH. It was observed that the white inner skin of orange removed more of
Cr (V1) than Zn (I1) metal ions in all the adsorption experiments. The optimum removal of
the Cr (V1) and Zn (1) metal ions occurred at pH 3 and at temperature 30°C. Application of
the Langmuir isotherm to the systems yiel ded maximum adsor ption capacity of 8.068 (mg/g)
and 1.078 (mg/g) for Cr (VI) and Zn (I1) metal ions respectively.
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I ntroduction

Agricultural waste products such as orange péetfs sinensis), that are available at
little or no cost have been reported to be capabtemoving substantial amounts of metal
ions from aqueous solutidd. Due to rapid development and industrializationniany
countries, the levels of industrial pollution haween steadily rising. The pollution problem
of industrial wastewater remains a topic of globahcern. This is because wastewater
collected from municipalities, communities and istlies must ultimately be returned to
receiving waters or to the ladd Trace elements play essential roles in biologicatesses,
but at higher concentrations they may be toxih#liota and they disturb the biochemical
processes and cause hazards. These elements inodtdks (Cd, Cr, Co, Cu, Zn, Pd, Ni,
and Ag) and metalloids (Se, AS, Sh). Most of tlaedrelements are transition metals with
variable oxidation states and coordination numb@&tese metals form complexes with
organics in the environment thereby increasing tmaibility in the biota and manifest toxic
effects. Trace metal pollution in the aquatic eowment is a major health problem. Man’s
exposure to trace metals comes from industrialiéiess like mining, smelting, refining and
manufacturing processesg: "8
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Heavy metal pollution of wastewater is a commoniremmental hazard, since the
toxic metal ions dissolved can ultimately reachftth of the food chain and thus become a
risk factor for human health. These metals are gmtesn the wastewaters of several
industries such as metal cleaning and plating batfieries, paper and pulp, tanning
industries eté'® The excessive intake of metal by man leads torseweicosal irritation,
widespread capillary damage, hepatic and renal dantentral nervous problems followed
by depression, gastrointestinal irritation and fmesnecrotic changes in the liver and
kidney. These metals are toxic both in chemicatijnbined forms as well as their elemental
forms!'? Several factors have been determined to havefaat & the sorption of heavy
metals onto the surface of biomass. Factors sucpHascontact time, initial metal ion
concentration, temperature, and common ions hase teported-**

Orange peel@itrus sinensis), a flavonoid which belong to the class of polypble
compounds is extracted and is believed to havactiee sites that could chelate with metal
ions and thereby removing these metal ions froneaqs solutions. Orange peels are solid
wastes which are often thrown away to litter theimmment. When they are burnt they
emit carbon particles, which constitute pollutaimighe environment. The purpose of this
work is therefore to investigate the potentialgte white inner skin of orange peel as an
adsorbent for removing chromium and zinc from aggesolution.

Experimental M ethods

The adsorbent used for this study is the whiterirskén of orange peel. The orange
was brought at Rumuokwuta market Port HarcourteRiGtate. The white inner skin of the
orange peel were obtained by first peeling off duger skin of the fresh fruits and then
removing the inner fleshy layer after squeezing th# juice. Thereafter the peels were
washed and air dried for seven days. The air —dvéadple was later dried in Galen lamp
oven at 76C for 24 h to prevent denaturing of the cells. Bhen dried sample was ground
to fine powder using a grinding machine. It wassed with a Tyler sieve of 106 um mesh
to obtain fine particles.

The 106 pum fine mesh inner skin of orange was aiett/ by soaking 500 g in 500 ml
0.3 M HNG; for 24 h at room temperature. This was followed wgshing sample
thoroughly with distilled water until a pH of 6-8as obtained. The sample was then filtered,
air-dried and kept for the adsorption experimerte Tr (V1)and Zn(11)ions solutions
were prepared from an AR grade chromium trioxideOgLand zinc sulfate (ZnSYH,0).
Distilled water was used for the preparation ofsallutions and adsorption experiments.
1000mgL* stock solution of chromium (V1) and zinc (11) waepared by dissolving
0.5195 g of Cr@and 0.2278 g of ZnSYH,O in 1000 cm of distilled water. From the
stock solutions, working solutions of initial comteation (100 mgL}) of each metal were
prepared by serial dilution.

