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ABSTRACT 
 

This paper assesses the use of ‘‘Katsi’’ (dye residue ash) as an admixture in Ordinary Portland 

Cement (OPC) concrete in normal and aggressive environments. The ‘Katsi’ used was obtained from 
local dyers in Kano city and was sieved through a 425 μm sieve. The ‘Katsi’ was used as an admixture 

to Grades 20 and 30 concrete at percentage additions of 2.5%, 5%, 7.5% and 10%  of the mass of 

cement respectively, with 0 % serving as control. Mix design was carried out in accordance with the 

Department of Environment (DoE) U.K (1975) method to determine the mix proportions of the two 

grades of concrete. Concrete mixes of the two Grades, 20 and 30 were prepared and the properties of 
fresh and hardened concrete assessed. The compressive strength of the samples of ‘Katsi’ concrete 

grades (cured by immersion in clean water for 3 days, 7 days and 28 days respectively) was 

determined in accordance with BS 1881, part 116, 1983. Some samples of the two grades of concrete 
(with various percentage addition of ‘Katsi’) were further cured in 0%, 5%, 10% and 15% 

concentration of NPK, super phosphate and urea solution respectively for 28 days after initially cured 
in water for 28 days. Then the compressive strength of the samples was determined to assess the effect 

of ‘Katsi’ on the resistance of ‘Katsi’ concrete to aggressive environment. Water absorption test was 

also conducted on cubes of the two grades of concrete cured at 28 days. There was a significant 
increase in the compressive strength of concrete with addition of up to 5% ‘Katsi’, for all ages of 

curing in water. The increase in 28 days compressive strength of 5 % ‘Katsi’ concrete was 15.7 % and 

11.3 % that of control samples for grades 20 and 30 respectively. The use of up to 5% addition of 
‘Katsi’ improved the resistance of concrete and sustained the durability of concrete cured in various 

concentration of fertilizer solution. The results also showed that the slump of ‘Katsi’ concrete 
increased slightly with increase in the percentage addition of ‘Katsi’. Addition of up to 10% ‘Katsi’ 

does not have any significant effect on the water absorption of concrete. .It is therefore recommended 

that 5% ‘Katsi’ should be used as an admixture to improve the compressive strength and durability of 
concrete in normal and aggressive environments. 

 
 

SIGNIFICANCE: The research has shown 

that ‘Katsi’, which is a local dye residue ash 

could be used as a substitute to more 

expensive imported admixtures to improve the 

compressive strength and durability of 

concrete in normal and aggressive 

environments.    
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1. INTRODUCTION 
 

The construction industry is heavily reliant on 

the use of concrete as a major material for the 

construction of buildings and other civil 

engineering structures. Concrete is a 

construction material composed of Portland 

cement and water combined with sand, gravel 

or crushed stone, or other inert material such 

as expanded slag or vermiculite (Brady, 1986). 

Admixtures where necessary, may be added to 

modify certain properties in the fresh and / or 

hardened states of the concrete. Admixtures 

are capable of imparting considerable physical 

and economic benefits with respect to 

concrete. These benefits include the use of 
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concrete under circumstances where there 

exist considerable or even insuperable 

difficulties. They also make possible the use of 

a wider range of ingredients in the mix. 

Admixtures are not always cheap, but do not 

necessarily represent additional expenditure 

because their use can result in concomitant 

savings.   

In developing countries, the demand for 

construction is never ending to provide shelter 

and other facilities for the populace. 

Consequently the demand for building 

materials like Ordinary Portland Cement 

(OPC) and admixtures is high. The production 

of these products is capital intensive and 

therefore not commonly found in developing 

countries. Consequently, the cost of 

conventional admixtures is often too high and 

has limited their use in most developing 

countries. As a means of addressing these 

problems, researches are being carried out to 

explore the possibilities of using locally 

available materials, including pozzolanas, as a 

replacement of the more expensive 

conventional admixtures in mortar and 

Concrete. 

 

2. LITERATURE REVIEW 
 

An admixture can be defined as a chemical 

product which, expect in special cases, is 

added to concrete mix in quantities not larger 

than 5 percent the mass of cement during 

mixing, or during an additional mixing 

operation prior to the placing of concrete, for 

the purpose of achieving a specific 

modification, or modifications, to the normal 

properties of concrete (Neville, 2003). While 

admixtures, unlike cement, aggregates and 

water, are not essential component of concrete 

mix, they are important and widely used 

components. Admixtures ranging from 

chemicals to waste materials have been 

advocated for use in concrete almost from the 

time concrete was invented (Shetty, 2005). 

