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Abstract: The experimental results of the thermodynamic adslogption isotherms of best fit for the
adsorption of Cr(VI), Ni(ll), Fe(ll) and Cd(ll) &ém aqueous solution onto Sawdust were studied.
Adsorption experiments were carried out using baiobcess with a fixed (8g) weight of adsorbent and
variable adsorbate concentrations. Changes in cotregion of the different adsorbates during the
adsorption process were monitored by the use oh&ieu AA650 Double Beam Atomic Absorption/Flame
spectrophotometer. Thermodynamic parameters suctHaand A4S were calculated from Van't Hoff plots
which subsequently lead to the computatiod®f At high adsorbate concentrationt varied from 292,
754, 180 and 1,868Jmibrespectively for Cr, Ni, Fe and Cd. Whil& varied in the form 2.89, 10.04, 0.83
and 35.66JmalK™ respectively for the same set of adsorbates. Visesethe highest temperature studied
AG changes according to the order -666.45, -2,590.26.69 and -10,006.20Jnmoespectively. This shows
that the adsorption process is endothermic and t@ous, with spontaneity increasing as the tentpeza
increases. Equilibrium data were tested using Fodéigh, Langmuir and Dubinin-Radushkevich adsorption
isotherms. The adsorptions of Cr, Ni and Fe ontwdist were found to be a favourable physical
adsorption process which fitted well to the Freuctdladsorption isotherm. However, the adsorptiorCdf
having R value of 1.0000 is a linear process as suggesyddabgmuir isotherm.
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Introduction light, radiation, or sound), which interferes witthe

Although water is abundant on earth, and sincedevelopment of animals or plants. A pollutant oe tither

almost 97% of the water contains salts, it is notable for ~ hand is any substance produced by human activitiesh at
drinking or for the various industrial purposes. @fe  an unacceptable level, causes damage to the emertror is

remaining 3%, two thirds is in the form of ice asdow

leaving only about 1% of the total water as frestten Of this
ground water accounts for about 98% and the sudater is
only about 2%. Thus, of the total amount of waterspnt on
earth, only about 0.02% is available in the laked streams
[ Therefore such a limited resource is very prexiamd
needs conservation. Industrial effluents contaiigmificant

levels of toxic substances, and since the finatin@$ons of
effluents are the streams, rivers and the lakessethtoxic
substances are finally transported therein andh#adth risk
become more wide. Hence keeping the effluents dfebese

harmful to living systems. In general, pollution isually

harmful to one or more species of animal or plAstsuch in

order to maintain a healthy living environment,aaeful study

on the sources and nature of pollution and the walys
pollution control should be considered.

Most of the reported work on the use of agricultura
by-products for removal of heavy metals has to dih whe
capability of such materials in adsorbing heavyaisdt’ The
principle behind exploring agricultural by-producits this
work is the fact that most agricultural by-producise
composed of cellulose in the plant cell walls.

The IR spectrum of sawdust according to Abdel-
Ghani et al, ) showed small absorption bands at 3726.2,
3618.2 and 3525.6 chassuming the presence of H-bridges
and crystal water. A medium band at 2908.5'amas also

toxic substances is by extension keeping the enmiemt
healthier, and this is the target of this researatk.

Pollution has been defined by Woeg al., @ as a
harmful change in the natural environment causedhuoyan
activities which may be as a result of the relefssibstances,
that are toxic to either animals or plants, orgnéheat,
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attributed to H- bridges, the weak band at 21254 may be
attributed to (C=CH) while the band at 1639.4"was due to
(C=C).The strong band observed at 1033.8" imdicated the
stretching of the many C-OH and C-O-C bonds.

The work of Igwe and Abid® on the effect of
temperature and particle size on bioremediationAsfill)
from aqueous solution using modified and unmodiiedonut
fiber reportedAG values which are less than -15kJmol
indicating a spontaneous and physical adsorptiongss, with
the modified fiber showing higher remediation ofeth
adsorbate.

The work of Rajmond®, utilised a mixed bed ion
exchange column for the simultaneous determinatidn
Cr(lll) and Cr(VI) using UV detector at a wavelehgof
365nm from environmental samples such as rainwater

galvanic sediments. The performance of his methas w

established for the linearity, limit of detectiotimit of
guantification and the influence of sample pH.

in sunlight until almost all the moisture evapodatien it was
washed several times with distilled water in orteremove
the water soluble tannins, after which it was driedir and

then in an oven at 8GC. The material was allowed to cool and

it was then ground to the working particle sizeQi@h) and
kept in a plastic container for subsequent use.