Effect of Temperature

100 ml chromium (V1) metal ion concentration of I8GL™* was measured into eight
250 ml conical flasks. 1.0 g of the biomass withtipke size 106 pm was then weighed and
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added to these solutions. The flasks were agitatekb0 rpm and heated on thermostatic
water bath at 10, 20, 30,40,50,60 an8C7temperatures. The suspensions were then filtered
using Whatman No. 40 filter paper, centrifuged fominutes and analyzed. The same
experiments were also carried out using Zn (di)

Effect of pH

The effect of pH on the amount of Cr (\Mad Zn(11) metal ions was analyzed over
the pH range from 1-7. In this study, 100 ml métas concentration of 100 mgLwas
measured into 250 ml conical flask and 1.0 ghef hiomass was added and agitated at
150rpm.The mixture were left in a water bath &C3fbr one hour. The solution was filtered
using Whatman No. 40 filter paper and the residugtial ions concentration analyzed.

Effect of contact time

The effect of contact time on the removal of Cr sd Zn (11)ons were carried out
for a period of 2 h at a time interval of 20 mirstBifferent masses of the biomass ranging
from 0.2-1.4 g were accurately weighed and tranasfieinto the 250 ml conical flasks. 100
mgL™ of metal ion solutions of Cr(V1) and Zn(Mgre added to each of the conical flasks.
The flasks were tightly covered with cellophane ahdken for 1 hour, the suspensions
were filtered through Whatman No. 40 filter papemtrifuged for 5 minutes and analyzed.

Effect of metal ions concentrations

In order to determine the effect of metal ions aanirations,100 mL of various
solutions ranging from 40-100 mglwere prepared in seven conical flasks fo(\Ck) and
Zn(1l)ions separately. One gram of the adsorbent wasdaddeach flask, agitated for 1 h,
filtered, centrifuged for 5 minutes and analyzednwAAS. The initial pH of each of the
solutions were adjusted to the optimum pH valuadtpp-wise addition of 0.1 M sodium
hydroxide and 0.1 M nitric acid except for the exment on the effect of pH where the
study was carried out at different pH values. Fraitlition of the stock solution was done
for each biosorption study.

The results obtained were analyzed using Langmsotherm and the calibration was
performed for each metal. Controls of each ofrtfetal solutions were run to detect any
metal precipitation or contamination the differetegween the initial metal concentrations
in sllsjpernatants was taken to be sorbed up by tredsis using a mass balaremuation
(1).

Co—Ce

%R =

x 100 1)

Ce

where, R is removal and,Cand G are the initial and equilibrium metal ion
concentrations in solution.

The amounts of chromium and zinc metal uptake wereputed using the following
equation (2):

ge= (C,—C.) (2)

M
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where, g (mg/g) is the amount of chromium and zinc sorbgthie adsorbent. {&and
C.(mg/L) are the initial and equilibrium concentraigoof the metal ions, respectively. V is
the initial volume of metal ions concentration itrds and M (g) is the weight of the
adsorbent.

Results and Discussion

The effect of temperature on the adsorption of Qr@nd Zn(ll) ions is shown in
Fig. 1 and Table 1. It shows that adsorption oMQr@nd Zn(ll) metalions by orange peel
biomass is found to increase from 10@G0 The increase in adsorption capacity with
temperature suggested that the optimal temperatirebserved around 3D. High
temperature increases entropy and this leads tactied in the stability of metal ions,
thereby increasing its randomness and consequestlycing the amount of heavy metal
ions available for binding at elevated temperatures
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Figure 1: Effect of temperature on sorption behaviour of Cr (V1) and Zn (11) ions from
solution (initial concentration= 100 mgL™, pH=3, equilibriumtime =1 h).

