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ABSTRACT 

 

Palm kernel shell ash (PKSA) was used as admixture in cement mortar to determine the effect 

of PKSA on the properties of cement mortar. An experimental investigation was carried out to 
establish the trend of the properties changes with reference to the proportion of PKSA added. 

The ash was used at additional levels of 0.5 to 3.0% by weight of cement. Physical tests on 

cement were performed on cement/PKSA mixes. The consistency and setting times all 
increased with increase in the level of PKSA. Twenty-eight (28) days saturated compressive 

strength of the mortar cubes were in the range of 24.76 to 25.42MPa for replacement level 

0.5 to 3.0%.while it gave a reading of 26.89MPa at no addition (0.0% PKSA). These results 
confirm that the combined use of cement and PKSA between 0.5 to 3.0% addition level) have 

no significant influence on the physical properties and on the compressive strength of cement 
mortar and could safely be used. 

 

SIGNIFICANCE: The exhaustion of the natural 

resources, the decreasing capacity of final waste 

disposal facilities and the pollution of the natural 

environment has brought about the need for 

transformation from a conventional consumption 

based society to a sustainable society. Ways to 

solve these problems are to carry out feasibility 

studies on waste materials as virgin construction 

materials. 

KEYWORDS: Palm kernel shell ash, pozzolan, 

concrete and compressive strength 

 

1. INTRODUCTION 

 

The utilisation of supplementary cementing 

materials such as fly ash, slag and silica fumes 

has proven effective in making strong and 

durable concrete and to provide solution to the 

increased demand for mortar/concrete with high 

performance characteristics. The call 

formaterials with cementing characteristics is 

increasing andwith the increase in the diversified 

use of waste and recycled materials; materials 

such as rice husk ash, sugar cane ash, coconut 

ash etc, with pozzolanic behaviour are emerging. 

Theseproducts with binding properties can be 

used as potential cement substitute in concrete. 

Laboratory investigations have shown that most 

asheshas pozzolanic properties that not only 

enable the replacement of cement but are also 

found to play effective roles in producing strong 

and durable concrete (Awal, 1998).One of the 

latest additions to the ash family is the palm 

kernel shell ash (PKSA), (Massaza, 1993).The 

palm kernel shell ash (PKSA) is obtained by 
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burning palm kernel shell (PKS) which is a 

natural organic material available as by–products 

of the oil mill industry. the utilization of waste 

into cheaper construction material isone of the 

reasons for the feasibility study into the use of 

natural organic material. 

 

2. LITERATURE REVIEW 

 

In recent years, studies have been carried out by 

various researchers in using wastes generated from 

the agricultural and industrial activities as concrete 

making materials (James and Rao, 1986; Tarun et 

al., 2003). Some of these researchers have also 

studied the use of agro-waste ashes as constituents 

in concrete. Their studies have revealed that these 

agro-waste ashes contain high amount of silica in 

amorphous form and could be used as a 

pozzolanic material  

Utilization of waste fuel ash is minimal and 

unmanageable, while its quantity increases 

annually and most of the waste fuel ash are 

disposed of as waste in landfills causing 

environmental and other problems (Gebler and 

Kliege, 1986). To solve or reduce these energy 

problems, solid wastes from palm oil residue are 

used as fuel to produce steam for electricity 

generation andafter burning, an ash by-product is 

produced. As part of solutions to the disposal 

problem of the ash, this research studies was 

carried out to examine the feasibility of using the 

Palm kernel ash as cement replacement 

materials. 

Palm kernel is a by- product in palm oil mil. 

After palm oil is extracted from the palm oil 

fruits, palm kernel shells are burned in the boiler 

of palm oil mill. Generally after combustion of 

the shells which are often dumped as waste about 

5% palm kernel ash by weight of solid waste is 

produced (Amu et al., 2010). 

A pozzolana (Neville, 2005) is a siliceous or 

siliceous and aluminous material which in itself 

possesses little or no cementitious value but will, in 

finely divided form and in the presence of 

moisture, chemically react with calcium hydroxide 

at ordinary temperatures to form compounds 

possessing cementitious properties. 