Static adsorption experiments (studied at four

different temperatures viz; 303, 313, 323 and 33BKyhich
the same solution remains in contact with a giveantjty of
adsorbent till equilibrium between the adsorbateceatration
in solution, and the adsorbate adsorbed per unighweof
adsorbent, is reached was employed in this worls fiyjpe of
equilibrium established is static in character,itadoes not
change further with time. Procedures described
Bhattacharyaet al, ™ and EI-Nemret al, ™ for testing the
adsorption properties of the adsorbent were folthwE€he
procedure involved shaking a fixed amount of theoaldent (8
g) with 100 cm of the aqueous solutions of the adsorbates

Activated carbon from cassava peel was found to bea screw capped Erlenmeyer flasks) with initial ogd

effective for the removal of nickel from aqueoususion "

and the equilibrium sorption isotherm were foundittevell to

three isotherm models, with the Temkin model havihg

highest correlation coefficient. Their result aladicated that
Ni(ll) uptake by the adsorbent followed pseud8&der rate
expression.

concentrations ranging from 20 — 60mg/L on an lend®00
shaker from New Brunswick Scientific at a spee®@d rpm
for an equilibrium period of one holl#!. Immediately after
the shaking process, the samples were separdtehgdi using
Whatman number 1 filter paper, and the filtratelbected in
polyethylene bottles were taken for AAS measuremdot

The use of new commercially available superflow the residual adsorbate level using Shimadzu AA6SUkE

chelating resin with Nitriloacetic Acid (NTA) - tgofunctional
groups for concentration of trace metals (suchras and
copper) from seawater has been described by Lehah, ©.

The technique made use of inductively coupled péasector
field mass spectrometry (ICP — SFMS) for the deteation
of low concentrations of dissolved iron and copper

dependent such that at pH2, only iron (lll) and copper are
guantitatively recovered.

Beam Atomic Absorption/Flame spectrophotometer.

Results and Discussion
A Thermodynamic Parameters for
Process

the Adsorption

by

(in

) Thermodynamic studies play an important role in
seawater. Trace metal recoveries were found to He P determining the spontaneity and the heat changetfer

adsorption process. The adsorption of the metalhs (M™)
onto a given adsorbent is a typical example oftarbgeneous

The effect of agitation rate on the % adsorptién o gqyilibrium for which the equilibrium constant fothe

cadmium was studied by Ibrahiet al, ® for cadmium in
aqueous solution by using sugarcane bagasse. &sholved

that highest Ct adsorption was achieved at agitation rate of

150rpm and the adsorption process was relativedy &nd
equilibrium was achieved after about 90 mins oftaon

distribution of the metal ions between the liquiddasolid
phases K changes in enthalpyAH) entropy AS) and Gibbs
free energy AG) can be calculated from thermodynami
relations [15 — 17] such as

_ LMg4] Be

Methodology KL'..' - [;‘.rr-_a_:? _=_ ....................................... (1)
Material and Methods ' _AS  AH

All glasswares and plastic containers were washed&z = E o RT Ueessecce (2)
with detergents, rinsed with distilled water andrtfsoaked in AG s = AH s —TAS_ i/l 3)
a 10% HNQ solution for 24hrs. They were then washed with taking the adsorption process to be represented as
deionised water and dried in an oven for 24hracg"%. e

DiStilled-deionised Watel‘, and AnaIaR grade re&gent M (aq)+ A(S)\——‘A— M(ad) ..................................... (4)

were employed for the preparation of all stock tohs.
1000mg/L of Cr(VI), Ni(ll), Fe(ll) and Cd(ll) were
respectively prepared by dissolving 2.8290g ofCKO;,
4.0503g of NiCJ.6H,0, 4.9780g of FeSLOrH,O and 2.1930g

of CdSQ.8/3H,0 in small volumes of distilled deionised

water in separate beakers and the solutions wansferred to
a 1.0litre volumetric flasks followed by the additiof 100cm

c

Relevant data calculated from the thermodynamic

relations were tabulated in Tables 1 (a & b) reSpely. It is
evident that the values ofH,y were mostly positive, i.e.
endothermic, especially at higher adsorbate coreibo.
One possible interpretation of the endothermicity the
adsorption process was that the metal ions werélhig

of 6M HNO; and they were made to mark with more watersolvated in water. In order for these ions to bsoaed, the

