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ABSTRACT

In this study, a series of laboratory tests were conducted to investigate the efficiency of hvdroxyapatite (HAP)
nanopowders towards adsorption of lysozyme from aqueous solution. In the present rescarch, HAP nanopowders
synthesized from egg-shell characterized using SEM and FT-IR. The adsorption of lysozyme was 1 mg/mL using
0.1 g adsorbent in 100 mL of lysozyme solution. Adsorption data were fitted to a lincarly Langmuir isotherm.
Thermodynamics parameters were also calculated to study the effect of temperature on adsorption process. An
adsorption kinetic study revealed that the adsorption process followed first order kinclics.
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INTRODUCTION

Calcium hydroxyapatite [Ca;o(PO;)s(OH)] is in the
space group P63/m; its unit cell parameters area=b =
0.943 nm and ¢ = 0.688 nm, and it possesses two
different binding sites (C and P sites) on the particle
surface. Thus, it contains a multiple site binding
character for proteins [1-3]. The crystal structure of
HAP is depicted in Fig. 1. After dispersing HAP
particles in the aqueous media, calcium atoms (C sites)
are exposed on the Hap surface by dissolution of OH™
ions at the particle surface.

Hence, HAP is widely applied for to separating various
protems in a high-performance liquid chromatograph
(HPLC) system [4, 5]. In the past decade, some authors
have conducted fundamental studies of the adsorptions
of bovine serum albumin (BSA: isoelectric point (Pi) =
4.7, molecular mass = 67200 Da), lysozyme (Pi = 11.1,
molecular mass= 14600 Da, lysozyme onto various
kinds of synthetic HAP particles [6-12]. These studies
clarified that the saturated amount of adsorbed BSA
depends on the molar ratio of Ca to phosphate (Ca/P) of
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the materials used. The adsorption of BSA is
increased with an increasc i the Ca/P ratio, due to
the electrostatic attractive forces  between
negatively charged BSA and the less negatively
charged HAP having high Ca/P ratios at pH 6. On
the contrary, the saturated amounts of adsorbed
lysozyme on HAP particles is decrcased with an
increase in the Ca/P ratio. but no rcmarkable
relationship with the Ca/P ratio was detected for
the neutral proteins [11, 12]. Othcr groups have
also disclosed that the adsorption of BSA onto
HAP is governed by Ca™ ions complexing to
BSA molecules (binding effect) together with the
operation of C sites [13]. However, this binding
effect of Ca*" ions is minor because the fraction of
dissolution of surface Ca ions of HAP is low (1.2—
3.2%) in a neutral aqueous solution. Furthermore,
since the number of functional groups is small, the
binding effect of the counter ions was only
slightly detected on the adsorption of lysozyme,
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-.even though the systems could dissolve divalent
; ‘i and trivalent ions. Some authors investigated

" "adsorption behavior of proteins onto HAP

particles using a flow microcalorimeter. It has

.+been found that the heat of adsorption of all
“iproteins exhibits endothermic heat [14], i.e., the

“adsorption enthalpies (AH,) exhibited positive

: ‘i values. The AH,, values of ali the proteins were

'decreased with an increase in the improvement of
HAP crystallinity whereas desorption enthalpies
|(AHdm) were increased. This opposite results on
- AH.4 and AHy,, revealed that HAP possesses a

| high adsorption affinity to proteins [14].

" and adsorption properties. They have been widely

used as carriers for drugs and genes, adsorbents
| for chromatography to separate  proteins, and
“removal of heavy metal ions to recover the
‘. contaminated soils, wastewater and fly ashes, ctc.

