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Abstract. The cultivation of dates from palm trees is an important 

economic activity in Iraq. Date production forms a significant part of the 

country's agricultural sector, contributing to both local consumption and 

export markets. The date industry supports many livelihoods and 

businesses in Iraq. The total number of fertile palm trees in Iraq is over 22 

million. In the production of pitted dates, date molasses, date paste and 

date confectionery, a significant amount of date pits are usually discarded 

as waste. This study reports chemical analysis investigations conducted to 

evaluate the potential use of waste date kernel ash (DKA) compared with 

other pozzolanic material which is fly ash (FA) from bricks factory, tow 

samples obtained as a partial cement replacement in concrete, the first 

sample by the calcination of date pits at 500 °C for 4 hours then cooling 

and continue calcination at 600 °C for 2 hours, and the second sample by 

calcination at 500 °C for 4 hours. The results of (XRF) tests showed that 

DKA has low silica oxide and does not qualify as a pozzolanic material 

compared with a high silica oxide of FA.  

Keywords: date kernel ash (DKA); cement replacement; fly ash, 

silica oxide, pozzolanic material. 

1. Introduction: 
The cement industry is responsible for emitting 8 percent of global carbon dioxide 

emissions. For comparison, the entire world's air traffic is responsible for 3 percent of all 

gas emissions. Three-quarters of a ton of carbon dioxide is emitted when producing and 

using one ton of conventional cement. Half of this amount of gas is emitted during the 
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process of preparing cement at high temperatures. In this context, several attempts are 

being made to search for environmental cement that does not harm the environment when 

produced, when used, and when disposed of or recycled [1-2]. 

     The date palm and oil palm are the two most widespread palm species. The date palm is 

most common in Middle Eastern countries, such as Iraq, Saudi Arabia, Egypt, and the 

Emirates, as well as in the United States (California), while the oil palm is mainly found in 

Malaysia and Indonesia [3]. Dates contain high concentrations of proteins, vitamins, and 

minerals [4], while oil palm was the main source of 35% of vegetable oil worldwide in 

2019 [5].  

     Research into the use of date kernel ash as a complementary cementitious material 

allows exploring a new ways of recycling waste and environmentally friendly materials. 

     Cement is the main constituent material in construction, which has durable properties 

and is used to create concrete and other building materials. However, cement production 

requires a lot of energy and is harmful to the environment due to carbon dioxide emissions 

[6]. 

     Research shows that date kernel ash can be used as a substitute for part of the cement in 

the concrete production process. Date kernel ash contains various chemical compounds 

such as silica, aluminum oxide and iron oxide, which have similar properties to cement [7]. 

As claimed Muneer K. Saeed et. al., (2023) [8], the date kernel powder (DKP) waste 

material has a strong potential for reducing heat of hydration in mass concrete structures. 

     Mixing date kernel ash with cement, or replacing some of the cement with date kernel 

ash, can lead to a reduction in the amount of cement used and, as a result, reduce energy 

costs and harmful emissions. This can be especially useful for construction projects where 

large quantities of concrete are required [9]. 

     According to Patrick E. Imoisili et al. and others [10-12], 56.65% amorphous silica 

yield, 2.68% moisture and negligible inorganic impurities can be produced from palm 

kernel shell ash using the sol–gel technique and leaching process, this will help in 

combating the environmental nuisance of palm kernel shell by converting it into useful 

product. It will also be a cheap source of silica as an industrial raw material for drug 

delivery, glass production. [13] Investigated the possibility of producing high-performance 

concrete by replacing coarse aggregates, fine aggregates, and cement with shells of palm 

kernel, powder palm kernels, and calcined kernel ash, respectively. Previous researches 

find that when date ash is used as a cement replacement in concrete production, there is no 

human health risk as a non-toxic substance. 

     However, further research and testing is required to accurately determine the feasibility 

of using date kernel ash as an additional cementitious material. Before such materials can 

be put into commercial production and used in construction projects, they must undergo 

rigorous testing and meet quality and safety standards. 

     The aim of this study is to investigate the possibility of using DKA as cement 

replacement material in concrete production with the objectives of determining its 

pozzolanic properties, as well as studying the effect of DKA on fresh and hardened 

concrete properties. 
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Fig. 1. The largest palm farm near the city of Al Basra in the Abi-Alkhasib region in southern Iraq.  

