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Chapter

Boron Removal by Donnan Dialysis
According Doehlert Experimental
Design
Ikhlass Marzouk Trifi, Lasâad Dammak, Lassaad Baklouti and

Béchir Hamrouni

Abstract

Donnan dialysis is one of the membrane processes. It is based on the cross-
exchange of ions having the same electric charge through an ion-exchange membrane.
The removal of boron by Donnan dialysis was studied in this work. First, a prelimi-
nary study was conducted to determine the experimental field of operating parame-
ters using two membranes (AFN and ACS). Then, a full factorial design was applied to
investigate the influence of the operating parameters and their interactions on the
boron removal. Response surface methodology using Doehlert design was adopted to
predict the optimal conditions. This approach via experimental designs is more effi-
cient than the conventional optimization approach (the “one-at-a-time” method)
which is time-consuming and requires a large number of experiments.

Keywords: boron removal, Donnan dialysis, response surface methodology,
experimental design, anionic exchange membranes

1. Introduction

Sources of boron in the environment are mainly natural or even anthropogenic. It
can be found mainly in the form of boric acid or borate salts. The presence of boron
compounds in water increases in a continuous and parallel way to industrial develop-
ment. In fact, boron is used in a wide range of industrial applications such as glass and
ceramic industry to produce borosilicate glass, insulation, fiberglass, and flame-
retardant fiberglass [1]. Due to its high concentration of boron, natural water is often
unsuitable for human consumption or agricultural use. Therefore, the harmful effects
of boron on living organisms also increase, especially on plants, since boron manifests
an important micronutrient-toxic boron duality [1]. Moreover, boron is a unique
micronutrient in which overdose and underdose of boron supply cause toxicity and
deficiency symptoms in plants, respectively. The level of boron in irrigation water
exceeding 1 mg/L can affect the yield of sensitive crops (e.g., avocado and citrus
fruits) [1]. Irrigation water with a very low boron content is required for certain
metabolic activities, but when boron concentrations are increased to 4 mg/L [1],
plants become poisoned, manifesting as yellow spots on leaves and fruits, and their
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decomposition speeds up and they die [2]. According to the World Health
Organization (WHO), drinking water should have a boron content of less than
0.3 mg/L because humans may also be poisoned by excessive boron levels [3, 4].
Consequently, several studies have focused on boron removal such as adsorption
[5, 6], electrocoagulation [7, 8], or membrane processes namely electrodialysis [9, 10],
reverse osmosis [11, 12], nanofiltration [13, 14], microfiltration [15], ion-exchange
[15, 16], membrane distillation [17], and Donnan dialysis which was the subject of
this study [18, 19]. This membrane process referring to FG Donnan [20] uses
ion-exchange membranes allowing cross-exchange of ions to separate or
concentrate ionic species. Modern Donnan dialysis uses ion-exchange membranes to
separate the two solutions that are involved in the transport process. With no
external electric potential difference applied across the membrane, Donnan
dialysis uses an ion-exchange membrane. Donnan dialysis uses the counterdiffusion
of two or more ions through an ion-exchange membrane to achieve separation.
Donnan dialysis is one of the easiest and most inexpensive membrane
techniques. The chemical potential gradient between the constituents of two solutions
separated by a membrane is what propels the process. When Donnan equilibrium is
reached, the process of Donnan dialysis is complete. It involves the stoichiometric
exchange of counterions, or ions with the same charge, over an ion-exchange mem-
brane [21].

There is frequently no theoretical model or one that is quite sophisticated that links
certain controllable variables (factors) to a response. In this situation, empirical data
should be used to determine the link between the causes and the response. Box and
Wilson first presented the Response Surface Methodology (RSM), a group of mathe-
matical and statistical tools whose goal is to evaluate situations like the one given using
an empirical model. The RSM was used to explore the removal of boron by Donnan
dialysis. Herein, the removal of boron by Donnan dialysis was investigated using RSM
approach. RSM is a useful method for process optimization when a number of inde-
pendent factors and their interactions have an impact on the desired results. With
RSM, multiple variables are tested concurrently with the least amount of trials possi-
ble in accordance with unique experimental designs built on factorial designs. This
technology has the advantage over conventional approaches in that it requires less
time and money. The goal of RSM is to characterize the behavior of a dataset in order
to make statistical predictions. It is a set of statistical and mathematical tools enabling
the adjustment of experimental data to a theoretical model expressed by a polynomial
equation. The simultaneous variation of a large number of operating parameters at
once, the reduced number of experiments, the detection of interactions between
factors, and achieving the highest precision are all advantages of the RSM for optimi-
zation [22]. Recently, many statistical experimental design methods have been
employed in optimization. Among them, Doehlert designs stand out, compared to
other designs such as the central composite design or Box-Behnken design, by the
reduced number of experiments and the possibility to assign a large or a small number
of levels to the chosen variable. Indeed, this design presents variables with different
numbers of levels. The variable with the stronger effect should be the variable with
the highest levels if you want to learn as much as you can about the system.