Table 1: Effect of temperature and pH on the sorption of metal ions

Temperatur| Equilibrium Percentage | pH Equilibrium Percentage
(°C) metal ions metal ions metal ions metal ions

concentration sorbed Concentration sorbed

(Co) in mg/L* (%) (Co) in mgL? (%)

Cr(Vl)| zn(I)| Cr(VI) | Zn(Il) Cr(VIl) | Zn(ll) | Cr(VI) | Zn(1)
10 29.8 39.6 70.2 60.4 1 29.9. 48.7 70.0 523
20 19.7 24.7 80.3 75.3 2 24.5 35.9 75.p 641
30 5.6 9.9 95.4 90.1 3 9.8 19.9 90.2 80.1
40 19.9 29.7 80.1 70.3] 4 19.6 28.4 80.4 702
50 39.7 50.0 60.3 50.0 5 39.4 34.2 60.6 658
60 54.5 79.9 45.2 30.1 6 46.7 39.4 54.3 60/4
70 69.8 80.8 30.2 20.2 7 54.3 45.8 45.7 55|2
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The result of the pH study shows that maximum sompbdccurred at pH 3 for both Cr
(VI) and Zn(Il) metal ions as shown in Fig. 2 and Table 1. 80.1f %z ion was removed
compared to 90.2 % for chromium. The adsorptiveacties of Cr (VI)and Zn (Il)ion
increased rapidly as the pH increased.
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Figure 2: Effect of pH on sorption behaviour of Cr (VI) and Zn (11) ions from solution
(initial concentration= 100 mgL™, pH=23, equilibriumtime =1 h)

The decrease in the adsorption with increase ofnaty be due to the decrease in
electrostatic force of attraction between the satrlaad sorbate ions. At lower pH ranges,
due to the high electrostatic force of attractithre percentage of GWI) ion removal is
high. At very low pH value, the surface of sorbewituld also be surrounded by the
hydronium ions which enhance the Cr (VI) interactiwith binding sites of the adsorbent by
greater attractive forces. A sharp decrease inrhdats above pH 3 may be due to
occupation of the adsorption sites by anionic ggeevhich retards the approach of such
ions further toward the sorbent surface. The deeréa adsorption at high pH values may
be due to the competitiveness of the oxyanion ofmoium and OH ions in the bulk. As the
pH increased, the overall surface charge on thegerpeel became negative and adsorption
decreases.

The relationship between contact time and the p¢age removal of chromium and
zinc metal ions from solution by orange peel biosnes presented in Fig. 3. At a time
interval of 20 min and an initial metal ion conaatibn of 100 mgL, adsorption increased
very fast and decreased with increase in time.

It therefore showed that the best contact timeftsorption using orange peel biomass
with Cr(VI) and Zn(ll) is 30 minutes. It proves that the individual metals bound to the
orange peel waste in less than 30 minutes and nexhatable. The rapid uptake of metal
ions in solution by biomaterials may be due to fibet that binding occurred on the cell
walls of the biomass. This difference may have ltedufrom the nature of the biomass
used. The percentage chromium removal was 85%lamneea80% removal for zinc.

The effect of adsorbent dosage is shown in Fig.he percentage of chromium and
zinc ions removable is increased with increasingpdaent dosage until the surface became
saturated and further increase had no effect. mbeease was highest with 1 g removing
97.6% chromium and 92.3% of zinc. This can be erpth by a greater availability of
exchangeable sites or surface area at higher arobthg adsorbent.
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Figure 3: Effect of contact time on the percentage removal of Cr (V1) and Zn (11) ions from
solution. (Initial concentration= 100 mgL™, pH=3, temp=30°C)
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Figure 4: Effect of adsorbent dosage on sorption behaviour of Cr (VI) and Zn(l1) ions
from solution (initial concentration= 100 mgL™, pH=3, equilibriumtime =1 h)

Figure 5 shows that the removable efficiency desweawith increasing initial
concentrations from 40-100 mdL This means the maximum adsorption occurred at
minimum concentration of metal ions. It may be sgduse of greater number of ions in
solution and thus leading to desorption of the irietes from the binding sites of adsorbent
particles. Whereas with limited number of ions ésrlimited number of collisions between
the metal ions that is why low concentration of ah@ns showed higher adsorption rate.