L 15-21],

The objective of this study HAP was to
~ characterize the nanopowders obtained from egg
| shell using SEM and FT-IR. As well as
! investigating the potential candidate of HAP
- nanopowders as a ncw biocompatible adsorbent

1!! for the adsorption of lysozyme from aqueous

solution. The effects of contact time, initial
lysozyme concentration, pH, temperature on the
+ lysozyme adsorption, kinetic, equilibrium and
" thermodynamic parameters at  various
. temperatures and concentration were investigated.

| Fig. 1. Crystal structure of HAP from perpendicular to c-axis. |

[
P
o aord{0.943 nm) -
MATERIALS AND METHODS

Reagents and chemicals } I 1
Different chemicals used in the present study
were of analytical grade and | obtained from
Merck. 10 mg/mL stock lySt!)zyme solution was
prepared by dissolving 10 mg of lysozyme (From
Roche Biomolecular Company, Gennany) in 25
mL freshly deionized water) The required
concentration of lysozyme solution was obtained
by serial dilution of 10.mg/mL lysozyme
solution. ‘ !%
!

Sample preparation
HAP samples were prepared from egg shells.
The shells were first washed and dried. The
pretreated (washed and dried) egg shell wastes
were ground and sieved fto pO\If:vder (mesh size
30).Then, the egg shells were allded to aqueous
(1:1) HsPOy , kept at 303- 313 K for 2-3 h, under
pH:1-3 .The following reaction tﬁok place:
CaCOy + HyPOy = CaHPOy +COy T +H,0
Insoluble matter was separated and removed
by filtration. Subsequently, Ca(H)H)g was added
to the solution and was kept ‘at 323 333 K for 24
h, The pH were adjusted 5- 9 by 0.1 M HCl or
NaOH. The following react:on represents the
type of process that took place '

CaHPQ, +COy + CHOH)y — ch[(?04 )AL [(CO,0H) ](OH)Z

At last, the suspension was dned and ground
to powder (mesh size 30) to get the sample.
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FT-IR studies
Study FT-IR of the sample was obtained using
Perkin  Elmer FT-IR  spectrophotometer

SPECTRUMRX-I. FT-IR spectrum of the sample
was obtained by KBr pellet method. The ratio of
the sample to KBr was 1:50.

Scanning Electron Microscopy

Scanning electron micrograph of the sample was
obtained by JEOL JSM - 6480 LV scanning
electron microscope. The sample was coated with
platinum for 30 s at current of 50 mA before the
SEM micrograph was obtained.

Batch experiments

The lysozyme adsorption experiments from its
aqueous solution by HAP were carried out using
standard 1, 2, 3 and 4 mg/mL lysozyme solution.
The adsorption experiments were carried out in
250 mL glass conical flask provided with stopper,
by adding 0.1 g of HAP in 100 mL of synthetic
lysozyme solution. Stoppers were used to avoid
change in concentration due to evaporation. All
the experiments were carried out at ambient
temperature (25+1°C). After continuous stirring
over magnetic stirrer at about 400 rpm for a pre
determined time interval, lysozyme concentration
was determined by UV-Vis spectrometer
(Amx=280 nm). One standards were prepared
bracket, the expected sample range and which
differing concentration by a factor often.
Measurements were done by taking 10 mL of
standard and sample into separate 50 mL beaker
and 25 mL of lysozyme interference suppressor.
All the sample and standards were maintained at
same temperature to avoid interference due to
difference in temperature.

RESULT AND DISCUSSION
Characterization of hydroxyapatite

In Fig. 2 shows the FT-IR spectra of HAP
prepared from egg shells. The spectra record dill
defined and low intensity absorption bands of P-O
due to PO, groups in the 1052 cm™ region,
which are characteristic of the HAP, as well as of
the H-O bands of adsorbed water [22]. A well
distinguished peak at 607 cm™ indicates the O-H
vibration alamode. Band so shoulders at 3467 cm
" is due O-H stretching of water of crystallization.
The band at 2923 cmi' is apparently due to CO,
background of the measurement system [23].
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Fig. 2. FT-IR pattern of HAP.

The SEM micrograph of the sample obtained
is shown in Fig. 3. Clusters of HAP particles
have a homogenous size. The average size of the
clusters was 300 nm.,

Iy __

Fig. 3. SEM micrographs of HAP (Magnification -
20,000 X, 20 kV).

