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ABSTRACT

This study investigated biosorption of Ni(Il) ion by fresh water dead algal biomass Cosmarium panamense from
aqueous solution. The data showed that the maximum pH (pHmax) for efficient sorption of Ni(ll) was 6 at which
evaluated biosorbent dosage, initial concentrations of Ni(Il) and sorption time were 0.1 g/50mL, up to 20 mg/L and
720 min, respectively. The experimental results were analyzed in terms of Langmuir and Freundlich isotherms. The
Langmuir isotherm model fitted well to data of Ni(ll) biosorption by Cosmarium panamense biomass as compared
to the model of Freundlich. The kinetic studies showed that the sorption rates could be described better by a second
order expression than by a more commonly applied Lagergren equation. The magnitude of the Gibbs free energy
values indicates spontaneous nature of the sorption process. Due to its outstanding Ni(ll) uptake capacity,
Cosmarium panamense biomass proved to be an excellent biomaterial for accumulating Ni(ll) from aqueous
solutions.

Keywords: Biosorption, Ni(ll), Kinetics, Thermodynamic.

INTRODUCTION

Water pollution is mainly due to inorganics, organisediments, radioactive materials and heavylsgth Toxic

heavy metals are released into the environment feomumber of industries such as mining, platingginly,

automobile manufacturing and metal processing. piesence of heavy metals in the environment hatdeal
number of environmental problems. Nickel is wideled in stainless steel, electroplating, the manuifamg of

magnetic tape, jewelry and coinage, in welding y@dsa catalyst in oil hydrogenation and coal gzibn, dental
procedures, electric storage batteries and pigménenters the human body through inhalation amgkstion,
causing coughing, dyspenea, tachycardia, pneumoaiabral hemorrhage, asthma, insomnia and careirafrthe
lungs, nasal cavities, kidneys, stomach and pm$2dt The contactness of nickel with skin respiénful disease,
nickel itch, which is followed by sudden death. Acpoisoning of nickel causes chest pain, tightméske chest,
shortness of breath etc [1]. Ni(ll) is frequentlgceuntered together in industrial wastewaters, saghmine
drainage, metal plating, paint and ink formulatéord porcelain enameling. Ni(ll) is known environrampollutant
so its removal is of major importance as compapeather heavy metals [3].
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New technologies are necessary so that the comtientiof heavy metals liberated to the environmentithin the
levels allowed by law, at as acceptable cost. Tibsdoption, a process by which solids of naturadiaror their
derivatives are used to retain heavy metals, heat grotential to achieve this objective [4]. Thepsion of heavy
metals on to these biomaterials is attributed &irtbonstituents which are mainly proteins, carluvhtes and
phenolic compounds which contain functional grospsh as carboxyl, hydroxyl and amine that are nesipte for
the binding of metal ions [5][6].

The work is aimed at characterization of the bibeat using Neutron activation analysis (NAA), faurtransform
infrared (FTIR), Simultaneous thermal analysis ($Tgcanning electron microscope (SEM) and energpetsive
X — ray (EDX); and studying the biosorption of Ni)(ions from aqueous solution using dead biomdstesh
water green alga€osmarium panamense. The equilibrium, kinetics and influence of diffateexperimental
parameters such as pH, biosorbent dosage, ingratentrations of Ni(ll), sorption time and temparaton Ni(ll)
uptake were evaluated.

MATERIALS AND METHODS

2.1 Chemicals

Analytical Reagent Grade Chemicals and Distilledi@ezed water were used. They are: Conc. HNaOH,),
NaNO;s), Ni(NO3).6H,O). Ni(ll) solutions of different concentrations wesbtained by diluting the stock solution
(1000mg/l) which was prepared using 0.01M NaNBtandard acids and base solutions (0.1M HCI adi0
NaOH) were used for pH adjustments.

2.2 Equipments

Carbolite Furnace Model (GLM-3), Continent Microvea®@ven (MW800G), Analytical Digital Balance (GR-200
EC), Top Loading Balance — XP500, Endecotts Sieile Mechanized Shaker, Thermostat Water Bath Shakér
Meter (CRISON MICRO pH 2000), Atomic Absorption $pephotmeter, Shimatzu Fourier Transform Infra;red
Hitachis — 540 with Oxford Instruments 7497 EDAXikts link 1SIS Computer Software, SDT Q600 V4.1 Buil
59.

