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i g h l i g h t s

Classification of mineral aqueous sus-
pensions.
Use neural networks (ANN) to deter-
mine prevailing interparticle interac-
tions.
Propose a method based on ANN
to estimate stability regarding sedi-
mentation.

g r a p h i c a l a b s t r a c t

eywords:
lassification

a b s t r a c t

queous mineral suspensions and pastes are greatly used in industry and waste treatment processes. But unfortunately due to their inherent 
omplexity (numerous parameters to consider and non-linearity of temporal behaviour), their physicochemical stability, controlled by their 
ispersion state, is difficult to predict. A way to have a better understanding of these systems is to apprehend stability by studying settling 
ehaviour of suspensions in function of solid concentration and interparticle interactions.
To this purpose, previous works on settling optical analysis were used in addition to rheological approach, to determine in some mineral systems, 

 suspension typology in function of solid mass frac-tion and predominant particle interaction. In order to generalize this work to various mineral 
queous suspensions, a modelling study is proposed in this paper. The aim of this work is to predict the stability of mineral suspensions based on a 
pecific index: phase separation index (PSI) previously established using 10 discriminating parameters currently measured in industrial and 
cademic areas. Because of their well-known ability to model non-linear processes, a neural networks-based procedure was used to classify the 
ettling behaviour in four classes: diluted, concentrated (cohesive and non cohesive) and solid suspension. The method was proved to be very 
fficient, delivering 100% of good classification on various sets of test sets up to 60% of the database allowing thus to predict the suspension stability 
or applications such as inks, paints, cosmetics. In this research, the predominant influence of mass fraction parameter was showed.
tability
ineral suspension
eural networks
ettling
. Introduction
Aqueous mineral suspensions and pastes are commonly used
n several industrial areas or waste treatment process. Their

∗ Corresponding author. Tel.: +33 0 466785356.
E-mail address: nathalie.azema@mines-ales.fr (N. Azéma).
macroscopic behaviours such as rheology or physico-chemical sta-
bility must be studied to control processes and material properties.
However, this control may be difficult because their behaviours
depend on various parameters such as solid concentration, parti-

cle size, shape or hydrodynamic and interparticle forces. . .. These
latter depend also on a great number of parameters which are
linked to the solid or liquid phase characteristics, or particle/liquid
interphase. Many rheometry studies showed that, suspensions

http://crossmark.crossref.org/dialog/?doi=10.1016/j.colsurfa.2014.07.005&domain=pdf
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ehaviour is generally non linear [1,2] with regards to time. These
orks distinguished three types of suspensions: diluted, concen-

rated and solid suspensions depending on prevalent interparticle
nteractions. The multiplicity of systems leads recent studies to
se mathematical tools in order to predict, with few experiments
nd parameters, the settling behaviour of suspensions [3,4]. In the
ame spirit, a global method of physico-chemical stability analy-
is, suitable for classification of kaolin and glass beads suspensions
s function of interparticle interactions was proposed in previous
orks [5,6]. They were based on settling measurements carried out
sing a Turbiscan MA 2000 optical analyser [7]. The authors estab-

ished a novel index: the phase separation index (PSI), which can be
sed to a broad range of solid concentrations. The evolution of this

ndex versus the mass solid fraction makes the classification possi-
le as a function of the prevalent type of interparticle interactions.
our classes were derived from the PSI, which can be interpreted
n terms of stability behaviour.

To complete and attempt to generalize these studies to all min-
ral pastes and suspensions, the current work presents an approach
ased on two steps: the first one study various agglomerated or
ispersed suspensions and establishes classification of behaviour
ased on the PSI index. The second step attempts to generalize
he classification and to predict dispersed systems stability as a
unction of 10 parameters (as particle dimension, density or pH)
y a neural networks approach. Neural networks were chosen for
heir ability to apprehend complex functions and their two fun-
amental properties: universal approximation and parsimony [8].
urthermore, among the black-box based modelling tools (SVM,
thers statistical models), they have the capability to be adjusted
o the complexity of the underlying function to identify [9], using
unique formalism, which is not for example the case of the SVM.
fter the implementation of the neural model, because of its sim-
licity in operational mode, and low cost, the second phase of the
ethod could of a great interest for industrial sectors as inks, paints,

osmetics, . . ..
The paper is organized as follows: after the presentation of

aterials and methods, and PSI calculation in Section 2, a brief
verview of neural networks definitions and properties will be
roposed in Section 4. The approach of classification will then be
resented. Finally the efficiency of the classification will be proved.
he conclusion will then be given assuming the real interest of the
ethod as well for industrial than academic users of suspensions.

