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Abstract 
Fixed-bed operating experimental column conditions were studied to eva-
luate the performance of brick from Bangui Region (in Central African 
Republic), coated with iron oxyhydroxide (ferrihydrite) for the removal of 
iron(II) from aqueous solution. The prediction of theoretical breakthrough 
profiles using Bohart and Adams sorption model was employed to achieve 
characteristic parameters such as depth of exchange zone, time required 
for exchange zone to move vertically, moving rate for the exchange zone 
and adsorption capacity useful for fixed-bed column reactor was investi-
gated under varying operating conditions. The effects of bed depth and 
flow rate on iron(II) adsorption were studied. Our finding revealed that 
the Brick from Bangui Region (in Central African Republic), coated with 
ferrihydrite was a very efficient media for the removal of Fe(II) ions from 
water. The experimental data showed that the depth and the moving rate 
(10.3 ± 0.6 cm) and (0.208 ± 0.006 cm/min) respectively of the exchange 
zone (adsorption zone) were independent of variability of the height of the 
adsorbent bed column, however the variations of the flow rate affect the 
moving rate of the exchange zone. The bed depth service time (BDST) 
model was used and permitted us to predict the service times of columns 
operated at various flow rates and bed depths and these predicted values 
were compared with the experimental values. 
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1. Introduction 

Iron contamination of ground water is widely observed in many countries in the 
world. There have been numerous reports on iron contamination making pota-
ble water increasingly readily unavailable in most countries, and this shortage is 
most dramatic in developing countries with rapid population growth. Iron is not 
considered a toxic metal, although its contamination constitutes a serious envi-
ronmental issue. On the other hand iron(II) in water in contact with air oxygen, 
is easily oxidized into colloidal ferric oxides/hydroxides, water becomes yel-
low-ochre with time, making it inappropriate for consumption and for washing 
clothes [1] [2]. This precipitation further worsens with time bacterial prolifera-
tion that causes bad tastes, bad odors and poses the greatest threat to human 
health. 

75% of the subsoil in the CAR is of non-carbonated Precambrian formation, 
the layers resulting from cracks and faults in this type of subsoil are generally 
exceeded by a laterite cover, which can promote the loading of the layer by iron 
due to the slightly acid pH of the waters. The high iron contents were revealed 
by the intense leaching of the lateritic layers recognized in several areas of the 
country but also by the transformation of sulfides (pyrite, Fe2S) reported in the 
quartz formations of the basement. 

The maximum level recommended for drinking water by the World Health 
Organization (WHO) is 0.3 mg/L and 0.2 mg/L by European Union respectively. 
This low guideline recommended for maximum iron content in drinking water 
explains the inconvenience caused by this metal in drinking water. 

Moreover, numerous methods had been used in the past years in water puri-
fication processes, such as ion exchange on cationic exchange resins [1]; oxida-
tion precipitation by aeration [1] [2]; and adsorption [3]. Among them, the de-
velopment of water treatment using adsorption processes receives major atten-
tion due to its low cost, simplicity and high efficiency. 

To improve the quality of iron-contaminated waters, the low cost adsorbents 
for metal removals have often been preferred particularly, in case the support 
material (e.g. sand, brick, polymer and sepiolite) was coated with iron oxide/ 
hydroxide [4]-[10]. The sorption performances of these coated materials were 
found to be dependent upon the quantity of deposited iron oxide/hydroxide; 
these coatings were higher (than on sands) on brick surfaces because of much 
greater specific areas due to the presence of metakaolinite [11] [12]. Thus, it was 
recently shown that: 1) brick from Bangui region (in Central African Republic) 
possesses high sorption capacity for the removal of soluble iron from aqueous 
solutions [13]; and 2) freshly precipitated ferric oxyhydroxides on HCl-activated 
brick contribute to increase significantly Fe(II)-adsorption properties on this 
material [12] [14] [15]; 3) these cations (Cd2+, Cu2+, Fe2+, Ni2+, Pb2+ and Zn2+) 
were preferentially sorbed by ferrihydrite, rather than other hydroxyl groups in 
brick clays; 4) adsorption properties of brick for the removal of these divalents 
cations suggesting the possible implication of electrostatic forces at the brick- 
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water interface [16]. 
The aim of this study is to investigate the column performance of iron oxyhy-

