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Abstract

Production of quicklime from limestone was

employed 1o study the effect of different experimental variable
(800 °C and 000 °C), calcinations
mm and 6 mm) were used to identify the significant effects an

An empirical model has been developed using the experiment
jons temperalure, calcinations tiin

ant interaction betw
The maxinium quicklime quality

calcinations temperaiure

strongly affected by the variations in calcinat

Jactorial analysis also suggested that there is a signific

time 1o produce quicklime of high yield and reactivity.
°C, calcinations tim

Absolute Percenlage Error (MAPE) of 3.44
s that the regression is suitable for predicting [

when the production was carried out at 1000

. The result of Mean
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Introduction

Large limestons and dolomite occurrences
have been reported by Bell (1963), Ola
(1977), Gwosdz (1996) and RMRDC (2010)
and they are widespread in the sedimentary
basin of Nigeria. Nigeria Ministry of Mines
and Steel Development reported that Nigeria
has an estimated reserve of about 3 trillion
tonnes of limestone which are scattered in
different states of the country. Those states
include Abia, Anambra, Benue, Cross River,
Ebonyi, Enugy, Ogun, Sokoto, Gombe,
Nzssarawa, Edo, Bomo, Yobe, Adamawa
and Kebbi (RMRDC, 2010). Despite the
buge deposit of the limestone which is the
basic ingredient for quicklime production in
the country, process industries in Nigeria
still relied on the imported quicklime for the
production of their products. Quicklime is a
solid material that is produced from thermal
decomposition  of limestone from which
carbon dioxide gas is evolved and upon
hydration, forms white powder and relcascs
large amount of heat 10 form hydrated lime.
Hydrated lime is an important industrial
mineral because of its physical. chemjcal
and mineralogical properties, &S well as its
commercial  importance and ease of
production. Foramfera (2012) repotted that
Nigeria has high demand for quicklime
based on its wide rangc of uses. The
industrics  that use quicklime include
building, agriculture, water treatment; sugar
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per and glass. The bulk
demand for quicklime in Nigeria is for water
treatment, soft drink bottling, tannery,
brewerizss and food processing (Foramfera,
2012).

Quicklime i3 produced in 2 chemicel reactor
often rcferid to as kiln. Kiins are of various
designs and it includes shaft kilns, rotary
kilns, multiple hearth furnaces, and fluidized
bed reactors (Boynton, 1980). Oates (1999%)
reported that the minimum amount of energy
in the form of process heat that is required to
thermelly ~ decomposc . limestone  near
temperatur 2 of 1173K (900 °C) is about
3029 1J/ks. (723 keal/k ) of CaO, while the
Heat of decomposition of calcite relative to
298 K (25 °C) is 3184 K/kg (760 keal/kg) of
Ca0. He further reported that total heat
usage of modem limestone kilns ranges from
3600 kl/ka (860 keal/kg) of CaO for vertical
double shaft kilns to 7500 kl/kg (1800
keal/iig) of CaO for non-prehcated long
rotar kii 15 (Soarss € al., 2008). Hence care
must be taken to select favourable conditions
for production of quicklime_from limestone.

refining, tannery, pa
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Design of experiment is a methad that can b¢
used to sclect favourable conditians for
producticn of quicklime from
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inpt v lables of a process ana i cifects
on reslonse vatiables —arc measured.
Mountgomery (2005) stated that fundamental
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approach to process and product design and
development using design of experiment
consists of three phases: characterization,
control and optimization, Characterization is
the process of determining the specific
process variables that are responsible for the
variability in the process output responses.
Thus identifying the most important factors
early is critical to successful development of
the process. Soares et al. (2008) reported
that  calcinations  process  variables
(temperature, time and particle size) have
effect on the process outpul responses
(quicklime yield and reactivity).. This
observation has been established by the
following authors (Khraisha and Dugwell
(1989); Rao et al. (1989); Khinast et al.
(1996); Dogu and Irfan (2001); Demir et al.
(2004); Muaazu et al. (2011); Okonkwo and
Adefila (2012) and Rashidi et al. (2012)) but
none was focused on determining the degree
of the effect of limestone particle sizes,
calcinations temperature and calcination
time and their interaction for production of
quicklime wusing factorial experimental
design approach. In this study, preliminary
experiment was carried out to observe effect
of calcination parameters (limestone particle
sizes, calcinations  temperature and

calcination time) on the production of
quicklime from limestone.

