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Abstract Red mud is generated during alumina production

through Bayer process; it is the insoluble product obtained

after bauxite digestion with sodium hydroxide at elevated

temperature and pressure. In recent years, various attempts

have been made to exploit red mud for the extraction of its

valuable components or its usage in the fabrication of

cement, ceramics, and other minor products; in all such

cases, red mud drying constitutes a major preliminary pro-

cessing stage that has not been studied in depth. In the current

study, drying kinetics and energetics of red mud obtained

from filter presses of Aluminum of Greece are studied.

Drying experiments were performed under isothermal con-

dition over a wide temperature range (50–250 �C) and 10

thin-layer models were employed for simulation of temporal

evolution of moisture removal. Three statistical error factors

were implemented in order to test models’ accuracy, and it

was found that Midilli et al.’s equation showed the best fit

(R2[ 0.99). Effective moisture diffusivity was estimated by

diffusion model based on the Fick’s second law and found to

vary from 0.3510 9 10-9 to 21.3951 9 10-9 m2 s-1 at a

drying temperature ranging from 50 to 250 �C, respectively.
The activation energy of red mud drying was found to have a

value of 28.133 kJ mol-1.
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Introduction

Bauxite residue or red mud is the solid waste residue

obtained after the digestion of bauxite ores with caustic

soda for alumina (Al2O3) production through the Bayer

process. On average, the Bayer process requires 2.65 kg of

bauxite ore to produce 1 kg of alumina, while the slurry

containing the remaining bauxite ore is removed from the

thickeners during the liquor clarification stage [1]. Due to

its ultra-fine granulometry, high alkalinity, and high pro-

duction rate (approx. 120 million tonnes annual), its dis-

posal constitutes a major problem in the aluminum

industry.

Aluminum of Greece is a vertical integrated alumina

refinery and aluminum smelter plant, where filter press

technology is applied to transform the slurry into a filter

cake with 25–28 % moisture. The cake, called ferroalu-

mina, is deposited temporarily in piles within the opera-

tion plant. Generally, bauxite residue either as slurry or as

a filter cake is usually deposited at the sea, in dams, in

natural and artificial ponds—as a lining to avoid disrup-

tion of aquifer—or in landfills. A strong interest in

bauxite residue valorization has led to the development of

new uses or applications of red mud: it is further pro-

cessed for the extraction of iron, titanium, vanadium,

chromium, aluminum, and rare earths [2] or it is used as a

component in mixtures for the development of cement

[3], mineral wool and fibers [4], ceramic foams [5], bricks

[6], and ceramics [7].

In most of the aforementioned valorization techniques,

production processes comprise a mixing and a heat treat-

ment stage. In order to enhance the filter cake workability,

and to render it suitable for direct exposure to temperatures

higher than 800 �C, its dewatering is inevitable, and thus, a

drying stage prior to any further processing step is required.
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Filter cake drying process constitutes an essential prelim-

inary processing stage with increased cost due to high

energy demands that arise from the significantly high initial

water content of the material. There is also one reason that

necessitates the study of red mud drying; usually, red mud

is temporarily arranged in piles in the plant and the initial

moisture present acts as a binder of the particles, thus

preventing dust generation and pneumatic transfer of the

materials at nearby environment. However, as the surface

moisture content decreases through evaporation process,

especially during the summer, dust generation becomes

inevitable. Water spraying is a common practice that is

practiced in many refineries to avoid dust dissemination. It

is thus important to study the drying process to determine

the critical moisture ratio, above which the red mud con-

sistency is attenuated, and dust formation and transfer to

surroundings is favored.

Drying constitutes a complicated process due to the

simultaneous heat and mass transfer and the effect of

materials’ physical properties. Modeling approach of dry-

ing process can provide detailed information concerning

the effect of basic drying parameters, including process and

material parameters on drying performance. The modeling

results will be useful in designing a new, or improving an

existing, drying equipment; reducing energy consumption;