A common feature of nearly all Cement 

Replacement Materials is that they exhibit 

pozzolanicbehavior to a great or lesser extent 

(Illston and Domone, 2001). A pozzolanic 

material is one which contains large amount of 

silica (SiO2) and examples of pozzolanic 

materials are wood ash and rice husk ask; wood 

ash is obtained from the combustion of wood 

while rice husk ash is obtained by combustion of 

rice husk. They can be related to fly ash since 

most fly ashes are obtained from coal, a 

fossilized wood. (Rice husk ash is also of plant 

origin). This implies that wood ash and rice husk 

ash could be used as pozzolanain concrete. Table 

1 illustrates typical chemical analysis and 

selected properties of pozzolans. Tarun et al. 

(2003) reported the following elements in wood 

ash: carbon (5% to 30%), calcium (5% to 30%), 

silica (7% to 33%), potassium (3% to 4%), 

magnesium (1% to 2%), phosphorus (0.3% to 

1.4%) and sodium (0.2% to 0.5%). The 

following compound composition limits were 

also reported: SiO2 (4% to 60%), Al2O3 (5% to 

20%), Fe2O3 (10% to 90%), CaO (2% to 37%), 

MgO (0.7% to 5%), TiO2 (0% to 1.5%), K2O 

(0.4% to 14%), SO3 (0.1% to 15%), LOI (0.1% 

to 33%), moisture content (0.1% to 22%), and 
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available alkalis (0.4% to 20%). These studies 

revealed that all the major compounds present in 

the ashes are present in fly ash. 

Fly ash and most pozzolanas used in concrete 

improve concrete performance, making it 

stronger, more durable, and more resistant to 

chemical attack. Fly ash use also creates 

significant benefits for our environment (Gebler 

and Klieger, 1986) 

The key to the pozzolanic behavior is the structure 

of the silica; this must be in a glassy or amorphous 

form with a disordered structure, which is formed 

in rapid cooling from a molten state. A uniform 

crystalline structure which is formed in slower 

cooling, such as is found in silica sand, is not 

chemically active. Naturally occurring pozzolanic 

materials were used in early concretes, but when a 

pozzolanic material is used in conjunction with a 

Portland cement, the calcium hydroxide that takes 

part in the pozzolanic reaction is that produced 

from the cement hydration. Further quantities of 

calcium silicate hydrate are produced: 2S + 3CH 

→ C3S2H3 (Neville 1996). The products of the 

pozzolanic reaction cannot be distinguished from 

those of the primary cement hydration, and 

therefore the pozzolanic reaction only make it own 

contribution to the strength and other properties 

of the hardened cement paste, mortars and 

concrete. 

 

 

 

Table 1: Chemical Analysis and Selected Properties of Typical Pozzalanic materials 

 

 Class F 

fly ash 

Class C 

fly ash 

Ground 

slag 

Silica 

fume 

Calcined 

Clay 

Calcined 

shale 

Metakaolin 

SiO2, % 

Al2O3, % 

Fe2O3, % 

CaO, % 

SO3, % 

Na2O, % 

K2O, % 

Others % 

Losson 

ignition,% 

Fineness, 

m
2
/kg 

Relative 

density 

52 

23 

11 

5.0 

0.8 

1.0 

2.0 

2.2 

 

2.8 

 

420 

 

2.38 

35 

18 

6.0 

21 

4.1 

5.8 

0.7 

6.3 

 

0.5 

 

420 

 

2.65 

35 

12 

1.0 

40 

9.0 

0.3 

0.4 

0.6 

 

1.0 

 

400 

 

2.94 

90 

0.4 

0.4 

1.6 

0.4 

0.5 

2.2 

1.9 

 

3.0 

 

20,000 

 

2.40 

58 

29 

4.0 

1.0 

0.5 

0.2 

2.0 

1.5 

 

1.5 

 

990 

 

2.50 

50 

20 

8.0 

8.0 

0.4 

- 

- 

- 

 

3.0 

 

730 

 

2.63 

53 

43 

0.5 

0.1 

0.1 

0.05 

0.4 

0.3 

 

0.7 

 

19,000 

 

2.50 

Source: Portland Cement Association (2003) 

 

 

3. MATERIALS AND METHODS 

 

3.1 Materials 

The materials used in the current study include: 

Ce

men

t: Locally produced cement manufactured by 

Dangote Cement Company Plc.Was used for this 

research. The cement was subjected to some 
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physical tests in accordance with BS 4550 

(1978). The results are shown in Table 2. 