Doehlert designs are also more efficient in mapping space: adjoining hexagons can
fill a space completely and efficiently since the hexagons fill space without overlap.
Moreover, Doehlert design is distinguished by a low ratio between the number of
coefficients and the number of experiments. Thus, it can be considered as more
efficient than the central composite design or Box-Behnken design [22]. Investigations
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of boron removal by Donnan dialysis were carried out considering four operating
factors, i.e. the counterion concentration in the receiver compartment, the boron
concentration, the pH of the feed compartment, and the type of the anionic-exchange
membrane. The effect of these factors and their interactions were evaluated using the
full factorial design. The Donnan dialysis was then optimized using the Response
Surface Methodology based on the Doehlert design.

2. Methods and materials

2.1 Membranes

In the Donnan dialysis process, two membranes have been used, which are
Neosepta® AFN and Neosepta® ACS (supplied by Alstom). Before any
measurement, it is necessary to condition the samples to stabilize their physicochem-
ical properties and to eliminate any impurities that could come from their
manufacturing process. Table 1 shows the properties of the used membranes deter-
mined according to the standard NF X 45-200 [23]. The water content was deter-
mined by the Mettler-Toledo moisture thermo balance device. The water content was
calculated by Eq. (1):

WC %ð Þ ¼
Wh �Wd

Wh
� 100 (1)

where Wh is the mass of the hydrated membrane, Wd is the mass of the dried
membrane, and WC(%) is the water content percentage. The water content is the
difference in mass between the hydrated membrane (which has been immersed in the
proper stabilization content and slightly compressed to remove the surplus liquid) and
the dried membrane (which has been dried at 140°C until membrane mass stabiliza-
tion indicates that all of the water has been removed).The mean value of 10 measure-
ments at different locations using a 1�μm resolution Käfer Thickness Dial Gauge is the
dry-state membrane thickness.

The ion-exchange capacity (in meq. of functional sites per gram of dry
membrane or per cm3 of wet membrane) was determined following the French
standard NF X 45-200 [23].

In order to prepare the samples for the Donnan dialysis operations, the samples
had to be conditioned before any measurement could be made. This was done pri-
marily to eliminate contaminants from the production process and to stabilize their
physical-chemical properties. French standard NF X 45-200 was followed in the
conditioning process.

Membranes ACS AFN

Thickness (μm) 150 120

Water Content (%) 18.9 47.8

Ion-Exchange Capacity (meq/g) 1.85 3.00

Table 1.
Properties of the two membranes used.
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2.2 Donnan dialysis (DD)

The Donnan dialysis is a method of membrane separation in which identically
charged ions are exchanged between two solutions via an ion-exchange mem-
brane [24–26]. The chemical potential gradient acts as the driving force in
Donnan dialysis; anions are exchanged stoichiometrically through an anionic-
exchange membrane, and the procedure is only complete if the Donnan equilibrium
is attained. Since the electroneutrality is maintained, the feed should exchange the
same number of anions with the receiver compartment in the opposite direction
[19, 27, 28].

Figure 1 indicates the schematic flow of Donnan dialysis. The apparatus is used
to study Donnan dialysis’s removal of boron. It consists of a cell with feed and
receiver compartments divided by an anion-exchange membrane inside a
thermoregulated water bath. A peristaltic pump with two identical heads and a
speed variator that allows for varied flow rates is used to pump the solutions
through the cell. Through the use of two stirring rods with variable speeds, the
hydrodynamic conditions on either side of the membrane can be changed. Two
removable sections constructed of polymethylmetacrylate (plexiglass) make up the
dialysis cell. It consists of four pieces that are connected by three threaded rods made
of stainless steel. Supports provide the centering. The two tubes that make up the two
compartments at the center are symmetrical. Each compartment has three threaded
holes that provide support for inserting boxes. The membrane forms a seal by
sandwiching itself between these two compartments. The feed and the receiver com-
partment were supplied, through a peristaltic pump, with NaCl and a containing
boron solution, respectively. The used membranes were AFN and ACS. Boron con-
centrations were determined after 7 hours of treatment by Donnan dialysis for each
experiment. By reacting the samples with azomethine-H and then measuring the
absorbance at 420 nm with a UV-visible spectrophotometer, the samples’ boron
concentration was determined [29]. A linear concentration between 1 and 4 mg/L was
found. Higher concentration samples were diluted to fit the previously mentioned
linearity range.