and overall increasing the drying efficiency. Thin-layer

drying equations constitute an important tool in mathe-

matical modeling of various materials’ drying as they

describe the drying phenomena in a unified way, regardless

of the controlled mechanism, and they have found wide

applications due to their ease of use; their applications are

not only widespread in food and agricultural products, but

have also been used in other organic (lignite [8]) and

inorganic materials (plasters [9], minerals [10]) with sat-

isfactory results. In comparison with classical complex

distributed models (such as coupling coefficients and

phenomenological approaches), these mathematical models

require less data. Classical models take into account only

the internal resistance to moisture transfer within the

materials and calculate the heat and mass transfer equations

as a function of position in the materials and the time,

while the thin-layer models consider the external resistance

to moisture transfer between the product and air. Thin-layer

equations may be categorized to theoretical, semi-theoret-

ical, and empirical models. Theoretical models interpret the

sample drying phenomenon and can be used at all process

conditions. However, they include many assumptions and

may thus cause considerable errors. The most widely used

theoretical models are derived from the Fick’s second law

of diffusion and Newton’s law of cooling. Similarly, semi-

theoretical models are derived from the same laws or

modifications of their simplified forms. They are easier and

need fewer assumptions due to the usage of experimental

data. On the other hand, they are valid only within the

process conditions applied. The empirical models have also

similar characteristics with semi-theoretical models. They

strongly depend on the experimental conditions and give

limited information about the drying behaviors of the

product [11].

Effective moisture diffusivity (Deff) and activation

energy (Ea) constitute important drying process parameters.

Deff is related to the drying potential and is affected by both

material and process parameters, while Ea is the minimum

energy required for drying initialization. Most commonly,

these drying parameters are determined under isothermal

conditions by a two-step method: first, the Deff is deter-

mined from the drying curves using the Fick’s second law

and then the Ea and the pre-exponential factor are calcu-

lated through the correlation of Deff values in terms of

drying temperature by the Arrhenius-type equation.

In the current research study, for the first time in the

literature, a modeling approach for red mud filter cake

drying is presented and thin-layer drying equations are

implemented for this purpose. The kinetics of red mud

moisture removal are investigated through thermogravi-

metric analysis, and the obtained experimental drying

curves are compared with 10 thin-layer models’ predic-

tions, including theoretical, semi-theoretical, and empirical

ones, scoping to select the most accurate one. The model

parameter values are calculated in terms of drying tem-

perature ranging between 50 and 250 �C in order to

approach both artificial and natural drying conditions.

Furthermore, the effective diffusion coefficient is calcu-

lated, and the energy barrier of red mud drying is deter-

mined through the calculation of drying activation energy.

Materials and Methods

Greek Red Mud Characterization

The current study has been performed to filter cake samples

that were supplied by Aluminum of Greece; the samples

have been obtained directly from the filter presses with

initial moisture of 23 %w.t. After sampling, the wet sam-

ples were kept in airtight samplers to avoid moisture

removal until drying experiments were performed. Chem-

ical composition of the red mud sample was identified

using an Energy-Dispersive X-Ray Fluorescence instru-

ment Xepos (SPECTRO A.I. GmbH Company); red mud

mainly consists of iron and aluminum oxide and lower

amounts of calcium, titanium, silicon, and sodium oxide

(Table 1). Size distribution of the red mud grains sample

was measured on a Malvern Laser Particle Analyzer, and

was found to range between 0.1 and 100 lm, with D50

being 2.3 lm and D90 being 23.7 lm (Fig. 1).
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Mineralogical analysis was performed by X-Ray diffrac-

tion (XRD) on a SIEMENS D5000 diffractometer, and

phases of hematite (a-Fe2O3), diaspore (a-AlO(OH)), can-

crinite (Na6Ca2Al6Si6O24(CO3)2), katoite, gibbsite

(Al(OH)3), and boehmite (c-AlO(OH)) were identified

(Fig. 2).

Drying Experiments

Isothermal drying experiments were performed on a Labsys

TGApparatus underHe atmosphere (flowrate: 20 ml min-1,

velocity: 0.188 m s-1) and various temperatures 50, 75, 100,

150, 200, and 250 �C. This wide range of drying temperature

was chosen so as (1) to investigate the drying potential at

temperature above and below thewater boiling point, and (2)

to approach the drying process under natural and artificial

drying conditions. For each experiment, 80 mg of filter cake

mud was placed in a platinum cylindrical sampler of 3 mm

diameter, and the temporal evolution of sample weight was

recorded. All the drying experiments were conducted in

triplicate and the average values of the moisture content at

each value were used for drawing drying curves. Biblio-

graphic data ensure that when red mud is heated up to

250 �C, the observed weight loss is exclusively attributed to
moisture removal (physically or chemically absorbed) [12].

Moisture ratio (MR) during drying is expressed using

Eq. 1, where M, Me, and Mo denote actual, equilibrium,

and initial moisture content, respectively.

