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ABSTRACT 
 

This study investigates the effect of Date Palm Seed Ash (DPSA) as a pozzolan on the workability, compressive strength 
and water absorption capacity of concrete. Temperature regulated kiln was used to burn the Date Palm Seed (DPS) 
into DPSA in two stages: it was first burned for eight hours at an optimum temperature of 590oC and then cooled for 
two days. It was again burned for three hours at an optimum temperature of 630oC for eight hours and was air cooled 
again for three days. The ash obtained was sieved through 75um sieve and then used for this research. The mineral 
oxide composition of the DPSA was analysed using X-ray fluorescence (XRF) procedures and DoE mix design method 
was used to produce concrete ingredients for grade 30N/mm2. The paste and concrete produced using DPSA to partially 
replace cement at 0%, 2.5%, 5%, 7.5%, 10%, 15% and 20% DPSA were tested for consistency, workability, 

compressive strength and water absorption. Findings revealed that the use of DPSA in concrete reduces the workability 
of fresh DPSA concrete and the water absorption capacity of the hardened concrete as analysis showed that the water 
absorption of concrete at 20% cement replacement with DPSA was 11% lower than the control concrete. Results also 
indicates an increase in the consistency of cement-DPSA paste when cement is replaced with DPSA. Finally, the 
concrete specimens made using 2.5-10% DPSA content have at least 1.5% higher Compressive strength than the 
control concrete at 56 days. The replacement of cement with DPSA up to 10% gave promising and positive effects on 
the compressive strength and water absorption capacity of concrete and hence is recommended for use in concrete 
production. 
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1. INTRODUCTION 
 

Concrete as a versatile construction material, and basically 

classified into heavy weight, normal weight and light weight 

concrete can be made using cement, fine aggregate, coarse 

aggregate and water (Smith and Sam, 2020). Concrete 

despite its reliability as a construction material also suffers 

several problems like brittleness, low tensile strength, and 

susceptibility to acid and sulphate attacks (Hidayah, 2014). 

The quest to solve these problems has made researchers to 

search and propose the use of new materials like fibre-

reinforced plastics, aluminium, glass, steel, polymers, 

engineered composites and supplementary cementitious 

materials (SCM) in concrete to improve concrete properties. 

This search for new materials has also led to this study on 

effect of DPSA on concrete properties, and the list of this 

new materials in the construction industry is almost in-

exhaustive which is good for the economy of the building and 

construction industry (Olanipekun et al., 2006). 

SCM has gain serious popularity since the 2nd half of the 20th 

century as natural or artificial materials (like volcanic ash, 

ground granulated blast-furnance slag, cocnut shel ash) have 

been reported by researchers to have good pozzolanic 

properties (Snellings et al., 2012). Efforts are still being 

made by researchers to use SCM to develop “green” 

concretes containing industrial or agricultural wastes like 

palm kernel shells, incinerated ash, crushed glass, periwinkle 

(Daddan and Saand, 2015); and most of the time, cement has 

been partially replaced by industrial and/or agricultural 

wastes such as fly ash, steel slag, metakaolin, rice husk ash. 

The replacement of cement by using SCM not only decreases 

the landfills of waste materials and their associated 

environmental impacts, but also reduces the carbon footprint 

of concrete (Zhi-hai et al., 2017).  This study also aims at 

contributing to the ongoing research on finding suitable 
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materials to replace cement in concrete by investigating the 

effect of DPSA on concrete properties. 

Date Palm Seed (DPS) is majorly grown in Canary Islands, 

Northern and Western Africa, the Middle East, Pakistan, 

India, the U.S. State of California. Date palm tree (Phoenix 

dactylifera) belongs to the palm family (Arecaceae or 

Palmae), and it is highly cultivated for animals and human 

consumptions (Date Palm Encyclopaedia, 1976). Date palm 

is one of mankind’s oldest cultivated plants, and has played 

an important role in the day-to-day life of the people in the 

Arabian Peninsula for the last 7000 years (Ahmed et al., 

1995). DPS has also been in cultivation for over 400 years in 

Nigeria (Ikheola et al., 2002). Some studies (though few) 

have been conducted on the use of DPS and DPSA as a 

construction material. For example, Nasir and Al-Kutti (2018) 

