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Abgtract

alcium oxide (CaO) is accepted as an effective
adsorbent of carbon dioxide (C0,), and it is

commonly used in biodiesel production. Calcium
carbonate (CaCO;) sources, such as limestones that
are.obtained through mining and quarrying, usually
produce CaO. CaO is produced via thermal
decomposition. However, this research has been able
to use the vast available waste resources for CaCO;
and CaO in Nigeria, which is Oyster shells. Kinetic study
of t the thermal decomposition of the Oyster shell using

‘ Mampel power rate law. The model was then used to

study the effect of Oyster shell particle size,
calcination time and calcination temperature on
activation energy of the thermal decomposition of the
shell in a calciner. It was found that while the
activation energy of thermal decomposition of Qyster
shell decreased from 169. 164958kJ/mol to 128.1852
kJ/moI as the particle size of Oyster increased from 0.3

Introduction - T

mm to 2.0 mm, the
activation  energy  of
thermal decomposition of
Oyster shell decreased
from  66.46616491  to
44.3326  kJ/mol as the
calcination time of Oyster
increased from 60 min to

KEYWORDS: oyster

shell, kinetics,
mampel, calcination

180 min, and the activation
energy of thermal
decomposition of Oyster
shell decreased from 150.84
kJ/mol to 11.7543332 kJ/mol
as the calcination
temperature of Qyster
increased from 600 °C min
to 900 °C. To conclude, a
promising source of CaQ is
the Oyster shell, which
provides  the largest
decomposition rates for
small particle size, higher
calcination  temperature
and higher residence time,

orton (1997) stated that oysters belong to the phylum mollusks or
mollusks and to the class gastropods, a large group of invertebrate
animals. Oysters live among wet vegetation in damp and shady places,
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they are more abundant in rainy seasons and most active at night. The oyster’s
soft body consists of a head, a foot, and a visceral mass or lump, which remains
permanently inside a hard protective shell.

Most gastropods have a single usually spirally coiled shell, into which the body can

withdraw, when the oyster’s body is drawn into the shell, it is sealed by a Horney
plate called the operculum. Oysters are highly diverse in size, anatomical structure
as well as in behavior and habitat (Morton, 1997). Oysters are characterized by a
soft body, usually with an exoskeleton in the form of a shell as shown in figure 1.
The shells provide protection for the soft-bodied inhabitants against predators
(Kaplan, 1998). The shell has a brownish color with a characteristic stripe pattern.

Hinge <

Depth

Length

Figure 1; oyster frontal and side views

The main constituent of the shell is calcium carbonates which are either of two
crystalline forms calcite and aragonite. The remainder is organic matrixes which
constitute a protein known as conchiol in that usually make up to 5% of the shell
(Jordaens et al., 2007). The shell is upto10 cm or more in length, it is very hard. A
lot of them also live in fresh water and terrestrial habitats. Oyster shell has several
important uses, which revsults from the hard nature of the shell. The shell protects
the oyster from physical damage, predators and dehydration. They are use alsoin
the manufacture of buttons, quicklime, jewels, and art collections (Jatto etal, |
2006). The composition of the Oyster shell is similar to that of Oyster shell lends
the effects of it as an alternative to Oyster shell for production of quicklime. It is
scientifically known that the Oyster shell is mainly composed of compounds of
calcium. As previously mentioned, calcium carbonate (CaCOs), is the major
composition of the Oyster Sheli, accounting for 98% of the total composition of
the Oyster shell. Similarly, calcium carbonate is the primary raw material in the
production of quicklime (Marinoni et al. (2012); Yusuf (2015), Bello (2015); Akande
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(2015). It is, therefore, indicated that Oyster shell and Oyster Shells have the same
primary composition in calcium compounds. On the basis of the common
compositiona[ characteristics of Oyster shell and limestone, it was reasoned in this
study that the calcinations of the Oyster Shells could produce high quality

- quicklime.

Quicklime is majorly produced by thermal dissociation of CaCO; based material
(calcium carbonate, snail shell, Periwinkle and Calcium carbonate) calcination with
the release of carbon dioxide:

CaC0s = Cal +COy+ 1784 K] T.vonroo 1

Craig (2010) presented three essential factors in the kinetics of calcium carbonate
calcinations. To ensure complete calcination, these factors are required and these
include;
1. Dissociation temperature of the carbonate must be uniform throughout
the entire stone. _
2. Minimum dissociation temperature must be exceeded throughout the
period of the calcinations process.
‘3. Carbon dioxide gas evolved in the process must be removed.
With this factors in mind, the particle size, time of reaction and the temperature
of the reaction are key kinetic parameter for complete and effective conversion of

~-CaCO; based material to CaO

Consequently, the calcinations of Oyster Shell, with a focus on determining the
settings of calcinations parameters that will simultaneously optimize quicklime
yield and quality with minimal variation was investigated (Akande, 2015).