2. Materials and Methods 
The date kernels used in this study were obtained from a date paste factory in the city of 

Babylon in Central Iraq. They were sorted, washed and subjected to heat treatment by 

calcination to obtain ash (Figure 2a) in two ways: two-stage - by calcination of date pits at 

500 °C for 4 hours, followed by cooling for 24 hours and re-calcination at 600 °C for 

another 2 hours as illustrated in (Figure 3), and one-stage – calcination at 500 °С for 4 

hours. The fly ash used (Figure 2b), resulting from the combustion of fuels during brick 

firing, was obtained from the Al-Nahrawan brick factory in Baghdad. The chemical and 

elemental compositions of these ashes were studied in the laboratory of the Research 

Institute of Construction Materials and Technologies of the National Research University 

MGSU. The results of the analysis are shown in tables 1 and 2. 

 

 

                                                     (а)                                               (б)   

Fig. 2.   Fly ash (а) and  date kernel ash (б). 
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Fig. 3. Scheme of a two-stage process for obtaining date kernel ash. 

2.1.  XRF of DKA, FA 

X-ray fluorescence wavedispersive spectrometer ARL OPTIM"X 200W, shown in (figure 

4) was used in this study, its uses determination of the mass fraction of elements in metallic 

and non-metallic (glass, ceramics, plastics, oils, refractories, cement, geological samples, 

etc.) samples in solid, liquid and powder states. Specifications: analyzed elements(F – U), 

relative standard deviation of the output signal no more than: 1.0%,  X-ray tube power 0.2 

kW, time to establish the operating mode no more than 1.0 h, supply voltage 230 V, overall 

dimensions (1260x880x820 mm), weight 250 kg, manufacturer: Thermo Fisher Scientific, 

country: Switzerland, year of release: 2014. 
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Fig. 4. X-ray fluorescence wavedispersive spectrometer. 

Table 1. Chemical composition of DKA and FA (XRF)-analyses. 

Oxides *DKA 1 **DKA 2 ***FA 

Weight, 
% 

Estimated 
Error % 

Weight, 
% 

Estimated 
Error % 

Weight, 
% 

Estimated 
Error % 

K2O 4,65 0,11 3,62 0,10 1,75 0,07 

P2O5 2,82 0,08 2,03 0,07 - - 

MgO 1,14 0,05 0,628 0,031 6,37 0,13 

CaO 0,994 0,050 0,531 0,027 20,71 0,23 

SO3 0,589 0,029 0,417 0,021 1,64 0,06 

SiO2 0,311 0,016 0,131 0,0065 42,87 0,33 

Na2O 0,163 0,018 0,119 0,016 1,52 0,06 

Fe2O3 0,107 0,0053 - - 4,72 0,11 

MoO3 0,0685 0,0061 0,0885 0,0072 - - 

MnO 0,0394 0,0026 0,0184 0,0030 0,0947 0,0047 

ZnO 0,0269 0,0039 - - - - 

Al2O3 0,0178 0,0027 0,0277 0,0022 9,47 0,15 

TiO2 - - - - 0,518 0,026 

SrO - - - - 0,0499 0,0025 

V2O5 - - - - 0,0359 0,0018 

Cr2O3 - - - - 0,0356 0,0018 

BaO - - - - 0,0305 0,0036 

Table 2. Elemental composition of date kernels ash and fly ash 

Chemical 
Elements 

*DKA 1 **DKA 2 ***FA 

Weight, % Estimated 
Error % 

Weight, % Estimated 
Error % 

Weight, % Estimated 
Error % 

K 3,86 0,09 3,01 0,08 1,46 0,05 

F 3,65 0,37 - - - - 

Px 1,23 0,04 0,886 0,03 - - 

Mg 0,690 0,03 0,379 0,019 3,84 0,08 

Ca 0,711 0,036 0,380 0,019 14,81 0,16 
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Sx 0,236 0,012 0,167 0,016 0,657 0,03 

Cl 0,482 0,024 0,319 0,012 0,213 0,011 

Si 0,145 0,0073 - - 20,04 0,15 

Na 0,121 0,014 - - 1,13 0,05 

Fe 0,0747 0,0037 - - 3,30 0,08 

Mo 0,0457 0,0041 - - - - 

Mn 0,0305 0,0020 - - 0,0733 0,0037 

Zn 0,0216 0,0031 - - - - 

Al 0,0094 0,0014 - - 5,01 0,08 

Ti - - - - 0,310 0,016 

P - - - - 0,0967 0,0048 

Sr - - - - 0,0422 0,0021 

V - - - - 0,0201 0,0010 

Cr - - - - 0,0243 0,0012 

Ba - - - - 0,0273 0,0032 
*DKA 1 – date kernel ash obtained as a result of their two-stage heat treatment, sum weight% without 

normalization to 100% = 15,1 %  ;  

**DKA 2 - date kernel ash obtained as a result of their one-stage heat treatment, sum weight% without 

normalization to 100% = 8,0 %; 

*** FA- Fly ash, sum weight % without normalization to 100% = 90,3 %.    

    

2.2. Review of the Effect of DK and DKA as Supplementary Material on Fresh and 

hardened concrete properties 

Concrete properties in fresh and hardened state were investigated by previous researchers 

to compare the behavior of DK and DKA concrete with other pozolanic materials and with 

normal concrete as illustrated in table (3).   