Murdock and Brook (1984) recommended that 

the use of admixtures should be considered 

where it is desired to modify the properties of 

concrete which cannot be modified or obtained 

by changes in the composition or proportion of 

normal concrete mix. Admixtures are available 

in powder or liquid form and in practice are 

marketed as proprietary products.  

Admixtures are broadly grouped as either 

chemical or mineral, and are commonly 

classified by their function in concrete as 

accelerators, retarders, plasticizers or super 

plasticizers, air-entraining, bonding, colouring, 

corrosion inhibitors, pore fillers, pozzolanas, 

etc. Pozzolanas are often used to blend with 

OPC or to partially replace OPC, or as 

admixture in concrete or mortar. Pozzolanas 

are natural or artificial materials which contain 
Silicon dioxide and/or alumina. They are not 

cementitious themselves but when finely 

ground and mixed with lime, the mixture will 

set and harden at ordinary temperature in the 

presence of water, like cement (ASTM C618-

94 cited in Neville 2003). Pozzolanas are 

classified as natural and artificial depending 

on the source of the material. Most artificial 

pozzolanas are by-products or waste from 

industrial or agricultural processes. Examples 

of artificial pozzolanas include; fly ash, 

ground granulated blast furnace slag, rice husk 

ash, silica fume, etc. Good pozzolanas are 

those rich in silica, alumina and ferric oxide, 

with a combined percentage of these oxides 

greater than 70 percent (ASTM C618, 1994). 

Amorphous silica is obtained from these by-

products by firing to temperatures above 500 
o
C. It is this silica that is very reactive in the 

presence of lime and moisture. Pozzolanas are 

usually of lower specific gravity than cement 

and of higher water requirement.  

‘‘Katsi’’ is another artificial pozzolana 

available in northern Nigeria. ‘‘Katsi’’ is the 

Hausa name of the ash of the by-product of 

indigo dyeing which is predominantly carried 

out in Hausa land in northern Nigeria. The 

‘Katsi’ is obtained by firing the dry residue 

until it becomes light grey ash and pounded 

after it is left to cool. Traditionally, ‘Katsi’ is 

used by local builders for rendering of mud 

houses. Ella, 2002, investigated the use of 

‘Katsi’ as a pozzolana for the partial 

replacement of cement in mortar and concrete. 

He considered replacements in the range 0 % 

to 50 % with increments of 10 %. His research 
indicated that ‘Katsi’ is a marginal pozzolana 

with a combined percentage composition of 
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silica, alumina and ferric oxide of about 18.7 

% (Table 1).  

Table 1: Chemical Composition of ‘Katsi’  

 

Constituent material Percentage 

composition 

(%) 

Silicon (iv) oxide (SiO2) 10.60 

Zinc oxide (ZnO) 2.30 

Sulphur (vi) oxide (SO3) 26.64 

Calcium oxide (CaO) 8.65 

Magnesium  oxide (MgO) 9.30 

Sodium oxide (Na2O) 20.40 

Iron (iii) oxide (F2O3) 0.46 

Aluminum oxide (AI2O3) 7.65 

Loss on ignition  12.45 

Source: (Ella, 2002). 

When ‘Katsi’ is used in the partial replacement 

of cement, it increases setting time of ‘Katsi’ / 

cement paste, improves the workability of 

concrete mix, but reduces the compressive 

strength of concrete and mortar. 

He however recommended 10 % as a suitable 

percentage replacement of cement in structural 

load bearing mortar and concrete. His research 

also showed that at 10 % replacement of 

cement, the material cost was reduced by 5 % 

and 4 % in mortar and concrete respectively. 

Aliyu, 2004 also investigated on the use of 

‘Katsi’ as an additive in concrete, considering 

a 1:2:4 concrete mix and ‘Katsi’ additive of 0 

% to 20 % in increments of 5 %. His research 

showed that ‘Katsi’ increases the setting time, 

improves the workability, increases the 

compressive strength and improves the 

resistance of concrete at 5 % to aggressive 

tanning effluent. This research further looks at 

the effect of ‘Katsi’ as an admixture in 

concrete, considering lower percentage 

additions of 0 - 10 % in increments of 2.5 % in 

grades 20 and 30 concrete respectively. 