Materials and Methods

The raw materials used in the production of
quicklime were limestone obtained from-
Mfamosing ~ quarry in southern part of
Nigeria. The limestone was selected from
preliminary study which shows Mfamosing
is most suitable for quicklime production
from limestone (Akande, 2015).

Methodology
Calcination Experiment

To investigate the effect of calcination
temperature  on quicklime  yield, the
procedurc is as follows: 30g (C) of the 0.3
mm Mfamosing limestone sample (Run 1 of
Table 3) was placed in an empty crucible
and weighed on an clectronic weighing
balance. The mass of the empty crucible was
noted and the mass of the crucible with the
samplc was also recorded (A). The crucible
containing the limestone sample was
charged into a carbolite furnace and the
tempcerature was set to 1000 “C (Run 1 of

- Quick imc Yield

Foderal Uneversite of Techaology, e, Saver S, dimee

Table 3) for a period of 30 mins (Run | of
Table 1) a. d the sample was withdrawn and
placed in a glass desiccator containing silica
gel as the desiccant to cool. The crucible
containing the cold calcined limestone
sample (B) was then reweighed and
recorded. The whole procedure was repcated
for other experimental runs of factorial
experitaenial design shown in Table 3.

Determinatiqn
Experiment

The yield of quicklime produced was
determined by measuring the residual loss on
ignition. For each calcined limestone sample
obtained in calcination experiment, the Loss
on Igaticn (LOI)" which is the actual
material lcst during the calcination of the
limestone in the fumace is mathematically
given as:

L01=A—;‘3% (N

The yield of quicklime which is a measure to
which the limestone was calcined to produce
quicklime was calculated from ASTM C25
method using Equatioa 2 below:

Yield = 2 (2)

0.4392
Quicklime

Reactivity  Determination
Experiment

The hydration reaction of quicklime is an

cxothermic. reaction and can be expressed
by:

Ca{)m FHy gy = Ca(OH) ) + 64.5 kjmolzlo (3)

The reactivity of calcined limeStone
(quicklime)  produced in calcination
experiment was determined according to
ASTM C25. Quicklime reactivity is typical]y
measured using the water extinction test
following he ASTM C25. A mass of 30 gLf
quicklime was introduced into 120 g of
waler in an adiabatic receiver (Dewar),
shaken by a magnetic stirrer. A thermometer
placed in the suspension measures the
temperature of water, which increased due to
the heat released during hydration of CaCQ
and taen stabilizes to a fmal vaiue. The
maxirune lemperatuce recorded during the

slaking ex seriment (4Ty, ) and the time taken

to reach il (A[) weire  iceorded. The

reactivity, R, was calculated using Tquatios

4,
R = T

(;[\
At

i
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Where: R is defined as reactivity ("C/s), ATy,
= maximum temperature recorded during the
reactivity experiment (°C) and At = time at
which the maximum temperature Wwas
acquired (s). ‘
Design of Experiments

When  process factors (independent
~variables) satisfy an -important assumption
that they are measurable, continuous, and
controllable by experiments, with negligible
errors, the factorial analysis procedure was
carried out as follows:

« A series of experiments were performed for

adequate and reliable measurement of the
response of interest. )

A mathematical model of the second-order
response surface with the best fit was
developed.

The magnitude of the process paramelcrs
(factors) were estimated using ANOVA.

