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Abstract

The process of using ceramic water filter to remove contaminants and microbes in water pro-
cessing is becoming more effective and popular among ceramists and homes in developing coun-
tries. However, ceramic filters are not known to treat heavy metals effectively. Therefore, this re-
search work is targeted at developing ceramic water filter that is capable of removing heavy met-
als in water at household levels. The body composition is formulated with charcoal, saw dust, snail
shell, glass cullet and clay so as to make it porous, remove microbes and treat heavy metals by ad-
sorption process in the filter. The formulated bodies are shaped and fired to a temperature of
(850°C - 900°C) and water is allowed to run through the material. Physiochemical and heavy metal
test are conducted on the water and it is discovered that samples G and H have the highest flow
rate and sample H is effective for the treatment of microbe and the removal of heavy metals in
water with significant reduction in Zinc, Nickel, Manganese, Lead, Chromium and Copper. It also
shows that the filter which is produced is effective for high correction of physiochemical parame-
ters in household water treatment.
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1. Introduction

Water is said to be clean not only when it is colourless, odourless and tasteless but it should be free of microbes
and heavy metals. Generally only 60% of the country’s population has access to clean and safe water for domes-
tic use (WHO/UNICEF, 2010). The most deadly diseases being contacted from water are always from microbial
particles or presence of heavy metals that may be present in water through leaching or other processes. Most of
the water resources in the countryside are contaminated with dissolved minerals and pathogenic organisms
which can be highly infectious and disease-causing (Kosek et al., 2003). Several water filtration technologies
have been started by educational initiatives and non-governmental organizations recently to resolve portable
water scarcity (Sobsey et al., 2008), but this has not totally reduced it.

It was estimated that in 2010, 1.8 billion people consumed water being deemed “unsafe,” and 783 million
regularly used water sources unprotected from contamination (Bolton, 2009). Children are the most affected by
ingestion of contaminated water: 15% of deaths in children under five years old are associated with the nearly
2.5 billion cases of diarrhea each year (ASM, 1990). This means that every year, 3.4 million children die as a
direct result of diarrhea and other diseases caused by water-borne microbes, making it the second leading cause
of death of children, especially in low- and middle-income countries (Onda et al., 2012).

It is therefore important to produce water filters for homes and most especially rural areas in other to reduce
the risk of water borne diseases that can be contacted not only from dirty water but also from the presence of
heavy metals in water. A filter is defined as a device, instrument or material, which removes impurities from
whatever that passes through it. Therefore, ceramic water filtration as defined by (Brown et al., 2007) is the
process that makes use of a porous ceramic (fired clay) medium to filter microbes or other contaminants from
water. The pore size of the ceramic medium is sometimes small enough to trap anything bigger than a water
molecule. From the ancient times to the present, water filters have evolved out of necessity, first to remove ma-
terials that affect appearance, then to improve bad tastes and further to remove contaminants that can cause dis-
ease and illness (Water Exchange, 2012).

Ceramic water filters were manufactured with locally available clay and sawdust. These filters were low cost
but considered as efficient and sustainable technology to treat drinking water in developing countries (Sobsey et
al., 2008). Most of the available ceramic water filters are not produced to treat heavy metals in water, hence, the
aim of this research work is to investigate the possibility of producing ceramic water filter composition to treat
heavy metals in water and correct physiochemical parameters in home use water. A calcium silicate composite is
incorporated into the ceramic water filter to act like a tobermorite to trap and absorb heavy metal in its pores by
metal ion capacity.

Tobermorite is a silicate hydrate mineral with chemical formular (CasSigO1(OH),-4H,0). It occurs in cement
paste and can be found in nature as alteration mineral in metamorphosed limestone (Coleman, 2011). It works
on the principle of absorbing and trapping of heavy metals in its pores and has metal ion adsorption capacity
(handbook of mineralogy, 1954). The ratio of composition of 50% glass cullet (SiO,) source and 50% snail shell
(Calcium Silicate) source is very good for heavy metal treatment in water (Ajayi, 2013). This is introduced into
the varying ratio of charcoal, sawdust and ball clay composition to act as tobermorite in the composition in other
to treat heavy metal by adsorption process, correct physiochemical parameters and also act as a water filter for
home use.

2. Materials and Method

The basic raw material used to make the ceramic water filters include ball clay minerals, snail shell, cullet,
charcoal and sawdust from wood. The ball-clay mineral was preferred because it exhibits high plasticity to hold
the filter particles together and it has a greater dry mechanical strength when fired (Prajapati, 2002).