      

3. MATERIALS AND METHODS 
 

3.1 Materials 
i) ‘Katsi’ - The ‘Katsi’ used was 

obtained from a local dyer at Kofar Mata in 

Kano city. It was ground to fine powder and 

sieved through 425 μm sieve. The portion of 

the ash passing this sieve was used in this 

research.  

ii) Cement - The cement used in this 

research was the ordinary Portland cement 

manufactured by Dangote cement plc. The 

cement was obtained from a local cement 

dealer at Rijiyar Zaki, Kano.  

iii)  Fine Aggregates - The fine aggregate 

was naturally occurring sand obtained from 

suppliers in Kano. Sieve analysis was 

conducted and the results indicate that the fine 

aggregate was of zone 2.  

iv) Coarse Aggragate - The coarse 

aggregate used in this research was made of 

crushed granite obtained from a supplier in 

Kano. 

v) Water - The water used in the 

concrete making was potable tap water . 

 

3.2 Methods 

3.2.1 Determination of moisture content 
of ‘Katsi’ and cement - This was done in 

accordance with BS 812 part 109, 1990: The 

results are presented in Table 2. 

3.2.2 Determination of specific gravity of 

‘Katsi’ and cement - This was conducted in 

accordance with BS 4550, part 3, 1978. The 

results are presented in Table 2. 

3.2.3 Determination of particle size 

distribution of sand and coarse aggregates - 

This was done in accordance with BS 812 part 

1, 1975. The results of the sieve analysis of 

sand is presented in figure 1 and indicated that 

the sand was in zone 2. The nominal size of 

coarse aggregate was 20mm. 

3.2.4 Concrete Mix design, production 

and curing - Department of Environment, 

U.K, design of Normal concrete mixes 

(Teychem, et al, 1975) popularly known as 

DoE mix design method was adopted for both 

grades 20 and 30 concrete. Grade 20 and 30 

concrete with percentage addition of ‘Katsi’ of 

0 %, 2.5 %, 5 %, 7.5 % and 10 % respectively 

were batched and slump test conducted on the 

various fresh samples. 150mm x 150mm x 
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150mm size concrete cubes of the samples 

were cast and demoulded after 24 hours and 

then cured in water. Some cubes were also 

cured in 5 %, 10 % and 15 % concentration of 

NPK, urea and super phosphate fertilizer 

solutions respectively after preliminary curing 

in water for 28 days.  

3.2.5 Workability of concrete - The 

workability of concrete was measured by the 

slump test, which was done in accordance with 

BS 1881, part 102, 1983 for ‘Katsi’ concrete 

of both grades. The results are presented in 

Table 3  

3.2.6 Determination of compressive 

strength of concrete - This was done in 

accordance with BS 1881, part 116, 1983. 

Cubes of various percentage addition of 

‘Katsi’ cured in water for 3 days, 7 days, 28 

days and 56 days respectively were tested for 

compressive strength. Some cubes also cured 

for 28 days in 5 %, 10 % and 15 % fertilizer 

solutions respectively after preliminarily cured 

in water for 28 days were tested for 

compressive strength to assess the durability 

of the ‘Katsi’ concrete in aggressive 

environment. The results are presented in 

Table 4 and 5 and figures 2 to 5. 

3.2.7 Determination of water absorption 
of ‘Katsi’ concrete - This was done in 

accordance with BS 1881, part 122, 1983 for 

‘Katsi’ concrete of both grades. The results are 

presented in Table 6 

 

4. RESULTS AND DISCUSSION 

 

Table 2 presents some physical properties of 

‘Katsi’ concrete mix constituents. The results 

indicate that ‘Katsi’ has a higher moisture 

content than cement and is also of a lower 

specific gravity than cement. These properties 

were taken into consideration in determining 

the water required in the concrete mixes. Table 

3 presents the slump of ‘Katsi’ concrete for 

both grades of concrete. The test results 

indicate slight increase in slump with increase 

in percentage addition of ‘Katsi’ for both 

grades of concrete. The concrete slumps are 

however within the design slump range of 

10mm-30mm. 

Tables 4 and 5 present the compressive 

strength of grades 20 and 30 concrete at 

various percentage addition of ‘Katsi’ and age 

of curing. The test results showed increase in 

compressive strength of both grades of 

concrete with addition of ‘Katsi’ as admixture 

for up to 5 %, the compressive strength then 

reduces with further increase in percentage 

addition of ‘Katsi’. The trend in strength 

development is also presented in figure2 and 

3. This is in confirmation of the results 

reported by Aliyu (2004). The increase in 

strength with increase in percentage addition 

of ‘Katsi’ of up to 5 % was as a result of the 

action of ‘Katsi’ in concrete. The hydrated 

silica in ‘Katsi’ may react with calcium 

hydroxide in cement to produce more 

tricalcium silicates and dicalcium silicates 
responsible for strength in concrete. However, 

the addition of ‘Katsi’ above 5 percent may 

introduce high concentrations of sulphur oxide 

and sodium oxide present in ‘Katsi’, which 

may react with the hydrated products of 

cement to form alkali sulphates which are 

disruptive to concrete. This is consistent with 

the explanations of Snow (1992), Neville 

(2003) and Schramm et al. (2004) on the 

formation of alkali salts in concrete. 

