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 ARTICLE INFO   ABSTRACT 
 

 

This work is devoted to the experimental study and effects of the drying kinetics of stabilized earth 
bricks based on sugar cane molasses. Drying experiments were carried out in the laboratory under 
different temperature conditions, with briquettes with molasses percentages varying from 0%, 5%, 10% 
and 20%. Experimental curves of reduced mass losses as a function of time and fixed temperatures are 
studied in order to determine drying kinetics and linear shrinkage problems. These drying kinetics 
curves are approximated by four other mathematical models (Avrami, Khazaei, Peleg) and the diffusion 
model. The statistical analysis of the results of this modelling led to the conclusion that the Khazaei 
model best approaches the experimental curves. Similarly, for molasses rates ranging from 15 to 20%, 
drying shrinkage increases, as a result of the supposed chemical reactions, and occurs between molasses 
and clay, in view of its mineralogical composition. In short, we note that briquettes stabilized at 20% 
molasses and dried at 150°C have several microcracks, thus causing a problem of early damage to them. 
Thus, sustained attention should be paid to stabilizing the bricks at 10% molasses. 
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INTRODUCTION 
 
Since ancient times, earthen housing has always been the 
most rational means of providing access to decent housing 
that can affect all segments of society. Easily available, the 
earth material is processed according to different technologies 
according to its physicochemical characteristics. However, 
many earthen buildings, particularly those built with raw 
earth materials, without any prior treatment, are subject to 
sustainability problems, especially in tropical climate zones 
where rainfall is very regular. However, with the housing 
deficit observed in developing countries (DCs) and 
particularly in Africa, the solution can be found in the soil 
material (UN-Habitat, 2008). Savings can therefore be made 
to also take into account the problems of high poverty in these 
countries, by making choices of new building materials 
whose thermal behaviour, for example, is acceptable or 
tolerable (Meukam, 2004). In Congo, according to 
preconceived ideas, it appears that brick lands have 
commendable geotechnical performance (Elenga et al., 2018).  
 
 
*Corresponding author: Narcisse Malanda, 
National Higher Polytechnic School. 

 
But, unlike concrete, earth material is used in civil 
construction for the manufacture of bricks used as building 
envelopes, and then for the construction of embankments 
under concrete paving or for the various layers of road 
pavements for road works, provided that it has the desired 
technical performance. (Myriam, 1994). In this study, we are 
interested in stabilized land bricks. Certainly, the earth 
material has many advantages; ecological, thermal and even 
economic. This stabilization can be done mechanically, 
physically, chemically or thermally... Of course, whatever the 
means used for this stabilization operation, the brick must 
absolutely be dried at room temperature or in the oven in 
order to better optimize its efficiency and exploitation. 
However, drying in the case of our study consists in 
completely eliminating the water contained in the brick 
considered wet from the point of view of its hydration. Thus, 
in the context of this work, the technical performance of 
bricks stabilized with molasses depends essentially on the 
variables characterizing the drying kinetics, such as reduced 
mass, shrinkage, temperature, air humidity, water absorption 
capacity, drying speed, etc., all this, by limiting any loss of 
quality of the said material and thus the bricks manufactured 
(Keita, 2014; Ngoulou, 2019).  
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 However, given the complexity of mass and heat transfer 
mechanisms, knowledge of the basic data, in this case kinetic 
curves, is necessary. Indeed, the work of Malanda et al (2017) 
has shown the interest of using molasses considered as a 
sugar cane residue to stabilize clay bricks in order to increase 
their mechanical resistance (Malanda et al., 2017). However, 
the complexity of the physical phenomena involved in the 
drying process of the said bricks has not been studied, hence 
the use of this experiment. This means that the issue of 
hydration and drying remains at the heart of this study. Here, 
the first objective is to reproduce the evolution of the reduced 
mass loss of a sample of stabilized earth bricks as a function 
of time and in relation to the set temperature. Thus, the 
variation in the kinetics of mass loss corresponds to the 
evolution of the water flow at the surface, which is at the 
origin of the temperature evolution.  
 