droxide-coated brick and the column operation parameters for the removal of 
iron(II) from an aqueous solution under dynamic process. Breakthrough studies 
were carried out to evaluate the performance of iron oxyhydroxide-coated brick 
in continuous fixed bed operation by varying the operating conditions, such as 
the flow rate and bed depth. The Bohart and Adams [17] equation was used for 
the estimation of the basic design parameters characterizing the performance of 
the dynamic process: such as depth of exchange zone, time required for ex-
change zone to move vertically, adsorption rate, and adsorption capacity. Theo-
retically, predicted data points of the column breakthrough curve obtained by 
using the BDST approach were compared against the experimental break-
through curve determined in the dynamic process for an initial Fe(II) concentra-
tion of 10 mg/L. 

2. Materials and Methods 
2.1. Preparation of Iron Oxyhydroxydes Coated Brick 

Several physical/chemical treatments described by [4] [13] were carried out on 
the raw brick, briefly: 1) it was broken into grains and sieved to sizes ranging 
from 0.7 to 1.0 mm; 2) these particles were afterwards leached with a 6 M-HCl 
solution at 90˚C for 3 h; and 3) finally a deposition of FeOOH on to HCl-treated 
brick was performed by precipitation of iron(III) by using a 0.25M Fe3+ ions so-
lution with NaOH solutions (6 M and 1 M) at pH 7. 

2.2. Reagents 

All chemicals used for the study were analytical grades of ferric nitrate 
[Fe(NO3)3, H2O], ferrous chloride [FeCl2, 4H2O], sodium hydroxide and hy-
drochloride acid supplied by DISLAB (France). The stock solutions of iron(III) 
(0.25 mol/L) and iron(II) (10 mg/L) were prepared by dissolving the corres-
ponding salts in Milli-Q water before performing the experiments. It is worth 
noting that Fe2+ ions initially present in the prepared solution (10 mg/L) re-
mained at oxidation state II under our physicochemical conditions (pH ≈ 4.5; Eh 
= 347 mV vs Ag/AgCl ( (KCl) = 3 mol/L)); [O2] = 5.77 mg/L). Reference elec-
trode has been calibrated whit a redox standard solution (Methrom U (mv) = 
+250 ± 5 (20˚ pH = 6.994)). The thermodynamic stability of ferrous ions in our 
solution was further confirmed theoretically by examining the pɛ-pH diagrams 
for the iron-water system [18]. 

3. Instrumentations 
3.1. MEB/ESEM/EDS Analyses 

Microphotographies of representative brick specimens after precipitation of iron 
oxyhydroxide were recorded by using an environmental scanning electron mi-
croscope (ESEM, Quanta200 FEI). Different surface areas ranging from 0.5 to 
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3.5 mm2 were targeted on brick grain sand examined by ESEM/EDS (ESEM, 
model: QUANTA-200-FEI, equipped with an Energy Dispersive X-Ray Spec-
trometer EDS X flash 3001 and monitored by QUANTA-400 software elaborated 
by Bruker). EDS measurements were carried out at 20 kV at low vacuum (1.00 
Torr) and the maximum pulse throughput was 20 kcps. Micro-observations 
along different cross-sections of FeOOH-coated brick samples were also per-
formed by ESEM/EDS. 