The results of the durability of both grades of 

‘Katsi’ concrete are presented in figures 4 and 

5 in terms of the compressive strength of 

concrete cured in various concentrations of 

fertilizer solutions. The results showed that the 

addition of ‘Katsi’ up to 5 % increased the 

resistance of concrete to the aggression of 

fertilizer solutions. The use of ‘Katsi’ above 5 

% decreased the resistance of concrete to the 

aggression of fertilizer solutions. It was also 

noted that amongst the fertilizers used, NPK 

was the most aggressive fertilizer to concrete, 

followed by urea and lastly super phosphate. 

The aggression of the fertilizer solutions was 

as a result of the acidic content of the solutions 

which reacts with the ‘Katsi’ and cement 

products to form salts that are disruptive to 

concrete. 

Table 6 presents the results of water 

absorption of concrete at 28 days of curing for 

various percentage addition of ‘Katsi’. The 

results do not show any significant change in 

water absorption with use of ‘Katsi’ for up to 

10 percent addition. 
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Table 2: Some physical properties of ‘Katsi’ concrete mix constituents 

 

 PROPERTY CONSTITUENT RESULT 

Moisture content Cement 20.0 % 

 ‘Katsi’ 26.9 % 

Specific gravity Cement 3.14 

 ‘Katsi’ 2.68 

Grading of aggregates Fine aggregates Zone 2 

 Coarse aggregates 20 mm nominal size 

 

 

Table 3: slump of concrete for various % addition of ‘Katsi’ 

 

% addition of 

‘Katsi’ 

Grade 20 

concrete slump (mm) 

Grade 30 

concrete slump (mm) 

0 

2.5 

5.0 

7.5 

10.0 

20.00 

20.86 

21.52 

22.30 

23.42 

15.52 

16.00 

16.84 

17.14 

18.25 

 

 

Table 4:  compressive strength (N/mm
2
) of grade 20 ‘Katsi’ concrete 

 

 

 

 

       

      0  

      

     2.5 

 

      5.0 

 

      7.5 
 
      10 

3    20.30     22.96    24.44    23.55    21.92 

7    23.15     25.78    28.30    26.82    23.88 

28    29.33     30.52    33.93    31.26    30.37 

56    32.44     33.33    34.20    32.15    31.11 

 

 

Table 5: compressive strength (N/mm
2
) of grade 30 ‘Katsi’ concrete 

  

  

  0 

 

2.5 

 

5.0 

 

7.5 
  
 10 

3 24.89 25.63 28.48 25.04 24.89 

7 29.63 27.11 34.08 39.04 27.26 

28 36.59 38.52 40.74 37.19 36.30 

56 43.11 43.85 44.00 42.67 40.12 

 

 

 

% addition 

of ‘Katsi’ Age 

(days) 

Age 

(days) 

% addition  

of ‘Katsi’ 
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Table 6: Water Absorption of ‘Katsi’ Concrete 

 

% addition of ‘Katsi’ Grade 20 

Water absorption (%) 

Grade 30 

Water absorption (%) 

0 

2.5 

5.0 

7.5 

10.0 

13.76 

14.28 

13.92 

13.21 

13.79 

13.29 

13.63 

13.58 

13.58 

13.40 
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Figure 1: Particle size distribution of fine aggregates 
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Figure 2: Compressive strength of grade 20 ‘katsi’ concrete 
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Figure 3: Compressive strength of grade 30 ‘katsi’ concrete 
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Figure 4: Compressive strength of grade 20 ‘katsi’ concrete cure in various fertilizer solutions 

for 28 days after preliminary curing in water for 28 days  
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Figure 5: Compressive strength of grade 30 ‘katsi’ concrete cure in various fertilizer solutions 

for 28 days after preliminary curing in water for 28 days  
 

5. CONCLUSION 

 

Based on the results of the research conducted, 

the following conclusions were drawn: 

i The workability of concrete slightly 

increases with increase in the percentage 

addition of ‘Katsi’. 

ii There is a significant increase in the 

compressive strength of concrete with addition 

of up to 5 % ‘Katsi’ for concrete cured for up 

to 28 days in water.   

iii The use of up to 5 % addition of 

‘Katsi’ improves the resistance of  concrete 

and thus sustains the durability when cured in 

various concentrations of fertilizer solutions. 

iv The addition of up to 10 % ‘Katsi’ 

does not have any significant effect on water 

absorption of concrete.  
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