MR ¼ M �Me

M0 �Me

ð1Þ

Each drying experiment was completed when the mass

loss rate approaches zero and the weight loss was 23 % of

the initial samples weight. In that case, the equilibrium

moisture content equals 0 and thereby MR can be simpli-

fied to M/Mo. The drying rate of filter cake was calculated

using the following equation:

oMR

ot
¼ �MRn �MRn�1

tn � tn�1

ð2Þ

Thin-layer Modeling

Ten widely used thin-layer models were employed for

modeling filter cake drying curves under isothermal con-

ditions and various drying temperatures, and they are

presented in Table 2.

The models’ consistency was studied using the follow-

ing statistical tests: the coefficient of determination (R2,

Eq. 3), the F value (Eq. 4), and the reduced Chi-square (v2,
Eq. 5). Non-linear regression analysis was performed using

statistical software OriginPro 8.5.

Table 1 Chemical composition

of filter cake (red mud) sample
Oxide Content wt%

Fe2O3 43.37

Al2O3 25.22

CaO 9.08

TiO2 5.00

SiO2 5.08

Na2O 2.02

REO 0.14

L.O.I 10.09

Total 100
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Fig. 1 Particle size distribution of filter cake sample

Fig. 2 XRD pattern of red mud

sample
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R2 ¼

Pn

i¼1

MRpre;i �MRexp;i

� �2

Pn

i¼1

MRpre;i �MRpre;i

� �2

0

B
B
@

1

C
C
A ð3Þ

F ¼ MStreatment

MSerror
ð4Þ

v2 ¼

PN

i¼1

MRexp;i �MRpre;i

� �2

N � n
ð5Þ

In Eq. 4, MStreatment is the mean squares for treatment

and MSerror is the mean squares for error, which are both

formed by dividing the sum of squares by associated

degrees of freedom, respectively.

Effective Moisture Diffusivity and Activation

Energy

Information on the exact filter cake drying mechanism is

limited, and due to the complexity of the process, a lumped

value of diffusivity, called effective diffusivity, may be used

to investigate the process potential in terms of drying

temperature. Effective moisture diffusivity (Deff) describes

all possible mechanisms of mass transfer within materials,

such as liquid diffusion, vapor diffusion, surface diffusion,

and capillary flow, while its value is affected by various

parameters, namely material composition, moisture con-

tent, and morphology. In the current study, it was assumed

that the filter cake sample shape is cylindrical; although the

sample consists of spherical particles of 2.3 lm in mean

diameter (D50), due to their tiny size and slurry nature, the

sample occupied the entire crucible space forming a

cylinder. The samples retain their compact cylindrical

shape during and after the drying experiment, so it was

decided that for the calculation of effective diffusivity

values through the Fick’s second law, the geometrical

characteristics of the samples would be that of a cylinder

with diameter of 3 mm. Actually, the aforementioned

assumption can be safely made due to the fact that the high

initial water content and the fineness of the material lead to

Table 2 Bibliographic thin-

layer models applied to the

drying curves

Model No. Name Formula References

1 Wang and Sight MR = 1 ? a � t ? b � t2 [13]

2 Newton MR = exp (-k � t) [14]

3 Henderson and Pabis MR = a � exp (-k � t) [15]

4 Diffusion approach MR = a � exp (-k � t) ? (1 - a) � exp (-k � b � t) [16]

5 Logarithmic MR = a � exp (-k � t) ? c [17]

6 Verma MR = a � exp (-k � t) ? (1 - a) � exp (-g � t) [18]

7 Page MR = exp (-k � tn) [19]

8 Modified Page MR = exp (-(k � t)n) [20]

9 Midilli et al. MR = a � exp (-k(tn)) ? b � t [21]

10 Simplified Fick MR = a � exp (-c(t � L-2))) [22]

Fig. 3 Temporal evolution of

filter cake moisture ratio at

different drying temperatures
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the formation of compact agglomerates and it is realistic to

investigate the filter cake drying process in this form.