3.2. XRD Analyses 

The powder X-ray diffraction (XRD) was performed by using a Bruker diffrac-
tometer (model: Endeavor D4) equipped with a PSD/Lynx Eye detector. The 
powdered sample was scanned from 10˚ to 8˚ 2θ with increments of 0.0157˚ 2θ 
and a number of 4456 steps using a Ni-CuKα radiation (the recording time was 
≈ 7.2 h). The Cu tube operated at 35 kV and 30 mA. To detect good XRD dif-
fractogram of 2-line ferrihydrite associated with brick, the fraction of brick par-
ticles with sizes ≤ 63 µm was recovered and chemically treated according to the 
procedure described by [14] [15]: A thinner powder was then used in this work 
to precipitate higher amounts of iron oxyhydroxides on to material surfaces. 

3.3. ICP-AES Analyses 

ICP-AES (Inductively Coupled Plasma-Atomic Emission Spectroscopy; model 
Varian Pro Axial View) was used to analyze the soluble iron effluent samples that 
were collected from the exit of the bottom column at different time intervals. 

3.4. Fixed Bed Column Experiments 

Continuous flow adsorption according to the experiments described by [13]: 
was conducted in a fixed-bed glass column with an inner diameter of 14 mm, a 
height of 30 cm, and a medium porosity sintered-pyrex disk at its bottom in 
order to prevent any loss of material. Four-bed depths of 10 cm (16 g), 15 cm 
(23 g), 20 cm (30 g), and 25 cm (38 g) were investigated at a constant flow rate 
of 10 mL/min, and a constant bed depth of 15 cm was examined at variable 
rates (3, 5, 8, and 10 mL/min). Before being used in the experiments, 500 ml of 
Milli-Q water was passed through the column for three reasons: 1) to remove 
any unbound and thin particles/iron oxides/hydroxides; 2) to check the ab-
sence of soluble iron at the outlet; and 3) to confirm the stability of the 
FeOOH coating on brick pellets. The initial iron(II) concentration of the in-
fluent was 10 mg/L. The schematic diagram of the fixed bed column reactor 
used is shown in (Figure 1). 

Fe2+ ions solution was pumped through the column at a desired flow rate by 
means of a peristaltic pump (Labo Moderne France Type KD1170) in a down-
flow mode. Depending upon our various study column experiments, measured 
pH was found to be around 4.5 in the influent and to vary in the effluent from 
8.6 at the beginning to 5.5 at the end. Effluent samples were collected from the  
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Figure 1. Schematic diagram of the fixed bed column reactor used for Fe(II) adsorption on ferrihydrite 
coated brick in water. 

 
exit of the bottom column at different time intervals and analyzed for soluble 
iron using ICP-AES (Inductively Coupled Plasma-Atomic Emission Spectros-
copy; model Varian Pro Axial View). The flow to the column was continued un-
til the effluent Fe(II) concentration at time t (Ct) reached the influent Fe(II) 
concentration (C0): Ct/C0 ≈ 0.98. The performance of packed bed was described 
in the present work through the concept of the breakthrough curve. The shapes 
of the breakthrough curves observed during column experiments were studied at 
variable flow rates and bed depths, and mathematical models were applied to 
our system. 

3.5. Fixed Bed Mathematical Models 

The breakthrough time (tb) corresponding to 5% of initial concentration, the 
time t50% corresponding to 50% of initial concentration and the exhaust time 
(te) corresponding to the time required to achieve 90% of the inlet concentration 
were determined. The analysis of the breakthrough curve was done using two 
models, the prediction of theoretical breakthrough profiles [19] and the bed 
depth/service time (BDST) model [17]. The BDST model was extended to the 
prediction of breakthrough and exhaust times of the columns operated at dif-
ferent flow rates and also varied bed height once the slope at a given flow rate 
and bed height was determined. 
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4. Results and Discussion 
4.1. Composition and Characterization of Ferrihydrite Coated 

Brick by ESEM/EDS 

After deposition of ferrihydrite by precipitation of iron oxyhydroxides on the 
surface of brick grains according to the procedure described by [13], the mi-
cro-observations along different cross-sections of FeOOH-coated brick samples 
show a deposition of the heterogeneous oxyhydroxides in plate form which is 
characteristic of gel drying (Figure 2(a)). 