The direct and interactive effects of the
process  parameters  (factors)
represented through factorial plots.

were

The first requirement of the factorial
analysis, as mentioned above, involves the
~ design of experiments to achieve adequate
and reliable measurements of the response of
interest. A two-level full factorial, which is a
very efficient design tool for fitting second-
order models (Montgomerry, 2005), was
selected for use in this study. The number of
tests required for a two-level full factorial
design is shown in Equation 5.
No of Experimental Run=:. ;4 (5)
where N is the number of variables, L is the
number of level and R is the number of

Table 1: Preliminary Calcination Parameters Ranges

Fuoderal University of Technalogy., Mima, Nigev Sicte, Nizere

replicate. Replicates of the test are very
important as they provide an independent
estimate of tac experimental error. A two-
level full fac orial for 3 factors (calcination
temperat wre, zalcination time and limestone
composition), with 2 replicates resulting in
total (2°)2=16 runs, is illustrated in Figure 1.
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Factor A
Figure 1: Geometric design of three factors at two
level settings

In order to define the experimental domain
explored, preliminary experiments Wwere
camricd oul to deiermine narrower, more
effective ranges of calcination temperature.
calcination time and limestone composition
prior to designing the experimental runs. It
was found from the preliminary calcination
tests that calcination temperature was most
cffective in the range from 800 to 1000°C,
calcinstior: time in the range from 30 to 60
mins zad | mestone particle size in the range
from 0.3 to 1.18 mm as shown in Table i. A
two-level full factorial and 2 experiments as

replicates of the experimental point arc given
in Table 2.

Parameters Ranges .
Calcination Temperature (°C) 800 1000
Calcination Time (mins) 30 60
Limestone Particle Size (mm) 0.3 1.18

Tzble 2: Coded Levels of the Independent Variables for the Low and High Level Settings

Process Variables

Low level sclt nps

¥,: Calcination Temperature (°C)

800

High level seitings
1

1000

K Cah.:_i_n_ation Time (mins) 30 60

¥y Limestone Particle Size (imm) 0.3 1.18 _
in order to determine if a relationship existed ‘factors and ‘good’ model  paramerer
between the factors and the 1€sponses sstimates are desired (Montgomerty, 2005y
investigated, the collected data was analysed fZach response of ¥ can be represented by 2
statistically using regression analyses. A matiematical equation that ccivelates the
regression design is employed to model a respons.  surface. The responses walt o

responsc as a mathematical function (either
known or empirical) of a few continuous

cxpoessed as @
cqualior s,

sccond-order  polynomial
accarding 1o Equation  {H):
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¥ = f(x) = Bo+ D Bixi + Thoy Dieion Bujxiny + i Buxd? (6)

where Y is the predicted response (quicklime
yield and reactivity) used as a dependent
variable; & the number of independent
variables (factors), x (i = 1, 2) the input
predictors or controlling variables (factors);
Ba the constant cocfficient, and B, Biand .
the coefficients of linear, interaction and
quadratic term, respectively. The coefficient
parameters were estimated using a multiple
lincar regression analysis employing the
software Minitab (version 17.0). Minitab 17
was also used to find the factorial plots of
the response models.

Results and Discussion

This study focused on the factorial analysis
of quicklime production from limestone
sourced * from Mfamosing, Nigeria.
Influences of the calcination temperature,
-calcination time and particle size were
investigated using factorial design approach.
Results obtained as presented in Table 3
reveals that best yield of 9497% of
quicklime was obtained at calcination
temperature of 800°C, calcination time of 30
minutes and particle size of 0.3mm with

quicklime reactivity of 0.21°C/s. Calcination
temperature is considercd as thc most
important parameter in the production of
quicklimz from limestonc (Hassibi, 2009).
Results s presented in Table 3 indicate that
whil 2 ke :ping other parameters constant and
varicd ihe temperature from 800°C to
1000°C, the yield of the limestone obtained
reduces while the reactivity incrcases. On
the influence of particle size on the yicld of
quicklime from limestone, results [as
presented indicate that the yield from large
particle size is higher than that of lowjer
particle :ize. Results as presented in Table 3
also shown that the higher the calcination
time, the lower will be the yield of quicklime
from limestone. Considering the unpattern
nature of the influence of individual
parameters on the yield and -reactivity of
quicklime from limestone, therc is the need
to optim:ze the process for the purpose of
selecting the best conditions for the yield of
quicldim: from limestonc, which is the focus
of this study.