oM

ot
¼ 1

r

o

or
D � r � oM

or

� �

þ o

oz
D � r � oM

oz

� �� �

ð6Þ

MR ¼ M �Me

Mi �Me

¼
X1

n¼1

4

b2n
� �b2n � Deff

r2c
� t

� �

ð7Þ

MR ¼ M �Me

Mi �Me

¼ 4

b21
exp � b21 � Deff � t

r2c

� �

ð8Þ

According to the Fick’s second law for non-steady-state

diffusion, and assuming a cylindrical shape, the diffusion is

expressed by [23]

oM

ot
¼ 1

rc

o

or
Deff � rc �

oM

or

� �

þ o

oz
Deff � rc �

oM

oz

� �� �

ð9Þ

where rc is the cylinder diameter (m) and Deff is the dif-

fusion coefficient (m2 s-1). Under the assumption of uni-

form initial moisture content and constant effective

diffusivity throughout the sample, the analytical solution of

Eq. 9 is given by

MR ¼ M �Me

Mi �Me

¼
X1

n¼1

4

b2n
� �b2n � Deff

r2c
� t

� �

ð10Þ

where bn are the roots of Bessel function and t is time (s). For

long drying times, the first term of the series in Eq. 10 can be

considered; thus, the solution of the Fick’s equation becomes

MR ¼ M �Me

Mi �Me

¼ 4

b21
exp � b21 � Deff � t

r2c

� �

ð11Þ

where b1 = 2.4048.

This simplified solution can be written in logarithmic

form (Eq. 12), where B is the line slope that is related to

the effective diffusivity:

lnMR ¼ A� B� t ð12Þ

B ¼ b2i � Deff

r2c
ð13Þ

The effective diffusivity was calculated using Eq. (13),

using slopes derived from the linear regression of ln(MR)

against time. The impact of drying temperature on effective

diffusivity is generally described by Arrhenius-type

relationship.

Deff ¼ D0 exp � Ea

R � T

� �

ð14Þ

where D0 is the diffusivity constant equivalent to the dif-

fusivity value at infinitive temperature (also called pre-

exponential factor of Arrhenius equation) (m2 s-1), Ea is

the drying activation energy (kJ mol-1), R is the universal

gas constant (8.3143 J mol-1 K-1), and T is the absolute

temperature (K). Activation energy can be determined from

the slope of Arrhenius plot of ln(D) versus T-1, while the

intercept coincides with D0 value.

Fig. 4 Drying rates of filter

cake at different drying

temperatures
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Table 3 The applied thin-layer models constants and statistical parameters for the simulation of the filter cake moisture ratio evolution during

drying

Model Drying

temperature

Tdry (�C)

Models coefficients Statistic error

a b C g k L n R2 F-value v2(�103)

