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Abstract: This study investigates the design and development of 

Ceramic candle filters from Ohiya clay and their performances to 

improve the physical quality of drinking water. The ceramic candle 

filters were produced from Ohiya clay, feldspar, silica and hardwood 

sawdust mix. The optimal mixing ratio for clay, feldspar and silica in 

wt% was obtained as 36:30:12 at a firing temperature of 900oC. 

However, due to the low porosity value obtained, 22wt. % hardwood 

dust was added which was the most efficient and ideal mix. The water 

pH, total dissolved solids (TDS) and total suspended solids (TSS) of 

water sample after filtration were analyzed. In relation with filtration 

efficiency, 78.3% and 79.2% for the total dissolved solid (TDS) and 

total suspended solid (TSS) respectively were obtained. The water pH 

level obtained after filtration was 7.10. The results reveal the ability 

of the ceramic candle filters made from Ohiya clay as a viable water 

treatment alternative. 

 
Keywords:  Ohiya Clay, ceramics candle water filter, porosity, 

filtration efficiency 

 

INTRODUCTION 

Many people, particularly in underdeveloped countries, suffer 

from a lack of access to safe drinking water and are at risk of 

contracting waterborne infections from contaminated water 

(Enyew and Tesfaye, 2017). Surface water bodies like rivers, 

lakes, unprotected springs, and ponds provide the majority of 

these waters. The majority of these polluted surface waters are 

caused by people using them for animal watering, laundry, 

bathing, and other domestic purposes, rendering them unfit for 

human consumption. Some low-scale water treatment procedures, 

such as boiling, chlorination, solar water disinfection, natural 

coagulation, and bio-sand filtration, are used to remove water-

borne disease-causing bacteria with varying degrees of efficacy 

and downsides in order to improve human water usage (Palmateer 

et al, 1999; Yang and Shang, 2004; Enyew and Tesfaye, 2017). 

Ceramic water filtration, which is the process of passing water 

through a porous ceramic material, is a promising technique to 

lessen the burden of water-borne diseases, according to Agbo et 

al. (2015). It is cost-effective and produced from locally sourced 

materials. Other advantages of locally produced ceramic filters are 

portability, light weight, cost, and low maintenance. Unlike 

chemical or thermal disinfection, ceramic filters do not 

significantly affect water temperature or taste, nor do they reduce 

turbidity (Clasen et al, 2004; Martins and Nelson, 2011). Even 

while manufacturers often recommend that the filter element be 

replaced every 1–2 years (Campbell, 2005), they have the ability 

to have a long usable life of five years or more with adequate care 

and maintenance. Ceramic filters are versatile in design and can 

be molded into a variety of shapes, including flower vases, pots, 

discs, and candles (Lamichhane and Kansakar, 2013). Porous 

ceramic as a filter material has a long history and continues to play 

an important role in filtering today (Heidenreich and Wolters, 

2004). Furthermore, the Centers for Disease Control and 

Prevention (CDC) of the United States Agency for International 

Development (USAID), CDC (2011) acknowledged that locally 
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manufactured ceramic filters are used to treat household water and 

that they are the most widely used traditional household water 

treatment systems (HWTS) around the world. For all applications 

involving high temperatures and/or chemically hostile 

environments, ceramic filter elements are often used. 

Clay is clearly the most important component in the creation of 

ceramic filters. As a result, apparent density, porosity, shrinkage, 

compressive strength, refractoriness, water absorption coefficient, 

and modulus of rupture are all physical qualities of clay that are 

required for ceramic applications (Jan et al., 2015). The crystalline 

structure of clay determines its physical qualities, as well as the 

ceramic properties of clay products, such as mechanical strength, 

hardness, toughness, dielectric constant, and optical properties. 

The mechanical, optical, thermal, electrical, and magnetic 

properties of ceramic materials are all influenced by the 

crystallinity or microstructure of the clay. The use of ceramic filter 

elements over metal filter elements is supported by the ceramic 

material's chemical inertness when cleaning solutions are used and 

its long service life (Heidenreich, 2011). Ceramic filter elements 

have also been effectively employed as coalesces for separating 

aerosols from gas flows at higher gas temperatures or with more 

aggressive gas media, catalyst recycling in chemical 

manufacturing processes, digester gas filtration, and compressed 

air filtration. Ceramic filter elements are employed in a variety of 

liquid filtration processes, including the filtration of a wide range 

of chemicals, as well as process water, wastewater, and water. 

Ceramic filter components are also utilized to remove and recycle 

catalysts from the manufacturing of liquid chemical products 

(Heidenreich, 2011). The capacity to clean and chemical 

resistance are the most important parameters for selecting ceramic 

filter elements. 

As a result, the goal of this project is to design and produce candle 

ceramic water filters using an ideal blend of Ohiya clay, feldspar, 

silica, and sawdust. In addition, the designed filter's performance 

effectiveness on performance parameters of water pH, total 

dissolved solids (TDS), and total suspended solids (TSS) of the 

sample after filtration was investigated. 

 

MATERIALS AND METHODS 

According to Cao et al. (2007) and Agbo et al. (2015), ceramic 

water candle filter formulations typically contain about 80% 

clayey body and are expected to have performance parameters of 

cold compressive strength, linear shrinkage, water absorption rate, 

and apparent porosity in the ranges of ≥10MPa, ≤5%, ≥10%, and 

≥20%, respectively. As a result, individual performance metrics 

for compressive strength, linear shrinkage, water absorption rate, 

and apparent porosity were determined to be 98 percent, 99 

percent, 91 percent, and 96 percent, respectively, using empirical 

models developed by Ibeh (2019). At a firing temperature of 

900oC, the best mixture ratio for clay, feldspar, and silica in weight 

percent was 36:30:12. Due to the low porosity value obtained, 22 

wt. percent hardwood dust was added to the clayey body (as a 

burn-off agent) during the formulation of the ceramic water candle 

filter to raise the porosity value. 