MATERIALS AND METHODS

~ MATERIALS: Oyster shell, nitrogen, silica gel, platinum crucible, mortar and pestle,

lithium bromide

METHODOLOGY
Sample preparation: Oyster shell sample was repeatedly washed to remove dirt
and other impurities material, and subsedquently dried in oven at temperature of
40 °C. The dried oyster shell was crushed in a jaw crusher after which the oyster
shell was grinded to very small particle size and S|eved into a particle size of
0. 30mm 0.60mm and 2.0mm respectively. It was then placed into the reactor
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where the calcination process takes place with respect to the effect of process
variables.

Experimental Design:

Thermal decomposition of Oyster shell was assumed to follow a Mampels Power
Rate Law Kinetic model. When calcination is performed in the presence of CO,, the
re-carbonation of quicklime also occurred as shownin eqn(1.1).

The equation describes the kinetics of this reversible reaction.

dXcacos
ot

where Xcqco, 15 the fraction of CaC0Osremaining in the sample at reaction time t

= k1SQcaco; ~ k_1Sacaofeo,3-2

.(minutes), S is the area at reaction interface, Ggeo, aNd Gcao are the activities of
CaCO3 and Ca0; kiand k_,are forward and reverse reaction rate constants (min’
%t Peo, (kPa)is the partial pressure of C0, in the calcination gas. Keacos S defined
by equation 3.3 where miand m; are the initial sample mass and final mass(kg) at
the termination of reaction, mis the mass (kg) remaining at reaction time t (time)
and a is the mass conversion.

mip—m mi—m 1

=~ =l = =1— Qw2
XCG‘CO3 mi_mf 1 mi-—m 4
Determination of kinetic parameters . -

Kinetic parameters for thermal decomposition of Oyster shell samples can be
determined by Mampel Power Rate Law model (MPRLM).

Power Rate Law Model

Therefore, the kinetic analysis of the calcination of Oyster shell was done. Few
process variables were studied such as temperature, duration time, particle size
and heating rate. In a gas-solid reaction, Arrhenius equation is applied for kinetic
anéiysis. Hence, in the kinetic analysis of calcination reaction, a combination of

equations is used as shown in equations (2.2) and (.95

d(a)/d(t) = kf(a) B9
lnk=lnA—E—R‘5(%) 2.3

Based on Equation (2.3), Arrhenius equation is written in a linear form, where k.
represents specific rate constant, A is pre-exponential factor, Ea is activation
energy of the process (J/mol), R is universal gas constant (8.314 J’K™mol") and T
is absolute temperature in Kelvin. Meanwhile, the unit of pre-exponential factor
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is identical to the specific rate constant and will vary depending on which reaction

order is being used. Rearranging Equations (2.2) and (2.3), a new Arrhenius
equation is formed as shown in Equation. (2.4).

In[(de/dt)/f(@)] =lna-52(2) 5,4

According to Samtani et al., (2002) value of f(a) is dependent on types of reaction

order which can be decided upon the best fit curve. Consequently, different’

Arrhenius plot of In k against 1/T can be plotted, depending on which kinetic
paliémeter is to be computed. The research work was conducted'usin-g zero-order
kinetic model as shown in equation 2.5 and accuracy of the curve was assessed by
regression coefficient values (R?). ~ ~

fl@)=(1- a’=1
: 2.5

Besides, the closer value of the coefficient of determination to unity was deemed

~ to provide the best fit. Based on the curve plotted, activation energy was obtained

from the slope and meanwhile, y-intercept values indicate the pre-exponential
factor.

The slope and intercept would be calculated using the equations below;

€a
Slqgne = — F] 2.6
Intercept = In(A) 2.7

From equations 2.6 and 2.7 activation energy and pre-exponential factor are
calculated;

Ea=?slopex R 2.8
A = emtercept 2.9

Effect of Calcination Temperature, calcination time and particle size on on A & Ea
The following template was used for the determination of the effect of calcination
temperature, calcination time and particle size on on A’& Ea

WHf_ere;
LOI =228 o |
c 2.10°
And
LOI
0.4392 e
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Table 1; calculations for different Arrhenius plot of In k against 1/T, depending on
which kinetic parameter is to be computed.