Table 3. Review of the Effect of DK and DKA on concrete properties. 

Ref. Replacement 

By wt. 

Enhanced Hardened concrete 

properties 

Enhanced Fresh concrete 

properties 

Mune

er K. 

Saeed 

et al., 

(2022

) [14] 

5%, 10%, 

15%, 20%, 

and 30% 

At 5% with cement replacement 

increases compressive strength by 

0.42%, 3.2%, and 2.5% at 3, 7, 

and 28 days, 

At 10%, 15%, 20%, and 30% 

DKA with cement replacement 

decreases strength by 2.4%, 5.4%, 

16.3%, and 26.69%. The concrete 

mixes with DKA at 10%, 20%, 

and 30% replacement have a 

lower density, lower thermal 

conductivity, higher thermal 

resistivity, and higher specific 

heat. 

DKA was found to 

generate less heat of 

hydration compared to NP 

and FA at 10% and 

20% replacement ratios, 

respectively. The concrete 

mix containing 30% DKA 

had a slower rate of heat 

and temperature rise when 

compared with the 

concrete mixes containing 

30% FA or 30% NP. 
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Smith 

A.S.J. 

(2018) 

[15]. 

0%, 2.5%, 

5%, 7.5%, 

10%, 15% 

and 20% 

An increase in compressive 

strength at 2.5-10% replacement 

with cement at 56 days, while a 

decrease at 15-20% replacement. 

As well as increase in density as 

increasing percent replacement. 

Water absorption capacity of the 

concrete decreased with increase 

in DKA content. 

Increase in Initial and final 

setting time with increase 

in cement replacement 

percent. Decrease in slump 

with increase in 

replacement percent. 

Muneer 

K. Saeed 

et al., 

(2023) 

[8] 

10%, 20% 

and 30% 

DKP  

No significant impact of strength 

properties.  

a significant reduction in 

the heat of hydration in 

DKP concrete, with levels 

comparable to the FA 

concrete. The slump values 

decrease as the percentage 

of DKP increases in the 

concrete mixes, reducing 

by 50% from 100 mm to 

50 mm, when DKP is 

increased from 10% to 

20%. 

Zainab 

Hashim 

Abbas 

Alsalami

, et al., 

(2018) 

[15] 

The (PKS), 

(CPK) and 

(PKA) were 

replaced 

individually 

by weight of 

the course 

aggregate, 

fine 

aggregate and 

cement 

respectively 

using 

different 

percentages 

10%, 15% 

and 20%. 

A lightweight concrete has 

produced with compressive 

strength, flexural strength, density 

decrease when increase in percent 

replacement. Decreasing in 

compressive strength 

around 28%-40% for all 

replacement ratios. The density 

was decreased considerably 

reaching a value of 1850 Kg\m3 

for mixture with (20%, 10%, and 

10%) (PKA), (CPK) and (PKS) 

replacement respectively 

A decrease in slump while 

increase in percent 

replacement. 

 

3. Discussion and Conclusions 
This study investigated the feasibility of using date kernel ash as a cementitious material to 

partially replace Portland cement in concretes. A comparison was made of the chemical 

compositions of date kernel ash and fly ash resulting from the combustion of fuels during 

brick firing. The analysis showed that the weight loss during calcination of date kernels is 

very high, since they have high carbon content and low inorganic oxides. At the same time, 

after a two-stage heat treatment of date kernels until reversing to ash, an increase in the 

content of silicon and calcium oxides was observed compared to one-stage calcination. At 

the same time, the studied fly ash contains significantly more of these oxides (Table 1). The 

results of the analysis indicate that date kernel ash cannot be considered a material with 

high pozzolanic activity, however, it is necessary to continue research to assess the 
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possibility of its use as a cementing material, partially replacing Portland cement in the 

composition of the binder for concrete, and could be said it is considerably interesting 

sustainable material in cement and new building materials production development. 
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