2.3 Biosorbent preparation

Fresh algal biomass was collected from swimmind pmmated at Ahmadu Bello University, Zaria, NigerBefore
use, it was washed several times with tap watertla@d with de-ionized water to remove impuritiesl aalts. The
biomass was sun —dried and then dried in an ové@’&tfor 48hours. The dried algae biomass was cutdgd in
a mortar and subsequently sieved and particlesamthverage size 0.5mm was used for biosorptioarerents.

2.4 Batch adsorption studies
The experiment was carried out at ambient tempexrg25C) in a shaker water bath using 100ml conical flask
the reactor.

All the solutions was prepared in 0.01M NajN&dlution using de-ionized water. The Naj\§&rve as background
inert electrolyte that provides stability in theio strength of the solution throughout the expent The pH of the
solution was adjusted to the required value througlthe experiment with 0.1M NaOH and 0.1M HNO®his gave
only nitrate ion and sodium ion which are alreadjhie medium without altering the chemistry of ithre of interest.
The experiment was carried out as follows:

50ml of each of the working solution was measurgdgistandard flask into three 100ml conical flaBtkis makes
a triplicate for a given concentration i.e a setgOf the adsorbent was transferred into eachexfe conical flasks;
the pH of the mixture was measured and adjustéldetaesired pH — 5.02. Each set was agitated ishibker at the
same time for 3hrs and the set was left undistudyethe desk for 24hrs to allow the system to doyaile. After

24hrs the mixture was filtered through a whatméerfipaper into 120ml polyethylene bottle. Thetfmls of the

filtrate was discarded. This allows the filter pape saturate with the solution. The concentratibrihe residual

metal ion remaining in the solution was determinsithg AAS.

The amount of the metal adsorbed was calculatedyuke equation below
_ V(Co—Ce)
Qe =~y
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Where g, is the amount of adsorbate ion adsorbed in méihgrper gram of the adsorberd, is the initial

concentration of the metal ion before adsorptiacessC, is the equilibrium concentration of the metal inrthe

filtrate after adsorption process and M is the niaggam of the adsorbent, V is the volume of tbieitson.
RESULTS AND DISCUSSION

3.1 Characterization of the Biosorbent

Table 1:Physicochemical parameters of the algal binassCosmarium panamense

Parameters Native algal Biomass
pH of 1% Solution 6.73

Bulk Density (g/crl) 0.687

Moisture content (%) 7.53

Dry Matter (%) 92.6

Ash Content (%) 29.3

Table 2: Elemental analysis of the Native algal bronassCosmarium panamense using Neutron Activation
Analysis (NAA)

Elements  Native Algal Biomass Element§ative Algal Biomass

Mg (%) 0.70+ 0.07 Sc (ppm) 3.34+ 0.10
Al (%) 2.444 0.07 Cr (ppm) 4.50+ 0.70
Ca (%) 0.40+ 0.04 Fe (%) 1.00+ 0.03
Ti (ppm) BDL Co (ppm) 6.60+ 0.4
V (ppm)  16.00+ 2.00 Zn (ppm) BDL

Mn (ppm) 70.00+ 7.00 Rb (ppm) 8.50+ 2.20
Dy (ppm) BDL Cs (ppm) BDL

Na (%) 0.06+ 0.001 Ba (ppm) 27.00+ 4.00
K (%) 0.32+ 0.03 Eu (ppm) BDL

As (ppm) BDL Tb (ppm) NA

Br (ppm) 20.00+ 0.40 Lu (ppm) 0.03+ 0.004
La (ppm) 13.4+ 0.40 Hf (ppm) BDL

Sm (ppm) 3.10+ 0.20 Ta (ppm) BDL

Yb (ppm) 0.26+ 0.03 Sb (ppm) 0.15+ 0.03
U (ppm) BDL Th (ppm) BDL

Table 3.Summary of Elemental Analysis using EDAX

Native Biomass Nickel Treated Biomass

Carbon Carbon
Oxygen Oxygen
Aluminium Alumninum
Niobium Niobium
Chlorine Chlorine
Copper Copper
----------- Silicon
Nickel

Table 1 showed that all the phyiscochemical progerof the algal biomasSosmarium panamense are within
acceptable range required for a good biosorbergpmxor the ash content which is very high (29.3khas been
reported that high ash content suggest good presehénorganic constituents and hence, reducesotiesall
activity of activated carbon and also reduces ffieiency of reactivation [7]. This therefore suggehat there is
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high presence of inorganic constituents in thelddganass ofCosmarium panamense. Hence, the poor activity of
its carbon predicted.