1 50 -4.39E-04 4.38E-08 0.988 30,576.40 1.30

75 -0.00152 5.25E-07 0.987 7860.09 1.44

100 -0.00368 3.31E-06 0.985 3128.17 1.65

150 -0.01061 2.67E-05 0.982 939.18 2.00

200 -0.01666 6.67E-05 0.977 429.05 3.24

250 -0.02085 1.00E-04 0.961 216.31 4.56

2 50 6.29E-04 0.926 9542.98 8.08

75 0.00219 0.923 2626.61 8.38

100 0.00519 0.937 445.70 6.93

150 0.0158 0.951 651.89 5.63

200 0.02381 0.934 294.44 9.17

250 0 03412 0.966 485.72 4.07

3 50 1.17091 7.28E-04 0.952 7416.60 5.26

75 1.14163 0.00248 0.941 1735.96 6.40

100 1.16787 0.00593 0.957 1072.51 4.73

150 1.13527 0.01756 0.963 442.34 4.19

200 1.13475 0.02634 0.945 179.59 7.59

250 1.07522 0.03615 0.968 263.19 3.77

4 50 1.17664 1.03E?06 7.32E-04 0.953 5017.70 5.19

75 1.15888 1.05E?06 0.00251 0.943 1189.95 6.24

100 126.36577 1.00872 0.01098 0.989 2714.19 1.27

150 226.41257 1.00497 0.03384 0.994 1905.89 0.66

200 263.13665 1.00498 0.05496 0.993 1029.60 0.91

250 221.32301 1.00498 0.07237 0.996 1567.62 0.43

5 50 1.46661 -0.38672 3.82E-04 0.989 21041.70 1.26

75 1.49744 -0.44726 0.00121 0.984 4312.29 1.75

100 1.2325S -0.1102 0 00459 0.974 1171.46 2.92

150 1.18183 -0.07147 0.01476 0.974 413.78 3.01

200 1.21794 -0.10874 0.02074 0.960 164.911 5.57

250 1.11066 -0.04651 0.03211 0.973 204.96 3.24

6 50 1.17668 2.74E ? 06 7.32E-04 0.953 5017.70 5.19

75 1.1588 4.63101 0.00251 0.943 1189.95 6.24

100 221.33306 0.01105 0.011 0.989 2714.25 1.27

150 224.47125 0.03401 003384 0.994 1905.89 0.66

200 260.72888 0.05523 0.05495 0.993 1029.60 0.91

250 219.16482 0.07273 0.07237 0.996 1567.62 0.43

7 50 5.07E-06 1 6421 0.994 62716.81 0.63

75 4.78E-05 0.05122 0.986 7271.15 1.56

100 1.01E-04 1.72242 0.995 9456.79 0.55

150 7.63E-04 1.69819 0.998 9100.68 0.21

200 6 73E-04 1.91132 0.999 7767.53 0.18

250 0 00358 1.63025 0.999 7250.41 0.14

8 50 5.95E-04 1.68616 0.994 64652.12 0.62

75 0.00206 1.66467 0.986 7414.58 1.53

100 0.0048 1.72242 0.995 9456.79 0.55

150 0.01459 1.69819 0.998 9100.68 0.21
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Results and Discussion

Experimental Drying Curves and Evaluation

of Drying Models

Drying curves (moisture ratio versus time) and drying rate

curves (drying rate versus time) are shown in Figs. 3 and 4,

respectively. As can be observed, the total drying time

reduces significantly as drying temperature increases. For

temperatures below the water boiling point, the drying

times are 1 h and 20 min for drying temperatures 50 and

75 �C, respectively; it is noteworthy that an increase of

drying temperature by only 25 �C results in the reduction

of drying time by 40 min. A further significant reduction of

drying time occurs when drying temperature exceeds the

water boiling point. In such cases (drying temperatures

150, 200, and 250 �C), drying time falls below 2.5 min. As

the drying temperature increases from 50 to 250 �C, the
maximum drying rate values increase, while the peaks are

observed sooner. Normally, the moisture migration

increases as the drying temperature increases. The

maximum moisture drying rates are observed at the initial

stage of drying process, namely the warm-up period, and

this is attributed to the increased moisture evaporation from

filter cake due to the increasing temperature in the begin-

ning of the process. The phenomenon is more intense when

the drying temperature exceeds the water boiling temper-

ature. It is important to note that the rising rate period lasts

much less than the entire drying process at all studied

drying temperatures, and this demonstrates that the thermal

lag at the beginning of the drying experiments can practi-

cally be assumed imperceptible. The second wide stage of

the drying process is the falling rate period. The heating

rate during the falling rate period was clearly lower in

comparison to the warm-up stage, when drying temperature

exceeds 100 �C. Since large amount of water was already

removed mainly from the sample surface, the vapor pres-

sure during the falling rate period is significantly smaller.

The absence of a distinct constant rate stage indicates that

the internal moisture diffusion process progressively

becomes the most important drying controlling factor [24].

On the other hand, when the drying temperature is up to

Table 3 continued

Model Drying

temperature

Tdry (�C)

Models coefficients Statistic error

a b C g k L n R2 F-value v2(�103)

200 0.0219 1.92413 0.999 7807.33 0.18

250 0 03159 1.63659 0.999 7263.31 0.14

9 50 0.9666 -1.22E205 3.76E206 1.6646 0.998 89494.71 0.22

75 0.93438 -4.71E205 1.67E205 1.74711 0.994 8755.27 0.65

100 0.95253 -7.85E206 4.14E205 1.87511 0.996 6513.10 0.40

150 0.914 -1.20E205 4.00E204 1.8387 0.998 4659.83 0.20

200 1.0004 -4.34E205 6.99E204 1.89937 0.999 3501.81 0.20

250 0.97924 9.39E206 0.00199 1.79357 0.993 395.11 1.77

10 50 1.17102 4.90E-05 0.25944 0.952 4929.59 5.28

75 1.14987 0.00857 1.85888 0.941 1145.25 6.47

100 1.16799 0.04968 2.89353 0.956 702.24 4.81

150 1.13547 2.75E-05 0.03956 0.961 280.85 4.40

200 1.13475 1.26239 6.92329 0.940 109.75 8.28

250 1.07522 1.45191 6.33781 0.965 159.51 4.14

The data of the most accurate model are made in bold

Table 4 Coefficients for the calculation of a,k,n,b constants of Eq. 15

a, k, n, b(50\Tdry\ 250�C) = a1T
5 ? a2T

4 ? a3T
3 ? a4T

2 ? a5T ? a6 R2 = 1.000

a1 a2 a3 a4 a5 a6

a -5.11366E-11 3.58516E-08 -9.40717E-06 1.15249E-03 -6.58326E-02 2.34481

b -3.14360E-14 2.44190E-11 -7.12358E-09 9.62709E-07 -5.93517E-05 1.29626E-03

n 0 0 -2E-05 2.17E-03 -0.11553 3.87037

k 1.11147E-13 -7.38123E-11 1.83374E-08 -2.07416E-06 1.07835E-04 -2.06820E-03
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100 �C, the curve is much more smooth while a wide