Production of Ceramic Water Candle Filter from Ohiya Clay 

The mixture of Ohiya clay, feldspar, silica, and sawdust was 

combined with water until it formed a continuous homogeneous 

colloidal slurry, which was sieved through a 200µm sieve to 

produce a silt of mixture. To remove the surplus water, the silt was 

put into a plaster of Paris mold and air dried. Prior to compounding 

with the optimal mix generated from the optimization plot, the 

dried silt mixture was pulverized with a hammer mill. Before slip 

casting, the mixture was mixed in water and deflocculated using 

5mls of sodium silicate. After securing the candle plaster of Paris 

mold with a rubber band, the slip was swirled with an electrical 

stirrer to ensure uniformity of the components in the slip. The slip 

was then poured into plaster of Paris molds, with the excess water 

absorbed by the mold while the casting solidified. 

The ceramic water candle filter was air dried for 5 days before 

being fired in a gas kiln at 900oC to remove excess moisture 

content from the slip. The candles were then fettled to remove the 

outline of the mould that appeared on the candle before being fired 

in a gas kiln at 150oC to remove excess moisture content from the 

slip. 

fettled to remove the outline of the mould that appeared on the 

candle followed by firing in a gas kiln at 900oC. Samples of the 
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ceramic water candle filter obtained were subjected to 

experimental evaluation which includes test of water pH, total 

dissolved solids (TDS) and total suspended solids (TSS) of water 

sample after filtration. 

 

 

RESULTS AND DISCUSSIONS 

Mixture of Ohiya clay, feldspar, silica and hardwood sawdust 

was applied in the production of ceramic filter shown in Figure 

1. Hard wood sawdust is preferred to soft wood sawdust 

because according to (Mcallister, 2005); hardwood sawdust 

will not bloat as much as sawdust from soft woods resulting in 

more uniform pores and fewer defects in the filter. The ceramic 

water candle filter was fired at 900oC and this is justified by 

the works of Cao et al. (2007) and Agbo et al. (2015).  

 

Figure 1: Ceramic water candle Filter 

Figure 2 showed the water filteration setup using produced 

ceramic candle filter. This include a water filtering component, 

a lidded container to hold clean water and a valve for easy 

access of water.  

Evaluation of the suitability of Ohiya clay in ceramic water 

candle filter production was carried out using the water pH, 

total dissolved solid (TDS) and total suspended solid (TSS) of 

the filtered water as evaluation parameters as shown in table 1 

and the water source used in this evaluation is the Umudike 

river. 

 

 
 

Figure 2: Water Filteration setup using produced ceramic 

candle filter 

 

Table 1: Ceramic water candle filter Performance test 

S/N Evaluation 

Parameter 

Before 

Filtration 

After 

Filtration 

1. Water pH level 6.50 7.10 

2. TDS (mg/L) 60 13 

3. TSS (mg/L) 1.20 0.25 

𝐅𝐢𝐥𝐭𝐫𝐚𝐭𝐢𝐨𝐧 𝐄𝐟𝐟𝐢𝐜𝐢𝐞𝐧𝐜𝐲 

=  
𝑩𝒆𝒇𝒐𝒓𝒆 − 𝑨𝒇𝒕𝒆𝒓

𝑩𝒆𝒇𝒐𝒓𝒆 𝒇𝒊𝒍𝒕𝒓𝒂𝒕𝒊𝒐𝒏
× 𝟏𝟎𝟎 

TDS = 78.3% 

TSS = 79.2% 

The experimental result obtained and shown in table 1 for the 

performance test of the ceramic water candle filter indicates a 

filtration efficiency of 78.3% and 79.2% for the total dissolved 

solid (TDS) and total suspended solid (TSS) respectively. The 

water pH level after filtration (7.10) is within the recommended 

standard by the world health Organization (WHO) for pure 

water (WHO 2004; Agbo et al., 2015). It was also noted that 

the absorption water rate of the filter decreases with increased 

sintering temperature above 9000C. 
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The actual water absorption rate increased to 25.15% and that 

of apparent porosity increased from 14% to 30.40%. This in 

turn increased the filtration efficiency of the produced ceramic 

water candle filter. The use of Ohiya clay in ceramic filter 

production can also aid in reduction of water borne diseases in 

households. As stated by USAID (2008), about 60-70% 

reduction in diarrheal disease incidence has been documented 

in use of quality ceramic filters.  Quality ceramic filters such as 

those produced from Ohiya clay deposits can effectively 

remove most of the larger protozoal and bacterial organisms 

because the clay contains significant mineralogical 

composition required for filter applications as recommended by 

USAID (2008). 

 

CONCLUSION  

This study used locally obtained materials to design and 

produce ceramic candle water filtration as a cost-effective 

water treatment device. Ceramic candle filters made from a 

mixture of Ohiya clay, feldspar, silica, and hardwood sawdust 

all performed better in this investigation. This was in 

connection to the total dissolved solid (TDS) and total 

suspended solid (TSS) filtering effectiveness of 78.3 percent 

and 79.2 percent, respectively. After filtration, the pH of the 

water was found to be 7.10. As a result, making ceramic candle 

water filters with this clay sample mix will be a significant step 

forward in the development of a low-cost, effective water 

treatment technique. 
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