. Materials and method

Suspension settling depends strongly on interparticle forces
hich can be modified at some critical volume fraction (�v).

hey affect hydrodynamic interactions via the particle drag and
esoscopic organization as size or shape of agglomerates which

etermine the settling behaviour and sediment structure. In order
o propose a general analysis method applicable to a broad range
f systems, a phase separation index (PSI) has been proposed [5,6].
his index (Eq. (1) in Section 2.3) is calculated from sedimentation
easurements obtained with an optical analyser of concentrated

uspensions, the Turbiscan MA2000 from the Formulaction Com-
any.

.1. Procedure of samples preparation

Samples were prepared from dry powder suspended in deion-
zed water until a total weight of 30 g. Suspensions were stirred

uring 15 min with a constant speed in order to obtain a
omogenous medium. Powders used are kaolin (Prolabo—CAS
umber 1332-58-7), aluminium hydroxide (Martinswerk) and
lass microbeads of various sizes (Potters Europe). Alumina was
prepared using aluminium hydroxide treated at 1200 ◦C in order to
obtain � alumina [10].

2.2. Settling optical analysis

The variation in suspension stability as a function of mass frac-
tion was studied at room temperature (21 ◦C) using the dispersion
optical analyser, Turbiscan MA 2000. Although the volume fraction
is decisive in theoretical development, the mass fraction has been
employed in this work for obvious practical reasons.

The sample was introduced in a glass cylindrical cell (15 mm
diameter and 110 mm height) and analysed using a light beam
emitted in near infrared (850 nm wavelength) which scanned the
entire sedimentation column with a step of 40 �m. The time
elapsed between two consecutive scans was chosen as a function
of destabilization kinetics of suspension. Transmitted and backscat-
tered lights were analysed using detectors placed, respectively, at
0◦ and 135◦ from the incident beam direction, so two evolutions
of profiles versus times have been obtained: respectively, one in
transmission (T) and one in backscattering (BS). An example is show
in Fig. 1, where we can differentiate three parts to consider in the
sedimentation column (which correspond to the sample volume
including between the special stopper and the meniscus):

- At the top of the sample, the variations of transmission profiles
present a shift on the left of the clarification front, which indicated
an increase of the supernatant volume. We can note that a similar
variation exists in the backscattering profiles, but they result to
secondary reflections of light on the glass cell. Therefore, in this
case, one should only consider the transmission signals, and not
the BS one.

- The middle of the column is too concentrated to have a trans-
mission signal. So from this part we can study the stability or
instability on the BS profiles evolution.

- At the bottom one, we can observe in Fig. 1, an increase of BS
profiles values due to sediment formation (increase of �v value).

2.3. Phase separation index calculation

The phase separation index (PSI) was proposed in a previous
sedimentation study [5]. It was calculated from backscattering pro-
files in the part of sediment formation. It was defined (Eq. (1)) by
the product of relative sediment height at 15 min (Hs/Hc) and the
average value of the percentage of backscattered light (Bs

%) in the
zone defined as the sediment (i.e. in Hs in Fig. 1). The choice to
measure these values at 15 min is arbitrary, but it seems to be a
reasonable time to lead a settling analysis.

PSI =
(

Hs

Hc

)
×

(
B%

s

)
(1)

with Hc, the sedimentation column height.
So, this index takes into account the quantity and dispersion

state of matter which is present in sediment because Bs
%, the aver-

age backscattering percentage of the sediment, is directly linked
to the particle volume fraction (�v) and the mean particle size (d)
as shown in Eqs. (2) and (3). As the sediment structure is directly
link to mesostructural agglomeration state of particles during sett-
ling processes, the PSI can be a pertinent parameter to characterize
suspension stability.

% 1

Bs ≈ √

�∗
(2)

� ∗ (d, ˚v) = 2d

3˚v(1 − g)Qs
(3)
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Fig. 1. Example of Turbiscan MA 2000 transmission and backscattering profi

With �*: the photon transport length in the considered medium
m), Qs: the scattering efficiency factor (dimensionless) and g:
symmetry factor (dimensionless) in Lorenz–Mie theory.

. Results

.1. Suspensions characteristics and influent parameters

Suspension behaviours depend on numerous parameters which
ay be interdependent. Moreover, the phase separation index can-

ot evolve linearly as a function of these parameters as it is shown
n Fig. 2.