[ Lower working concentrations were prepared dityn
the stock solution by appropriate dilution.
Hardwood sawdust material of Mahogankhéya

. . . [
senegalensjdree collected from a local sawmill was air dried adsorbent

hydration sphere most be removed, and this proezgsres
energy intake. This energy of dehydration supeseitiat
required for] getting the ions attached to the serfaf the
15

nature.
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Also evident from the Tables is the positive natofre

the AS,y values at higher ionic strength i.e. suggesting

spontaneous process. This occurs as a result stribdtion
of energy between the adsorbate and the adsorBefre
adsorption occurs, the metallic ions near the serfaf the
adsorbent were more ordered than in the subsequasotbed
state. This increase in randomness at the adsortegorbate
interface during the adsorption process leadsdarttrease in
entropy and hence an overall positisS. The adsorption
process is therefore likely to occur spontaneoasiyormal
and at high temperatures becanse> 0 andAS > 018~ 20!
The Gibbs free energy changed,y) was negative as

Langmuir Adsorption Isotherm

The Langmuir model represents one of the first
theoretical treatments of non-linear sorption anggests that
the uptake occurs on a homogeneous surface by ma@rol
sorption without interaction between the adsorbedenules
4 The constants k from Langmuir isotherm represémds
adsorption equilibrium constant (dmg) and was computed
from the intercepts of the Langmuir plots (Figs.a)d are
presented in Table 2.

The essential characteristics of the Langmuir
isotherm may be expressed in terms of the dimelesien
separation parameteg Reomputed from the relation;

expected for a spontaneous process under the dpplie

conditions. The decrease ING,y (i.e. increase negative)
values with increase in temperature indicated neffieient
adsorption at higher temperature. This is becatseigher
temperatures ions are easily desolvated and therdfeir
adsorption becomes more favourabte'® ¢!

B. Adsorption Isotherms

Adsorption isotherm studies were carried out vaith
fixed initial adsorbent dose (8g) and varying absate

(8)
where k is the adsorption equilibrium constant @it is the
initial metal ion concentration. The value of the iRdicates
the type of the isotherm to be either (i) unfavileaf R > 1,
(ii) linear if R. = 1, (iii) favourable if 0 < R < 1 and
irreversible if R = 0. The calculated values of the f®r the
different ions onto the adsorbent (Table 3) underdifferent

concentration§? and the applicability of the data were testedconditions studied are in the negative range. TEoisdition

for the Freundlich, Langmuir and Dubinin — Radush&e(D-
R) adsorption isotherms respectively according tee t
following relations,

INge=INKg +alnG, ....coovvieiiiii . (5)
€. 1 Ca
—= = e (6)
Ja kqm Im
and INg =N —Ke? ..o (7)

Freundlich Adsorption Isotherm

The various adsorption data for the metal ion® ont
the adsorbent were tested against the Freundlicteimas
represented in Fig. 1. Freundlich isotherm givegxpression
encompassing the surface heterogeneity and thenerfial
distribution of active sites and their energiese Ttumerical
values of the constants mand K: for the corresponding plot
were determined from the slopes and intercepts haf t
respective graph (Table 2). The constapiKindicative of the
relative adsorption capacity of the adsorbent e€lato the
bonding energy and can be defined as the adsormtion
distribution coefficient. It represents the quantf the metal
ion adsorbed onto the adsorbent for unit equilitoriu
concentration. While the constant a = ¢limhere r is the
heterogeneity factor, represents deviation froradiity of the
adsorption process. Also for all values of lless than unity,
adsorption is the predominant process taking ptaberwise
desorption becomes predomin&

The observed values of »» 1 for the adsorption of
Cr, Ni and Fe onto the sawdust material, the vahfethe
coefficient of variation (B and the linearity of their plots are
indicative of the fact that the result of the expemtal data in
this study fitted well to the Freundlich isotherfence the
adsorption of these metal ions onto the adsorbamtbe said
to be a favourable physical adsorption process.

indicates that the adsorptions process does notofithe
Langmuir model. However, the case of adsorptiocaafmium
onto sawdust (R= 1.0000) points to a linear situatién ® "

Dubinin — Radushkevich (D — R) Adsorption Isotherm

The D — R model was applied to the adsorption data
to determine if sorption had occurred by physiaatieemical
processes. The constant K obtained from the slbffeed - R
isotherm is a constant related to adsorption endmaying
units of mofkJ? and it gives an idea about the mean free
energy E(kJmot) of adsorption per molecule of the adsorbate
when it is transferred to the surface of the adsarifrom
infinite distance in the solution calculated fore thelation

— [13, 26, 27, 28].