Boron removal rate was determined by Eq. (2):

Y %ð Þ ¼
C0 � Ce

C0
� 100 (2)

With C0 and Ce are the initial boron and equilibrium concentrations, respectively.

Figure 1.
Schematic flow of Donnan dialysis.
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2.3 Optimization process

To identify the most significant and influencing parameter, a full factorial design
was performed first, followed by an RSM design based on the Doehlert matrix.
NemrodW® was the program employed in this study. The practical use of the Exper-
imental Research Methodology (experimental designs) depends on the NemrodW®
program.

3. The preliminary study

The definition of each factor’s levels must be done with great care since if the
domain is either too tiny or too large, the mathematical models might no longer work.
Because of this, it is advised to do a preliminary study to help determine the appro-
priate high and low levels for each element. To establish the bounds of each parameter
and better pinpoint the optimal value, a preliminary study was carried out as a phase
in the parameters’ pre-optimization process.

3.1 The pH effect in the feed compartment

The pH effect of the feed compartment is studied by varying the initial pH of the
feed solution from 9.5 to 12.5. Figure 2 shows the Boron removal rate under different
initial pH values for a counterion concentration of 0.1 mol/L, an initial boron concen-
tration of 50 mg/L, and a stirring speed of 500 rpm.

Due to its effect on the transfer of boron from the feed compartment to the
receiver compartment, the effect of pH was first investigated. According to Figure 2,
at a pH of 11.5 the AFN membrane removed the most boron (45%), while the ACS
membrane removed 17%. This can be explained by the two species of boron that occur
in aqueous solutions at various pH levels, which are the boric acid B(OH)3 in diluted
aqueous solutions below pH 7 and the metaborate anion B OHð Þ�4 at pH 10 [30, 31].
However, above a pH of 11.5, the presence and competition with OH are likely to have

Figure 2.
Influence of pH on the removal rate of boron.
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an impact on the transport of boron, which reduces boron removal because the
hydroxyl ion transport is preferred because OH has much higher mobility than boron.
In reality, the boron transfer process involves three steps. First, the boron in the feed
solution is exchanged with ions or ionizable groups of the anion-exchange membrane.
The second step involves the transport of boron across the membrane to the receiving
solution side. In the third step, the boron is transported into the receiver solution
following an exchange with the counterions to guarantee electroneutrality [32, 33].
Therefore, it can be said that for the two used membranes, the highest boron transport
was attained at pH = 11.5 in this case.

3.2 Concentration of chloride in the receiver compartment effects performance

One of the factors influencing the elimination of boron through the anionic-
exchange membrane during the Donnan dialysis procedure is the chloride concentra-
tion. To study the effect of this parameter, the concentration of the Cl counterion was
varied from 0.01 mol/L to 0.05 mol/L in the receiver compartment for a boron
concentration fixed at 50 mg/L. Figure 3 displays the impacts of the two membranes’
receiver compartment’s chloride concentration.

According to Figure 3, the flux of boron ions through anion-exchange membranes
increases with the increase of chloride concentration from 0.01 to 0.5 mol/L. At
0.01 mol/L of counterion, the boron removal rate reaches only 32% and 13% for AFN
and ACS, respectively. At 0.5 mol/L of the concentration of Cl, the removal efficiency
increases to 58% for AFN and 38% for ACS. The improvement in the cross-ion
transfer between Cl and boron necessary to maintain electroneutrality is explained by
the fact that the concentration gradient of the counterions grows.

For the two membranes, it appears that the improvement in the boron removal in
the feed compartment, as shown by an improvement in the exchange’s kinetics, is
related to the increase in the concentration of counterions in the receiver compart-
ment. In fact, it is known that ion exchange is faster when the concentration of
counterions is higher in the receiver compartment [34–36].

