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Abstract

The potential of ash as supplementary cementitious material with high silicate-based pozzolanic
composition has been reviewed. Construction activities based on the utilization of ordinary
cement have contributed hugely to the greenhouse emission due to the release of CO, into
the atmosphere. The review was aimed at presenting the achievements that have been made
using ash as a replacement for ordinary cement. Also, the source of ash from biomass and
the biotechnological procedure involved in its usage have been reviewed. From the results
so far reviewed, it has been observed that ash is an amorphous nonbiodegradable material
with high aluminosilicates composition. This behavior makes it suitable for it to be utilized as
alternative binder in problematic soils stabilization. Results also showed that the index and
strength characteristics of expansive soils were improved substantially with increased proportion
of ash, which included plasticity index, compaction, gradation, compression, California bearing
ratio, resilient modulus and resistant value. Generally, it can be observed that ash is a good
replacement for cement as a construction material.

Keywords: biomass, bio-based ash, solid waste recycling (SWR), biotech soil stabilization,
supplementary cementitious materials (SCM), geotechnics, silicate based composite materials
Kulcsszavak: biomassza, bioalapu salak, szilard hulladék Ujrahasznositasa, biotechnolégiai talaj
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1. Introduction

Supplementary cementitious potentials found in ash
amorphous in nature, is strongly due to the aluminosilicate
composition contained in it [1, 2, 3]. For a material like ash
to be considered cementitious or otherwise considered
pozzolanic, the aluminosilicate composition i.e., the
composition of ALO,, SiO, and Fe,O, must be greater than
or equal to 70% in accordance with the American Society for
Testing and Materials [1] for pozzolanas. By this composition,
it can be seen that these materials are silicate-based composites
utilized as construction materials [4, 5]. It is also important at
this point to note that ash is only derived by direct combustion
of biomass, lignocellulosic materials, agro-industrial wastes,
household wastes and municipal wastes in a setup presented
in Fig. 1 and in a materials activity, cycle presented in Fig. 2
[2, 3]. However, in a world faced with the dangers of global
warming resulting from the emissions of carbon and its oxides,
which contribute to the depletion of the ozone layer, it is only
understandable that the future technological advancement
should move quickly towards ways of solving this condition
[2, 3, 6, 7, 8]. It is equally important to note that one of the
many ways through which oxides of carbon are released into
the atmosphere is through construction activities during the
utilization of ordinary cement. Results from environmental
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impact assessment on the use of ordinary Portland cement and
other conventional cements products in construction activities
show that an equivalent amount of CO, is emitted into the
atmosphere [3]. As a result, there have been technological effort
to develop supplementary cementing or cementitious materials
that would partially or totally replace ordinary and conventional
cements. These supplementary cementitious materials (SCMs)
are known to possess aluminosilicates at substantial amounts
that enables them exhibit high pozzolanic properties enough
to replace ordinary cements [3, 9]. They are divided into ash
and powder materials. The ash materials are derived through
the direct combustion of solid wastes while powder materials
are derived through crushing or ball milling of selected solid
waste materials [2, 3]. Research results have shown that ash
materials are more efficient as supplementary binders than
powder materials because ash materials are amorphous and
nonbiodegradable while powder materials are biodegradable
[10, 11, 12, 13, 14]. Further on this effort is the development of
silicate-based composite materials with higher aluminosilicate
contents because they are derived from the blending of more
than one material [2, 3]. Geopolymer cements belong to this
group of composite binders because they are developed by
combining in proportions, which are dependent on the ash
with the predominant aluminosilicates [15, 16]. These ashes of
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different pozzolanic composition are mixed under the reactive
influence of alkali activators as presented in Fig. 2 [2, 3, 17, 18].
It can be observed from previous findings that these materials
of biomass and agro-industrial origin have shown to be good
replacement for ordinary cement in construction operations.
The aim and main objective of this work is reviewing relevant
literatures that have shown that ash materials, as silicate-based
materials are good replacements for cement as supplementary
cementitious and composites materials for construction
purposes. This is to bring an overview at a glance of the
effects of these amorphous materials of ash and its associated
composites on the mechanical properties of soils utilized as
foundation and construction materials.
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Fig. 1 Bio-waste controlled direct combustion setup [3]
1. dbra  Biohulladék szabdlyozott elégetéséhez haszndlt rendszer osszedllitdsa [3]
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Fig. 2 Bio-waste valorization by combustion and the derivation of ash cycle [2]
2. dbra  Biohulladék vijrahasznositdsa égetés dltal [2]

2. Overview of relevant resources

Ash has found been predominantly used as an admixture
in the stabilization of soils to improve their geotechnical
and mechanical properties for the purpose of foundation
constructions and other civil engineering purposes. These
also include concrete production and asphalt production as
modifiers due to its constituents. This procedure has been
successful due to the fact that; (i) ash particles are in the silt
to sand size range, (ii) they are composed predominantly of