Effect of pH on removal of lysozyme

pH of the aqueous solution is one of the main
variable parameters in the adsorption process. The
pH may affect the ionization degree of the sorbet
and the surface property of the adsorbent [24].
Several different pH tests were carried out and the
results are shown in Fig. 4. The percentage removal
of lysozyme by HAP increased from 67% to 83%
for increase in pH 5 to 9, for initial lysozyme
concentration of 1 mg/mL. Tt is evident from the
above data that there was increase in percent age
removal for increase in pH from 5 to 9 but for
further increase in pH beyond 7, there wasn’t any
increase in removal. It may due to the fact hat HAP
is not stable under acidic condition and hence
exhibited poor removal efficiency. And the percent
age removal stood almost constant for pH 8-9.
According to the results the pH does not affect the
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. | replaceable
| concentration gradient was also high.

- percent agonist rate removed for pH 7 and above.
g .However in the pH below 7 it has significant effect.
: There fore care must betake with acidic solutions,

&,
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Fig. 4. pH versus percentage removal of lysozyme
onto HAP.

. |Effect of contact time and adsorption kinetics

| Adsorption of Iysozyme at different contact time
. |was studied for initial lysozyme concentration of 1,
-12, 3 and 4 mg/mL keeping all other parameters

constant. The result is presented in Fig. 5. The
percentage removal was found to increase from
38% to 77%, 42% to79%, 45% to 81% and 49% to
85% for a contact time of 5 min to 60 min and

. |initial lysozyme concentration of 1, 2, 3 and 4
- Img/mL, respectively. It is clear from the figure that
" |about 50% removal took place within first 5 min
' |and equilibrium was established after 60 min. The
Ichange in the rate of removal might be due to the

fact that initially all adsorbents site contained
hydroxide ion and resolute
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Fig. 5. Time versus percentage removal of lysozyme
onto HAP with initial concentration of 1 mg/ml.

Later, the lysozyme up take rate by adsorbent

.| was decreased significantly, due to the decreasc in
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number of replaceable hydroxidle i0 1s in adsorption
sites as well as decrease in lysozyme concentration.

Decreased removal rate, par‘ucula ly, toward the
end of experiments, mdlcates g the possible
monolayer formation of lysozyme 10n on the outer
surface. The rate constant Kad fo& adsorption of
lysozyme was studied by Lagergren rate equation
for initial lysozyme concentration of 1,2,3and 4
mg/mL [25-26]: 1
In(q, ~q)=Ing-K¢ ‘ (1
Also a linear form of pseudo-s econd order model
(Eq. (2)), Ho and MaKay’s péeudo second order
model [27], for the adsorptloﬂ ofj lysozyme onto
HAP was illustrated in Table 1. ‘}

t 1 1 :

— =t —t |
g, ki 4. |
where g, and q (both in mg/g)I are|the amounts of
lysozyme adsorbed at equilibrium and at time ‘",
respectively. The plots of In(qe-q) versus 7 at
different time interval was almost llnea.r indicating
the validity of Lagergren rate equatlon of first order
kinetics. The linear fit between the tf’q1 and contact
time (1) for pH can be af) roximated as
pseudosecond order kinetics. The| adsorption rate
constant (K,), calculated ﬁ'orgn the slope of the
above plot is presented in Table 1.1t was observed
from the data that the adsorptlon rate constant
values were almost similar for initial lysozyme
concentrations of 1, 2, 3 and 4 mg/mL It was
concluded that the adsorptloﬁ rate constant was
independent of 1n1t1al lysozymé corﬁcentratlon Also

(2)

the amount of r was more than r2 ., it's concluded

adsorption of lysozyme on HAP followmg pseudo
first order reaction. ]

Effect of temperature |

The effect of temperature on the adsorption of
lysozyme with initial concentgranén 1,2.3and 4
mg/mL onto HAP was studied using optimum
contact time (60 min) and the Eresults are presented
as percent age removal of l)!!gsozyme Versus
temperature (Fig. 6). The percent age removal of
lysozyme with initial conccntratlon 1 mg/mL,
increased from 71% to 82%, the percentage
removal of lysozyme with initial concentration 2
mg/mL, increased from 74%|lto 85%, the
percentage removal of lst)zyme with initial
concentration 3 mg/mlL, increaséd from 78% to
88%, and the percentage removal of lysozyme
with initial concentration 4 m mL, increased

from 80% to 91% for 15°C 10 45 ""% temperature.
!