Figure 3.
Concentration of chloride in the receiver compartment effects performance.
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3.3 Boron concentration effect

The elimination by Donnan dialysis is significantly influenced by the amount of
boron in the feed compartment. Under these circumstances, the receiver compart-
ment’s Cl- concentration is 0.5 mol/L, the feed compartment’s pH is 11.5, and the
boron concentration rises from 5 mg/L to 100 mg/L. Figure 4 presents the findings.

According to Figure 4, the improvement in cross-ion transfer between Cl� and
B OHð Þ�4 helps to maintain the gradient concentration of boron at a high level. The
elimination was 40% for AFN and 17% for ACS at the feed compartment’s lowest
boron content (25 mg/L). When the boron content is raised to 100 mg/L, their
elimination is improved to 75% with AFN and to 48% with ACS. A similar result was
reported by Tor [37].

3.4 Membranes choice

According to the results of Figures 3 and 4, the boron removal rate by Donnan
dialysis depends significantly on the AEM properties. Therefore, the most effective
membrane is AFN since it allows to reach 75% after 7 hours of treatment against 48%
for ACS membrane. According to Akretche, (i) a high exchange capacity boosts the
selectivity between monovalent and multivalent anions due to the higher repulsion
charge, (ii) a high thickness reduces diffusion, resulting in a lower ions flux, and (iii) a
high water content can reduce permselectivity and encourage the penetration of bulky
ions [38]. In actuality, the AFN membrane exhibits the largest water content, the
highest ion-exchange capacity, and a higher permeability to monovalent than bivalent
anions. On the other hand, the ACS has the lowest permeability due to its large
thickness and low water content. The works of Ayyildiz [31], who reported that the
removal of boron by Donnan dialysis is more successful using the AFN membrane,
support this conclusion. AFN membrane has been chosen as the subject of the follow-
ing investigation.

Figure 4.
Boron concentration effect.
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4. Full factorial design

To ascertain the impact of these variables and how they interact with one another on
the removal of boron by Donnan dialysis, the full factorial design was used. We were
able to establish the experimental field and the level that had to account for every
element thanks to the preliminary study. The starting boron concentration, counterion
concentration, and feed compartment pH were the three variables that were selected. In
order to more clearly define the examined response (boron removal efficiency), restric-
tions are imposed. The membrane AFN was used in the Donnan dialysis procedure.

A full factorial design was used to assess how operating parameters affected the
removal of boron by Donnan dialysis. Table 2 displays the experimental ranges and
factors level. For each of the three component designs specified in the study, a full
factorial matrix made up of eight distinct experiments was used. A linear polynomial
model with interaction is used to model the experimental response related to a
factorial design (see Eq. (3)):

Y ¼ b0 þ b1X1 þ b2X2 þ b3X3 þ b12X1X2 þ b13X1X3 þ b23X2X3 (3)

where Y is the experimental response, Xi denotes the coded variable, bi denotes the
estimation of factor i’s principal effect on the response Y, and bij denotes the estima-
tion of factor i and factor j’s interaction effect on the response Y.

The coefficients of the model were estimated in accordance with the findings in
Table 3, and it was discovered that (see Eq. (4)):

No X1 X2 X3 YB(%)exp YB(%)cal

1 �1 �1 �1 19.9 20.2

2 +1 �1 �1 27.7 27.4

3 �1 +1 �1 30.7 30.4

4 +1 +1 �1 36.5 36.8

5 �1 �1 +1 36.9 36.6

6 +1 �1 +1 39.9 40.2

7 �1 +1 +1 41.9 42.2

8 +1 +1 +1 45.3 45.0

Table 3.
Full factorial design matrix.

Factors Symbol Range and levels

Coded variable X1 [B] �1 1

Concentration of boron (mol/L) 25 100

Coded variable X2 [Cl�] �1 1

Concentration of counter-ion (mg/L) 0.1 0.5

Coded variable X3 pH �1 1

pH of solution 10.5 12.5

Table 2.
Experimental range and factors level studied in the factorial design.
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Y %ð Þ ¼ 34:85þ 2:50 X1 þ 3:75 X2 þ 6:15 X3 � 0:20 X1X2 � 0:90 X1X3 � 1:15 X2X3

(4)

The different coefficients of the polynomial model (Eq. (4); R2 = 0.999) were
determined, which represented the effects and interactions of the various investigated
factors. The Pareto analysis (Figure 5) allows to evaluate the contribution of each
parameter on the response according to the equation (Eq. (5)):