Table 3: Response Factors (Quicklime Reactivity) for Factorial Analysis of Limestone Caleination Experimental Design

Experimenial Calcination Calcination Limestone Mfamosing Mfamosing
Run Temperature Time Particle Size Quicklime Quicklime
(°C) (minutes) (mm}) Renctivity Yield
[R("C/s)] [R(°C/s)]
1 1000 30 03 0.62987013 82.6594
2 1000 30 1.18 0.553459119 94.7322
3 1000 60 0.3 0.320987654 14.2721
.4 800 60 0.3 *0.251533742 47081
5 800 30 0.3 0.206060606 90.0164
6 1000 60 1.18 0.299363057 14.419
i 800 60 0.3 0.251533742 11.6854
8 800 60 1.18 0.203592814 82.1029
9 1000 30 1.18 0.540372671 90.5893
10 1000 60 1.18 0.295597484 4.6265
I 800 30 1.18 0.189349112 5.4742
12 800 30 0.3 0.206060606 94.9663
13 1000 60 03 ’ 0.327160494 §9.1594
14 10060 30 03 0.614379085 11.90%4
15 800 60 1.18 0.212121212 3.1009
16 800 30 1.18 0.195206272 8§2.6594

Presented in Table 4 are the estimated
effects and coefficients  for  quicklime
reactivity., The resuit of the cstimated effects
suggests that the model contains three main
ntincts, which con ke omluated in the
absence of significant intcractions and three
two-way interaction effects. The p-values for

all -tiwvee main cffects are less than 005
(Temaers ure = 0.000. Time = 4.000 and
Limestone particle size = 8.0068). Thereiore,
there is evidence of a siznificant effect. Thi
asscrtion is in agrecmical widi licrature o>
kinetic studics of limestone decomposition
by many tesearchers (Dogu (2001): Demir ef
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al. (2003), Beruto et al. (2004); Muaazu et
al. (2011); Okonkwo and Adefila (2012);
Rashidi et al. (2012)). The p-value result
from Table 4 also indicates that there is
significant interaction between temperature
and time (0.000) and between temperature
and particle size a8 their terms have p-values
less than 0.05 (a= 0.05). The work of
Escardinao et al. (2008) has shown that there
is a correlation between  thermal
decomposition of calcite and the calcination
process variables (temperature and time)
using the Homogencous Reaction - Model
(HRM) and the Grainy Pellet Model (GMP).

Table 4; Estimated Effects and Coefficients for Quicklime eactivity

Federal Un ersi: ol Techrolegy, AMirne. NigarSiat, !

Table 4 also shows that calcination
temperature has the greatest effect {0.23321)
on quicklime reactivity. In addition, the table
chows that  seting the calcination
temperature 1ow produced higher quicklime
reactivity  than setting the calcination
temperatur: high. The interacticn between
calcinution terperature and calcination time
has the second greatest cffect (-0.15213) pn
quicklime reactivity. The negative  sigm
shows the settings of the two procgss
variables have antagonistic effect (need to be
at opposite setting).

Term Effect Coef SECoefl " T P B
Constant 033104 0.00149  221.61 0.000
Temperature 0.23321 0.1166 0.00149  78.06 0.000
Time -0.12162 0.06081 _ 0.00149 -40.71 0.000
Particle Size -0.03981 -0.01¢9 0.00149  -13.32 0.000
Temperature*Time -0.15213 -0.07¢06 0.00149  -50.92 0.000
Temperature*Particle Size -0.01109 -0.00555 0.00149  -3.71 0.006
Time*Particle Size 0.00467 0.00234 0.00149 1.56 0.156
Tempcrature*Time“‘Parﬁcle Size .0.01963 0.00982 0.00149 6.57 0.000

Pareto chart of the standardized effect for
quicklime reactivity response in Figure 2
shows that calcination temperature  (A),
calcination time (B) and limestone particle
size (C) are significant (@ = 0.05). In
addition, it is observed that Pareto plot
shows that the largest effect is calcination
temperature (A) because it extends the

facthest. The effect for the interaction
petween the calcination temperature and
limestone particle size (AC) is the smallest
beczuse it extends the least. The limestonc
part cle size. Yy calcination temperature
intecactiyn is rot significant at 7 o= 0.05

level in the estimatcd effects and coefficients
in Table 4.