Then, the second is the effect that this kinetics produces as a 
function of temperature variation. Similarly, the increase in 
temperature with little influence on hydration kinetics but it 
promotes the rapid evaporation of water from the surface, and 
if the phenomenon is not controlled, this can lead to early 
damage to the bricks. However, during the drying phase, the 
evacuation of the shaping water inevitably introduces a 
variation in the dimensions of the parts (shrinkage). So, if this 
shrinkage is not homogeneous throughout the mass of the 
part, it results in deformations or even cracks that can 
substantially exceed a certain threshold, making the products 
(bricks) unsuitable or non-conforming for its use (Itaya, 2018; 
Aregbaet al., 1990). In this work, drying is a decisive factor 
in the manufacture of these stabilized earth bricks, given the 
associated economic and energy expenditure and even, from a 
technical point of view, the negative impact on the final 
properties of the material (cracks, heterogeneity of 
resistances, residual moisture, etc.) that this can have (Wyss, 
2005). In sub-Saharan Africa, energy consumption in 
buildings is in the order of 50 to 70%. However, the 
prediction of a building's energy performance is linked to the 
final properties of the materials used (Fezzioui, 2012). 
 
For this reason, it is therefore important to set up a predictive 
model of this type of drying experiment. Thus, several 
theories and models have been developed to account for 
drying kinetics and to understand the physical laws that 
control transfers. These theories include the drying 
characteristic curve and empirical or numerical models 
(Mariem, 2017). Philip and De Vries (1957) are among the 
first authors to describe water transfers in porous media and 
especially in soils (Philip, 1957). They described moisture 
transfers in liquid and vapour form by highlighting diffusion 
phenomena generalizing the Darcy's law or Fick's law, from 
the point of view of macroscopic modelling. They highlighted 
a diffusion coefficient (non-linear or non-linear) in the 
analysis of the phenomena. Thus, for the liquid phase, the 
transport coefficient is related to permeability and the 
capillary pressure curve. For the gas phase, they consider a 
purely diffusive movement of water vapour from the gradient 
of its density (Keita, 2014; Ngoulou et al., 2019; Samri, 2008; 
Nguyen, 2018). Similarly, Moyne (1982) is one of the first to 
take into account the Darcean movement of the gas mixture, 
which consists of dry air and water vapour (Moyne, 1982; 
Moyne, 1991). However, several researchers have proposed 
models for representing the results of drying kinetics in 
different experiments.  

These results make it possible to draw the drying 
characteristic curves and linear shrinkages generated by 
thermo mechanical phenomena. Thus, the main objective of 
our work is twofold: on the one hand, it is to valorize local 
materials, in this case clay, and on the other hand, to 
determine the characteristic drying curves of molasses-
stabilized bricks and the shrinkage curves in order to 
highlight, not only the optimization of the drying of the said 
bricks but also the impacts of drying the material subjected to 
different drying phases and different temperatures. Such a 
study is essential for understanding the thermo mechanical 
phenomena of the said bricks during the drying phases in 
order to better exploit them and limit the risks of cracking or 
linear shrinkage of the said bricks. 
 

MATERIALS AND METHODS 
 
Study area: It is located in the city of Nkayi, in the 
department of Bouenza, in southwestern Congo-Brazzaville, 
about 250 km from the capital.Its location is: 4°9'56" S 
longitude and 13°17'34" - E latitude. 

 
Climate: Studies by researchers Samba and Nganga (2011) 
have shown that long climate data series subdivide Congo-
Brazzaville into two climate types: equatorial climate in the 
north and humid tropical climate in the south. The area of 
Nkayi city belongs to the humid tropical climate. This climate 
is under the predominant influence of low intertropical 
pressures from October to May and high subtropical southern 
pressures from June to September. Cloud cover is all the more 
important and almost permanent as the activity of the inter-
tropical convergence zone (ITCZ) is reversed. It directly 
influences sunstroke and solar radiation. It is also 
characterized by an alternation of two seasons: a rainy and 
warm season that extends from November to April with very 
heavy rainfall and a dry and cool season from June to 
September during which the water balance is probably in 
deficit. October and May provide a transition period for the 
entry and exit of the dry season (Samba et Nganga, 2011; 
IPCC, 2007). 

