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ABSTRACT 
 

The effect of Neem Seed husk on the physico-chemical properties of Neem seed husk ash concrete was 
investigated. Neem Seed husk is a by-product obtained during industrial processing of Neem Seed to extract 

oil and produce fertilizer. Neem seed husk ash was used in replacing cement in the proportions of 0%, 5%, 
10%, 15%, 20% and 25% by weight of cement. The phyisico-chemical properties of cement at anhydrous state 

and the hydrated state (chemical composition, specific gravity, fineness, consistency of the cement paste and 

setting times) were studied. The experimental results obtained showed that Neem seed husk ash is a principal 
parameter which has influences on the physico-chemical properties of the Neem seed husk ash concrete.  

 
 

1.0 INTRODUCTION 

 

In recent years there has been a significant increase 

in the use of waste materials as both cement 

replacement materials and fillers in concrete. The 

reason for this is a growing awareness of the 

engineering, economical and ecological benefits for 

the use of waste materials in cement and concrete 

industries. Waste materials can however only be 

used in concrete if they are not detrimental to the 

short or long term properties of the concrete 

(Siddique, 2008).  

A Neem seed husk ash is obtained by burning a 

waste husk obtained during the extraction of oil 

from neem seed. Neem seed itself is from Neem tree 

(Azadirachta indica) popularly known locally as 

“Dogon-yaro”. In producing Neem based fertilizer, 

extraction of neem oil is done first, and the resultant 

cake is used in making organic based fertilizer. 

Some little quantity of seed husk is crushed and 

ground into fertilizer formulation but large quantity 

usually lay waste. This paper presents an 

investigation of cements replaced with 0%, 5%, 

10%, 15%, 20% and 25% Neem seed husk ash. The 

characteristics examined include physicochemical 

properties of the Neem seed husk ash concrete. 

 

 

2.0 MATERIALS AND METHODS 
 
The Neem seed husk used in this study was dried 

and burned in an open air, after which it was 

calcinated in an oven at temperature of 600
o
C to 

produce an ash. The Neem seed husk ash was mixed 

with cement in the following percentage of cement 

replacement, 0 percent, 5 percent, 10 percent, 15 

percent, 20 percent and 25 percent. This mixture was 

used as binder cement for concrete.  

The chemical properties of the binder materials were 

determined using X-Ray Fluorescence (XRF) to 

determine the elemental composition. The elemental 

compositions of Dangote ordinary Portland cement 

(OPC) as well as the Neem seed husk ash were also 

determined using X-Ray fluorescence (XRF). 
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3.0 RESULTS AND DISCUSSIONS 
 

3.1 Results 
The composition of Dangote OPC and Neem seed 

husk ash are presented in Table 1 while the 

compositions of the binder materials are shown in 

Table 2.  The specific gravity and the fineness of the 

ordinary Portland cement (OPC) and that of Neem 

seed husk ash were determined in accordance with 

BS EN 196-6 (1992). The specific gravity of the 

OPC was determined to be 3.14 while that of Neem 

seed husk ash was determined to be 2.40. Likewise, 

the fineness of the OPC was determined to be 15.2% 

while that of Neem seed husk ash was determined to 

be 42.2%. The consistency, initial and final setting 

time and soundness tests were carried out on the 

binder in accordance to BS EN 196-3:2005. The 

results of the tests are shown in Table 3.  

 

Table 1: Chemical Composition of Dangote OPC and Neem seed husk ash 

 

% Oxide Al2O3 SiO2 CaO Fe2O3 K2O MnO MgO SO3 Na2O LOI 

Ordinary 

Portland Cement 

2.80 28.57 79.12 4.28 0.24 0.01 - 1.60 - 4.05 

Neem seed husk 

ash 

3.00 25.40 32.90 8.68 14.30 0.18 2.00 4.42 0.20 9.03 

 

Table 2: Chemical Composition of Binder Cement (as replaced with various proportions of Neem Husk 

Ash) 

 

Chemical 

Composition 

Cement 

replaced 

with 0% 

Neem seed 

husk ash  

 

Cement 

replaced 

with 5% 

Neem seed 

husk ash  

 