investigated the performance of date palm ash (DPA) as a 

cementitious material by evaluating its strength, durability 

and characterization; and reported that 10% DPA is a strong 

and durable substitute for Ordinary Portland Cement (OPC); 

and further revealed that up to 30% DPA can further 

maximize clinker replacement with reasonable performance, 

together with enhanced sustainability and reduced 

construction cost. In Smith et al. (2018) study on the effect 

of particle size of DPSA on concrete properties, it was 

reported that DPSA concrete made using 75um fineness and 

cured for 56 days has a higher compressive strength than the 

control concrete. Potential use of date palm ash (DPA) in 

cement-based materials was studied by Al-Kutti et al. (2017); 

and the research outcome indicated that  10% DPA is the 

optimum dosage that effectively utilizes more Ca(OH)2 to 

produce additional calcium silicate hydrate (CSH) gel, in 

order to improve DPA mortar and concrete quality. Aka et al. 

(2013) carried out exploratory study of date seed as coarse 

aggregate in concrete production and found that all 

percentage replacement of crushed granite with date seed up 

to 75% (except 100%) gave satisfactory results without 

compromising the compressive strength requirements of the 

concrete under study. Amograbi (2010) researched on the 

durability study of lightweight concrete material made from 

DPS aggregate, and reported that the durability properties of 

DPS aggregate concrete is similar to other conventional 

lightweight concretes. Despite these studies on the utilization 

of DPS in concrete, the seeds after consumption, are still 

regarded as nothing but thrown away as wastes to litter the 

environment, leading to over four million metric tons waste 

from the annual production of over seven million metric tons 

of date palm seed in the world, of which 1,352,950 metric 

tons, 710000 metric tons and 22000 metric tons are produced 

annually in Egypt, Algeria and nine states in Nigeria 

respectively (NIFOR, 2010). This study thus seeks to 

investigate the effect of DPSA on concrete properties like 

workability, compressive strength and water absorption in 

order to effectively manage its waste and to also enlighten 

the public on the need to use DPS and DPSA in concrete 

production. 

2. MATERIALS AND METHODS 

2.1. Materials 

The DPSA used has a specific gravity of 1.44 and was 

obtained from the DPS bought from dealers in Kano state, 

Nigeria and burned in a kiln under regulated temperature. 

The burning of the DPS was done in two stages so that the 

amorphous form of the ash can be obtained: Firstly, the 

DPS was burnt for a duration of eight hours at a 

temperature of about 590oC. Secondly, after allowing it to 

cool for two days, it was further burnt for three hours at a 

temperature of 630oC and was again allowed to cool for 

another three days. It was later sieved through 75um sieve 

before been used for the study. The cement used was 

Ordinary Portland cement and it was obtained from 

cement dealers in Rijiyar Zaki, Kano state. The chemical 

properties of the cement is shown in Table 2. The fine 

aggregate used was clean river sand of not more than 5mm 

size, obtained from Chalawa river in Kumbotso Local 

government area of Kano state, Nigeria. The fine 

aggregate has a specific gravity of 2.68; it falls in zone 1 

and its grading curve is shown in Figure 1. The coarse 

aggregate used was crushed granite with specific gravity 

of 2.65, and it was obtained from Rano quarry site in Kano 

state, Nigeria. The maximum coarse aggregate size used 

was 20mm, and its grading curve is shown in Figure 1. 

2.2 Methods 

2.2.1 Mix Design and Mineral Oxide Composition: 

Department of Environment method of mix design 

(Neville and Brooks, 1987) was used to determine the 

quantity of the various concrete ingredients (cement, sand, 

granite and water) required to produce a concrete grade of 

30N/mm2. The concrete mix proportion is shown in Table 

1. 
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Table 1: Concrete Quantities at various Replacement of 

DPSA 

DPSA 

Content 

(%) 

Cement 

(kg/m3) 

DPSA 

(kg/m3) 

Sand 

(kg/m3) 

Granite 

(kg/m3) 

Water 

(kg/m3) 

0.0 400.0 0.0 740.0 1050.0 210.0 

2.5 390.0 10.0 740.0 1050.0 210.0 

5.0 380.0 20.0 740.0 1050.0 210.0 

7.5 370 30.0 740.0 1050.0 210.0 

10 360.0 40.0 740.0 1050.0 210.0 

15 340.0 60.0 740.0 1050.0 210.0 

20 320.0 80.0 740.0 1050.0 210.0 

 

Test for mineral oxide composition of cement and DPSA 

using X-Ray fluorescence (XRF) analysis was conducted 

to determine the materials’ oxide composition in 

accordance with ASTM C311/C311M-16, and the result 

from this analysis is presented in Table 2. 