To estimate the type of a suspension, solid mass fraction and
ine others characteristics currently measured were chosen and
resented in Table 1. Mass fraction represents the average dis-
ance between the particles in suspension. Density of particles,
ranular mode, granular spreading, shape index and specific sur-
ace are linked to the intrinsic properties of the solid particles.
lectrophoretic mobility, pH, ionic conductivity and surfactant con-
entration were chosen because of their great influence on the
olid/liquid interphase properties.

In summary Table 1, it has been studied:

Two different densities of solid,
three pH (neutral, acid or basic) and three surfactant concentra-
tions for kaolin and alumina suspensions (electrostatic and/or
steric repulsion effects),
four states of electrostatic dispersion controlled by elec-
trophoretic mobility measurements,

nd about granular characteristics:
three granular populations (micronic particles or fine supra-
colloids, large supra-colloids, and settled particles),
two shape factors,
termination of sedimentation column height (Hc) and sediment height (Hs).

– and four ranges of specific surface (in th order to m2/g, 0.1 m2/g,
0.01 m2/g and 0.001 m2/g).

3.2. Typology of suspensions

As the solid concentration of a suspension increases, three cases
can be usually distinguished based on rheological properties evo-
lution [11]. At low concentration, particles can be considered as
isolated. At higher concentration, particles are closer and begin to
develop significant hydrodynamic and physico-chemical interac-
tions [12]. When concentration is further increased, particles or
agglomerates are in contact. Predominant interaction will have a
critical influence on the settling behaviour of these media too.

Taking into consideration the chosen powders and the formu-
lation made, a separation into four classes appeared to be more
appropriate [6]. These classes have been determined in function of
PSI versus solid mass fraction evolutions (Fig. 2):

– Class I: diluted suspensions, where the sediment is constituted
of non-agglomerated particles and occupies a small volume.
Sedimentation rate is small and is almost independent of the
concentration; and a concentration gradient takes place while
settling process. This behaviour is diluted suspensions behaviour
[3] where particles do not interact significantly through colloidal
forces.

– Class II: concentrated suspensions of non-cohesive particles, which
is constituted by suspensions in which particles are sufficiently
close to generate steric interactions but do not develop significant
attractive interactions.

– Class III: concentrated suspensions of cohesive particles, which is
characterized by the existence of agglomerates due to attrac-
tive interactions. Forming large structures, the agglomerated

particles generally exhibit high sedimentation rate [13]. The sedi-
mentation mechanism changes radically and “hindered settling”
regime occurs. This regime is characterized by a sharp bound-
ary between the suspension and the supernatant [14]. The solids



ion of

–

t

4

4

b
a
a
a
w
n
i
w
w
e
l
r
o
a
t
a
i

Fig. 2. Phase separation index variations as a funct

subside as a more or less consolidated structure due to the fact
that concentration is large enough to develop agglomerate con-
tact as they settle [15].
Class IV: solid suspensions, in which all the agglomerates or unit
particles form a contact network in the suspension. In this case
settling phenomenon can occur only by compression. Sedimen-
tation rates tend to zero because the weight of the particles in the
samples is too small to create a compression force high enough
to generate a significant movement in the suspension. Evolu-
tion in the PSI as function of mass fraction in this class is due
to the increase of backscattering percentage value generated by
the higher initial concentration.

Thereby, each class was associated to a prevailing type of par-
icular interactions which are reported in Table 2.

. Neural networks for stability classification

.1. Definition of neural networks

Neural networks are generally used to identify complex
ehaviours not well understood or that cannot be described by
lgebra or rules (as in logic or fuzzy logic). Briefly these systems
re based on parametric functions, called neurons, which calculate
non-linear transformation of their input variables. A neural net-
ork is defined, first, by the type of neurons and secondly by the
etwork’s architecture. The architecture is the scheme of connex-

on of neurons. An architecture called as multilayer perceptron is
ell known and provides the property of Universal Approximation
hich means that it is able to identify any non-linear and differ-

ntiable function [16]. This architecture is composed of one output
ayer and one hidden layer. Each layer contains neurons, and neu-
ons belonging to the same layer have no interactions one with the
thers. Moreover, it had been shown that multilayer perceptrons

re parsimonious because they generally need fewer coefficients
han other statistical models [17]. Once the network is created,
ppropriated values of the parameters must be computed. This step
s the training phase. Once this phase is achieved, the model quality
mass fraction and different classes of suspension.

has to be evaluated in a test phase. More detailed presentation of
neural networks can be found in [8].