Cement 

replaced 

with 10% 

Neem seed 

husk ash  

Cement 

replaced 

with 15% 

Neem seed 

husk ash  

Cement 

replaced 

with 20% 

Neem seed 

husk ash  

Cement 

replaced with 

25% Neem 

seed husk ash  

Al2O3 2.80 3.00 2.90 3.00 3.20 3.40 

SiO2 28.57 29.17 29.40 29.70 30.50 30.60 

CaO 79.12 77.54 76.84 69.94 73.97 73.74 

Fe2O3 4.28 4.49 4.34 4.51 4.59 4.58 

K2O 0.24 0.65 0.83 1.20 1.79 1.78 

MnO 0.01 0.04 0.04 0.02 0.05 0.04 

SO3 1.60 1.66 1.72 1.83 1.98 1.93 

TiO2 0.16 0.19 0.20 0.18 0.27 0.22 

V2O5 0.06 0.10 0.01 0.06 0.01 0.01 

Cr2O3 0.04 0.03 0.03 0.04 0.03 0.04 

 

Table 3: Results of Consistency, setting times and soundness tests on the binder cement  

 

 

Parameter 

Cement 

replaced 

with 0% 

Neem seed 

husk ash  

Cement 

replaced 

with 5% 

Neem seed 

husk ash  

Cement 

replaced 

with 10% 

Neem seed 

husk ash  

Cement 

replaced 

with 15% 

Neem seed 

husk ash  

Cement 

replaced 

with 20% 

Neem seed 

husk ash  

Cement 

replaced 

with 25% 

Neem seed 

husk ash  

Consistency (%) 32.58 34.82  37.78 40.20  42.81 46.00 

Initial setting time 

(minutes) 

155.00 239.00 269.00 270.00 300.00 356.00 

Final setting time 

(minutes) 

208.00 288.00 302.00 313.00 366.00 381.00 

Soundness (mm) 0.30 1.30 2.00 2.20 2.00 2.30 
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3.2 Discussion of results 
3.2.1 Chemical composition: Comparing the 

chemical composition of Ordinary Portland cement 

(OPC) and that of Neem seed husk ash as presented 

in Table 1, it can be seen that the chemical 

composition of Al2O3 of ordinary Portland cement 

(2.80%) is almost similar to that of Neem seed husk 

ash (3.00%), though, a little bit lower. Likewise, the 

chemical composition of SiO2 of the OPC (28.57%) 

is within the range of that of Neem seed husk ash 

(25.40%). The composition of CaO of OPC 

(79.12%) is almost twice that of Neem seed husk ash 

(32.90%). While the composition of Fe2O3 is 

opposite the case, i.e. Fe2O3 composition of OPC 

(4.28%) is almost half of that of Neem seed husk ash 

(8.67%). It can be seen that Neem seed husk ash has 

MgO and Na2O which are absent in the OPC. The 

loss of ignition (LOI) of OPC (4.05%) is much 

lower than that of Neem seed husk ash (9.03), 

meaning the OPC has lower impurities than the 

Neem seed husk ash. Also, based on the comparison 

it can be seen that Neem seed husk ash contains all 

the major oxides supposed to be found in OPC that 

is Cao, SiO2, Al2O3 and Fe2O3. 

From the chemical composition of Neem seed husk 

ash result in Table 1, the sum of the total percentage 

composition of iron oxide (Fe2O3 = 8.68%), Silicon 

dioxide (SiO2 = 25.40%) and Aluminum Oxide 

(Al2O3 = 3.00%) was found to be 37.08% (SiO2 + 

Al2O3 + Fe2O3). This value is below the required 

value of 70% minimum for class F and N pozzolanas 

and 50% for class C pozzolanas (ASTM C 618, 

1994). Also, the magnesium oxide content of Neem 

seed husk ash of 2.0% has satisfies the required 

value of 4 percent maximum for a pozzalana (ASTM 

C 618, 1994). The content of MgO is usually limited 

to 4-5%, because quantities of this component in 

excess of about 2% can occur as periclase 

(magnesium oxide), which through slow reaction 

with water can cause destructive expansion of 

hardened concrete.  