2.2.2 Tests on Cement-DPSA Paste and Concrete: The 

effect of DPSA on cement-DPSA paste was carried out 

through consistency test using 0%, 2.5%, 5%, 7.5%, 10%, 

15% and 20%  DPSA to replace cement in accordance 

with BS EN 196-3 (1995). The effect of DPSA on the 

workability of fresh concrete, compressive strength and 

water absorption capacity of the hardened concrete were 

also determined based on BS EN 12350-2:2009, BS EN 

12390-3:2009 and BS EN 12390-6:2009 respectively 

using the same percentage replacement of DPSA as in 

those used for consistency test. The compressive strength 

test was conducted on 84 concrete cube specimens of 

100mm×100mm×100mm size after curing for 7, 21, 28 

and 56 days. The water absorption test was conducted on 

21 concrete cube specimens of the same size and 

percentage replacement as those of compressive strength 

after curing for 28 days.

3. RESULTS AND DISCUSSIONS 
 

3.1. Mineral Oxide Composition of DPSA 

The mineral oxide of DPSA shown in Table 3 reveals that 

the sum of the percentage composition of Fe2O3, SiO2 and 

Al2O3 amount to 73.50%, which is 3.5% higher than the 

70% minimum requirement specified by ASTM 

C311/C311M-16 for SCM, and hence it can serve as a 

good SCM. The analysis also showed that DPSA has 9.82% 

CaO which can also contribute to the cementitious 

property of cement. Further analysis showed that DPSA 

has 9.07% K2O and 3.0% Na2O; and these oxides may 

inhibit the formation of Calcium trisilicates in concrete as 

reported by Mahmoud (2006). 

Table 2: Mineral Oxide Composition of DPSA and 

Ordinary Portland Cement 

Oxide SiO2 Fe2O3 Al2O3 P2O5 CaO 

DPSA (%) 45.5 7.25 20.75 0.50 9.82 

OPC (%) 20.99 9.72 10.30 - 55.00 

Oxide K2O Cl SO3 Na2O ZnO 

DPSA (%) 9.07 0.45 0.12 3.00 0.31 

OPC (%) 0.72 - 0.40 0.33 - 

Oxide MgO BaO MnO PbO ZrO2 

DPSA (%) 0.52 0.05 0.32 0.02 0.05 

OPC (%) 0.44 - 0.80 - - 

Oxide As2O3 LOI 

DPSA (%) 0.55 1.72 

OPC (%) - 1.30 

 

 
Fig. 1: Particle size distribution of fine and coarse 

aggregates 
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3.2. Effect of DPSA on Concrete Workability and 

Consistency 

The workability of fresh DPSA concrete as determined 

through slump test and shown in Figure 2 reveals that 

replacing cement with DPSA reduces the workability of 

the concrete produced. The trend of the effect of DPSA on 

the concrete workability is such that the concrete 

continued to become less workable as the percentage 

replacement of cement with DPSA increases. This trend 

may be due to the colliding interaction between the DPSA 

particles as evidence in the higher loss on ignition of 

DPSA  (1.72%) than that of the cement (1.3%) as 

explained by Ramezanianpour, (2014). Furthermore, it 

can also be seen that all the slumps except that for 20% 

DPSA mix is within the range of medium workability 

(35mm–75mm) as specified in BS EN 12350-2:2009, and 

is hence workable for reinforced concrete with vibrations 

and simply reinforced sections without vibrations 

(Neville, 2011). 