4.2. Training phase

During the training phase, examples with known inputs and out-
puts variables are presented to the network. They constitute the
training set. These examples must be numerous and as diverse as
possible in order to represent the whole of possible behaviours.
During training a cost function, here the squared error (Eq. (4))
between the estimated output and the measured one, for each
example of the training set, is minimized.

J = 1
2

∑
(k)

(y(C, k) − ym(k))2 (4)

where J is the cost function, k corresponds to an input-output cou-
ple of variables, y(C,k) is the output variable k, ym is the measured
output value k, and C is the matrix of parameters.

The training rule used in this study is the Levenberg–Marquardt
rule. It has been chosen because of its high efficiency [18,19]. This
learning rule generally leads in a few iterations to a very satisfactory
solution.

4.3. Complexity adjustment

It has been shown [20] that the error calculated such as
expressed in Eq. (4) over the training set, is not a good estimator
of the generalization error. Because of overfitting which is caused
by over-parameterization (too many parameters in the model) the
training specializes the model over the training set and is unable to
generalize to unknown set of data: the test set [21]. This is known
as the biais-variance dilemma.
In order to prevent over-parameterization, it is thus important
that the network would be as parsimonious as possible, and, taking
into account the available set of data, to choose the more parsimo-
nious model as possible [22].
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Table 2
Classes and prevalent interparticle interactions.

Class Interparticle prevalent interactions

Class I No significant interaction
Class II Steric interactions
Class III Physico-chemical interactions
Class IV Contact network

Fig. 3. (a) Classes are well represented; examples {uk} are linearly separable (b)

examples {uk} are not linearly separable. Representation of classes is good but less
effective than in previous configuration.

For this reason, several methods of variable selection and com-
plexity selection have been proposed [8].

4.4. Generalization/test

The aim of this step is to evaluate the ability of the network to
generalize what it has learned to new examples never encountered
before. For that, the test step consists in presenting examples that
have not been used during the training phase. These new examples
compose the test set. Each test example is presented to the net-
work and the values of the output variables are compared with the
expected one according to the Eq. (4).

4.5. Neural networks based classification

The classification task is the assignment of a code to an input
variable vector. Two configurations can be encountered:

– Examples can be separated by a linear function as illustrated
in Fig. 3a. The set of data is called as linearly separable and the

task can be addressed by linear methods, in particular with a
single neuron (Fig. 4). A single neuron computes first its poten-
tial, which is the weighted sum of its inputs for the example k:



Fig. 4. A single neuron as linear classifier, f(.) is the threshold function.
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Table 3
Coding classes.

Digit 1 Digit 2 Digit 3 Digit 4

Example belonging to
class I

+1 −1 −1 −1

Example belonging to
class II

−1 +1 −1 −1

Example belonging to
class III

−1 −1 −1 −1

Example belonging to
class IV

−1 −1 −1 +1

Confusion between (for
example) classes I
and III

1 −1 1 −1

Unknown example (no
class is recognized)

−1 −1 −1 −1

Table 4
Linear separability of classes.

Class I (no significant interaction) No separable from the others

Class II (steric interactions) Separable from the others

Fig. 5. Multilayer perceptron with one hidden layer and one output neuron.

xk =
∑

j

cju
k
j
. Second, the single neuron evaluates its class by a

threshold function (f(.) = heaviside function).
Examples cannot be separated by a linear function as shown in
Fig. 3b. The set of data is called as non-linearly separable and
requires a multilayered neural network.

The multilayer perceptron is composed of two layers of neurons
s shown in Fig. 5. Each neuron is a parametric function, which
omputes:

(C, k) = f
(

xk
(

C, uk
))

(5)

here f(.) is a sigmoid function whose preferred expression is
(C, uk) = 1/1 − exk

, with xk =
∑

jcju
k
j

also called potential.
This kind of network is very famous and called “multilayer per-

eptron”; it is able of universal approximation (Section 3.3).
The ability to separate linearly two classes depends strongly on

he representation of the classes, and by this way, on the choice of
he variables, or features.

. Sedimentation behaviour classification

The efficiency of neural networks modelling has been proved
n various domains as robotics, signal or image processing, and
lso in natural sciences, as water sciences [23], optimization of the
imensioning of filtration processes [24], or in Physical sciences.
seful applications of these systems have been also carried out in

uspensions domain [25].