 
Materials and equipment used: Two materials were used to 
carry out this study: sugar cane molasses from the agro-
industrial company Saris Congo and soil material from the 
city of N'Kayi. Soil samples (clay) were taken at a depth of -
30 cm from the natural ground level. This earth material used 
for the manufacture of all series of specimens (stabilized 
bricks) is identical to that used in the study on mechanical 
resistances of the same bricks. This material used is clay (fine 
soils of class A1) according to the GTR classification (Guide 
de Terrassement Routier) (Malanda et al, 2017; Standards NF 
P94-056, 1996 and NF P94-07, 1992), (figures 1, 2, 3, 4 and 
5). In the literature, there are some data on the composition of 
sugar cane molasses (Table 1). Its density is about 1390 kg/m3 
(Malanda et al, 2017; Seid et al, 2016). 
 

Origin Pro 8 software for modelling: In this composition, we 
can understand that the following data: MS means % of dry 
matter, i. e. the other contents are given as % of dry matter. 
For example, for 73 g of dry matter, the total sugar content 
will be 64% of the MS, or 46.72 g. The whole: mineral 
substances, nitrogenous substances, total sugars = 10.22 g + 
4.38 g + 46.72 g = 61.32 g < 73 g. Similarly, calcium, 
phosphorus, potassium are given in g per kg of MS. 
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Figure 1. Preparation of soil samples (7) 
 

 
 

Figure 2. Sugar cane molasses storagedrum (SARIS Congo) (7) 
 

 
 

Figure 3. Memmertoven (001/GM/P/15 oven) 
 

 
 

Figure 4. Precision balance brand KERN 440-47 

 
 

Figure 5. STAINLESS HARBENED brand calliper 
 

Table 1. Chemical composition of sugar cane 
molasses (Malanda et al., 2017; Seid, 2016) 

 
Components of the system Quantity 

Dry matter% 73 
Mineralmaterials (%MS) 14 
Total nitrogenousmaterials (%MS) 6 
Total sugars (%MS) 64 
Calcium (g/KgMS) 7.4 
Phosphore (g/KgMS) 0.7 
Potassium (g/KgMS) 40 

 

 
 

Figure 6. The Mortar Mixer 
 

 
 

Figure 7. Briquettes onmoulds 
 

Method of making stabilized earth bricks and drying: After 
having been in the oven at 105°C, the soil samples (soil 
material) are cooled and weighed. However, since the 
samples were very clayey and therefore sensitive to water, the 
manufacture of the briquettes required the addition of a 
quantity of water related to that obtained during the Proctor 
test, i.e. OPM + 10.3% for these clayey soils (Malanda et al., 

2017).  

10382               Asian Journal of Science and Technology, Vol. 10, Issue, 10, pp.10380-10391, October, 2019 
 



This addition of water facilitates the dilution of molasses in 
water beforehand in order to make the soil mixture more 
molasses much more homogeneous, this in relation to its 
densification. Also, this operation is facilitated by the fact that 
molasses is soluble in water. The homogeneity of the mixture 
is decisive for the quality of the briquette. The dynamic 
compaction of the sample for the realization of the specimens 
is done manually and then on a standardized impact table in 
two layers and 60 strokes per layer. Once the demoulding is 
done, the last step of the manufacture of our briquettes and 
drying comes. The bricks were made by compaction with the 
mould used to make the bricks at percentages varying from 
5%, 10%, 15% and 20% molasses, and previously mixed with 
the mortar mixer for 5 to 10 minutes. The briquettes are 
16*4*4*4 cm3 in size, manufactured in groups of three in the 
moulds (Figure 6 and 7). The drying experiment was carried 
out isothermally in the oven with different drying 
temperatures: 100°C ; 120°C ; 150°C (figures 6 and 7). The 
drying is preceded by three (03) days of curing to avoid a 
rapid departure of water that would cause early shrinkage 
cracks. 