Fine aggregate:  Naturally occurring river sand, 

all passing 4.75mm BS sieve was used in this 

research. The fine aggregate was subjected to 

particle size distribution test in accordance with 

BS 812: Clause 5b (1985).The results are as 

presented in the graph below, the results show 

that the fine aggregate fell within the grading 

zone 2 (Neville, 1997) for fine aggregate. 

Specific gravity, bulk density and silt 

contenttests were also performed on the fine 

aggregate sample and the results are displayed in 

Table 3. 

Water: The water used was clean tap water free 

from any deleterious substances and impurities 

and was collected from the Materials Laboratory 

of Department of Civil Engineering, Ahmadu 

Bello University, Zaria. The water satisfies the 

specification requirements according to BS 3148 

(1980) for cement mortar production. 

Palm kernel shell ash (PKSA): The palm kernel 

shell (PKS) was obtained from Akwanga, 

Nasarawa State, Nigeria and burnt to produce 

ash at Industrial Development Centre (IDC) 

Samaru, Zaria – Nigeria. Chemical analysis of 

the palm kernel shell ash was carried out at 

National Research Institute for Chemical 

Technology (NARICT), Bassawa, Zaria – 

Nigeria and the results of the chemical analysis 

of PKSA are shown in Table 4. This ash having 

specific gravity and bulk density of 2.16 and 

446.61 kg/m
3
respectively was used in the 

research. The PKSA was used as cement 

admixture material by weight of cement at 

various percentages and at an interval of 0.5% up 

to a level of 3.0%; each cement/PKSA mixture 

went through physical tests of cement as outlined 

in Table 2. 

3.2 Methods 

The various proportions of oxides in the PKSA 

was analysed by use of the atomic absorption 

spectrometer (AAS) and the volumetric and 

gravimetric analysis (VGA) for the specific 

gravity and bulk density. 

The mix design adopted for this experimental 

work was the volumetric method at a design mix 

ratio of 1:8. The PKSA was incorporated as 

cement admixture at 0.0% (no PKSA) to 3.0% 

PKSA at an interval of 0.5% by weight of 

cement. 

The mortar ingredients; cement, PKSA and fine 

aggregate were first mixed in the dry state and 

water was added, the ingredients were 

thoroughly mixed to obtain a homogeneous 

mixture. A total of six mixes incorporating 

cementitious materials (cement and PKSA), fine 

aggregate and water was prepared. A control mix 

without PKSA (i.e. 0.0% PKSA) was also 

prepared. Workability tests by slump and 

compacting factor measurements were carried 

out on all the mixes in accordance with British 

Standards, BS 1881: 102, (1996) and BS 1881: 

103 (1996). Three mortar cubes, each of size 150 

x 150 x 150 mm were cast for each mix; without 

and with PKSA addition. Compaction of all 

specimens was carried out with a steel tamping 

rod giving 25 strokes in three successive layers 

each. The mortar cubes were de–moulded after 

24 hours and were water cured for 28 days at 

laboratory temperature and were surface dried 

and weighed prior to compression tests. The 

results of the tests are presented in Tables 2-6. 