plateau is observed throughout the drying time. In these

cases, the sample experiences first a moisture removal from

their surface (outer layer), where vapor migration to the

environment is unobstructed. Once the majority of surface

moisture has been evaporated, the open capillaries allow

the escape of the inner layer water vapors. Moreover, the

water vapor pressure at such temperatures is too low to

allow its migration from the sample core to the outer sur-

face, especially when the outer surface capillaries are still

blocked with water.

Ten bibliographic thin-layer models were employed to

describe the filter cake drying kinetics, while the models’

consistency was tested through four statistical error factors.

Models’ coefficients and statistical test results are depicted

in Table 3. The criterion for selection of the best model

describing the drying kinetics was the model with higher

R2 and F value, and the lowest v2 average values. In case of
Midilli et al.’s model, mean values of R2, F value, and v2

were found to be 0.996, 18886.64, and 0.00057, respec-

tively. Midilli et al.’s model constitutes the most accurate

one for the simulation of moisture removal through

isothermal heating of filter cake in the temperature range of

50–250 �C.
The temporal evolution of moisture content of filter cake

can be accurately simulated using Eq. 15, while the equa-

tion coefficient values (a, b, n, k) in terms of drying tem-

perature (between 50 and 250 �C) can be calculated using

the equation that is depicted in Table 4:

MRða; k; n; bÞ ¼ a � expð�k � tnÞ þ b � t ð15Þ

In order to validate the established model, the experi-

mental moisture ratio values were compared with the pre-

dicted values that were derived by the application of Eq. 15

and the results are illustrated in Fig. 5. The values are

distributed around the 45� oblique line, indicating that the

Midilli et al.’s model is suitable for simulating the filter

cake drying kinetics throughout the entire moisture ratio

and the studied drying temperatures.

Apparent Diffusion Coefficient and Activation

Energy

The calculated values of effective diffusivity in terms of

drying temperature are presented in Table 5. All trend

lines, regression values (R2) exceeded 0.9. Effective dif-

fusivities of filter cake drying range between

0.3510 9 10-9 and 21.3951 9 10-9 (m2 s-1) in the tem-

perature range of 50–250 �C. The increased values of Deff

when drying temperature exceeds 100 �C directly affect

the process potential. Normally, when sample temperature

exceeds the water boiling point, vapor pressure increases

significantly resulting in an increase in the mass transport

Fig. 5 Predicted MR by Midilli et al.’s model versus experimental

MR at all drying temperatures studied and throughout the entire MR

range

Table 5 Effective diffusivity values of filter cake throughout the

studied drying temperature range

Drying temperature Tdry (�C) Effective diffusivity

Deff 9109 (m2 s-1)

50 0.3510

75 1.2448

100 2.4896

150 7.8967

200 13.5762

250 21.3951

Fig. 6 Arrhenius plot relationship of Deff and drying temperature

J. Sustain. Metall. (2016) 2:344–352 351

123



rate. It has to be noted that the increase of drying tem-

perature from 50 to 150 �C results in a significant increase

in Deff value (from 0.3510 to 7.8967 9 10-9 m2 s-1).

According to Arrhenius plot (Fig. 6), the Ea and D0 were

found to have values of 28.133 kJ mol-1 and

1.7782 9 10-5 m2 s-1, respectively.

Conclusions

In the current study, the drying behavior of bauxite residue

obtained from the filter presses of Aluminum of Greece

S.A. was investigated. Modeling of drying kinetics was

performed through thin-layer model; Midilli et al.’s model

can adequately describe filter cake drying under isothermal

conditions and drying temperatures ranging between 50

and 250 �C. The proposed equation enables the simulation

of the temporal evolution of red mud filter cake moisture

content under isothermal drying throughout the studied

temperature range with considerable accuracy. The diffu-

sion coefficient ranges between 0.3510 9 10-9 and

21.3951 9 10-9 m2 s-1 over a wide temperature range of

50–250 �C. The activation energy for moisture diffusion

was found to be 28.133 kJ mol-1. The drying parameters

that were calculated here will be used on an ongoing

research study which focuses on macroscopic modeling of

red mud filter cake pile drying under physical conditions,

where among others, meteorological data will be taken into

consideration.
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