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Abstract

In this work, the authors made aquatic filters according to the formulation
“clay stabilized at 4% of cement mixed with 4% of kambala sawdust and 10%
of white sand” then heated to 1050°C to decontaminate the waters of gutters
and wells. The authors carried out geotechnical, geochemical, thermal, infra-
red spectroscopy, and scanning electron microscopy that analyzed the clay
material. Geotechnical analyzes have shown that this material is made up of
22% thin sand, 22% of silt, and 56% of clay with 26 plasticity index. The geo-
chemical analysis showed the presence of trace elements shared out as fol-
lows: 3% of alkaline metals, 24% of alkaline earth metals, 46% of transition
metals, 10% of metal, 16% of lanthanides, 1% of actinides. The most abun-
dant trace elements are barium (19%), vanadium (12%), chromium (11%)
and zinc (9%). The thermal and microscopic analyzes revealed the kaolinitic
nature of materials. The chemical depollution studies have shown elimination
yields of 50% - 52.38% of sulphates; 77.33% - 85.19% of phosphates; 34.85% -
88.49% nitrates; 91.3 - 100 of sulphides; The removal of bacteriological pollu-
tion are 92.8% - 98% of total germs; 94% - 97% of total coliform and 95% -
98% of E. coli.
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1. Introduction

This work is part of the geo-material research program initiated by the ministry
of mines and geology through the Geological and Mining Research Center
(CRGM) of the Republic of Congo, in collaboration with Marien Ngouabi Uni-
versity. It’s based on the priority directions research defined by the government
on the valorization of local materials. The Republic of Congo possesses abundant
clayey sites almost unexploited, while most of the clay-based products are im-
ported and their cost on the market is very expensive. Until then the exploitation
of the clay in the Republic of Congo remains artisanal (briquetery, pottery).
Thus, the identification of clay sites and the knowledge of geotechnical, physi-
cochemical, mineralogical, thermal properties of these clays for industrial de-
velopment become a priority.

The work contributes to relieving the environmental problem in general and
waste management in particular, which is now an integral part of the develop-
ment strategies designed and implemented in each country at the national level
as the sectoral level. The forest industry is a significant source of pollution. In-
deed, sawmills generate wood waste which, most often, are burned and release
carbon dioxide that attacks the ozone layer. Many works [1]-[8] were realized for
recycling the wood waste in the manufacture of composite materials. Several re-
searches [6] [9] have shown that incorporation of wood waste increases the poros-
ity and reduces the mechanical resistance into terracotta and compressed blocks.

In this work, the authors made up aquatic filters according to the formulation
“clay stabilized at 4% of cement mixed with 4% of kambala sawdust and 10% of
white sand” then heated to 1050°C to reduce chemical and bacteriological pollu-

tion of water.

2. Materials and Methods

2.1. Characterization of the Raw Material

The materials used in this work are clay, sand, cement, and kambala sawdust.
Different analyzes were performed on the clay, main material, coming from the
Makoua city, in the department of the Cuvette in the Republic of Congo, whose
coordinates of sampling site are: position N 00°00.453; E 015°35.364; altitude:
333 meters [7]. These are geotechnical, geochemical, thermal, by infrared spec-
troscopy and scanning electron microscopy analyzes.

Geotechnical analyses made up on the soil material are granulometric analysis
[10] [11]; the limits of Atterberg [12] and the Proctor test [13]. The geochemical
analysis, namely the analysis of trace elements, was made with a Thermo ICP—
MS X7 device. Thermal analyzes have been made up on a SDT Q600 apparatus
in the range 25°C - 1100°C with the heating rate 10°C/min in atmospheric air
conditions. An infrared spectrum of the material was realized in the range of
4000 - 400 cm™". The observation of the platelet morphology of this material ac-
cording to different dimensions of 1 pm; 2 um; 5 pm; 10 pm and 20 pm was
performed by scanning electron microscopy under 10 kV voltage.
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2.2. Making Filters and Analyzes of Waters

The aquatic filters were made with the formulation “clay stabilized at 4% of ce-
ment mixed with 4% of kambala sawdust and 10% of white sand” then heated to
1050°C. The samples of wastewater from gutters and wells were analyzed before
and after filtration to determine the concentrations of chemical and bacteriolog-
ical elements that can be considered as pollution indicators. The samples were
taken in aseptic conditions. Water sample have been conserved in a cooler (ice-
box) at 4°C to avoid a very large variation of the initial quantity in germ and
maintain the metabolism of microorganisms during transportation of the place

of sampling to the laboratory.

2.2.1. Chemical Depollution

Colorimetric, comparative, titrimetric and numerical methods were used to per-
form the physico-chemical analysis. The compounds found in the wastewater
are very numerous and varied. To determine the degree of pollution, it is not
necessary to identify all the chemical compounds present in waters but use the
globall parameters that correspond to the main pollution [14]. Referring to the
French decree of December 22, 1994, we found the following parameters: parti-
culate pollution due to suspended materials, nitrogen pollution (NH;, NO,
and NOj); phosphorus pollution. Added to this parameter, the pollution due to
sulphates and sulphides. The yield chemical pollutants are determined by the

following relation:

R(7%) =2

i

x100

R(%): percent removal efficiency; P; concentration of the chemical parameter

of the raw water; P,: concentration of the chemical parameter of filtered water.