Figure 2: Parcto Charl of the Standardized Effect for Quicklime

Reactivity Response
Normal plot of—+he—standardized effect for
quicklime reactivity response of Figure 3
chows the direction of the cffect. Calcination
tomperature (A), the combined effects of
remiperature, thime and particle size (ABC) all
have positive effects because they reside i@
the right of the line. This means when
process variables change from the low level
to the high level of the factor, the quicklime
reactivity increascs. Becausc calcination
time (B), limestone particle size (C), resides

Figure 3: Normal Plot of the Standardized Cffect for Quicklime
Reactivity Response

to the teft of the line, it has a negative effect,
meaning  when  the calcinadion time and
liaestone parlicle size changs from the v
fevel to the high level, the quicidim-.:
reactivity decreascs The signilicance of the
process ~ factors and  thejr  mnking s
agrecinent with the result of cstimated
effects and cocfficients  for
rcactivity (Table 4).

quicklime

Main effect plot of the fitted means of Figurc
4 indicate that calcination  temperatuis
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produced  higher reactivity at  high
temperature (1000 °C) than at low
temperature (800 °C) as the fitted mean
increased from temperature of 0.22 to 0.46
°Cls tespectively. This observation is in
agreement with Wang and Thomson (2005)
inference that higher quicklime reactivity is
obtained when the calcination process is
carried out at low soaking time and high
temperature. Also, calcination time produced
higher reactivity at low calcination time (30
min) than at high time (60 min) as the fitted
mecan decreased from 0.27 to 0.37 °C/s
respectively. Rashidi et al. (2012) reported

Federal Uill"l't'l'.x‘."{'.'Q,‘Ts‘c'lnn)/q;r, Minne, Niver Supte iv oo

that limestonc of simaller porosity and
surface ar:a are produced when the soaking
time is to) long, thus limiting thie reactivity
of the quizklime. smaller limestone particle
size (0.3 1nm) produced quicklime of higher
reactivity than bigger limestone particle size
(0.6mm) as the fitted mean decreased from
temperaturc of 0.35 to 0.31 °C/s respectively.
Hu and Scaroni (1996) reported that the
calcinition rate is location-dependent and
smaller  limestone  particles  produced
quick ime of higher yield and reactivity than
bigger limestone particles.

Terrom v
i -~
o
03 /
= 2 .
2 it w00 * __ 1000
L —— ) :
LX) .t
= ——
43
02
135,570 ok,

AL ICT N S E

Figure 4: Main Effect Plot for Quicklime Rcactlvuy

Response

The earlier estimated effects analysis in
Table 4 shows the interaction of calcination
temperature by calcination time had a p-
value of 0.000. The interaction plot of Figure
5 shows that a change from the low to the
high level of calcination temperature for the
response mean depends on the level of
calcination time. The plot further indicates
that the degree of departure of the two lines
of calcination temperature and time from
being parallel is greater, this infer that the
effect is stronger. The plot indicates that the
increase in quicklime reactivity is greater as
the calcination time is moved from the high
level (60 min) to the low level (30 min)
when the calcination temperature is high (red
line) than when it is low (black line). In the
calcination process, striking a balance
between the soaking time and reaction
temperature ~is—pecessary and Wang and
Thomson (2005) reported that in most cascs
calcination process is carricd out at low
soaking time and high temperature. Lee er
al. (1993)reported that it is better that the
caicination time should be short, but cnough
time must be given for heat transfer to the
inner corc of CaCO, particles and for carbon
dioxide gas to lcave the core of the limestone
particles. Calcination should be carried out

Figure 5: Interaction Plot for Quicklime Reactivity
Resnonse

- variadles level.

either at \ow temperature for long duration

time or at high temperature for short
duration time.