The profile analysis of the surface of a brick grain after precipitation over a 
distance of 100 μm (Figure 2(b)) shows that iron and silicon are anti-correlated 
while iron and aluminum are correlated (see Figure 2(c)). 

This shows that the FeOOH deposited on the grains of the brick adsorbs pre-
ferentially on metakaolinite and little on quartz. 

4.2. Composition and Characterization of FeOOH Coated Brick by 
XRD 

The raw brick obtained from Bangui region in Central African Republic used in 
this study was previously characterized by X-ray diffraction and chemical analy-
sis as described before [13] [14] Average mineralogical composition was found 
to be: 61 - 65 wt% quartz; 21 - 25 wt% metakaolinite; 3 - 4 wt%; illite; ≤ 4 wt%; 
iron oxides/hydroxides; and ≤2 wt% feldspar + mica + biotite. The XRD analyses 
of FeOOH-coated brick have been extensively reported in previous studies [13] 
It shows in the diffractogram of iron oxyhydroxides coated brick two broad 
maxima at 34˚and 61˚ 2θ corresponding to d-spacings of 1.52˚A and 2.63˚A, 
typical of two-line ferrihydrite (Figure 3). 

4.3. Behavior of the Adsorption Column 

During the crossing of the column, iron(II) ions are adsorbed on the fixed bed 
and the solution is exhausted. The iron(II) metal ions in solution are adsorbed at 
the first adsorbent layer called the exchange zone. During the time t < tb, the 
outlet concentration of the iron(II) is almost zero. The exchange zone becomes 
saturated and the exchange zone progressively moves slowly towards the bottom 
of the adsorbent bed (Figure 1). Finally, the exchange zone will reach the bot-
tom of the column at t = tb and the solute concentration in the outlet effluent be-
gins to increase at t > tb and reaches its initial value at t = te. 

In order to bring out the fixed bed column, several parameters influencing the 
breakthrough time were performed to determine the optimal operating condi-
tions of treatment using ferrihydrite-coated brick fixed bed column. 

5. Evaluation of the Maximum Capacity  
of the Fixed Bed 

The maximum capacity that represents the total efficiency of a fixed bed can be 
calculated experimentally using Equation (1): 
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Figure 2. (a) SEM/EDS mapping; (b) SEM/EDS mapping; (iron oxyhydroxide: green, 
Aluminum blue; Silicium red) (c) SEM image of the surface of brick grains rich in iron 
oxyhydroxides. 
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Figure 3. RX diffractogram of a brick sample after deposition of ferrihydrite (anticathode of Cu Kα1, λ = 1.54060 Å exposure 7 h). 
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where Qtotal is the maximum quantity of iron(II) adsorbed by the fixed bed (mg), 
F is the flow rate (mL∙min−1), Cads is the adsorbed iron(II) concentration (mg∙L−1) 
and t is the time (min). 

The maximum capacity of the column fixed bed was calculated using Equa-
tion (2). 

max
total

brick

Q
Q

m
=                          (2) 

where mbrick represented the total dry weight of ferrihydrite-coated brick inside 
the column. 

Total removal percent of iron(II) of the column fixed bed was defined using 
Equation (3) 

100
% total

total
solute

Q
Y

m
=                         (3) 

where is the total amount of iron(II) passed through the column during the ex-
periment, it was calculated from the Equation (4): 

0

1000
total total
solute

C Ft
m =                         (4) 

5.1. Effect of Flow Rate 

To obtain the fixed bed maximum capacities, the effect of flow rate was investi-
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gated at a constant bed height of 15 cm. It can be seen in (Figure 4) the plots of 
comparative normalized iron(II) concentration, Ct/C0, against the time passed 
through a 14 mm diameter column of the modified brick at different flow rates. 
Also, from the plots in (Figure 4) sorption data were assessed, and particularly, 
amount of total iron-sorbed, maximum iron uptake per gram of brick and total 
removal percent with respect to volumetric flow rate are listed in Table 1. 