.1. Data coding

As described in the introduction, experimental measurements
ed to the determination of four types of sedimentation. These types
efined four classes in which each example of suspension must be
lassified. For that, a classical and efficient coding was used. It is a
isjunctive coding, using as much digit as classes to code: when an
xample belongs to a particular class its output value is coded as 1
or the digit associated to this class, and -1 for the other digits. Thus,
s illustrated in Table 4 “example a” belongs to class I, “example b”
elongs to class II, and so on. Each class is thus represented by one

articular output of the classifier.

This choice was preferred because it is known that in the case
f a classification problem with nc classes, it is better to have nc

inary outputs than only one with nc levels [26]. Moreover this
Class III (physico-chemical interactions) No separable from the others
Class IV (contact network) Separable from the others

coding enables the classifier having more possible responses than
the number of classes: 2nc states are available with this coding.
The classifier is thus able to indicate difficulties in classification, for
example if two output variables respond that the input belongs
to their (different) classes, one can interpret this configuration
as a confusion between the two specific classes. By this way, the
misclassification rate is diminished, and the non-classified rate is
increased.

5.2. Database

The database consisted of 189 examples. Each one corresponded
to an experiment of suspension behaviour. Inputs variables
consisted of a vector of 10 characteristics of the suspension (nine
listed in Table 3 and solid mass fraction). Preprocessing must be
performed on these variables [8]. In this application the most rel-
evant transformation is the normalization between 0 and 1 for all
the variables except for the mass fraction, which is subjected to a
non-linear transformation before to be applied to the network. This
transformation was the log function, it thus allowed the separation
between classes (as shown hereafter) to be linear.

5.3. Evaluation of task difficulty: are the examples linearly
separable?

According to the presentation of Section 4, it is necessary to
identify the difficulty of the classification, in order to adopt the
more parsimonious network at each step of the study. It is thus
necessary to assess if the classes, represented by the database, are
linearly separable.

For that, the training must operate on the complete database
using only one linear neuron [27]: using this method, when the
training converges, examples are separable; if not, they are not
separable.

Table 4
Four networks where thus trained each one to estimated one

digit of the code of the classes. Each network was based on a sin-
gle neuron (Section 4.5, Fig. 4), and trained with the perceptron

rule [26]. The result, shown in Table 5 is that only two classes over
four are linearly separable from the others. For the classes II and
IV which are linearly separable from all the others, the next step
is thus to assess the generalization capability of the classifier; for



Table 5
Values of parameters linking each variable to the network, for each class.

Class I Class II Class III Class IV

Solid mass fraction 18 11 9.2 19.5
Solid density 7.8 6.1 6.6 1
Granulometric mode 4.6 0.4 3.6 2.4
Granular spreading (d95-d5) 4.1 0.2 1.4 0.4
Shape factor 6.7 1.9 1.8 19.1
Specific surface 7.8 7.1 2.6 1.2
pH 19 3.2 14.6 4.2
Surfactant concentration 8.9 0.5 13.3 1.8
Electrophoretic mobility 6 0.5 5 3.2
Conductivity 5.92 3.19 1.39 1.63
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Fig. 7. (a) Linear separation from one class (I) to all others (II and III). Separation

Fig. 6. Architecture of the networks inferred by the STEPNET procedure.

he classes I and III, which are not linearly separable, one from all
he others, it is necessary to increase the complexity of the sep-
ration. For that two methods are investigated: first a stepwise
rocedure, which assesses the separability of classes by pairs, sec-
ndly, if linear separation by pair is impossible, the implementation
f a multilayer perceptron, which assumes the property of universal
pproximation.

.4. Pairwise separation of the classes I and III

Still using the architecture with one layer of parameters showed
n Fig. 4, we proposed to follow the “divide and conquer” strategy
xplained in [28]: the STEPNET procedure. In this procedure, after
he assessment of the separability of the classes one from the others,
he classes which were not separable (here the classes I and III) were
ttempted to be separated one from each other by a pairwise linear
eparation. Thus, for each studied separation, only examples of the
wo considered classes were used and tested.

Considering that separations between classes II and all the oth-
rs, and between class IV and all the others were already done by
he method described in Section 5.3, only the pairwise separation
etween the classes I and III needed to be studied.

In this case, only examples which corresponded to class I and
II were retained (74 examples) and a “one layer perceptron” was
sed. The result was that these examples were linearly separable.

At the end, the linear separability of the four classes was
ssessed (pairwise or not pairwise), using the STEPNET method,
ith the architecture presented in Fig. 6.