The hardwood sawdust was preferred to softwood sawdust because it does not cause bloating and results in a
more uniform pore formation with fewer defects in the filter (Katherine et al., 2000). The 50% snail shell and
the 50% glass cullet composition were used so as to trap heavy metal in the composition by adsorption process
(Ajayi et al., 2015).

2.1. Materials and Equipment

The material and equipment used for the research are:
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1) Clay

2) Sawdust

3) Glass

4) Water

5) Snail shell

6) Charcoal

7) Electric weighing balance
8) Glass block

9) Ball mill

Clay. The clay was dug from Ikere-EKiti, the clay was grinded to a fine particle, then the clay was soaked in a
soaking pit and mixed together until it forms slip. The clay slip was later transfer into the dryer pit to remove
excess water present in the clay mixture in order to get plastic materials. The plastic clay was allowed to dry for
three weeks and was grinded using the grinding machine to have powder clay. Clay forms the base material of
the water filter element. Clay can be readily accessed in most locations worldwide, it can be mould easily, and
when fired in the kiln it changes chemically to become a strong porous container that does not deteriorate in
water. A normal clay pot allows an extremely slow movement of water through pores that exist between the
platelets of fired clay. The size of these pores have been measured (by an electron microscope) to be in the range
of 0.6 to 3.0 microns (um) which are capable of straining out most bacteria, protozoa, and helminths (Lantagne,
2001), as well as dust, and organic matter.

Sawdust. The sawdust was gotten from a sawmill and furniture workshop in Ado-Ekiti. The saw dust was
sieved in other to have a fine particles size. This will allow for easy mixing of the saw dust with the other mate-
rials.

Water. The water was gotten from the borehole. The water was use to mix the clay, snail shell, glass and
charcoal in the sawdust to form a semi plastic workable material.

Snailshell. The snail shell was gotten around Federal Polytechnic Ado-Ekiti environment. It was calcined at a
temperature of 800°C and pulverised to powder using the ball mill machine. The powder was taken to the labor-
atory for analysis to determine the percentage of calcium present in the shell.

Charcoal. Charcoal was gotten at a settlement near Federal Polytechnic Ado-EKiti area (Aba Erinfun). It was
sun dries for some days and milled to powder using the ball mill machine.

Cullet. The cullet was gotten from waste wine bottles within the environment. The cullet was poured inside a
ball milling and milled to form a slip. The slip was sundried to form dried cake which was later crushed to
powder using the grinding machine.

2.2. Effect of Calcining the Snail Shell

Calcination is the process of heating of raw materials or mixture to the temperature necessary to drive off the
chemically combined water, carbon dioxide and other volatile materials present in it. The process of grinding is
made easy when materials are calcined.

3. Procedure

The raw materials were weighed and combined in various ratios with some percentage of water to produce a
homogenous plastic body. This is well kneaded to remove any available pores in the clay and was used to form a
circular shape body. The shape of the produced body was measured to have a diameter of 2.5 inches and a
height of 0.5 inches. The various samples were allowed to dry for 4 weeks to remove any free water in the sam-
ple and then fired in an electric kiln to a temperature of 850°C. Flowing water was gotten from a stream in
Isan-EKkiti, Ekiti State, Nigeria and was taken to the laboratory for analysis. The water was allowed to pass
through the sample composed and the flow rate of the water samples was taken. The filtered water was then
taken to the laboratory to test the effect of the water filter composition.

Mechanism of Filtration

The density and size of a filter’s pores are two of the factors that affect filter performance (Hagan et al., 2009).
The sawdust which is mixed with the clay burn out during firing and this makes the filter porous thereby allow-
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ing water to pass through it. Microbes and particles which are larger in size than the pores in the filter membrane
are blocked from flowing through the outermost membrane layer thereby making the water free of dirt and mi-
crobes while the heavy metal is trapped within the filter by adsorption process.

4. Results and Discussion

Table 1 and Table 2 show the result of the various composition of the sample filters produced both in ratios and
in mass(gram) respectively.

Table 3 shows the result of the characterization of the calcined snail shell so as to know the percentage of
calcium present in the sample.

Table 4 shows the result of the physiochemical analysis of the raw sample in other to determine the effect of
the water filter after filtration.

From Table 5, samples produced G and H have high flow rate of 1.282 ml/min and 1.562 ml/min, hence it
can be used effectively for household water treatment while the remaining samples have a lower flow rate.

Table 6 shows the AAS result of the raw water sample in order to know the percentage of heavy metal
present in the sample. This is important so as to know the effectiveness after filtration.

The result of Table 7 reveals that the samples G and H are good compositions for the effective treatment of
the physiochemical parameters in water.