The Neem seed husk ash SO3 content of 4.42% is 

below the ASTM C 618 (1994) the maximum SO3 

content of 5.0% for pozzalana. Also, the alkali 

content (Na2O) of 0.2% is lower than the maximum 

alkali content of 1.5% required for pozzolana. The 

loss on ignition obtained was 9.03%. This value is 

less than 10% maximum as required for pozzolanas 

(ASTM C 618, 1994).  

Considering the data in Table 2, it was observed that 
the chemical composition of the binder cement, 

changes with the Neem seed husk ash replacements. 

This confirms how replacements of cement with 

Neem seed husk ash affect its composition, which in 

turn will also affect its Bougue’s composition. 

3.2.2 Physical properties: The specific gravity of 

Neem seed husk ash (2.40) is less than that of 

Portland cement (3.14).  The effect of incorporating 

Neem seed husk ash in a concrete mix as an equal 

mass replacement for Portland cement is therefore to 

cause a small increase in the total cementitious 

powder volume due to lower specific gravity. This 

may be significant in relation with the concrete 

workability. The Neem seed husk ash fineness of 

42.2% is higher than that of Portland cement which 

has fineness of 15.2%. Fineness is one of the 

important physical properties that affect pozzolanic 

activity. Day (1990) reported that when pozzalana is 

grinded to increase fineness, its pozzolanic activity 

increases significantly.  

 

From Table 3, it can be seen that the water demands 

(consistency) increases with the increase in Neem 

seed husk ash replacements. The Neem seed husk 

ash introduced into the cement increases the carbon 

content and this increases the water required to 

achieve a reasonable workability. ASTM C 618 

(1993) requires the water demand not to exceed 

115% of the control mixture. While, BS3892-1:1997 

gave water requirement for 30% Pulverized fuel ash 

(pfa) and 70 % Portland cement, intimately mixed 

together shall be not greater than 95 % of that for the 

Portland cement alone. Based on these criterions all 

the mixes have satisfied the consistency 

requirements for BS3892-1:1997 and ASTM C618 

(1993). The setting times relationship with ash 

replacement is as shown in Table 3. It can be 

deduced that the initial and final setting times 

increases with increase in Neem seed husk ash 

content. But, one can observe that there is little or no 

increase between 10% and 15% Neem seed husk ash 

replacement, for both the initial and final setting 

time. However, the setting times are within the 

recommended range for cement based on BS 197-

1:2000. The standards specify an initial setting time 

of more than or equal to 75 minutes as required, 

while, Day (1990) suggested a final setting time 

limit of 10 hours. Table 3 also shows that the 

soundness increases with increase in cement 

replacement with Neem seed husk ash. Also, they all 

are within the recommended range of less than 10 

mm for cements, based on BS 197-1:2000. 
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4.0 CONCLUSIONS 
 

The aim of this experimental work was to 

investigate the influence of Neem seed husk ash on 

the physico-chemical properties of cement partially 

replaced with the ash. The main conclusions of this 

study are summarized as follows: 

 Neem seed husk ash was found to contain all the 

major chemical compounds found in cement 

although in different proportion, the major 

elements are  CaO (32.90%),  SiO2( 25.40%),  

Fe2O3(8.67%) and Al2O3 (3.00% ). Also, 

replacements of cement with Neem seed husk 

ash affect its chemical composition. 

 The specific gravity of Neem seed husk ash 

(2.4) was found to be lower than that of Portland 

cement (3.14). 

 Neem seed husk ash with fineness 42.2% has 

larger retained particles than that of Portland 

cement which has fineness value of 15.2%. 

 The binder cement consistency increases with 

increase in the Neem seed husk ash content. 

Although, all the mixes have satisfied the 

consistency requirements of BS 3892-1: 1997 

and ASTM C618 (1993). 

 The initial and final setting time of the binder 

cement increases with increase in the Neem seed 

husk ash replacements. Both the initial and final 

setting times for all the mixes are within the 

recommended range based on BS 197-1: 2000.   

 The soundness of binder cement increases with 

increase in the Neem seed husk ash content. The 

soundness of all the mixes satisfied the BS 197-

1: 2000 code requirements. 
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