The capacity of the orange peel biomass was mateking linearlized Langmuir
isotherm equation (3) as given below:

Pes 1 4% ©)

de  OmKL On
where, ¢, and K are the Langmuir constants.

Figure 6 shows the linealized fit of the Langmuguation. The plots of specific
sorption (Gge) against equilibrium concentration J@ave the linear isotherm parameters
of g, KL and the coefficient of determination and are presskeim Table 2 also.
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Figure 5: Effect of initial concentrations on sorption behaviour of Cr (V1) and Zn(l1) ions
from solution (initial concentration 40-100 mgL™, pH=23, equilibriumtime =1 h)
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Figure 6: Langmuir isotherm plot for Cr (VI)and Zn(ll)

Table 2; Langmuir isotherm parameters

Metal ions am(ma/g) K. (L/mg) R? S
cret 8.068 0.619 0.990 0.03
zn?* 1.078 0.982 0.996 0.01

The Langmuir isotherm model was chosen for themedton of adsorption capacity
corresponding to complete monolayer coverage onbibenass surface. The sorption

capacity (¢) which is a measure of

complete monolayer coverage showed that orangehaeseh mass capacity for Cr(VI) and

the maximum sorption capacbrresponding to

Zn(ll) are 8.068mg gand 1.078 mg'§ respectively. The adsorption coefficient JKhat is

related to the apparent energy of sorption for Xiglfound to be greater than that of Cr(VI)
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probably due to its large ionic radius. Hence idbiading sites may be available to Zn(ll).
The same capacity order had been reported forréiftemetal ion sorption on modified
coconut noir and cassava waste biortfaSsThe data presented in Table 2 further indicates
that the effectiveness of orange peel waste irsthiption of the two metals from aqueous
system was Cr(VE Zn(ll). This preferential sorption behaviour could be eix@d in terms

of ionic radii of the metal ions Cr (V1) [0.069Ad Zn(ll) [0.074 A]. The element with
smaller ionic radius will compete faster for excharsites than those of larger ionic radius.
The larger the charge of an ion, the smaller thicicadius, hence the charge of an ion may
influence its ability to sorb on biosorbents. THeserved order indicates that Cr (Mipy
have glgtelgtter accessibility to the surface of aenpaires than Zn (Ilue to its smaller ionic
radius.™

Further more favourability of adsorption of thetadeons on the white inner skin of
orange peel biomass was tested using the essieatiaies of the Langmuir isotherm model,
expressed in terms of a dimensionless constamdcaéiparation factor-Swhich is defined
by the following relationship.

= (4)
1+K, C,

where, K = Langmuir isotherm constant; € initial metal concentration.

The separation parameters for the two metals asetf@n unity indicating that orange
peel waste biomass is an excellent adsorbent éath metal ions removal.

Conclusions

The following conclusions are drawn from the abresults and discussion:

1. Adsorbent prepared from orange peel could be usedh& removal of Cr(Viand

Zn(Il) in aqueous solution.

The maximum adsorption of Zn(lland Cr(VI)was at pH 3.

Adsorption process of Cr(Vland Zn(ll) in agueous solution can be described by

Langmuirisotherm model

4. Adsorption of Cr(VI) and Zn(llyielded maximum adsorption capacity of 8.068 mg/g
and 1.078 mg/g, respectively.

5. Removal of Cr(VIland Zn(ll) increases with increase of adsorbenages

wn
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