The cube plot (Figure 6) comer point
represents a different factorial design and
illustrate the average quicklime yield result
for that production based on the process
The plot illusirates that if
limestonc 'of smaller particle size (0 3 mm) is
used, the calcination tempcralurc is high
(1000 °C) and calcination time is low (30
min), the quality of quicklime reactivity is
0.32407 °C/s. This is -corroborated by the
work of Ilarrison (1999) which reported that
quicl lime: quality and yield is increased
wher  I'mestone is calcined at high
temp :ratire, low residence time and smaller
limestone particles.

Surface plot of quicklime reactivity agabnst—
nmc and temperature of Figure 4.29 shows
how calcination temperature and calcination
time arc related to quicklime reactivity. To
maximiz: quickiimv reactivity, high sctiing
of cileintion teinperature and 1o ing
calciaation time white holding limestone
particle size at 0.3 mm should be chosen.
This is in agrecment with the work of Wang
and Thomson (2005) and Lec ¢4 af. (1993).

setting of
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Contour plot ufquu‘l\lum reactivity against
time and temperature of Figure 7 shows how
soaking time and calcination lemperature
affect quicklime reactivity, The  darkest
green area indicates the contour where the
quicklime reactivity is highest (preater than
0.6) while holding limestone particle size at
0.3 mm. To maximize quicklime reactivity,

Figure 7
Renclivity against Time and Temperature

Surface Plot of Quicklime

agreement wifi the studyof Leeet. al. (1993)
and Wang and Thomson (2005).

Contour plot of quicklime reactivity against
temperature and limestone particle size of
Figure 9 shows how calcination time and
limestone particle size are related to
quicklime reactivity. The darkest green area
indicates the contour where the quicklime

the settings for calcination temperature and
calcination time in the upper right corner of
the contour plotof Figure 8 should be chosen
as 1t produced the highest reaclivity
compared to other design points. This is in

reactivity is I'ighest (greater than 0.€) while
holding calciaation time at 30 min. Figure 9
shows that to maximize quicklime reactivity,
the scttings for calcination temperature and
limestone particle size should be selected.
This agrees with the work of Escardino ef «/.

(2008).
wy i
I

o o

fempeiotine

Frgure 2 Contour Plot of Quicklime Reactivity

: ‘ i Figne 2 Contow Plot of Quicklime Reactivity
apainet Time  and lemperature Limestone

against Temperuture and
The plot of residual against fitted values for
quicklime reactivity of Figire 10 shows the
residuals follow a wtraipht line, Also,
evidence of skewness, outhiers and non-
normality docs not exist, This Pigure shows
e residuals. follow the normal probability

distribution as all pomts seatter around o
stratgeht hine

The plot of residual against observation
order for quicklime reactivity of Figure 11
shows (he residuals is randomly scattered
about zevo, Also, llltll is no suggestion that
the crrer tooms e itenelated o one
another, This shows llml theresiduals se altor
randomly.  Based on uonmnal probabihiy
plot residual against (it plot and the vesidua!
st ean order, the estimated veore o
model isadequate

The wmodel Bgnation can be alt up feom cstmnted coefficient:

4,
Y, o 043104 ¢ 0.1 160y,

lor quicklmme reactiviiy o jata

0.06081x,- 0.0199 - 0.0760C x,x, 0,0055x,x, +00982x, v, 7
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Based on Main Effect plot, the combingtinns
of factors that will produce the highest
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° H gh level of calcination

teiperature
quicklime reactivity are: o Low level of calcination time
° Lowlevelof limestone particle size
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Figure 10: The Normal Probability Plot for
Quicklime Reactivity

Based on Interaction plot, the combinations

of factors that will produce the highest
quicklime reactivity are:
i *  High level of calcination lemperature of

1000 °C and low leve| of calcination time of
30min.