As a whole, it was noticed mainly three features: 1) metal-uptake values re-
mained relatively constant with flow rate (0.338 ± 0.010 mg/g for F = 3 - 10 
mL/min); 2) sharper breakthrough curves were obtained at higher flow rates (the 
∆c/∆t ratio which is defined in Table 1, varied from 0.069 mg/L min for F = 3  

 

 
Figure 4. Effect of various flow rates on the breakthrough curve of Fe(II) adsorption on 
ferrihydrite coated brick at a constant bed depth. 

 
Table 1. Column data and parameters obtained for iron(II) ions adsorption on ferrihydrite coated brick 
in water at various bed depths and flow rates. The subscripts “b” and “e” corresponded to the words 
“breakthrough” and “exhaustive”. 

Bed deph 
(Z) 
cm 

Brick 
mass 

g 

Flow rate 
(F) 

ml/min 

Uptake 
(Qexp) 
mg/g 

tb 
min 

Vb 
ml 

t50% 
min 

te 
min 

Ve 
ml 

∆t 
min 

∆ (Ct)/∆t 
mg/l/min 

10 16 10 0.344 33 326 46 80.7 792 48 0.18 

15 25 

10 0.299 50 504 66 100 1000 50 0.174 

7 0.299 73 507 96 144 1007 71 1.132 

5 0.306 105 522 129 241 1201 136 0.071 

3 0.346 151 452 21 306 915 155 0.069 

15 23 10 0.328 50 504 66 100 1000 50 0.174 

20 30 10 0.336 78 753 98 132 1278 54 0.162 

25 38 10 0.334 110 1008 124 164 1502 54 0.174 
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mL/min to 0.174 mg/L min for F = 10 mL/min); and 3) the breakpoint time (tb) 
decreased with increasing flow rates and at a constant mass of brick inside the 
column: m = 23.4 ± 0.4 g (from tb = 151 min for F = 3 mL/min to tb = 50 min 
for F = 10 mL/min). It should further be noted that a better Fe(II) adsorption 
performance of the study brick was obtained at the lowest flow rates, due to 
higher residence time. 

5.2. Effect of Bed Height 

The breakthrough curves of iron(II) adsorption which were obtained in a 14 mm 
diameter column at different bed heights with a constant flow rate of 10 mL/min 
are given in (Figure 5). For this column (14 mm diameter), the bed height was 
about 10, 15, 20 and 25 cm, which corresponded to brick masses of 16, 23, 30, 38 
g, respectively. 

It was found that a higher bed height or an increase in adsorbent weight inside 
the column led to higher quantities of adsorbed Fe(II) in the column reported in 
Table 1, due to the involvement of more adsorption brick sites in interaction 
with the effluent. Obviously, the maximum capacity of iron-uptake per gram of 
brick remained relatively constant with increasing bed height (as reported in 
Table 1). This result could be attributed to the number of up-take sites per gram 
of brick which remained constant when increasing bed height. 

5.3. Evaluation of Basic Design Parameters of Adsorption Column 

The time required for the exchange zone to move the length of its own height 
up/down the column (tz) once it has become established is [18] [19] [20]: 

s
z

V
t

F
=                             (5) 

where Vs is the total volume (mL) of water treated between tb and te and F is the 

 

 
Figure 5. Effect of various bed depths on the breakthrough curve of Fe(II) adsorption on 
ferrihydrite coated brick at a constant flow rate. 
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flow rate (mL∙min−1). 
The time required for the exchange zone to become established and move 

completely out of the bed (te) is: 

e
e

V
t

F
=                             (6) 

where Ve is the total volume of iron(II) spiked water treated to the point of ex-
haustion (L). 