 
Drying kinetics: The drying study was carried out using 
measurements of the variation of the reduced mass of 
briquettes over time. To this end, measurements were taken 
every eight (08) hours on the briquettes. When monitoring the 
drying process, we obtain a first curve giving the mass as a 
function of time. M = f(t). In order to be able to compare the 
samples with each other, the mass percentage of loss is used: 

 

%losses =
∆�

��
× 100 =

����(�)

��
× 100  (1) 

 
WithM0: initial mass of the sample (in g) and M(t) : mass of 
the sample at t time (in g). 

 
Withdrawal measure: During drying, there is a contraction of 
dimensions (length, width and height) and mass due to 
evaporation of water and reduction of some pores. The 
shrinkage was measured every eight (08) hours during the 
drying of the briquettes using the caliper. Let D0 be a 
dimension of the briquette before drying and Dt the dimension 
after a drying time t. The linear shrinkage of drying at time t 
is given by the relationship: 
 

 , (mm/m)   (2) 

 
 
Mathematical modelling (Chen, 1989): In order to 
investigate the mathematical application that can best 
simulate the experimental curves of drying kinetics, four 
models (Avrami, Peleg, Khazaei and the Diffusion model) 
were used; the aim is to understand the behaviour of the 
parameters that characterize water transfer problems based on 
a statistical analysis of the modelling results. The modeling of 
the drying kinetics allows its optimization and the 
complementing of experimental data that are difficult to 
measure, and allows to observe the impact of modifications of 
the operating parameters (duration, temperature) without the 
need for new experiments. It has multiple interests in the 
characterization of physical quantities derived from models 
leading to the simulation of experimental curves.  

The coefficients of the different models were adjusted with 
Origin Pro 8 software. On the other hand, the mass variation 
over time curve (drying kinetics curve) is determined from the 
reduced mass. It is given by the following formula: 
 

Mr =
(�����)

(�����)
  (3) 

 
With: 
 

 m� : Initial mass of the sample ; 

 m� : Mass of the sample at the end of drying; 

 m� : Mass of the sample at a drying time; 
 (m� − m�) : Mass of water to be evaporated at a drying 

t time. 
 (m� − m�) : Mass of water to be evaporated (Nebhani, 

2007). 

 
Avrami model or model (KJMA) 
 
The mathematical expression of this model is as follows: 
 
M� = exp (−kt�) 
 (4) 
 
Where the constant n is an integer or half integer whose value 
depends on the nucleation mode of the new phase. The 
coefficient k depends on the germination mode. This model is 
used to simulate some phase transformation problems 
(Nebhani, 2007; Avrami, 1940). 
 
Peleg Model: This Peleg model has as its mathematical 
expression:  
 

M� = 1 −
�

����
 

 
 (5) 
 
Where  is a parameter that represents the inverse of the 
drying rate, given by the formula: 
 

a�� = − �
���

��
� à� = 0, (Taallah; 2014; Peleg, 19887). 

 
Khazaei Model: This model of Khazaei has for mathematical 
expression: 
 

M� = (1 − a) + a. exp �−��
�� ��

�

− bt (6) 

 
Where a is a parameter that represents the inverse of the 
drying rate and is approximately given by the formula 

�1 − ��(t)�
���

. kis a time parameter, it represents the time 
after which 63.2% water of the material is evaporated and b 
the drying rate close to equilibrium (Taallah, 2014; Khazaei, 
2017). 