.5. Generalization ability

As the linear separability (pairwise or not pairwise) of all the
lasses was proved, and in order to maximize the performance
f the classifier in generalization, we preferred evaluate the gen-
ralization only with pairwise separations. One can thus easily

nderstand, as illustrated in Fig. 7 that three straights lines imple-
enting the three separations between one class and the three

thers are less constraining that only one linear separation and can
hus better separate two classes.
is very close to the examples and generalization could be not perfect. (b) Linear
separation from one class (I) to each of others (II and III). Separations can be optimal.

The pairwise procedure was applied to six elementary “one layer
perceptron” in order to implement the separations: each class from
each other as illustrated on Fig. 8.

The generalization ability was assessed on a set which was not
used in training. Various test sets where used consisting of 20%, 40%
and 60% of the database. For each of these configurations the train-
ing set, respectively, consisted of 80%, 60% and 40% of the database.
After the training of each perceptron by the Levenberg–Marquardt
training rule, computing each linear separation (Fig. 8), it appeared
first that all the separations where achieved, and secondly that
100% of good classification was obtained on both training and test
sets, for all the partitions of the database.

The classification, operated by the pairwise procedure was thus
very efficient an improve significantly the good classification rate.

Moreover, it is interesting to note that the STEPNET procedure
do not provide a linear model because the classification was pro-
ceeded in two steps: first the classification by pair and after that
a logical function in order to extract the class. It is thus consid-
ered that a non-linear classification is made as with it could be
the multilayer perceptron. This classification is done using several
very parsimonious networks, assuming thus a maximization of the
generalization capability. Of course this promising result does not
presume that such good classification would be reached on real and
noisy data. It encourages proceeding to the pairwise STEPNET pro-
cedure rather than in standard multilayer perceptron to perform
classification of suspensions.

6. Validation of the model: Analyse of parameters values

In order to verify the relevance of the model proposed in this
work to classify suspensions, the parameters linking each input
variable to the hidden layer was compared and linked to suspen-
sion characteristics, as it could influence suspension behaviour and

mesostructural organization observed.

As it have been shown in a previous study [6] carried out
in order to obtain a similar classification approach realized with
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Fig. 8. Non linear classification using

ackpropagation algorithm, the model parameters linked to each
nput variable are reported in Table 5.

In accordance with all bibliographical data and experiments
elated to these kinds of media, mass fraction is a key parame-
er in stability, regardless of the class of suspension taken into
ccount [2–5,12,13]. Actually, one may reasonably consider that
igher absolute value of parameters reflects a major influence of
he corresponding parameter. When the other 9 inputs are studied,
heir relative influence can show (see the shaded cells in Table 5):

the importance of particle solid density for the class I, II and III for
which the settling phenomena can occur (not in class IV where
the particles forming a network of contacts),
the importance of pH, surfactant concentration and elec-
trophoretic mobility for the class I and III for which the
agglomeration/dispersion phenomena can occur (not in class II
where the particles have no physicochemical interaction),
the increasing importance of the specific surface to class IV to I,
and an higher importance of particle granular characteristics
(granulometric mode, granular spreading and shape factor) for
the class I, except for the class IV where the shape factor is par-
ticularly high, that could not be explained by this work.

As a conclusion of this study, once can state that param-
ters values are consistent with physicochemical behaviour or
esostructure organization of each class of suspension. This indi-

ates that the classification established through neural networks is
oherent with the knowledge of these systems.

. Conclusion

The aim of this work was to extend the classification made with
aolin particle using phase separation index that has been pro-
osed in a previous work [5], to other mineral suspensions in order
o determine their prevailing type of interparticle interactions
nd to estimate their stability regarding the sedimentation phe-
omenon. In order to achieve this, a classification through neural
etworks has been carried out. Ten discriminatory variables were
sed: mass fraction, density of particles, granular mode, granular
preading, shape index, electrophoretic mobility, specific surface,

H, surfactant concentration and ionic conductivity. To maximize
he capability of generalization of the neural-based model, the

ore parsimonious architecture was preferred. Thus, after hav-
ng assessed the complexity of the classification, an architecture

[

[

near perceptrons and a logical table.

composed of six linear perceptrons was deduced by the STEPNET
procedure. Generalization was assessed on various sets of test sets
up to 60% of the database. In all these configurations 100% of good
classification was obtained over the considered test sets. These very
satisfying results validate the proposed method: prevailing type
of interparticle interactions and thus their stability can be known
from a priori variables.
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