|
|
|




O. Moradi et al. /J. Phys. Theor. Chem. IAU Iran, 7(4): 263-271, Winter 2011

4

%Ramoval

H o 5 2 3 oS =B oK

——imyd  a-rpinl

BT T

=

P

-3 mw xn
Lomperzturn [N}

id
w

i s j

Fig, 6. Temperature versus percentage removal of
lysozyme with hydroxyapatite, initial lysozyme
concentration of 1, 2, 3 and 4 mg/mL (pH=7 and
optimum time= 60 min).

It is evident from the figure that, at the
temperature of 15 °C the removal was more than
65% and with increase in temperature, the
percent age removal increased slowly and
reached almost 91%, which indicates the
endothermic nature of the process. This was
further supported by calculating thermodynamic
parameters. The change in free energy (AG),
enthalpy (AH) and entropy (AS) of adsorption
were calculated using the following equations

(28]: InK, =—AH/RT + AS/R 3)

AG=AH -TAS ’ (4
Where AS and AH are the changes in entropy
and enthalpy of adsorption, respectively. A plot
of InK¢ wversus 1/T for initial lysozyme
concentration of 1, 2, 3 and 4'mg/mL were linear
and 1s represented graphically in Fig. 7. The K,
value was calculated using the following
equation [28]. K=Cy/C; )
where C, is the amount of lysozyme ion
adsorbed per unit mass of HAP and C, is the
concentration of lysozyme in aqueous solution.
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Fig. 7. Van’t Hoff plots, InK, versus 1/T for HAP,
initial lysozyme concentration of 1, 2, 3 and 4 mg/mL.

Values of AH and AS were evaluated from the
slope and intercept of Van’t Hoff plot sand
represented in Table 2. The positive values of AS
indicate some structural changes in the adsorbent
and also reflect the affinity of the adsorbent for
lysozyme species. The positive value of entropy
(AS) indicates the increase in randomness so the
on going. Negative value of AG at each
temperature indicates the spontaneity of on going
adsorption. A decrease i values of AG with the
increase  in temperature suggests more
spontaneity of lysozyme adsorption at higher
temperature. The endothermic nature of the
process was once again confirmed by the
positive value of enthalpy (AH). Positive value
of enthalpy (AH) suggests that entropy is.
responsible for making the AG value ncgative.
So, the adsorption process was spontaneous,
since the entropy contribution was much higher
than that of enthapy.

Table 1. Rate constants (Pseudo first and second order) obtained from the graph for HAP with different initial
concentrations of lysozyme

W Pscudo WEsecond =
0 I = i
GG T

T80 ~0.97024

2,12
a: Calculated, b: Experimental
Table 2. Thermodynamic parameters using HAP
AH AS AGER&K AGzW AG}OEK AG TSR R:
(kd/mol) (k}Kmol) (kJ/mol) {kJ/mol) (kJ/mol) {kJ/mol)
1.5 0.063 -5.58 -7.12 -7.65 -8.12 0.9895
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I Adsorption isotherms
Analysis of adsorption isotherms are important for
‘ldeveloping a model that can be used for
adsorption process design and the isotherms
‘obtained under different temperatures can provide
‘basm data for thermodynamics study to deduce
' ‘adsorption mechanism. In the present work, the
-|results obtained from the equilibrium adsorption
’experirnents, at the temperatures of 288, 298,

lmtlal pH, were analyzed according to the most
frequently employed models Freundlich and
| Langrnuir isotherms [29-311:

’ 1

L Q.=KCr
K,C,
‘Qe Q(}
| 1+ K,C, %

And the linear forms of these isotherms are as
N follows, respeetlvely

(6)