Az €= Mass D=
Mass of Mass of
. af Cruciblo | Crocible =
ESP | Cateing | Partic | Hoatin | Calcin | oyster | B= Maw | # Sample | +Sanplo ((1ons
Hoay, tion le £ ation sthell | of empty Before After Lol = 4932y
Temper | size Rate | Time | Sample | crucibles | Calcinatio | Calcinati (<- (dus dt ln{dasd
ature | (mu) | (*C/s) | (min) (g} {g) u (g} onfy) Ay dusde | V@) | 17T | 0/f)
1
2
3
A
2
3
1
2
3

Effect of Calcination Process Factors on Kinetic Parameters

Bogwardt (1995) reported that high yield of quicklime from thermal
decomposition of CaCO; based material such as Oyster shell relies primarily on the
furnace, calcination state (temperature, time and particle size of the Oyster shell)
and the composition of the Oyster shell. Researchers Bogwardt (1995); Harison
(1992); Potgieter et al. (2003); Baxiotis et al. (2011); Akande (2015) indicated that
process variables (Temperature of calcination, time of calcination and particle size
of the Oyster shell) are responsible for producing quicklime and thermal
decomposition of the CaCO; based material. This research, therefore, tends to
examine the kinetic study of thermal decomposition of Oyster shell. The effect of
calcination temperature, oyster shell particle size and calcination time on
activation energy of thermal decomposition of Oyster are shown below.

Effect of Oyster shell Sizes on Kinetic Parameters

The effect Oyster shell varied particle sizes (0.3 mm to 2.0 mm) on the activation
energy of Oyster shell thermal decomposition are shown in Table 3.1. The values
shown in Table 3.1 of the activation energies and pre-exponential variables were
obtained from the slope and intercept of Figure 3.1 - 3.3. From the result it can be
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deduced that the activation energy decreased from 169.16 kJ [ mol to 128.19 kJ |
mol as the particle size of the Oyster shell increased from 0.3 mm to 2.0 mm.

During the calcination reaction, the finest

particle (0.3 mm) is reported to

agglomerate. The surface area of the material limits the heat and mass transfer
that requires a high energy barrier to be overcome while the greater surface
Oyster shell with increased heat and mass transfer during calcination makes the

energy barrier low to be overcome.

' Table 3.1: Effect of Oyster Shell Particle Sizes on Activation Energy from Thermal
_‘Decomposition of Oyster Shell
Bl Particle Size (mm)

Ea (kJ/mol)

A (mg/

WK
i 0 ; : i
0.0011 0.00115 0.0012 0.00125 0.0013
% - Same
L) . - .
= 6, : P e
E R2=10:0932
=)
.""j
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Figure 3.1: The plot of In (da/dt)/f(a) against 1/T for obtaining kinetic parameters
for a sample of particle sizes of 0.3 mm using zero-order reaction mechanism.

In(de/dt)/f{a)

0.0(;)” 0.00115 0.0012 0.00125 0.0p13

> | y =-19233x + 18.307

R2=(.9876

.,
.
oo,
‘e,
Pa
‘e,
e,

Flgure 3 2 The plot of ln (da/dt)/f(a) against 1/T for obtalmng kmet1c parameters
for a sample of particle sizes of 0.60 mm usmg 3 zero-order reaction mechanism.
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Figure 3.3: The plot of In(da/dt)/f(a) against 1/T for obtaining kinetic parameters
for a sample of particle sizes of 2.0 mm using a zero-order reaction mechanism.

Borgwlardt (1985) stated that the calcination process would be controlled by
kinetic reaction and therefore the reaction rate would be proportional to the
sur_i‘ace area of the BET. In addition, the sample's largest surface area will radically
enhance the heat distribution with them, thereby increasing the process of better
decomposition; therefore, the resistar)ce to the reaction is decreased, resulting in
" low activation energy.According to the, particle size will have a reaction and mass
transfer restriction, as well as suggesting that the calcination rate will also be |
strcf;ngly affected by the pore structure in which particle size has less pore
digestion strength that affects mass transfer to the pores. (Ye et al, 1995).
Hassibbi (1999) reports that the particle size distinction affects the sample
- penetration of the heat. Akande (2015) noted that continuous residence time and
calcination temperature, heat will not fully penetrate the bigger samples, resulting
in only the exterior layer being transformed to CaO and lower samples remaining
at éaCO3. Furthermore, based on the result obtained in Table 3.1 saturation energy
value for the particle size of 0.3 m is higher than the particle size of 2 mm. This
demonstrates that the Oyster shell sample surface area can be lowered, thus
limiting the heat and mass transfer of the process.

Effect of calcination time on kinetic parameters

Table 4.4 shows the kinetic analysis for Oyster shell samples for different
calcination time using the first-order reaction. For the kinetic study, Arrhenius
“curves were plotted at various calcination time to obtain the value of activation
~ energy and pre-exponential factors from the slope and intercept of the linearized
Ma{hﬁpel rate law zero-order reaction mechanism as shown in Figure 3.4-3.6. The
result shows a decrease in the activation energy from 66.47 kJ |/ mol to
44.33kJ/mole as the calcination time increased from 60 minutes to 120 min.