The rate at which the adsorption zone is moving up and down through the 
bed is: 

Z
Z

Z e f

h hU
t t t

= =
−

                       (7) 

where hz is the height of exchange zone (cm); h is the total bed depth (cm); tf is 
the time (min) required for the adsorption zone to form initially. 

The expression for the height of the exchange zone (hz) is: 

( )Z
Z

e f

h t
h

t t
=

−
                          (8) 

The value of tf can be calculated as: 

( )1f Zt f t= −                          (9) 

where f is the fraction of iron(II) adsorbed when the adsorption zone is com-
pletely saturated after equilibrium, is given by: 

( )
( )
0

max 0

de

b

V
tVZ

e b

C C VSf
S C V V

−
= =

−
∫

                  (10) 

where C0 is the initial concentration of iron(II) in water (mg/L); Ct is the con-
centration of solute iron(II) at any instant in the effluent (mg/L); Vb is the total 
volume of iron(II) spiked water treated to the point of breakthrough (L); Sz is the 
amount of iron(II) that has been removed by the adsorption zone from break-
through to exhaustion (mg) and Smax is the amount of iron(II) removed by ad-
sorption zone if completely exhausted (mg). 

The percentage of total column bed saturated at breakthrough is: 

( )1
% 100Zh f h

saturation
h

+ −
= ×                 (11) 

It was noted that the moving rate of the exchange zone (UZ) increases with the 
flow rate. UZ ranges from 0.072 to 0.214 cm/min when the flow rate increases 
from 3 to 10 ml/min (Table 2). These values are in agreement with the experi-
mentally determined ratio Δ(Ct)/Δt which decreases with the flow rate. On the 
other hand, it shows in Table 2 that the height of the exchange zone remains 
almost constant at all the rates of the filtration. Therefore it was found that the 
exchange zone does not depend on the height of the fixed bed and the filtration 
rate but probably on the affinity of the solute with the adsorbent. The variation  

https://doi.org/10.4236/ajac.2023.144011


O. Allahdin et al. 
 

 

DOI: 10.4236/ajac.2023.144011 195 American Journal of Analytical Chemistry 
 

Table 2. Design Parameters for fixed bed column applied to Fe2+ ions adsorption on ferrihydrite coated 
brick in water at various bed depths and flow rates. 

Bed 
depth 

cm 

Flow rate (F) 
ml/min 

UZ 
cm/min 

tz 
min 

hz 
cm 

tf 
min 

te 
min 

% 
saturation 

10 10 0.2 46.6 9.3 29.2 79.2 41.59 

15 

3 0.072 154.12 11.03 95.39 304.92 54.47 

5 0.112 84.77 9.45 54.65 189.14 59.36 

7 0.149 71.53 10.65 43.17 143.91 57.15 

10 0.214 49.66 10.63 29.96 100.02 57.23 

15 10 0.210 49.600 10.600 30.0 100.000 57.230 

20 10 0.21 52.5 10.8 30.7 127.8 68.29 

25 10 0.21 49.4 10.4 31.6 150.2 73.31 
 

of the percentage of saturation as a function of the flow rate is not significant to 
affirm an influence of the variation of flow rate on the height of the exchange 
zone. 

The mathematical evaluation of the basic adsorption column design parame-
ter using various bed heights permitted us to show that the moving of the ad-
sorption zone in the adsorbent bed is independent of the bed height and re-
mained constant (UZ = 0.208 ± 0.006) cm/min when increasing bed height. The 
values of UZ are close to those experimentally obtained for the ratio Δ(Ct)/Δt 
between the breakthrough time (tb) and the exhaustive time (te). This ratio also 
remains constant and equals 0.17 ± 1 mg/l/min and corresponds to the variation 
of the concentration of iron(II) adsorbed on the support per unit of time. 

It was found when the bed heights of column increased to 10 from 25 cm, the 
height of the exchange zone in the column also remains constant, hZ = 10.3 ± 0.6 cm. 