 
Fig. 2: Slump of fresh DPSA concrete 

The water requirement of the cement-DPSA paste as 

determined through consistency test and shown in Figure 

3 indicates that the replacement of cement with DPSA 

increases the consistency of cement-DPSA paste.  This 

trend in consistency behaviour may be due to particle 

interference effect, which resulted in the demand for large 

amount of water to properly wet higher percentage of 

DPSA in the mix to produce cement gel, and this led to 

the increase in the consistency of the DPSA concrete as 

explained by Ettul et al. (2013) for saw dust ash, which is 

a similar SCM. 

 
Fig. 3: Consistency of cement-DPSA paste 

3.4. Effect of DPSA on Concrete Compressive Strength 

The effect of replacing cement with DPSA on the 

compressive strength of the concrete as shown in Figure 4 

shows that 56 days compressive strength of DPSA 

concrete using 2.5 to 10% DPSA content is at least 1.5% 

higher than the control and the designed concrete strength. 

The DPSA content that has the most effect on the 

compressive strength is 2.5% as it gave the optimum 

strength of 32.5 and 33 N/mm2 at 28 and 56 days curing 

duration respectively. This overwhemingly high strength 

at 2.5% replacement may be due to the hydration of 

cement and DPSA; while the higher strength up to 10% 

replacement at 56 days curing duration may be due to the 

behaviour of the DPSA as a filler that deccelerates cement 

hydration; which led to the generation of more calcium 

hydroxide at later curing ages to react with the active silica 

and aluminate phases of the DPSA to produce secondary 

calcium aluminosilicate hydrates which enhances strength 

performance (Mark et al., 2016). Further increase in 

DPSA content resulted in a decrease in compressive 

strength when compared with the control concrete. The 

reduction in compressive strength as cement is replaced 

with DPSA at 15% and 20% may be due to the saturation 

of the cement mix with K2O in DPSA. This K2O must 

have possibly formed composite that inhibits the 

formation of calcium silicate hydrates from cement 

hydration as reported for a similar SCM by Mahmoud 

(2006). 
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Figure 4: Compressive strength of DPSA concrete 

3.5. Effect of DPSA on the Concrte Water Absorption 

The effect of DPSA on the resistance of DPSA concrete 

to water penetration, studied through water absorption test 

and presented in Figure 5 indicates that the use of DPSA 

in concrete improves the water absorption capacity of 

concrete. As can be seen in Figure 5, the water absorbed 

by the concrete decreases as more cement is being 

replaced with DPSA. This is because the paste formation 

from cement-DPSA reaction may have coated the 

aggregates and larger micro voids better than that 

resulting from cement. Since water absorption mechanism 

depends on  factors like paste pores, capillarity, surface 

energy, surface tension and concrete sorptivity as reported 

by Babak (2013), the resistance of the concrete made with 

DPSA must have been improved by the better paste matrix 

in DPSA concrete. And this better paste matrix must have 

in turn come from the extra cementitious property 

provided by the DPSA. Further observation of the water 

absorption result revealed that the water absorption for all 

the mixes are well below the maximum of 10% stated by 

Neville (2011). 

 

 
Figure. 5: Water absorption capacity of DPSA 

concrete

4. CONCLUSIONS 

 

This research investigated the effect of partial replacement 

of DPSA as SCM in concrete by studying the behavior of 

concrete made with DPSA in terms of the slump flow of 

the fresh concrete, consistency of the cement-DPSA paste, 

compressive strength and resistance to water penetration 

of the hardened concrete. This conclusions can be made 

based on the investigations conducted: 

1. DPSA has SiO2, Al2O3, Fe2O3, CaO and K2O as its 

dominant oxides. And the addition of SiO2, Al2O3, Fe2O3, 

(which if greater than 70% qualifies a material to be 

classified as an SCM) gives 73.5%; and this shows that 

DPSA can be classified as an SCM. 

2. DPSA increases the water demand (that is consistency) 

of cement pastes. 

3. DPSA when use to partially replace cement decreases 

the workability of the concrete produced; and the concrete 

becomes less workable with percentage increase in the 

content of DPSA. 

5. The compressive strength of the concrete made using 

2.5 to 10% replacement of cement with DPSA were at 

least 1.5% higher than the control concrete at 56 days. 

Hence, DPSA can be used up to 10% to replace cement 

for concrete production in order to improve its 

compressive strength. 

6. DPSA improves the resistance of concrete to water 

penetration. 
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