 

4.  RESULTS AND DISCUSSIONS 

4.1 Test results 
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Table 2: Physical tests on cement and cement/PKSA mixtures 

Property Addition of PKSA to cement (%) 

0.0 0.5 1.0 1.5 2.0 2.5 3.0 

Normal consistency (%) 31.5 31.5 31.0 30.0 30.5 30.5 30.0 

Initial setting time (min) 56 62 88 94 109 142 160 

Final setting time (min) 132 182 196 201 218 227 233 

Soundness (mm) 3.0 3.1 3.4 3.0 3.1 3.2 3.0 

 

Table 3: Physical tests on fine aggregate (sand) and Palm Kernel Shell Ash (PKSA) 

Physical property Value 

Specific gravity of sand 2.5 

Bulk density (kg/m
3
) 1443.64 

Silt content of sand (%) 3.61 

Specific gravity of PKSA 2.16 

Bulk density of PKSA (kg/m
3
) 443.64 

 

Table 4: Chemical composition of Palm Kernel Shell Ash (PKSA) and Ordinary Portland Cement 

(OPC) 

Constituent Percentage 

composition of 

PKSA (%) 

Percentage composition 

of OPC Neville A.M., 

(1997).  (%) 

Fe2O3 4.89 3 

SiO2 63.56 22 

CaO 8.40 62 

Al2O3 3.78 5 

MgO 3.90 2 

K2O 4.01 – 

Na2O 0.37 – 

MnO3 0.01 – 

CaSO4 – 4 

S – 1 

Alkalies – 1 

L.O.I 10.5 – 

L.O.I = Loss on Ignition 

Table 5: Slump and compacting factor test values recorded 

 

Type of mix batch Slump height 

(mm) 

Compacting 

Factor 

Control (0.0% PKSA) 40 0.87 

0.5% PKSA 45 0.87 

1.0% PKSA 35 0.91 

1.5% PKSA 40 0.90 

2.0% PKSA 35 0.89 

2.5% PKSA 35 0.88 

3.0% PKSA 40 0.90 

 

Table 6: Compressive strength test results recorded 
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Percentage replacement level Compressive 

strength (MPa) 

100% Cement; 0.0% PKSA 26.89 

99.5% Cement; 0.5% PKSA 24.13 

99.0% Cement; 1.0% PKSA 24.71 

98.5% Cement; 1.5% PKSA 25.33 

98.0% Cement; 2.0% PKSA 24.89 

97.5% Cement; 2.5% PKSA 25.56 

97.0% Cement; 3.0% PKSA 26.44 

 

4.2 Discussion of results 

4.2.1 Chemical Analysis of Palm kernel shell 

ash (PKSA): The results of chemical analysis of 

palm kernel shell ash (PKSA) are shown in table 

4. The total percentage composition of Iron 

oxide (Fe2O3= 4.89%), aluminium oxide (Al2O3= 

3.78%) and silicon dioxide (SiO2= 63.56 %) was 

found to be 72.23%.This satisfies the 

requirement of 70% minimum required for 

pozzolana, ASTM C 618 – 94 (1994). The palm 

kernel shell ash (PKSA) is highly pozzolanic. 

The percentage composition of silicon dioxide 

(SiO2= 63.56 %) is about 6% above the range 

specified by Tarun et al. (2003). The loss on 

ignition obtained was 10.5%, whic is less than  

maximum (12%) required for pozzolana (ASTM 

C 618 – 94, 1994). The alkali content (Na2O = 

0.37%) is less than the maximum alkali content 

of 1.5 required for pozzolana. The alkali content 

is important were the ash is to be used with 

reactive aggregate (Neville 1999). The palm 

kernel shell ash (PKSA) is therefore suitable for 

construction work where reactive aggregate is to 

be used. 

4.2.2 Physical properties of fine aggregate 

(sand) and Palm Kernel Shell Ash (PKSA): 

Table 3 shows the result for the specific gravity 

test for fine aggregates and Palm Kernel Shell 

Ash (PKSA). The specific gravity of sand used is 

2.5, which is 3.8% out of limit for natural 

aggregates with value of specific gravity 

between 2.6 and 2.7 as reported in (Neville, 

1999). 

The specific gravity of Palm Kernel Shell Ash 

was found to be 2.16, which is less than 3.15 for 

Portland cement but within the range for many 

pozzolans (Steven et al., 2003). The bulk density 

obtained for PKSA was 446.61 kg/m
3
.
 