 
Diffusion Model: This diffusion model has as its 
mathematical expression: 
 
M� = a. exp(−kt) + (1 − a)exp (−bkt), (29; 30) 
 (7) 
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Where k is a parameter proportional to the diffusion 
coefficient (Table 2). The modeling starts with the 
initialization of the parameters of each model. This 
initialization is done by an approximate calculation of the 
parameters according to the equation of the model used.  The 
parameters of different models are then adjusted using Origin 
Pro 8 software. If the initialized parameters are far from the 
software adjustment parameters, the modelled curve deviates 
from the experimental curve and vice versa. t is considered as 
the time step. The different models are compared according to 
their determination coefficient (r²), the chi-square statistical 
parameter (x²) and the Akaike Information Criterion 
(AIC).The determination coefficient is a measure of the 
quality of the prediction of a linear regression.   
 

It is defined by:�� =
∑ (������)�

���

∑ (�
��� ������)

 (8) 

 
Where n is the number of measurements, yi the value of the 
measurement ��, ���the corresponding predicted value and ��� 
the average of the measurements. The reduced chi-square 
statistical parameters (x²) is used to improve the smoothing 
accuracy. It is defined 
 

by:�� =
∑ (������,��������,�)��

���

���
 (9) 

 
With: - ������,�: is the ith experimental equilibrium water 

content;  
 
- ������,� : The ith equilibrium water content 

predicted by each model;  
-  
- � : is the number of experimental points and df is the 
degree of freedom of regression of the model such that�� =
� − �where�refers to the number of constants of each model. 
 
The Akaike Information Criterion (AIC) is defined by:  
 
��� = −2 log(�) + 2�   (10) 
 
where L is the maximized likelihood and k is the number of 
parameters in the model. In fact, a model better simulates a 
drying kinetics curve when its determination coefficient (r²) is 
close to the unit (1), its chi-square (x²) is very close to zero 
(0) and its AIC very low. 
 

RESULTS AND DISCUSSION 
 
Interpretation and analysis 
 
Drying kinetics 
 
The following figures show this evolution of the reduced 
mass at different drying temperatures of 100°, 120° and 
150°C in the oven (figures 8, 9 and 10).These curves make it 
possible to define the times at the end of which the briquettes 
will be dry according to the drying conditions. The curves 
corresponding to the drying of the briquettes show a time 
division into three stages during which the kinetics of the 
phenomenon varies. After the 3-day cure at room 
temperature, the drying process follows with the use of the 
oven where the drying speed is quite high because the water 
content of the briquettes is still high during this period.  

The second stage lasts about eight to 16 hours. This step 
corresponds to a significant water loss in the briquettes, with 
a very high evaporation rate. This is due to the change in 
drying conditions as the briquettes are being studied. Another 
step is to slow down the drying speed. Because, as the surface 
water of the briquettes is evaporated, it then comes from the 
core of the briquettes and takes longer to reach the surface. 
The third step corresponds to the drying period at a constant 
rate and the last one to a state of hydric equilibrium of the 
briquettes. The drying of the samples can be considered 
complete after 104 hours at 150°C, 112 hours at 120°C and 
144 hours at 100°C, after which the briquettes are considered 
dry. The results show that the loss of mass is high when the 
drying temperature increases. This loss of relative mass is 
inversely proportional to the molasses content. 
 
