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ABSTRACT 

This paper assesses the potentials of Cassava Peel Powder (CPP) as an admixture in concrete by determining 

the effects of addition of CPP of 0, 0.2, 0.4, 0.6, 0.8 and 1.0 %, respectively by weight of cement and also on 
cement paste. CPP used was obtained from cassava peel collected from Ogaminana village, Adavi Local 

Government Area, Kogi State, Nigeria. The peel was cleaned, sun dried and ground into powder in a milling 
machine. The powder was passed through a sieve 425µm and chemical composition of CPP was conducted by 

use of a Perkin – Elmer atomic absorption spectrophotometer. Setting times of cement paste admixed with 

various doses of CPP was conducted in accordance with BS EN 196-3 (1995). Concrete mixes of 1: 2: 4 with a 
water-cement ratio of 0.52 were prepared and the properties of fresh and hardened concrete assessed. The 

compressive strength of cubes of samples of CPP concrete cured in water were determined at 3, 7, 28 and 56 

days, respectively in accordance to BS 1881, part 116, 1983. The results showed that Cassava peel powder is 
dominated with oxides of Nitrogen, phosphorous, silicon, sulphur, potassium and complex compounds of starch 

and cynogenic acid. CPP increases the initial and final setting times of cement paste and could therefore be 
used as a set retarding admixture. The addition of CPP in concrete improves the workability and compressive 

strength of concrete and could be used as a water reducing admixture. 0.6 % by weight of cement is the 

optimum dosage of CPP for enhanced workability and strength of concrete. 
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1. INTRODUCTION 
 

The construction industry is heavily dependent on 

the use of cement-based products such as mortar 

and concrete as major materials for buildings. 

Concrete is a construction material resulting from 

the mixtures of cement, fine aggregate, coarse 

aggregate and water. On the other hand, mortar is a 

mixture of cement, fine aggregate and water. 

Admixtures in liquid or powdery form, in varying 

proportion, are added to alter or modify one or 

more of the properties of concrete and mortar. 

Neville (2003) highlighted the importance of 

cement in cement based building construction. He 

defined admixtures as a chemical product which, 

except in special cases, is added to the concrete mix 

in quantities not larger than 5% by mass of cement 

during mixing or during an additional operation 

prior to placing of concrete for the purpose of 

achieving a specific modification, or modifications 

to the normal properties of concrete. However, the 

quantity of admixture added depends on the type 

and the desired effect on the concrete or mortar. A 

proper use of admixtures offers certain beneficial 
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effect to concrete; including improved quality 

acceleration or retardation of setting time, enhance 

frost and sulphate resistance, control of strength 

development, improve workability and enhanced 

finishability. The use of concrete admixtures to 

control the properties of fresh and hardened 

concrete is very common today. Among these 

admixtures are accelerators, retarders, water 

reducers, pigments, etc. 

Admixtures depending on the type may be 

imported or sourced locally. The ones imported 

from abroad are often too expensive. In developing 

countries like Nigeria, and most African countries, 

the demand for construction is never ending. 

Consequently the demand for building materials 

like Ordinary Portland Cement (OPC) and 

admixtures is high. The production of these 

products requires capital intensive plants and 

expertise. The cost of conventional admixtures is 

often high, which makes the cost of obtaining 

durable concrete too high for the common man 

(Aboshio et al, 2009). As a means of addressing 

these problems, researches have been carried out 

and some still ongoing to explore the possibilities 

of using locally available waste materials as a 

replacement of the more expensive conventional 

admixtures in mortar and Concrete. Such a waste is 

cassava peel, an agro waste from cassava. Cassava 

is a widely grown plant all over Nigeria and 

produces tubers; the stems get dry and turn to waste 

except a small quantity that is re-planted. The 

tubers are peeled before they are turned into 

finished product like fufu, starch, gari e.t.c. cassava 

wastes constitute the major by product of tuber 

used for preparing human foods and industrial 

starch. The mechanization of gari production in 

Nigeria has resulted in large quantities of peel and 

wasted small sized tubers which are difficult to 

process, therefore discarded. Hahn et al. (1988) 

puts cassava peel to amounts for between 10 and 13 

percent of the tuber weight. Some 14 million 

hectares of cassava are grown worldwide, 

producing 120 to 130 million tonnes of tuber per 

annum. Fifteen countries produce in excess of a 

million of tones of these, the five biggest producers 

- Brazil, Indonesia, Nigeria, Thailand and Zaire - 

each produce more than 10million tonnes per 

annum, and together account for 63% of world 

output (Pierre, 1989).  

Bokanga (1993) study on Cassava Peel (CP), found 

that it contains cynogenic acids (HCN) and starch. 