Pi ¼
b2i
P

b2i

 !2

� 100 (5)

The three investigated factors have a favorable impact on the observed behavior,
i.e., increasing them improved boron removal. In contrast to the 17.9% they contrib-
uted to pH, and their contributions to the examined response were just 6.6% for boron
concentration and 2.9% for chloride concentration. Thus, two factors—pH and boron
concentration—can have a significant impact on the elimination. The solution pH
coefficient’s positive value indicates that boron removal was enhanced. This is brought
on by the existence of, which, high pH levels, becomes the dominant species. The
elimination of boron by Donnan dialysis is moderately affected by both the counterion
concentration and the boron concentration. Therefore, the feed compartment’s pH is
the most crucial variable.

5. Doehlert design

In this investigation, the optimum condition was found using the Response Surface
Methodology (RSM) in accordance with the Doehlert design. By evenly dispersing the
experimental points within the space-filling of the variables, Doehlert’s method is
created. N = k2 + k + 1 is the total number of experiments for k factors. Fifteen tests
were in total, three of which were replicated in the central field [39, 40]. The initial
boron concentration, feed compartment pH, and receiver compartment counterion

Figure 5.
Pareto analysis of the removal of boron.
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concentration were all factors that were examined. According to the preliminary
study, these parameters’ upper and lower limits were established. To get the most
information out of the system, it is typically preferable to use the variable with the
significant effect as the variable with the highest levels. The experimental field of the
factors under investigation is shown in Table 4.

An experiment conducted in the Doehlert domain is able to predict, at any point in
the experimental domain, the value of an answer by estimating the coefficients of a
second-order function [40]. The selected model uses a polynomial equation (see
Eq. (6)) to describe the predicted values of the responses Y:

Y ¼ b0 þ b1X1 þ b2X2 þ b3X3 þ b11X2
1 þ b22X2

2 þ b33X2
3 þ b12X1X2 þ b13X1X3 þ b23X2X3

(6)

The estimated principal effect of factor i is denoted by the letters bi, the estimated
second-order effects by the letters bii, the estimated interactions between factors i and
j by the letters bij, and the coded variable by the letters Xi.

The regression coefficients (R2) and the percentage absolute errors of deviations
(AED) between experimental and calculated results must be considered for model
validation. The AED was calculated from Eq. (7):

AED %ð Þ ¼
100
N

:

Yexp � Ytheo

Yexp

�

�

�

�

�

�

�

�

(7)

where Yexp and Ytheo are the responses obtained from experiments and from the
model, respectively. N is the number of points at which measurements were carried
out. A model was considered valid if R2

> 0.7 and AED < 10% [41].
For boron removal optimization, Response Surface Methodology via Doehlert

design was used with membrane AFN. To optimize the factors, 15 experiments
involving three variables were evaluated using a Doehlert experimental design
(Table 5).

Factors Coded symbol Range and levels

�1 0 +1

Concentration of counter-ion (mol/L) X1 0.1 0.3 0.5

pH of the solution X2 10.5 11.5 12.5

Initial concentration of boron (mg/L) X3 25 62 100

Table 4.
Experimental range and levels of the factors.

No X1 X2 X3 Y(%)Exp Y(%)Cal

1 1.0 0.000 0.000 87.3 87.4

2 �1.0 0.000 0.000 81.5 81.4

3 0.5 0.866 0.000 51.4 51.6

4 �0.5 �0.866 0.000 16.1 15.9

5 0.5 �0.866 0.000 21.1 20.7
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Using the experimental results from Table 5, the second-order polynomial equa-
tion was fitted to the data appropriately and the coefficients were presented in Eq. (8):

Y ¼ 84:2þ 3:01X1 þ 18:81X2 þ 9:12X3 þ 0:20X2
1 � 65:90X2

2 � 37:40X2
3

� 2:38b12X1X2 � 010 X1X3 � 12:20X2X3

(8)

Based on the obtained results, the coefficients show that pH of the feed compart-
ment had a significant effect on boron removal (b2 = 18.81). As a second influencing
factor, boron concentration (b3 = 9.12) was taken into consideration. However, chlo-
ride concentration had a less significant effect on boron removal (b1 = 3.11). The feed
compartment’s pH and boron concentration (b23 = �12.20) had the most significant
interaction and had an adverse impact on Donnan dialysis’s ability to remove boron.