Linear drying shrinkage: The water required to mould the 
briquettes causes a shrinkage by desiccation during the drying 
of the material. Evaporation of water causes suction between 
soil particles and causes linear and volumetric shrinkage of 
the soil material. The following figures show the evolution of 
shrinkage as a function of time for oven drying at 100°C, 
120°C, 150°C (figures 11, 12 and 13). From these figures, we 
can see that the rate of shrinkage is much higher during the 
first 48 hours of drying. It also shows that the addition of 
molasses at 10% reduces the linear drying shrinkage while at 
more than 15%, the linear drying shrinkage increases. 
Shrinkage is observed when the briquettes are dry. For 
briquettes with 20% molasses, the specimens dried at 150°C 
showed several microcracks. Drying induces by differential 
deformation of drying shrinkage between the core and the 
surface of the briquette a microcrack on the surface. The 
increase in shrinkage in briquettes stabilized with 15 and 20% 
molasses is a definite consequence of the chemical 
transformations that occur inside these briquettes. However, 
since the chemical components of molasses do not control all 
the contours of the reaction of the chemical components of 
molasses with those of the soil, the details of this 
phenomenon are not taken into account in this book. There is 
therefore an optimal amount of molasses beyond which there 
is an increase in shrinkage. Figures 14, 15 and 16 show the 
evolution of shrinkage as a function of time for oven drying at 
120°C. From these figures, it appears that the addition of 
molasses increases the linear drying shrinkage. Linear 
shrinkage is higher for briquettes stabilized with 20% 
molasses. At this temperature. However, none of the bricks 
studied showed cracks. The shrinkages observed when the 
briquettes are dry are: At 100°C, shrinkage is greater for 
unstabilized briquettes depending on width and height. 
Depending on the length, briquettes stabilized at more than 
15% have a higher shrinkage. The shrinkage observed when 
the briquettes are dry. The kinetics of the drying shrinkage is 
related to that of the water flow and depends on the drying 
conditions. It is possible to link the increase in drying 
shrinkage to the loss of mass of the briquettes. Due to 
planning constraints, drying campaigns at low temperatures 
could not be carried out (Figures 17, 18 and 19). 

 
Analysis of experimental curves and numerical models: In 
this analysis, the comparison is made according to the 
temperatures that are set (100°C, 120°C and 150°C) and 
according to the proportions or percentage of molasses. The 
mathematical models considered are those of Avrami, Peleg, 
Khazaei and the diffusion model.  
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Fig. 8. Evolution of the reduced mass of bricks dried at 100°C 

according to the molasses content 
 

Fig. 9 :Evolution of the reduced mass of bricks dried at 120°C 
according to the molasses content 

 
 

 
Figure. 10. Evolution of the reduced mass of the dried bricks at 150°C 

according to the molasses conten 

 
Figure 11: Linear shrinkage according to the length of the 

briquettes as a function of time (150°C) 
 

  
 

Figure 12 : Linear shrinkage according to the width of the briquettes 
as a function of time (150°C) 

 
Figure 13 :Linear shrinkage according to the height of the 

briquettes as a function of time (150°C) 
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Figure 14. Linear shrinkage according to the length of the 

briquettes as a function of time (120°C) 
 

 
Figure 15. Linear shrinkage according to the width of the 
briquettes as a function of time (120°C) 

 

 

 
 
 

Figure 16. Linear shrinkage according to the height of the 
briquettes as a function of time (120°C) 

 

 
 
Figure 17. Linear shrinkage according to the length of the 
briquettes as a function of time (100°C) 
 

  

 
 

Figure 18. Linear shrinkage according to the width of the 
briquettes as a function of time (100°C) 

 
 

Figure 19. Linear shrinkage according to the height of the 
briquettes as a function of time (100°C) 
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Dryingat 100°C  

 
Figure 20. Modeling the reduced mass of unstabilized 

bricks dried at 100°C. 
Figure 21. Modeling the reduced mass of stabilized 

bricks with 5% molasses dried at 100°C. 

 

 
Figure 22. Modeling of the reduced mass of stabilized 

bricks with 10% molasses dried at 100°C. 
Figure 23. Modeling of the reduced mass of stabilized 

bricks with 15% molasses dried at 100°C. 

 

 
Figure 24. Modeling the reduced mass of stabilized bricks with 20% molasses dried at 100°C 

 
Dryingat 120°C 

 
 

Figure 25. Modeling of the reduced mass of unstabilized 
bricks dried at 120°C 

Figure 26. Modeling of the reduced mass of stabilized 
bricks with 5% molasses dried at 120°C. 
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Figure 27. Modeling of the reduced mass of stabilized 
bricks with 10% molasses dried at 120°C. 

Figure 28. Modeling of the reduced mass of stabilized 
bricks with 15% molasses dried at 120°C. 

 

 
 

Figure 29. Modeling of the reduced mass of stabilized bricks with 20% molasses dried at 120°C. 
 