The time required for the adsorption zone to move vertically up the column 
(tZ) and the time required for the adsorption zone to become totally saturated 
were also constant (see Table 2), in agreement with the moving rate and the 
height of the adsorption zone which were invariable when the heights of column 
bed varied from 10 to 25 cm Between the breakthrough time (tb) and the exhaus-
tive time (te) when the heights of column bed varied to 10 from 25 cm, the per-
centage of the total column saturation at breakthrough varied from 41.59 to 
73.31. This increase of the saturation percentage is in agreement with the theo-
retical data from Equation (3). 

5.4. Prediction of Service Times of Columns, Using the BDST and 
Comparison with the Experimentally Obtained Service Times 

Bed Depth Service Time (BDST)  
A number of mathematical models have been developed for use in design. Some 
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investigators attempted to simulate column performances by testing mathemat-
ical models from data collected during laboratory experiments in order to design 
pilot-scale columns [21] [22] [23] with mathematical models. Among them, dif-
ferential Bohart-Adams equations [18] [24] [25] were successfully applied to liq-
uid-solid systems by accounting for the dynamics of the study adsorption 
process. Briefly, the decrease with time of the adsorption capacity, “No”, of the 
adsorbent was found to be proportional to the adsorption rate, Kads, as follows: 

0
0ads

N
k N C

t
∂

=
∂

                       (12) 

Hutchins [26] proposed a simplified equation based on the above sur-
face-reaction-rate theory proposed by Bohart and Adams (1920): it was pre-
sented as a linear relationship between the column bed depth (Z (cm)) and the 
service time (t (min)): 

0 0

0 0

1 ln 1
ads t

N C
t Z

C k C Cυ
 

= − − 
 

                  (13) 

where N0 represented the dynamic bed capacity (mg/L); ν was the linear flow 
rate (cm/min) which was defined as the ratio of the volumetric flow rate F 
(cm3/min) to the cross-sectional area of the bed, S (cm2); Kads. was the adsorption 
rate constant (L/mg min); and C0 and Ct corresponded to the influent Fe2+ con-
centration and the effluent Fe2+ concentration at time t, respectively. 

At a time (t50%) at which Fe(II) concentration in the effluent reached 50% of 
the influent Fe(II) concentration, BDST Equation (14) can be simplified as: 

0
50%

0

N Z
t

C υ
=                          (14) 

The critical column height (Z0) is the minimum column height necessary to 
produce Ct < C5% of the initial concentration of the effluent.  

The time t = 0 was determined in Equation (13). 

0
0

0 0.05

ln 1
ads

C
Z

k N C
υ  

= − 
 

                   (15) 

During the experiments, three particular values of the service time were stu-
died: tb, t50% and te, which correspond to 5%, 50%, and 90% of initial concentra-
tion in the effluent at the outlet of the column. The variation of these three ser-
vice times Vs the height of the bed column permitted us to get three lines in 
agreement with the Hutchins equation (Figure 6). Which showed the depth vs 
service time for tb = 0.5%, t50% = 50% and te = 90% saturation of the columns. 
The equations and correlation coefficients of these lines are as follows: 

5.18 22.9bt Z= − , 2 0.98R =                  (16) 

50% 5.38 7t Z= − , 2 0.98R =                   (17) 

5.62 20.9et Z= + , 2 0.98R =                  (18) 

From the slopes these lines tb and te are parallel and the horizontal distance  
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Figure 6. Bed depth vs service time plot at 5%, 50% and 90% saturation of ferrihydrite 
coated brick fixed bed. 

 
between the lines was found to be 10.71 cm. This horizontal distance is the 
height of the exchange zone in agreement with theoretically value that was aver-
aged to be 10.3 ± 0.6 cm (Table 2). 