The 

compacted bulk densities for sand used was 

found to be 1443.64 kg/m
3
.This value is close to 

the range of 1650 — 1850 kg/m
3
 specified by 

Jackson and Dhir (1998). The sieve analysis of 

fine aggregate (Figure 1) satisfies the grading 

limit of zone 2 specified by British Standard B.S. 

882: Part 2 and is therefore suitable for 

construction and experimental works. The silt 

content of the sand used was found to be 3.61% 

which is within the permitted range of 3 – 8%. 
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Figure 1: Particle Size Distribution (Fine Aggregate) 

 

4.2.3 Consistency and setting Times Tests: 

Table 2 shows the results for the consistency, 

setting times and soundness tests. Result reveals 

that the water to binder ratio for normal 

consistency (30 – 37%) decreases as PKSA was 

introduced i.e. the consistency as shown in 

Figure 2 decreases as the added PKSA is 

increased; this may be as a result of high carbon 

content in the cement/ash mixture as compared 

to the content in cement alone.  

The initial and final setting times increased with 

increase in percentage of PKSA as shown in 

Figure 3; this could be attributed to the high 

silica (SiO2= 63.56%) content in the ash. The 

reaction between cement and water is exothermic 

leading to liberation of heat and evaporation of 

moisture and consequently stiffening of the 

paste. As the PKSA is added to cement, the rate 

of reaction reduces and the quantity of heat 

liberated also reduces leading to set retardation 

and to late stiffening of the paste. Set retardation 

is an advantage during hot weather, allowing 

more time to place and finish concrete.  
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Figure 2: Graph of consistency against PKSA percentage addition 

 

 

Figure 3: Graph of setting times against PKSA percentage addition 

 

The soundness of between 3 and 3.4 mm 

displayed by the cement and cement/binder 

mixtures shows that the cement is sound as this 

result falls within the range specified by British 

Standard BS 12: (1971) and (Neville 1995) of 10 

mm maximum for ordinary Portland cement 

(OPC). 

4.2.4 Workability test: Slump and 

Compa

cting 

factor measurements: The results obtained for 

the workability tests are presented in Table 5. 

Each value is an average of three test results; all 

fall within the range of values for medium 

workability (35 to 75 mm) British Standard BS 

12: (1971) and (Neville, 1995) and therefore 

corresponds to workability used for reinforced 

concrete with vibrations and simply reinforced 

sections without vibrations. 
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4.2.5 Compressive Strength test: Table 6 

shows the result of compressive strength as 

PKSA is added in to the mortar. The result 

shows that the cubes containing 0% PKSA had 

the highest compressive strength of 26.89 MPa, 

and at 3% addition level the compressive 

strength is 26.44 MPa and the lowest 

compressive strength is at 0.5%. This shows that 

the amount of PKSA added is low in silicon 

dioxide (SiO2) that will react with calcium 

hydroxide (Ca(OH)2) - also known as 

portlandite, produced by the hydration of 

cement. This should be responsible for the little 

or negligible effect of this range of PKSA on the 

strength of cement/PKSA mortar.  

 

5. CONCLUSION 

 

From the results of the research conducted on 

OPC/PKSA mortar, it can be concluded that: 

 The palm kernel shell ash produced is 

pozzolanic and therefore suitable for use 

in mortar cube making. 

 The specific gravity and bulk density of 

PKSA were found to be 2.16 and 

446.61kg/m
3
 

 For each mix of OPC/PKSA, the water 

content for a standard paste decreases as 

the PKSA content increases. 

 The setting times of OPC/PKSA paste 

increases as PKSA content increases. 

 The compressive strength of the cubes 

for all mix decreases as the PKSA 

content increases. 

 The average weight of cubes decreases 

with increasing PKSA proportion and 

could be used for the design and 

construction of light weight structures. 

 The use of PKSA in cube making will 

help tackle the problems of high cost of 

cement and waste management  

 Test results indicate an insignificant 

effect on the compressive strength with 

increase in PKSA content from 0.5 to 

3.0% 

additi

on level at 28 days curing. 
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