Dryingat 150°C 

 
Figure 30. Modeling of the reduced mass of unstabilized 

bricks dried at 150°C. 
Figure 31. Modeling of the reduced mass of stabilized 

bricks with 5% molasses dried at 150°C. 
 

 
Figure 32. Modeling of the reduced mass of stabilized 

bricks with 20% molasses dried at 150°C. 
Figure 33. Modeling of the reduced mass of stabilized 

bricks with 10% molasses dried at 150°C. 
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Figure 34. Modeling of the reduced mass of stabilized bricks 

with 15% molasses dried at 150°C 
 
The mathematical model with the highest value of R² and a 
low chi-square (X²) best approximates the drying curves. 

 
 For drying at 100°C (figures 20, 21, 22, 22, 23 and 

24), the Khazaei model approaches the drying curves 
at 0% molasses. However, at 5% molasses, these are 
the Avrami and Khazaei models. At 10%, 15% and 
20% molasses, these are the Khazaei and Avrami 
models respectively. 

 For drying at 120°C (figures 25, 26, 27, 27, 28 and 
29), the Khazaei model is for the percentages of 0%, 
5%, 10% and 15%. The Diffusion model is close to 
20% molasses. 

 For drying at 150°C (Figures 30, 31, 32, 32, 33 and 
34), except for the approximation to 0% molasses for 
the diffusion model, the Khazaei model better 
simulates the drying curves at 5%, 10%, 15% and 
20%. All in all, the Khazaei model is the one that can 
be used as a benchmark in the simulation and analysis 
of the thermo mechanical behaviour of stabilized 
bricks based on sugar cane molasses (Annex 1, Annex 
2). 

 

DISCUSSION 
 

Several experimental studies have been carried out in the 
drying of solid-liquid materials. Numerical models were also 
used to simulate the master curves of drying kinetics, thus 
characterizing the thermo mechanical parameters of the 
materials (Keita, 2014; Itaya, 2018; Aregba, 1990; Wyss, 
2005; Philip, 1957; Samri, 2008; Nguyen, 2018; Moyne, 
1982; Moyne, 1991; Chen, 1989; Nebhani, 2007; Taallah, 
2014; Elenga et al., 2011; Elenga et al., 2013). These various 
studies not only laid the foundations for the drying kinetics of 
solid-liquid materials, but also made it possible to highlight 
different transfer methods corresponding to different research 
projects. These models are sometimes associated with Darcy's 
or Fick's laws, depending on the case (Chen, 1989). This 
study, on the drying kinetics of molasses-based stabilized 
earth bricks, integrates this diffusion water transfer process. 
In this regard, Aregba et al (1990) showed that under certain 
conditions (preponderance of the diffusive flow of steam over 
the convective flow, negligible effect of gravity on the 
transport of liquid water), a Fick type law can be applied to 
describe drying kinetics. This formalism requires an apparent 
diffusion coefficient that depends on the water content in 
order to take into account all transport phenomena (Ngoulou 
et al., 2019; Aregba, 1990; Samri, 2008; Chen, 1989; Bazant, 
1971).   

In other words, water is assumed to migrate under the effect 
of a gradient in moisture content or concentration. On the 
other hand, Babbit (1950) suggests that the use of the 
moisture gradient as a driving force is only valid if it is a 
random movement characterizing the molecules involved in 
the diffusion process (Chemkhi, 2008; Babbit, 1950). On the 
other hand, drying kinetics highlights the existence of liquid 
water films flowing on the surface of the solid, which 
promote and contribute significantly to the transport of water 
during the deceleration phases. In our case, the higher the 
percentage of molasses in the material, the lower the loss of 
mass during drying. This is contrary to the results found with 
cement-stabilized blocks. Indeed, for these cement 
agglomerates, the faster the water/cement ratio is, the faster 
the drying kinetics (Baroghel-Bounyet al., 1999). In addition, 
the results obtained for the drying shrinkage show that above 
15% molasses, the effect would be negative on briquettes 
dried at 150°C.  
 