High elemental quantities of Aluminum(Al), Magnesi(Mg), Calcium(Ca), Sodium(Na), Iron(Fe), Potasdiin
and Manganese(Mn) was found in the native sampbI€T2). Hence, the sample showed high metal cbrifbe
metal content is usually the non-volatile inorgao@nstituents present in the carbons. This suggedbe reason
why the ash content was extremely high. It is inguarto state here that the chemical nature andertration of
these metals constituents may sometimes interfétetiae carbonization and/or activation proceskegipositively
or negatively. Energy Dispersive X — ray detectyalemental quantities up to 0.1%. It was also plesbthat the
number of elements detected by the energy dispersiv ray on the biomass before and after biosmiptaries
(Table 3 and Fig.2). This is due to the surfacerattions of each of this heavy metal{INions on the surface
binding sites of the algal biomass during biosarptiesulting to complexation and ion — exchangecthiffects the
availability of these elements for detection. Tgaes in line with the reports in literature by Ayeakt al.,[8] that
Non — metabolism dependent biosorption mechanisna isapid process that include precipitation, plajlsic
adsorption, ion — exchange, and complexation.

Scanning electron microscope clearly revealed tinfase texture and morphology of the algal biomzesfere and
after biosorption at 500x magnification (Fig.1).éven surface texture along with a lot irregulaface format was
observed. SEM photos displayed evidently that akerbiosorption period, the surface morphologyhaf hative
algal biomass had undergone remarkable physicaiteligation resulting to emergence of protrusiond eough
surface area. Similar SEM observations were regdinjeGupta and Rastogi [9], Shakirullethal., [2], Sethuraman
and Balasubramanian[10] and Wilkeal., [11].

Thermal stability of the algal biomag3osmarium panamense before and after biosorption was evaluated by
simultaneous thermal analysis. This was performed®A — DSC curves with a heating rate ofG(min under
nitrogen atmosphere within the temperature rang&0of- 600C and DSC scanning range of 0 — 120mcal/sec
(Fig.3). The biomass samples showed two step degsitign process but the heat required for therregradation
was higher after biosorption, which is as a resefilthe ionic bond formed after biosorption. Alse@ thercentage
weight residue after was lower after biosorptiohjcl suggests that biosorption affects the inorgaontent of the
biomass. The stability showed by the biomass sugdkat the biomass is responsible for the biogmrmf these
metal ions. This was similarly reported by reskars [12][9].

The FTIR spectra of native and’Ntreated algal biomass in the range of 500 — 5000were performed to have an
idea of which functional groups were responsibletfi@ biosorption process (Fig.4). It was observeth that the
absorbance peaks of the different heavy metal imated algal biomass were slightly lower than dbsorbance
peaks of native algal biomass. Band shift thateappd at 534.3cthrepresents the C — N — S scissoring which are
found in polypeptide structure [9] and Si — O —b®ihd of the silica group [13]. This further suppadtte earlier
detection of silicon by EDAX in the algal biomassple. The absorption band observed at 1030.99mwnld be
assigned to C — N, C — OH and P — O — C stretchibhmations of amines and Proteins fractions [14][16];
polysaccharides [17] and phosphonate groups resphci18][19]. The peak appearing at 1435.09coould be
attributed to C — H bending of methyl and methyldoactional group [20][21][17]. The absorption baatl
1654.01crit may be as a result of -C = C (characteristicdiafree), - C = N, - C = O stretching and N — H bewni
of amines or amide | and amide Il band of amidedbohfi protein peptide bonds [9][15][21][16][20]. Timeeak
observed at 2927.08¢htould be assigned C — H stretching of methyl amthyiene group in cell wall structure
[14][15][10] and asymmetric stretching of carboxglanion (- COQ [18][9]. The display of strong broad — OH (H
bonded) and — NH stretch of carboxylic and aminedb@spectively were also observed in the regidguéf3.66cm

1 [15]. The spectra analysis indicate the preseridenizable functional groups namely amino, amidarboxyl,
phosphonate, hydroxyl, silica, methyl and methylgreup which are able to interact with proton otah@ns. The
peaks appearing at 621.1 and 3335.03cwuld be attributed to — NH bending of amines andNH and — C — H
stretching of proteins and alkynes respective\J[PH.