Although they had a small impact on the removal of boron by Donnan dialysis, the
interactions between the chloride concentration and the feed compartment’s pH
(b12 = �2.38) and the concentration and boron concentration (b13 = �0.10) were not.

The regression coefficient (R2) and the percentage of absolute errors of deviation
(AED) were used to evaluate the model’s validity. The regression coefficient (R2) is
better than 0.7, and the percentage of absolute errors of deviation (AED)
(%) = 0.425% was less than 10%.

The contour plots (curve of constant response) are used to describe how boron is
removed by Donnan dialysis. The response surface is represented in a contour plot as a
two-dimensional plane where all points with the same response are joined to form
contour lines with constant responses. Typically, a surface plot shows a three-
dimensional image that could give a clearer idea of the response. To show the rela-
tionship between two factors and a response, use contour plots. The graph shows
values of the pH for combinations of the [Cl�] and B OHð Þ�4 . The [Cl

�] and
B OHð Þ�4 values are displayed along the X- and Y-axes, while contour lines and bands
represent the response value Y. The obtained plots are illustrated in Figure 6.

At a constant boron content of 62 mg/L, the first plot displays the combined
fluctuation of chloride concentration and pH. The contour plots’ form demonstrates
that, only at pH 11.5 when chloride concentration increases from 0.1 mg/L to 0.3 mg/L,

No X1 X2 X3 Y(%)Exp Y(%)Cal

6 �0.5 0.866 0.000 50.7 50.6

7 0.5 0.287 0.816 65.2 64.9

8 �0.5 �0.287 �0.816 35.9 36.2

9 0.5 �0.287 �0.816 40.1 39.9

10 0.0 0.577 �0.816 46.6 46.5

11 �0.5 0.287 0.816 62.6 62.7

12 0.0 �0.577 0.816 39.5 39.6

13 0.0 0.000 0.000 84.2 84.2

14 0.0 0.000 0.000 84.2 84.2

15 0.0 0.000 0.000 84.2 84.2

Table 5.
Doehlert Matrix and obtained results.
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boron removal improves. This was attributable to the many boron forms that can exist
in aqueous solutions at various pH levels. At higher pH levels, the B OHð Þ�4 is the
dominating species. However, beyond pH 11.5, the presence and competition with OH-
, which reduces the removal of boron, are likely to have an impact on the transport of
boron. Therefore, it can be said that pH 11.5 produced the largest boron transfer.

The variation in boron concentration and pH at a fixed chloride concentration of
0.3 mol/L is shown in the second plot. The shape of these iso-response curves, which
are concentrated in the center of the domain, demonstrates that the pH has a signifi-
cant impact on the elimination of boron. This was anticipated because boron removal
was positively influenced by the pH and chloride content. The variation of chloride
and boron concentrations with a constant pH of 11.5 is depicted in the third plot.
According to the contour plots, the rate of boron removal improves only when the
chloride concentration is increased from 0.1 mg/L to 0.3 mg/L around the boron
concentration of 62 mg/L.

The optimum values are 66 mg/L for the concentration of boron, 0.5 mol/L for the
concentration of chloride, and 11.6 for the pH of the feed compartment. These condi-
tions led to a maximum removal of boron of 88.8%. A replicate three times of exper-
iment was conducted in the optimum conditions in order to verify the efficiency of
predicting values. The coefficient of repeatability is less than 1%, so it can be con-
cluded that the removal of boron by Donnan dialysis is reproducible.

6. Conclusion

The influence of operating parameters on boron removal by Donnan dialysis was
investigated using two different membranes, AFN and ACS. For an initial boron

Figure 6.
Contour plots and three dimensions plots.
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concentration of 100 mg/L, a pH of 11.5 in the feed compartment and 0.5 mol/L of Cl-,
the counterion, in the receiver compartment, 75% of boron removal rates for AFN and
48% for ACS were recorded. The influence and interactions of these parameters were
then evaluated using a full factorial design. It was concluded that pH is the most
influent in the elimination of boron. The Response Surface Methodology by Doehlert
enabled the identification of the ideal working conditions for the removal of boron,
which reached an efficiency of 88.8% using an AFN membrane, which were
[B] = 66 mg/L, pH = 11.6 and [Cl-] = 0.5 mol/L. Compared to the conventional “one-
at-a-time” approach, using the Response Surface Methodology to identify the optimal
conditions for 13.8% can be seen of as a good option.
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