It demonstrates that the energy barrier to be removed from Oyster shell's thermal
degompositibn is lowest at high calcination time (Akande, 2015), where he
indicated that calcination time plays a vital role in achieving the efficiency of
Oyster shell's heat decomposition.

In the calcination procedure balancing between «calcination temperature and
calcination time is desirable, Akande (2015) describes the significance of
CaCO;3 residence moment during the calcination phase using the methodology
of fesponse surface (RSM) and OVAT method analysis. Short residence time is
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reported to have a probability that the CaCO; in Oyster shell will not be fully
converted into Ca0 and, on the other hand, long residence times will result in
shrinking sample volume resulting in the pores being closed and CO2 released
being restricted from diffusing out of the sample core.

Table 3.2: Effect of Calcination Time on Activation Energy for Thermal
Decomposition of Oyster shell

Cailcination Time (min) ‘ L “A

e
G LRt

lffT(K'!)
00000 ‘,,A . P . i ———
0.0011 0.0011 0.0011 0.0012 0.0012. 0.0012 0.0012 0.0012 0.0013
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Figure 3.4: The plot of In(da/dt)/f(a) against 1/T for obtaining kinetic parameters
for a sample of calcination time of 60 min. '
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Flgure 4.5: The plot of In(da/dt)/f(a) agalnst 1/T for obtalmng kmet|c parameters
for a sample of calcination time of 120 min.
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Flgure 4 6: The plot of ln(da/dt)/f(a) agalnst 1/T for obtalnlng kinetic parameters
for a sample of calcination time of 180 min.
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ffect of calcination temperature on kinetic parameters

The plot of Figure 3.7 to Figure 3.9 shows the kinetic analysis for Oyster shell
samples at different calcination temperatures using the zero-order reaction
mechanism for the kinetic study, Arrhenius curves Were plotted at 3 various
calcination temperatures to determine the activation energy values and the pre-
. exponential factor from the slope and y-intercept of the linearized Mampel rate
law. ; :

Table 3.3 shows the kinetic study of Oyster shell samples using the zero-order
reaction mechanism 5t different calcination temperatures. As <hown in Figure 3.7
to Figure 3.9 Arrhenius curves Were plotted at three distinct calcination
temperatures for the kinetic parameters 10 determine the value of activation
energy and pre—exponential factor from the slope and y-intercept of linearized
Mampel rate law sero-order reaction process.

Table 3.3: Effect of Calcination Temperature ON Activation Energy for Thermal

Decomposition of Oyster shell
Calcinatidn _ Ea
Temperature (°C)

' 9.0{}‘14 °0.00145 0.0015  0.00155 0.0016  0.00165 0.0017 -

e
L

71 e

7.45= 11413 8% - 5.0027
5 [R2=09687
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.
‘e
"
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Figure 3.7: The plot of In(da/dt)/f(a) against 1/T for obtaining kinetic parameters
for a sample of calcination temperature of 700 °C.
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Figure 3.9 The plot of ln(daldt)/f(a) against 1T for obtaining kinetic parameters
for a sample of calcination time of goo °C.
The result indicates that the activation energy dropped from 150.84 KJ | mol to
11.75 kJ | mol as the calcination temperature increased from 600 °C to 900 9C;
“yusuph et al. (2013) deduced that reduced energy activation values acquired at
greater calcination temperature were assigned during calcination to the kinetic
energy of the material samples based on calcium carbonate. yusuph et al. (2013)
indicated that the samples have more energy to increase their kinetic energy and
the calcination process at greater temperatures. Similar results were also
discovered by Abdulgadir (2016) and Kim and Kwon (1998)in which the calcination
reaction proceeds slowly at temperatures below 850 °C compared to
temperatures above 850 °C. Other works by Li et al. (2003), Telfat et al. (2000),
sakandijan et al. (2007) and Van de Runstarat et al- (1997) also show the trend of
increasing activation energy with respect totemperature.

CONCLUSIONS
The study found out that;

. The activation energy of thermal decomposition of Oyster <hell decreased
from 169.164958kJ[mol t0 128.1852 kJ/mol as the particle size of Oyster
increased from 0.3 MM to 2.0 MmM. |

e The activation energy of thermal decomposition of Oyster shell decreased
from 66.46616491 to 44.3326 kJ/mol as the calcination time of Oyster

: increased from 60 min to 180 min. _

'« The activation energy of thermal decomposition of Oyster shell decreased
from 150.84 kJ/mol to 11.7543332 kJjmol as the calcination temperature of
Oyster increased from 600 oC min to 900 o,

All the findings where supported by literature and past work done on other CaCOs
containing materials such as limestone and other se2 shells _
Further studies can be done to determine the effect of other kinetic parameters
such as present of impurities on the calcination of oyster shell.
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