Table 8 and Table 9 give the results of the treated samples; this is to know effect of the water filter composi-
tion on the water. From Table 9 it showed that sample H is more effective than sample G for the treatment of
heavy metals in water.

Table 1. Composition of bodies in percentages (%).

SIN SAWDUST% CHARCOAL% Lo, GLASS®%  CLAY%  100% VOO -
A 4 16 10 10 60 100 200
B 5 5 5 80 100 200
C 0 10 0 0 90 100 200
D 10 0 0 0 90 100 200
E 0 0 5 5 90 100 200
F 0 0 10 10 80 100 200
G 10 0 15 15 60 100 200
H 10 10 20 20 40 100 200
| 5 5 10 10 70 100 200

Source: authors field work (2015).
Table 2. Composition of bodies in grams (g).
SIN Sawdust (g) Charcoal (g) Snailshell (g) Glass (g) Clay (g) 500 g Vol. of Water (ml)

A 20 80 50 50 300 500 200

B 25 25 25 25 400 500 200

C 0 50 0 0 450 500 200

D 50 0 0 0 450 500 200

E 0 0 25 25 450 500 200

F 0 0 50 50 400 500 200

G 50 0 75 75 300 500 200

H 50 50 100 100 200 500 200
| 25 25 50 50 350 500 200

Source: authors field work 2015.
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Table 3. XRF analysis result of snail shell ash.

Fe Ni Mn Cr Cu Se
FLESEAT e (ppm) (epm)  (ppm) ®eom)  (pm)  (ppm)
Conc Value 9241 3.35 248.50 1.30 4.22 8.10 5.90 0.57
Table 4. Physiochemical analysis of untreated water sample.
Physiochemical Parameters Untreated Sample
Total dissolve solid 106 mg/L
Conductivity 54 Ns/cm
PH 8.4
Hardness 12.4 mg/L
Iron 5.2 mg/L
Sulphate 10.2 mg/L
Alkalinity 150 mg/L
Turbidity 16.9 NTU
Chloride 20.2 mg/L
Nitrate 14.0 mg/L
Colour Slightly coloured
Odour Objectionable
Taste Objectionable
Table 5. Flow rate of filtered samples.
Samples A B © D E G H |
Millilitres 100 100 100 100 100 100 100 100
Minutes 105 118 150 150 170 78 64 120
Fﬁ'ﬁ)’f‘;ﬁ‘: 0.833 0.8474 0.666 0.666 0.588 1.282 1,562 0.833
Table 6. Water test analysis for heavy metal on untreated sample.
Sample Fe (ppm) Cr (ppm) Pb (ppm) Cu (ppm) Mn (ppm) Ni (ppm) Cd (ppm) Zn (ppm)
Result 0.14 0.14 0.07 0.03 0.07 ND 0.06
ND: not detected.
Table 7. Physiochemical test of treated samples.
Physiochemical Parameter Sample G Sample H
Total dissolve solid 96 mg/L 87 mg/L
Conductivity 47 Ns/cm 40 Ns/cm
PH 6.6 6.9
Hardness 6.10 mg/L 5.9 mg/L
Iron 0.12 mg/L 0.10 mg/L
Sulphate 4.8 mg/L 3.2mg/L
Alkalinity 96 mg/L 98 mg/L
Turbidity 1.4NTU 1.2NTU
Chloride 16.4 mg/L 16.9 mg/L
Nitrate 2.4 mg/L 1.6 mg/L
Colour Colourless Colourless
Odour Odourless Odourless
Taste Tasteless Tasteless
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Table 8. Analysis of sample G after treatment.

Sample Fe (ppm) Cr (ppm) Pb (ppm) Cu (ppm) Mn (ppm) Ni (ppm) Cd (ppm) Zn (ppm)

Result 0.04 0.12 0.04 0.03 0.04 0.01 ND 0.05

ND: not detected.

Table 9. Analysis of sample H after treatment.

Sample Fe (ppm) Cr (ppm) Pb(ppm)  Cu(ppm)  Mn(ppm)  Ni(ppm) Cd (ppm)  Zn (ppm)

Result 0.04 0.06 0.03 0.01 0.03 0.03 ND 0.02

ND: not detected.

5. Conclusion

From the obtained results within the limit of this research, it can be concluded that introduction of Glass-Snail
shell ratio into a ceramic water filter composition can be effective for the removal of heavy metals and correc-
tion of physiochemical parameters in home use water.

6. Recommendation

For the treatment of water for home use sample G and H in Table 2 can be used to produce candle and pot types
of ceramic water filter for the purification of water so as to prevent water borne diseases and cancers in our so-

ciety.
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