The FTIR spectra result obtained is consistent witiblished FTIR spectra reports by other reseascher
[21][18][19][17][20][24][16][15][9].
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Fig.1 SEM micrograph at 500x magnification of the dferent algal biomass (a) Native (b) Ni' treated algal
biomass

(a) (b)
Fig.2 EDAX Profile of the different algal biomass &) Native (b) N#* treated algal biomass.
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Fig.3 Thermogram of the algal biomass (a) Native {tNi?* treated algal biomass degradation.
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Fig.4. FTIR Spectra of algal biomass (a) Native (H)i** treated algal biomass

3.2 Biosorption of heavy metal ions

3.2.1 Effect of initial metal ion concentration

This was carried out at constant biomass concémttapH, and temperature by varying the initial ahebn

concentration (5, 10, 15, 20, and 25ppm) of'Nit was observed that as the initial metal ionazoiration of the
metal was increased, the metal uptake also inale@Sg.5). It has been reported that with incregsimetal ion
concentration, the specific sites are saturatedvadnt sites are filled and at low concentratiadsorption sites
took up the available metal more rapidly or quicklyile at higher concentrations metal ions neediffoise to the
biomass surface by intra particle diffusion andagsehydrolyzed ions will diffuse at a slower rg22][23][24].

3.2.1.1 Biosorption modeling

To estimate the sorption capacity of the algal l@es) the isotherm data were analyzed using adsorpgpe
isotherm models. The Langmuir and Freundlich isotiseare the most commonly used for solid — liquithge
isotherms. These isotherms relate the amount olnet sorbed at equilibrium per unit weight ofthorbent,
ge(mg/g) to the sorbate concentration at equilibri@gmg/l). The linearized form of Langmuir isothermnche
expressed as:

Lo (1)

de dmax bqmaxCe
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Where;q, is the amount of adsorbate adsorbed per gramied ddsorbent at equilibrium (mg adsorbate/g cédiri
adsorbent)q,,.. IS the constant relating to the maximum amounadsgorbate ion bound per g of adsorbent for a
monolayer (mg/g)b is Langmuir constant or adsorption coefficient toe adsorption affinity (I/mg) for binding of
adsorbate on the adsorbent sites gnds equilibrium (residual) adsorbate concentrafiorsolution after sorption

(mgll).

1

The values of;,,,., andb can be calculated from the intercégﬁl—) and slope(

) of the plotl againsti as
. . . max Amaxb de Ce
illustrated in Figures 6(a).

The Freundlich isotherm model describe non — ideaption onto heterogeneous surfaces involving irayér
sorption. The isotherm model linearized form isegivas

Qe = IKp+ = I Co oo 2)

Where,q, is the amount of adsorbate adsorbed per unit weighiosorbentK is Freundlich Constant measuring
adsorption capacity(L/mg);, is equilibrium concentration of the adsorbentauson(mg/l), n is constant related
to adsorption efficiency and energy of adsorptioadsorption intensity of the adsorbent.

Figures 6(b) shows Freundlich isotherm model tififeint heavy metal ions biosorption and the isotheonstants
and correlation coefficients,’Rare also listed in Table 4. A plot bfg, againstinC, gives a straight line with a
slope, 1/n and an intercept bfKe. The Kp value increases with the total adsorption capatitthe adsorbent to
bind the adsorbate. The numerical value of n isedul index to determine favorability of the adsamp.

Table 4: Langmuir and Freundlich isotherm constantsfor the biosorption of the Selected Metal ions oalgal
biomass Cosmarium panamense).

Metals Langmuir Constant Freundlich Constant
dmax(Mg/g) b(Lmg") b(Lmol”) R?*  1/n K/(mglg) R?
Nickel 10.73 0.10 5900 0.9778 0.73 1.06 0.9667

It was observed from the correlation coefficien&{[E 4), that Ni" sorption data are well fitted in Langmuir model
of sorption. In other words, the equilibrium dat@res well represented by Langmuir isotherm equatidren
compared to Freundlich isotherm because Langmaiinégsm possess higher correlation coefficient thaeundlich
isotherm. The high degree of correlation for timedrized Langmuir relationship suggest monolageption on
specific sites or single surface reaction [9].

The value ofl/n in Table 4 falls within 0 — 1 range which stronglyggest favorable adsorption. The n values for
the biosorbent used, was found to be greaterahanindicating that adsorption of Ni(ll) is favbla [25].