Retarders are known to contain lignosulphonic or 

hydroxylated carboxylic acids with cellulose or 

starch (Neil and Dhir, 1996). Okafor (2010) 

reported the use of cassava flour obtained from 

ground cassava tuber as a water reducing admixture 

in concrete at dosage levels of 0, 1, 2, 3 %, 

respectively. His study revealed that up to 2 % use 

of cassava flour enhanced the workability of 

concrete and also improved the compressive 

strength of concrete especially at ages more than 14 

days. It is in view of this that this study was 

conducted with use of cassava peel powder which 

is a waste of cassava tuber as admixture in 

concrete.  
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2.  MATERIALS AND METHODS 

2.1 Materials  

The materials used in this research include ordinary 

Portland cement, fine aggregate, coarse aggregate, 

water and cassava peel powder (CPP). 

2.1.1 Cement: Cement used in this research is 

the Ordinary Portland Cement of brand produced 

by Ashaka cement (Nig.) plc. The cement was 

bought from a factory dealer at Rijiyar Zaki a 

neighbouring village to Bayero University Kano. 

The specific gravity was conducted in accordance 

with BS 812, Part2 (1975) with a value of 3.15 

2.1.2 Fine Aggregate: The fine aggregate is 

naturally occurring clean, sharp sand collected from 

River Wateri near Bayero University Kano, New 

campus with a specific gravity of 2.66 

2.1.3 Coarse Aggregate: The coarse aggregate 

was crushed granite obtained from a supplier at 

Panshekara junction, close to Bayero University 

Kano, old campus. The nominal size of the crushed 

granite is 20mm, with a specific gravity of 2.70. 

2.1.4 Water: The water used in this research 

was clean tap-water that is fit for drinking, at Civil 

Engineering Department laboratory, Bayero 

University, Kano. 

2.1.5 Cassava Peel Powder (CPP): Cassava 

peel was obtained from cassava tuber as waste 

collected from Ogaminana village, Adavi Local 

Government Area, Kogi State. The peel were 

gathered and washed clean of contamination and 

then sun dried, the dried matter was then ground 

into powder in a milling machine. The powder was 

passed through a sieve 425µm. The specific gravity 

of CPP used was found to be 1.44. 

 

2.2 Methods 

2.2.1 Determination of particle size 

distribution of fine and coarse aggregate: This 

was done in accordance with BS 812 part 1: 1985: 

The particle size distribution of the fine and coarse 

aggregates are presented in Figure 1. The nominal 

size of coarse aggregate is 20mm. 

2.2.2 Determination of chemical composition 

of CPP: The sample of cassava peel powder was 

taken for analysis at the Faculty of Agriculture, 

Department of soil science Bayero University, 

Kano. The method of analysis employed was the 

use of a Perkin – Elmer atomic absorption 

spectrophotometer. The results are presented in 

Tables 1 and 2  

2.2.3 Setting times of cement admixed with 

CPP:  The setting times of cement at admixture 

levels of CPP of 0 - 1.0 % by weight of cement at 

0.2 % increment was conducted in accordance with 

BS EN 196-3 (1995) using a Vicat apparatus. The 

results are presented in Figure 2 

2.2.4 Concrete Mix proportion, production 

and curing: The absolute volume method was 

adopted to determine the concrete mix proportion 

for 1:2:4 mix with a water- cement ratio of 0.52. 

CPP of 0 – 1.0 % by weight of cement at 0.2 % 

increments were added to the concrete mix. The 

workability of the fresh concrete was determined 

and thereafter cast in 150 mm steel cube moulds, 

demoulded after 24 hours and samples cured in 

water for 7, 28 and 56 days, respectively before 

testing for compressive strength.  

2.2.5 Workability test: This was done in 

accordance to BS 1881: part 102: 1983 for slump of 

concrete admixed with CPP. The results are 

presented in Table 3 

2.2.6 Determination of compressive strength 

of concrete: This was done in accordance to BS 

1881: part 116: 1983. Cubes of various percentage 
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addition of CPP cured in water were tested for 

compressive strength using the Avery Denison 

Compression Machine of 2000 kN load capacity 

and at constant rate of 15 kN/s. The mean results 

are presented in Figure 3. 

 

 

3.  RESULTS AND DISCUSSION 
 

 

 

3.1 Particle size distribution of fine and 

coarse aggregates 

The sand used was classified as zone -2 based on 

BS 882 (1992) grading limits for fine aggregates 

with a particle size distribution shown in Figure 1 

and indicated that the sand is well graded and 

suitable for use in structural concrete.   

Coarse aggregates are crushed granite of nominal 

size of 20 mm with a specific gravity of 2.70. The 

particle size distribution is also shown in Figure 1. 

3.2 Chemical Composition of CPP  

The chemical composition of CPP presented in 

Table 1 shows that cassava peel is dominated with 

oxides of Nitrogen, phosphorous, silicon, sulphur 

and potassium, with negligible contents of calcium 

and sodium oxides. The complex compound 

composition of CPP presented in Table 2 shows 

high content of starch and cynogenic acid. 

Carbohydrate and its derivatives are among the 

known set retarders and water reducers as reported 

in Okafor (2008, 2010) and Abalaka (2011). 