The slopes of these 3 lines are similar and allow from Equation (13) to calcu-
late from the 3 times (tb, t50% and te) an average value of dynamic capacity N0: 345 
± 15 mg/L. The minimum column height (Z0) necessary to produce an effluent 
concentration of Ct < C5% was showed in Table 3. It can be seen Z0 remained 
nearly constant at a given flow rate of 10 mL/min and at bed height varying from 
10 to 25 cm. This meant that Fe(II) adsorption onto brick pellets ought to be ef-
ficient only if studied bed heights Z was >Z0. 

From this value N0, the adsorption constant Kads can be reached. This constant 
calculated from the different times tb increases slightly with the height of the bed 
(Table 3). The reason for weak increases observed for Kads might be due to 
physical column parameters like wall effects. 

By plotting the variations of tb, t50%, and te Vs 1/ʋ with the ʋ was a linear rate in 
cm/min of liquid flow calculated from the flow rate (Figure 7). 

304.75 3.351et x= + , 2 0.92R =                 (19) 

50% 405.8 1.2612t x= + , 2 0.99R =                 (20) 

625.39 9.8837bt x= + , 2 0.98R =                 (21) 

Regression coefficient values: show that the results obtained are well repre-
sentative of Equation (14). From the slope and the intercept these parameters N0, 
Kads and Z0 were calculated and shown in Table 3. 

By taking into account the values of the initial concentration and linear rates 
of filtration, the dynamic bed capacity was found to be N0 = 335 mg/l. This value 
is very close to N0 obtained by varying the height of the bed, i.e. N0 = 345 mg/l. 
The adsorption rate constant Kads does not change significantly with the rate and 
is 32.4 ± 2 mL/(mg/min). The critical bed depth, Z0, increased from 0.83 to 3.25  
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Figure 7. Flow rate vs service time plot at 5%, 50% and 90% saturation of ferrihydrite 
coated brick fixed bed. 

 
Table 3. Parameters predicted from BDST model applied to Fe2+ ions adsorption on fer-
rihydrite coated brick in water at various bed depths and flow rate. 

Bed depth 
(h) cm 

Brick mass 
(m) g 

Flow rate 
(F) ml/min 

N0 
mg/L 

Kads 
mL/(mg min) 

Z0 
cm 

R2 

10 16 10 345 16.3 3.96 0.988 

15 

23.0 10 335 30 3.25 

0.999 
23.8 7 335 34.1 1.7 

23.1 5 335 33.9 1.19 

23.1 3 335 31.5 0.89 

15 23 10 345 17.8 4.04 0.988 

20 30 10 345 19.2 3.92 
 

25 38 10 345 25.8 3.88 
 

 
cm with increased flow rate from 3 to 10 mL/min at a given bed height of 15 cm. 
The Fe(II) adsorption onto brick was efficient because bed heights Z > Z0. 

To compare, the experimental data shows that the values of height of the ex-
change zone was in agreement with theoretical data using BDST model. Both 
curves revealed a good correlation for the treated iron system. 

6. Conclusion 

In this study, an investigation was carried out in the laboratory to evaluate the 
Fe(II) adsorption on ferrihydrite-coated brick in fixed bed column. Microscopic 
analyses (ESEM/EDS) of this adsorbent were carried out and its data permitted 
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us to show the ferrihydrite bound to surface brick and identified as two-line fer-
rihydrite by XRD as the key adsorbent in the process. Our finding further re-
vealed that these natural brick materials could also be used efficiently for Fe(II) 
removal. It was found that the Fe(II) adsorption was to be dependent upon the 
flow rate and bed depth in fixed bed columns. However, the basic parameters 
such as 1) moving rate of exchange zone increases when increasing the flow rate 
in the bed column and does not depend on column bed heights, 2) the height of 
exchange zone remains constant when increasing the flow rate and the bed 
height. The BDST model was used to evaluate the column capacity, and break-
through data predictions and the evaluation of the column parameters gave re-
sults that showed good agreement with experimental results., These adsorptive 
properties should be explored for water-treatment technologies at low cost in 
Central African Republic since brick is easily available and cheap in this country. 
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