3.2.2 Effect of biosorbent dose

Figure 7 showed that as the biosorbent dose inesedse removal efficiency increases while the meptake
decreases. Therefore, 0.05g of the adsorbent camiy showed the lowest removal efficiency andheist
adsorption capacity while 0.25g of the adsorbentegthe highest removal efficiency and lowest adsomp
capacity. It has been reported by Pattadthal., [1] that increase in biomass concentration ireesahe level of
biosorption due to the overall increase in surf@@a of the biomass which in turn increases thebeurof binding
sites. Saradlst al.,[24] explained that the metal uptake (mg/g) desesawith increase in biosorbent dose due to the
interference of inter — particle cohesive forceseiference of binding sites, desorption due t@asibn, turbulence
and reduce mixing due to large mass of the biosdnvaile Rastogi and Gupta [9], attributed thighe fact that at
higher adsorbent dose, the availability of higheergy sites decreases with a larger fraction ofloanergy sites
occupied. High biomass concentration can exertedl sfffect protecting the active sites from beirgruapied by
metal and this results to lower specific metal ketg6].
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3.2.3 Effect of contact time

The contact time was evaluated as one of the immpbgarameters affecting the biosorption efficief2¥]. Fig.8

showed that the maximum adsorption fof'NB.69mg/g) occurred at 90min. It was also obseted process of
adsorption was high at the initial stage and becslm&er while approaching the equilibrium stageisTib obvious
due to the fact that more number of vacant nedgtigkarged sites are available initially on theface of the
adsorbent and the sites are gradually filled upevapproaching equilibrium and completely filledeaguilibrium

[24]. Contact time were further used to generagergite of the reaction.

3.2.3.1 Biosorption kinetics
In order to investigate the mechanism of biosorptamd potential rate controlling step, pseudo finster and
pseudo second order kinetic models were used ttheegquilibrium data

The pseudo first-order equation [28] is generakigressed as [29]:

Kyt

log(ge — q¢) = 108 Qe — == coiiiii 3

2.303

Whereq, andgq, are the amount of sorbate adsorbed on adsorbequdibrium and time,
respectively (mg/g), anki is the rate constant of first order adsorption (Hin

The plot oflog(q. — q.) versus t will give a straight line and the valdéocan be evaluated from the slope of the

graph, % while g, carcuiaieq)iS Obtained from the intercept, log of the graph as illustrated in Fig.9(a).

The linearized second-order kinetic model is exgedsas [30]:

Where k; is the pseudo-second-order rate constant of adsorfg mg'min™). The plot ofqi versus will give a
t
1
k2qd
determined from the slope and intercept as illtstrén Fig.9(b).

linear relationship withqi and as a slope and intercept, respectively. The vabfesq, and k, can be
e

Table 5: Comparison between adsorption rate constds, q, estimated and correlation coefficient associated
to the Lagergren pseudo first — and second — ordexdsorption.

Pseudo First — Order Model Qeexp. Pseudo Second — Order Model
e (cal) Ky (min™) R? e (cal) K, (gmg'min™) R?
(mg/g)
Nickel 1.440 0.003 0.3066 5.69 6.49 0.009 0.9948

It was observed that the correlation coefficient feeudo second order model is higher than thgisefido first
order (Table 5). Hence, the correlation coefficiend calculated adsorption capacity of th&"Nbrption by pseudo
first order model are not satisfactory, which sigjghat it is dependent on initial concentratiomwdver, Pseudo
second order adsorption model is more suitableeseribe the adsorption kinetics o”Non algal biomass and this
relies on the assumption that biosorption may leeréte-limiting step [9]. The obtained kinetic infwation has a
significant practical value for technological agplions, since kinetic modeling successfully reptatime and
material consuming experiments, necessary for ggoeguipment design [23]. This is supported by ntspby
Gupta and Rastogi [9], Mahamadi and Torto [31]sKnaiahet al., [17], Anasriet al., [15].
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3.3.3 Effect of initial solution pH

It was observed from Fig.10 thas the solution pH of I** solution was increased, the adsorption capacisf
increased from 2 pH to pH 6 and then decreaseH & @ his may be attributed to the negative chaifghe overal
surface charge on the cells as the pH is increasency, the positively charged nickel species®") bind through
electrostatic attraction to negatively charged fiomal groups on the surface of biosorbents anddsjmion
increased [14][10][32]Also at pH higher than 6, formation of insolubstetal hydroides or anionic hydroxide
complexes of metal ions takes place restricting tthe biosorption studies. This is consistent vilie result:
obtained for the other adsorbent syst(33][31][26][15][1].
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Fig.10: Effect of initial solution pH

3.3.4 Effect of Temperature

It was observed that the metals showed increaselsnrption capacity with increase in temperaturg.{1). This
could be due to increase in average kinetic enefgyne metal ions in solutions containing the abeat which
increases the number of metal ions interacting with teoabent surface by increasing the rate at whiehntetal
ions hit the binding sites at the surface of theoaldent thus increasing the adsorption capaciiies. equilibrium
data obtained was furtherags for thermodynamic modeling to determine the &pth entropy and free energy
the adsorption reaction at different temperal.