   

 

  

 

 

 
  

Figure 1: Particle Size Distribution of Fine and Coarse Aggregates 
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Table 1: Oxide Composition of CPP 

 

Oxide Concentration (mg/kg) 

Na2O 6.74 

SiO2 95.63 

P2O5 1400.17 

SO3 61.93 

K2O 18.07 

CaO 13.99 

N2O5 13492.85 

   

 

Table 2: Compound composition of CPP 

Compounds Composition (mg/kg) 

Starch (C6H12O6) 4650.0 

Cynogenic acid (HCN) 44.6 

 

3.3 Setting times of cement/CPP Paste 

The summary of the results of initial and final 

setting times of cement paste with varying 

percentage addition of CPP presented in Figure 2 

show increase in initial and final setting times with 

increase in addition of CPP. The increase in setting 

times may be attributed to the starch which could 

coat cement grains and thus impeding hydration 

and setting of cement. The cynogens in CPP could 

as well attack the process of setting of cement. The 

initial setting times satisfy the minimum value of 

45 minutes recommended in BS EN 197-1 (2000) 

for cement.     
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Figure 2: Setting times of cement at varying levels of CPP 

 

3.4 Effect of CPP on concrete workability 

The slump of fresh concrete at varying dosage of 

CPP presented in Table 3 show increase in the 

slump of concrete for increase dosage of CPP up to 

0.6 % CPP, thereafter there was reduction in slump 

with addition of CPP. The slump of concrete at all 

dosage of CPP was higher than that of control 

concrete. This shows that the use of CPP in 

concrete improves the slump and therefore the 

workability of concrete. At 0.6 % dosage of CPP, 

the slump was about 186.7 % of control concrete 

slump, and an average slump of 154.7 % of control 

concrete slump was estimated for concrete with less 

than 1 % CPP dosage. Okafor (2010) attributed the 

enhancement of workability of concrete with 

dosage of cassava flour to the presence of surface-

active agents in cassava flour which are absorbed 

on the cement particles giving them a negative 

charge, and leads to repulsion between particles 

with resultant dispersion and greater particle 

mobility. The improvement in slump may also be 

due to the presence of such oxides in CPP that 

produce water as their product in the course of their 

reaction as shown in equations 1 and 2 (Ababio, 

2006): 

 

2KOH + SiO2    →   K2SiO3 + H2O     (1) 

 

Ca(OH)2 + SiO2  →  CaSiO3 + H2O (2) 

 

The water helps to fluidize the mix and thus 

increasing the slump. The implication is that a 

workable concrete may be produced with the 

addition of CPP without having to increase the 

water cement ratio.  
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Table 3:  Variation of concrete slump with addition of CPP 

 

  

 

 

 

 

 

 

 

 

 

 

 

3.5 Compressive strength of concrete 

The mean compressive strength of concrete for 

various dosage of CPP in concrete cured in water 

presented in Figure 3 shows increase in 

compressive strength with age and increase in 

compressive strength with increase in dosage level 

of CPP up to 0.6 %, thereafter there was decrease 

in compressive strength with increase in CPP 

dosage. There was negligible difference in strength 

of concrete containing CPP with that of control at 

early ages as opposed to significant improvement in 

strength of concrete with CPP over control concrete 

at mature age of 28 days and beyond. The 

compressive strength at 0.6 % CPP was 119.4 % 

and 129.7 % at 28 and 56 days, respectively of 

control strength. The improvement in compressive 

strength at mature age with increase in CPP dosage 

may be attributed to enhanced workability and 

improved degree of compaction achieved by the 

addition of cassava peel powder in concrete.  

 

 

 

 
 

 

Figure 3: Compressive Strength Development of concrete Containing CPP 
 

Addition of CPP (%) Slump (mm) 

0 12 

0.2 20 

0.4 23 

0.6 28 

0.8 30 

1.0 47 
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Okafor (2010) also adduced the enhanced strength 

development to the effect of dispersion of cement 

particles and the formation of denser gel due to 

delayed setting. The improvement in strength may 

also be due to pozzolanic reaction of SiO2 from 

CPP with lime liberated from cement hydration. 

However, at high dosage addition of CPP above 

0.6%, the other CPP oxides of sulphur, nitrogen 

and phosporous saturate the concrete mix and form 

compounds which may be harmful to concrete with 

consequent reduction in strength. It was noted that 

the compressive strength of concrete at 1.0 % 

dosage level of CPP was lower than control 

strength at all ages.  

It was noted that there was no significant effect on 

the density of concrete with varying dosage of CPP. 

The density of all concrete samples was within the 

range for normal weight concrete of 2200 kg/m
3
 to 

2600 kg/m
3
. 

  

 

4.  CONCLUSIONS 
 

Base on the results of the research conducted, the 

following conclusions are drawn.  

i. Cassava peel powder is dominated with 

elements of Nitrogen, phosphorous, 

silicon, sulphur, potassium and 

complex compounds of starch and 

cynogenic acid. 

ii. CPP increases the initial and final setting 

times of cement paste, thus could be 

used as a set retarding admixture.  

iii. The addition of CPP in concrete improves 

the workability and compressive 

strength of concrete and could 

therefore be used as a water reducing 

admixture. 

iv. 0.6 % by weight of cement is the optimum 

dosage of CPP for enhanced 

workability and strength of concrete. 
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