The shrinkage is in the order of 12 to 22 mm/m. The 
withdrawal is quite significant for a proportion of 20% of 
stabilizer. This could cause stress during drying and cause 
cracks. On the other hand, briquettes stabilized at 10% 
molasses have shrinkages of less than 8 mm/m. The 
components of molasses negatively influence shrinkage when 
they are present in large proportions. And according to 
Guillaud et al, (1995), the stabilization of most cement-based 
soils is satisfactory if the cement dosage is between 6 and 
12%. This stabilization reduces dimensional variations (less 
shrinkage during drying and swelling during humidification. 
On the other hand, the organic matter content of the soil must 
be less than 2% in order not to slow down the setting of 
cement. But the effect is the modification of the dry density. 
The shrinkage cracks found are not foreign to the drying 
mechanism. The formation of shrinkage cracks is also 
observed on cement-stabilized bricks when the surface dries 
out too quickly (Guillaud, 1995). These results are similar to 
those obtained by Ngoulou et al (2019) in soil stabilization 
using cassava flour gel and amylopectin. Indeed, for a 
stabilizer content of 20%, we deduce that the parameter k 
(time function) of the Khazaei model is in correlation with the 
drying time (Ngoulou, 2019). In short, the experimental 
curves presented in reduced masses as a function of molasses 
and temperature contents are better approximated by 
Khazaei's mathematical model in view of the statistical results 
obtained, compared to the Avrami, Peleg and Diffusion 
models (Nebhani, 2007; Taallah, 2014; Samuel et al., 2017). 
 

 
Conclusion  
 
In this work, we determined the characteristic curves of the 
drying kinetics of molasses-stabilized earth bricks by varying 
the temperatures at 100°C, 120°C and 150°C.The purpose of 
this work was to study the drying kinetics of molasses-based 
stabilized earth bricks, to analyze the effect of molasses 
content on drying shrinkage, in other words, the correlation 
between the percentage of stabilizer added, the drying 
temperature and thermo mechanical parameters. With regard 
to the reduced mass loss, the results show that it is 
proportional to the drying temperature and inversely 
proportional to the molasses content. This contributes to the 
improvement of knowledge in the field of drying stabilized 
bricks.  
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Then, several test campaigns were carried out on briquettes 
stabilized at 5%, 10%, 15% and 20% molasses and on 
unstabilized briquettes.  The drying was done in an oven with 
temperatures of 100°C, 120°C and 150°C after three days of 
curing at room temperature. The results obtained on drying 
generally show that the loss of mass is inversely proportional 
to the molasses content. 
 
In the dry state, the loss of mass is 
 
 At 100°C, by 22.62% for unstabilized briquettes and 

20.96%, 20.83%, 18.70% and 16.66% for stabilized 
briquettes respectively at 5%, 10%, 15% and 20%. 

 At 120°C, 21.96% for unstabilized briquettes and 
21.32%, 20.16%, 20.16%, 19.17% and 17.69% for 
stabilized briquettes respectively at 5%, 10%, 15% and 
20%. 

 At 150°C, 23.25% for unstabilized briquettes and 
24.95%, 22.18%, 21.50% and 20.86% for stabilized 
briquettes respectively at 5%, 10%, 15% and 20%. 

 
However, the drying study shows that briquettes dry after 144 
hours at 100°C, 112 hours at 120°C and 104 hours at 150°C. 
With regard to drying shrinkage, the results obtained show 
that up to 10% molasses shrinkage is lower than that observed 
on unstabilized briquettes. On the other hand, when the 
molasses rate is increased, i.e. 15% and 20%, the drying 
shrinkage increases. This increase in shrinkage when at least 
15% molasses is added is due to the supposed chemical 
transformations that occur between molasses, which is very 
rich in sugar and clay. Also, briquettes stabilized with 20% 
molasses and dried at 150°C have several microcracks.The 
Khazaei model that showed the best agreement with the 
experimental data is correlated with the experimental data. A 
microstructural study is being considered to better understand 
the mechanics of internal bonds in the stabilized earth matrix 
considered as the porous medium. 
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