2.2.2. Bacteriological Depollution

The indicator elements of this pollution are the total germs, fecal coliforms or
Escherichia coli (E. coli). The research and counting of total coliforms and of E.
coli was done according [15] [16]. For the bacteriological analysis charges, the
rate of abatement or elimination efficiency was calculated in percentage and in

logarithmic unit by the following formulas [17] [18]:

= R(Y
R(%):P’PP0 x100 ou R(u.log):—loglo[l— 1(()3’)}

R(%): rate of abatement or percent removal efficiency; R(u.log): rate of ab-

atement in logarithmic unit; P; concentration of the raw water parameter; 7

concentration of the parameter of the filtered water.

3. Results and Discussion

3.1. Geotechnical Analyzes

The granulometric analysis has shown that the clay material consists of 22% of

thin sand, 22% of silt and 56% of clay. The percentage of the elements lower to 2
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pm of this material is good for using in the ceramic industry [19] [20]. Thus, At-

terberg limits of this material are such that:

liquidity limit plasticity limit plasticity index

54.1 28.1 26

According to the classification of soils according to their plasticity index, a
ground has high swelling potential when its index is between 20 and 25 [21].
Therefore, AMKI1 ground with a plasticity index 26 exhibits high swelling and
this swelling character could depend on the quantity and type of clay minerals
present [22] [23] [24]. The swelling potential and the high plasticity index of this
material could probably be related to the presence of smectite or montmorillo-
nite. This plasticity index could be reduced by associating either cement or lime
on this ground [22] [25]-[30]. The activity of this material, or the ratio of the
plasticity index and the percentage of elements inferior to 2 um, is 0.46. This ma-

terial would be an inactive clay so kaolinitic because its activity is inferior to 0.75.

3.2. Geochemical Analyzes

In this work, the authors determined trace elements in the main material. The
analysis of major and minor elements was carried out by [7] and showed that
this material is essentially aluminosilicate. The results of the analysis of trace

elements are presented in Figure 1 and Figure 2. In Figure 1, the authors only

Th
1%

Co
1%

Sc
2%

Figure 1. Trace elements content in clay material.
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non metals Alkali metals

Figure 2. Percentage of trace elements groups in the clay material.

present the trace elements with a percentage greater than or equal to 1. The fol-
lowing element As, Yb, W, U, Tm, Ta, Tb, Sb, Sn, Sm, Mo, Lu, In, Ho, Gd, Dy,
Er, Be, and Cd have almost zero weight percentages.

Among the traces elements of the clay material, we noted the presence of a
non-metal such as Arsenic (As), alkali metals (Rb, Cs), alkaline-earth metals (Be,
Sr, Ba), transition metals (Sc, V, Cr, Hf, Cu, Co, Ni, Zn, Y, Nb, Mo, W, Cd),
metals (Ga, Ge, In, Sn, Sb, Pb, Bi), lanthanides (Ce, La, Dy, Er, Eu, Gd, Ho, Lu,
Nd, Pr, Tb, Yb, Sm) and actinides (Th, U). It appears that the most abundant
trace elements in this material are Ba (19%), V (12%), Cr (11%), and Zn (9%).
We also noted the different percentages of the families of the trace elements in
the presence, namely 3% of the alkaline metals, 24% of alkaline-earth metals,

46% of transition metals, 10% of metals, 16% of lanthanides et 1% of actinides.

3.3. Thermal Analysis

The curves resulting from ATG/ATD/DTG thermal analyzes are below represented
by Figure 3.

These histograms are subdivided into two areas: the first is 25°C around 500°C
and the second ranges from 600°C. The peak located between 25°C and 100°C,
with a mass loss of 1.649% corresponds to the dehydration of the material and
the exothermic, which is 254.57°C with a loss of 1.622% corresponds to the
decomposition of organic matter. The endothermic peak at 495.64°C corres-
ponds to the dehydroxylation of kaolinite to give metakaolinite. The peak at
571.69°C could correspond to the phase transition of quartz a and quartz £ [31]
[32] [33]. Accidents at 495.64°C and 571.69°C are accompanied by a mass loss of
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Figure 3. Thermal analyzes of clay material.

8.415%. The exothermic peak observed at 971.32°C could be explained by the
structural organization of metakaolinite to give the mullite following the trans-
formation [3] [34] [35]:

3(2Si0,, AlL,O,) — 4SiO, + 2Si0,, 3Al,0,

Metakaolin Silice amorphous ~ Mullite

3.4. Infrared Spectrum

Figure 4 shows infrared spectrum of the raw material in the range of 4000 - 400
cm™,

The absorption bands located between 3688.78 cm™ and 3619.02 cm™ cor-
respond to the vibrations of the hydroxyl. These bands [33] [36] and those be-
tween 792 cm™ and 748 cm™ [37] [38] indicate the presence of kaolinite. The
bands at 1114 cm™ and 1023 cm™ correspond to the vibrations of the Si-O va-
lence [33] [39]. The bands located at 522 cm™ is related to the Al-O-Si vibration
[33] [40] [41]. The band located around 1600 cm™ could be attributed to the
bending of the H-OH bonds of the structural water molecules and that at 908
cm™' to the bending vibrations of the Al-Al-OH and Al-Mg-OH groups indicat-
ing the presence of smectite [42] [43]. These results confirm the presence of kao-
linite and montmorillonite in the material. They corroborate with those of the

X-ray diffraction found [8] and those of the thermal analysis.