3.3.4.1 Thermodynamic modeling

Thermodynamic parameters were obtained by vartiegtemperature conditions while other variablesstant
were kept constant [25][The thermodynamic parameters such as changeailatd free change energdG®),
enthalpy changeAH®) and entropy chae (AS°) for adsorption process are calculated from bigdémergy
constantb, obtained from Langmuir equation using the follogethermodynamic equatiol

......................................................... (5)

= PPN (6)
Where: R (8.314 J/mol K) is the gas constant, T {9 absolute temperature ab (L/mol) is the Langmuir
constant related to free energy or net enthalpdsbrptio. By plotting a graph of versusT, the values\H°®

andAS’ can be estimated from the intercept and slopduasrited in Fig.1

Table 6: Calculated values of Gibbs Free Energy imol™ of themetals sorption process over the temperatur
range studied.

Temp.(K) Nickel

300 -21656.4
313 -22594.8
323 -23316.7
333 -24038.6
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Table 7.Thermodynamic parameters for the biosorption of he Metals on the algal biomas

Nickel
0.0106
(Imot?)
72.188
(Imol* K™
6.6 -
6.4
6.2
5
£ 57
T .
% c5g . == Nickel
[=3
=
= 5.6 A
g
E 5.4 T T T T 1
290 300 310 320 330 340
Temp.(k)
Fig.11: Effect of temperature
-21500 T T T T )
290 3 320 330 340
-22000 -
-22500 -
¢ Nickel
S -23000 -
—— Linear (Nickel)
-23500 -
-24000 - y=-72.18x + 0.010
R2=1
-24500 -
Temp(K)

Fig.12: Thermodynamicmodeling for Ni?* biosorption.

Free energy change of the metal ions adsorptiocegsowas found to be negative (Table 6), suggesfiogtaneou
process. In general, it is of note that free enargyto -20 kJ/mol are consistent with electrostatic irction
between charged molecules and surface indicatiyghgdiosorption while more negative th-40 kJ/mol involve
chemisorption, free energy change values betw-20 to 40 kJ/mol indicate that both physisorption :
chemisorption were responsible ‘adsorption [23]. Thus, the magnitude of the freergy change values obtain
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in this study indicates both physical and chemigathanism for the adsorption of Ni(ll) ions on e Cosmarium
panamense algal biomass, hence physiosorption and chemisorptiere responsible for Ni(ll) adsorption.

The values of enthalpy change for the sorptiorhefrhetal ions were positive(Table 7), which suggestothermic

reaction and could be attributed to increase irogdi®n on successive increase in temperature vthéepositive

values of entropy reveals increase in randomnestgeeatolid — solution interface during the fixatiohthe different

metal ions on the active sites of the biosorbeéjt This could be as a result of high affinity these metal ions by
the binding sites on the surface of the algal bissn&upta and Rastogi, [9] reported that if adsampprocess is
endothermic, it means under the conditions thege®becomes spontaneous because of the largesga@sitropy

change.

CONCLUSION

» The batch studies conducted proves that biosormtiddi(ll) ions on dead biomass of green alga@smarium
panamense species are dependent of initial solution pH,jahinetal ion Concentration, biosorbent dosagetamin
time, and temperature.

» It was found that the adsorption data for Ni(llpisorption was better fitted to Langmuir adsorptiondel.
Hence, biosorption of Ni(ll) ion on the algae biasas a monolayer sorption process.

» Thermodynamic modeling showed that physiosorptionl @hemisorption process were involved in the
biosorption of Ni(ll) ions and these processessp@taneous and endothermic .

* The availability of elements in the algal biomaes,detection are affected by biosorption of thetahion on
algal biomass. Hence, the inorganic status of It Aiomass are influenced by biosorption.

« Simultaneous thermal analysis reveals that botmttive and Ni' treated algal biomass are thermally stable
but with different energy and inorganic compositghatus.

* FTIR showed that carboxyl, hydroxyl, amines, arajdalkenes, alkynes, phosphonate and silica fumatio
groups functional groups are responsible for treogation of Ni(ll) ions.
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