In the D — R isotherm, the sorption energy is
independent of the working temperature but varigsedding
on the nature of the adsorbent and adsorb@le The
magnitude of E provides information on the natufethe
sorption process, i.e., whether it is chemisormioar
physisorption. If the values of E are in the ranfdess than
8kJmol* the sorption process is physical in nature, otisw
it is a chemical adsorption proceP@. From the D — R plots
(Figs. 3) the sorption energies were calculatedtabdlated as
in Table 4. All the calculated energy values wearenfl to be
in the range of less than 8kJmpivhich according to Mataka
et al, ® corresponds to physical adsorption process.

Conclusion

Conclusively, it can be observed that the adsamptio
of the different ions studied is thermodynamicalppntaneous
and feasible, with spontaneity increasing with @ase in
temperature and the mean free energy E, of thertizo
suggested that the sorption process is physicahiare and is
best defined by Freundlich adsorption isotherms.
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Table 1(a): Thermodynamic Parameters for the Adsorpon of the various Metal ions
onto Sawdust

Ka AG =AH - TAS AH AS
(Imol™ (Imol™) (Imol*K ™)
303K 313K 323K 333K
Cr 0.5708 6199.57 6422.88 6646.19 6869.51 -566.8485-22.3314
Ni 0.0875 3055.09 3147.46 3239.82 333219 256.3206 -9.2369
Fe 0.2375 4249.28 4393.14 453706 4680.97 -111.4076-14.3915
Cd 0.0299 -406.07 -448.81 -491.54 -534|27 888.7666 4.2734
Conditions: 8g Adsorbent, 20mg/L metal ion concatiin and 1hr Agitation time

Table 1(b): Thermodynamic Parameters for the Adsorgion of the various Metal ions
onto Sawdust

Ka AG =AH -TAS AH AS
(Imol™) (Imol™ | (Imol’K™)
303K 313K 323K 333K

Cr 0.315¢ -581.9: -610.7¢ -639.6( -668.4¢ 292.237. 2.885(

Ni 0.1125 -2288.96 -2389.30 -2489.83 -2590}26 76201 10.0433

Fe 0.469¢ -71.749¢ -80.063¢ -88.377¢ -96.691¢ 180.164- 0.831¢

Cd 0.025( -8936.4« -9293.0: -9649.6. -10006.. 1868.155 35.658

Conditions: 8g Adsorbent, 60mg/L metal ion concatin and 1hr Agitation time

Table 2: Numeric Constants for the Adsorption of te Metal ions onto Sawdust Adsorbent

lon Freundlich Langmuir D-R

Ne Ke k (L/mg) K (mol*kJ?)
Cr 1.4514 0.4325 -0.1595 4 x40
Ni 1.6556 0.2254 -0.0718 1x%0
Fe 1.0627 0.5105 -0.0673 4 x°10
Cd 0.5627 0.0015 0.0000 250.9

Table 3: Variation of R, for the Sawdust Adsorbent with Increase in InitialMetal lon

Concentration
Langmuir Separation Parametef R
Co Sawdust
Cr Ni Fe Cd
20 -0.4565 -2.2941 -2.8947 1.0000
30 -0.2641 -0.8667 -0.9821 1.0000
40 -0.1858 -0.5343 -0.5914 1.0000
50 -0.1433 -0.3861 -0.4231 1.0000
60 -0.1167 -0.3023 -0.3293 1.0000

Table 4: Variation of the Sorption Energy (E) of the Adsorbates onto the Various

Adsorbents
lon Sawdust
K E
Cr 4x 106 0.0004
Ni 1x 16 0.0007
Fe 4x 106 0.0004
Cd 250.9 0.0446
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Figure 1: Freundlich Adsorption Isotherm for the Adsorption of the Metal lons onto
Sawdust for 1hr Agitation
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Figure 2: Langmuir Adsorption Isotherm for the Adsorption of the Metal lons onto
Sawdust for 1hr Agitation
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Figure 3: Dubinin - Radushkevich Adsorption Isothem for the Adsorption of the Metal
lons onto Sawdust for 1hr Agitatio
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