The model Equation via the combination above of main ef;

7= 033104+ 0.1166(1)- 006081 (~1)- 0.0199 {-1)-

In order to validate the experimental model
developed from the factorial analysis,

E;‘igurc I Tht;. Plot of Residual againsl

Observation Ord r for Quicklime Reactivity.

¢ Hith level of calcination temperature of
1000 *C and low leve! of limestone particle
size of 0.3 mm.

°  High level of calcination temperature of

1000°C, low level of calcination time of 30

min and low level of limestone particle size

of 0.3 mm.

fects and the Interaction plot is:

007606 (1)(-1) - 0.00 35 (1)(-13+ D0982(1)(1)(~ 1)= 0629595

Percentage Error (MAPE) to evaluate and

commpare the model performance

confirmatory experiments were performed - (Montgomery, 1999).
as shown in Table 5 and the Mean Absolute _

Table 5: Confirmatory Experimental Run for Model Validation

pi — 3!

Confirmatory Calcination Limestone Quicklime r R . ‘
Experimental Temperature Calcination Particle Size Reactivity FITS Y
fun (°C) Time (min) (inm) (9C/s)

! 1000 30 0.3, 0.6275 0.6260 0.0024

2 920 28 0.3 0.5886 0.6260 0.0634

3 960 26 03 0.5617 0.6260 0.1143

4 940 24 0.3 0.5422 0.6260 0.1545

5 920 22 0.3 05150 0.6260 0.2155

: MTAN

MAPE = %)3;_,

A 100% =34388% g
[tcan be inferred that the predicted ability of
the estimated mode| Equation is good as the
MAPE is 3.4388%. If the MAPE is less than
15%, the predicted ability of the estimated
regression Equation s acceplable
(Montgomery, 1999). Table 6 shows the |
wodel proportion of the response variability
that is (R’) is 99.92% while predicted R the
tevel of prediction of the fulure data by ihe
madeiis 90 700 and i ardpisted R ggefy
for comparing models from the same darg
with different numbers of tenus is 99.56%,

0.5502
The R value lies between 0 and 100%. The
model predicts better when R? valye
0 100% (Doddapaneni e al., 2007). The
sum ol squares of the prediction errors
(PRESS) for assessing model's predictive
ability from Table 6 js 0.00598. lowPRESS
value of 000598 is an indication that the
model fits *he dat: 35 Mc ntgomeo sy 0N
reported ot the toda] fits the cata hotte
when tie PRESS i: simaller. (R o7 v9 e
adiusted RY of 99.86%. predicied & .
99.70% and PRESS value of D.0nsox
indicate that the mode! adequately represents
the experinental data.

is closer
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Table 6: Slatistical Parameters of the Model ' g::rrrga"::ritr‘mkc;fg‘.s{lgiscl)'L,(:a'Ci"a‘i°" Kinetics and
Correlating Quicklime Reactivity to ‘Calcination . 1P mestone Particles. AIChE

’ a . . Jowrnal, 31 (1), 103-111
Temperature, Time and Lunestone Particle Size
Box G. E. P. and I. S, Hunter (1951). Multi-factor

Statistical Parameters Values Experimental  Designs  for Exploring  Response

S 0.00598 Surfaces. Ann. Math. Statist. 28:195-241.

PRESS . 0.00114 Boynton, R. S. (1980). Cliemistry and Technology of

R 99.92% Lime and Limest. ne. New York: Wiley.

R’adjus\cd 99.86% Demir, F., Dor::ﬁcz, B., Okur, H., and F. Sevim
o ey 0 (2004). Calcinztion Kinetic of Magnesite from

R plcdlClCd 99.70% Thermogravimetric Data. Trans [ChemE, 81: 618-622.

Conclusions Derringer, G. and R. Suich (1980). Simultancous

Optimization of Several Response Variables. Jowrnal
of Quality Technology. 12 214-219.
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