3.5. Scanning Electron Microscopy

Scanning electron microscopy of clay material is presented in Figure 5.
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Figure 4. Infrared spectrum of clay material.

Figure 5. Scanning electron microscopy of clay material.

The clay particules appear in the form of clusters with irregular contours. This
is a morphology encountered by poorly crystallized kaolinite. This observation is
also made by [32] [38].

3.6. Chemical Depollution

Figure 6 and Figure 7 show the physical parameters and chemical elements of
the different types of water before and after filtration.

The yields of percentage removal efficiency of elements susceptible to be con-
sidered as chemical pollution indicator elements are presented in Figure 8.

The filters have virtually eliminated particulate pollution due to suspension
matter; which would be justified by the decrease in turbidity of 95.7% for well

water and 99.32% for gutter water. These results are consistent with those found
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50 = Well water before filtration
. = Well water after filtration

Figure 6. Physical parameters and chemical elemens of well water before and after filtra-

tion.
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Figure 7. Physical parameters and chemical elements of the gutter water before and after
filtration.

100
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E Gutter water 50 85.19 88.49 91.3 100 99.32

Figure 8. Yield of percentage removal efficiency of chemical pollutants.

by [18]. On the one hand, the filters removed 52.38% of sulphates, 77.33% of
phosphates and 100% of sulphides in well water and on the other hand, we saw a
decrease of 50% of sulphates, 85.19% of phosphates, 88.49% of nitrates and
91.30% of sulphides in the gutter water. Analysis of nitrates in well water shows
a low decrease of 34.85%; which could be due to the recontamination of the wa-

ter after filtration.

3.7. Bacteriological Depollution

The results obtained are presented in the following Figure 9 and Figure 10:
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120 -
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Figure 9. Microbiology of well water before and after filtration.

140 -
120
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80 # Microbiology of gutter wate
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Figure 10. Microbiology of gutter water before and after filtration.

The bacteriological retention capacities in percentage and in logarithmic unit
of water are presented in Figure 11 and Figure 12.

The microbiological analyzes have shown considerable elimination of bacte-
ria. The minimum percent removal efficiency in well water is 98% for total
germs, 97% for total coliforms and 98% for fecal coliforms or E. coli and in gut-
ter water, this yield is 92.8% for total germs, 94% for total coliforms and 95%
pour fecal coliforms.

The minimum elimination efficiency yield in logarithmic unit for fecal coli-
forms or E. coli is 1.30 u.log for gutter water and 1.69 u.log pour well water.
This elimination is acceptable because its yield is greater than 1 u.log, which is
the value of logarithmic reduction below which the traitment of fecal coliforms
is not effective [18] [44]. The minimum values of our study remain slightly
lower than those of [18] but higher than those of [45] [46] as shown in the
Figure 13. This could be explained in part by the fact that the combustible and
the degreaser used are not the same. Several studies on ceramic filters use rice
husks as combustible and chamotte as a degreaser unlike sawdust and sand used
in this study. This elimination could be explained by the fact that during cook-
ing, the sawdust entering into the composition of filter are consumed by releas-
ing carbon dioxide that gives a porous appearance to filters. These micropores
would therefore be able to trap the chemical and bacteriological elements of the

water.
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Figure 11. Yield minimum elimination in percentage of bacteriological pollutants.
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Figure 12. Elimination efficiency yield in logarithmic unit of bacteriological pollutants.
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Figure 13. Yields comparison of minimum elimination yields in fecal coliforms or E. coli.

4. Conclusion

Geotechnical studies have shown that this material consists of 56% of the clay
fraction, 22% of thin sand and 22% of silt with a plasticity index of 26. Geo-
chemical analyzes also showed the presence of metallic trace elements distri-
buted as follows: 46% of transition metals, 24% of alkaline earth metals, 16% of
lanthanides, 10% of metal, 3% of alkaline metals and 1% of actinides. The most
abundant trace elements are barium (19%), vanadium (12%), chromium (11%)
and zinc (9%). Thermal and microscopic analyzes have shown that this soils is a
kaolinite clay. The filters manufactured are capable of retaining chemical and
bacteriological pollutants contained in water with retention efficiencies of 50% -
52.38% of sulphates; 77.33% - 85.19% of phosphates; 34.85% - 88.49% of ni-
trates; 91.30% - 100% of sulphides; 100% of particulate pollution; 92.8% - 98% of
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total germs; 94% - 97% of total coiforms and 95% - 98% of E. coli.
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