InQ, =InK; +—1nC

| (8)
oL

0. 0 QOK c, o)
jwhere Ce i1s the adsorbate equilibrium

.| concentration in the liquid (mg/L); Q. is the
adsorbate equilibrium amount in solid phases
| (mg/g), Qo is the maximum adsorption capacity
according to Langmuir monolayer adsorption
- (mg/g); Ky is constant according to the Langmuir
isotherm (L/mg); Ky (mg/g)(L/mg) and n are
‘I Freundlich constants related to adsorption
| capacity and adsorption intensity of the adsorbent,
respectively. The values of K¢ and 1/n can be
obtained from the intercept and siope,
respectively, of the linear plot of experimental
i data of InQ, versus InCe. I/n values indicate the
type of isotherm to be irreversible (1/n = 0),

+1 favorabie (0<l/n < 1) and unfavorable (i/n>1)
| [32]. And the values of Qy and K; can be
! calculated from the slope and intercept of the
linear plot of 1/Q. versus 1/C,. The adsorption
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isotherm for lysozyme onto HAP surface is
calculated parameters are listed in jable3.

Based on the correlation coefﬁmiént as shown n
Table 3, isotherm Langmuir represents a better fit
of experlmental data than Freundhch and
isotherms in all temperature. It 1r'|d1cates that the
surfaces of adsorbents are n’wu{'ly made up of
heterogeneous adsorption patches||[52] in addition
to less homogeneous patches [84]. Freundlich
constant, n, is a measure of adso'rptlon intensity.
As seen from Table 3, the values of 1/n for both
adsorbents were below 1 at all the experimental
temperatures, which 1nd1cate hlgh adsorption
mten51ty [35]. The Freundlich consta.nt Ks, which
1s related to the adsorption capa(:1ty, also shows
that the adsorption capacity |increased with
temperature  increase, indicating that the
adsorption processes are exotheni“tic in nature, But
the increase of the values of l/n with the
temperature decrease suggests thd increas ing trend
of the adsorption intensity. JAs temperature
increased, the more lysozyme |molecules were
adsorbed, the .keener the c'ornpetltlons for the
limited adsorption sites and the. stronger the
attraction among the molecules, s'whlch resulted in
increase of adsorption intensity.jTo compare the
adsorption capacity of d1ﬁ'ere'nt surfaees adsorbent
towards the lysozyme w1th thit of adsorbents
were selected. For lysozyme' the adsorption
capacity of HAP surface was 38 35 mg/g at 288
K, concentration of lysozyme lmg/mL and pH 7.
The favorability of the lysozyme adsorption
process onto adsorbents surfaces evaluated using a
dimensionless parameter (RL) dcnved from the
Langmuir expression. It is deft neﬁ as follows:

-

RL
1+K,C, It 0

The adsorption process| can be defined as
irreversible (R, = 0), favorable (0 <Ry <1,
linear (R;, = 1) or unfavorabie (RL >1) in terms of
R. [36].

I
" Table 3. Parameters obtained from Langmuir and Freundlich isotherms |,
3 __HAP Langmuir Freundlich s8] +2af5 -
Temperaure Q KL R, Kr I/nnf i'Ri%
s 28% - 38.35- 1.71 |:0.942° »= 16.12 0.233%]20.912
298 33.42. 1.50 [ -0.949 .. 15.88 0.220 ] 0.922
: \ - =308 »30.12 . 132 |- 0.968 - - 1539 0.2124]#0.931:
‘ 318 27.16 1.12 { 0.968 14.89 0.201.8]10.940
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Table 4. The amount of Ry for adsorption of
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The calculated values of Ry for adsorption of
lysozyme onto HAP fall between 0 and 1, thus
the adsorption of lysozyme onto adsorbents is
favorable,

CONCLUSION

HAP was synthesized from egg shell by sole gel
method. Synthesis was ascertained by adopting
various characterizing methods. HAP exhibited
much greater specific surface area. SEM
micrograph revealed that the average size of the
HAP clusters were 300 nm. Optimum dose of HAP
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