amorphous alumina-silicate, (iii) the basic mineral found in
waste ashes is silica, and (iv) ashes contain high percentages of
0-5% of clay size, 20-70% of silt size, 30-70% of sand size and
0-5% of gravel size making it suitable for homogenous mixture
with soil during admixture stabilization of soils. An extensive
look into the relevant resources available from previous findings
from the use of ash as supplementary cementing material, will
expand the horizon of knowledge on the successes recorded in
thisarea of investigation. In the area of geotechnical engineering
experimentations, soil, which is the major geomaterial used in
various disciplines of the area are adapted into many forms
either as a single material or treated coupled materials in
composite forms. It is developed into a coupled material during
stabilization or soil improvement for foundation purposes.
Pavement foundations (airfield and highway), landscapes and
parking lots underlain, embarkments, backfills, lateritic blocks,
laterized marbles, etc. are geotechnical engineering activities
that go on daily with soils. When these activities are suspected
to be affected by problematic soils, a stabilization and ground
improvement exercise is undertaken to enhance the properties
of the soil to meet required standards. The binding effect and
properties of the admixtures utilized during geotechnical
engineering procedures have been harnessed over the years
to substantially improve on the mechanical properties of soils
used as foundation materials [2, 3]. It is important to note that
the success of admixture or silicate-based binder stabilization
rests on the ability of cations released from the oxides of the
additive materials to migrate to the surface of the clayey soils
being stabilized. This is where the diffused double layer or the
adsorbed complex is formed, which gives rise to the formation
of flocs; a resultant effect of hydration reaction, cation exchange
reaction, carbonation, calcination and pozzolanic reaction as
the case may be [10, 11, 12, 13, 14]. So, it is important that the
mixing of the soils and the additive be done deeply to enhance
reaction.

2.1 Review of selected ashes and their silicate-based
potentials in accordance with ASTM C618, 1978

Rice husk is an agro-industrial waste discharged from
rice farming and production. It has been observed through
research that over 108 tons of rice husk is being generated
annually across the world. The agro-industrial production of
rice in Nigeria is over 2.0 million tons annually (see Fig. 3).
While Niger state produces approximately 96.60 kilo-tons of
rice, Ebonyi state produces well over 187.5 kilo-tons annually
and this capacity has increased over the period due to increased
demand for food. Moreover, the ash has been classified as a
pozzolana, with silicon oxide component ranging between
67-70% with about 4.9% and 0.95% aluminum oxide and
iron oxide respectively. The silicate-based composition of the
pozzolanic ash is contained in amorphous state, which reacts
with the ionized components of problematic soils throughout
the hardening and strength gaining of the treated soils [19, 20].
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Fig. 3 Rice husk
3. dbra Rizs héj

Fig. 4 Coconut shell
4. dbra Kokuszhéj

Fig. 5 Snail shells
5. dbra Csigahdz

According to E. S. Nnochiri et al. [22], snail shells ash (SSA)
with a specific gravity of 3.07, is a product of the combustion of
snail shells (see Fig. 5) discharged as agricultural and household
wastes disposed on landfills that hardly decay. They are burnt
and pulverized to fineness and then used as additives in the
stabilization of weak engineering soils. This has been classified
as a supplementary cementing material because of its silicate-
based component having aluminosilicates composition of
more than 70% according to ASTM C618.
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According to Nnochiri [23], periwinkle shell ash derived
by combusting periwinkle shells (see Fig. 6) and pulverizing
the residue. Periwinkle shells are agricultural, biological and
household wastes found in the coastal region of Nigeria and
across the world. They are disposed as wastes on landfills. The
shells are v-shaped, hard, brittle and usually black. The ash has
also been classified as pozzolanic because of the aluminosilicate
composition, which satisfies the condition for materials to be
classified as supplementary cementitious materials (SCM) in
accordance to the ASTM C618.

Fig. 6 Periwinkle shells
6. dbra Tengeri csigahdz

Fig. 7 Wood
7.dbra Fa

According to A. W. Otunyo and C. C. Chukuigwe [24],
palm bunch ash and palm oil fuel ash are derived from the
combustion of palm bunch as a biomass and a bio-based
agricultural waste and the milling of palm oil from palm
fruits respectively. Research results have shown also that this
ash consists of aluminosilicates composition by weight over
70% thereby fulfilling the requirement for a material to be
classified as a pozzolana. This composition makes palm bunch
ash suitable as a construction material to supplement for
cementation potentials.

According to B. D. Nath et al. [25], wood ash has been utilized
in the modification of problematic soils for construction
purposes. It is also the derivative of combusted wood
materials in logs (see Fig. 7) or dusts, which are bio-based
agricultural wastes. Wood ash contains high composition of
aluminosilicates, which satisfies its utilization as a pozzolanic
material in soft soils stabilization.
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Accordingto G. M. Ayininuolaand A. O. Sogunro [26] and O.
A. Adetayo et al. [27], bone ash was utilized in the modification
of expansive soil to evaluate its effect on the shear properties of
the soil. This was necessitated due to the calcium silicate based
binding properties of the bone ash. Bone ash is an agricultural
and household solid waste materials from animal bones (see
Fig. 8). The high C-S composition satisfies the minimum
pozzolanic requirements for use as a supplementary cementing
construction material.

Fig. 8 Animal bones
8. dbra Allati csontok

Bello et al. [28] and Ramonu, J. A. L. et al. [29] had in different
researches investigated the potential of cassava peel ash (CPA) and
yam peelash (YPA) as supplementary binders in soft and expansive
soils stabilization. CPA and YPA are gotten from the peeling of
the bark of cassava and yam peels (see Fig. 9) during garri and
flour production. It was shown that CPA and YPA exhibited high
composition of silicate based pozzolanic properties. This property
enhanced the ashes suitability to be utilized as alternative binders
in the stabilization of problematic soils.

Fig. 9 Cassava and yam peels
9. dbra Manidka és jam héj

According to Chou-Fu Liang and Hung-Yu Wang [30], G.
M. Ayininuola and O. D. Afolayan [31] and Ubachukwu and
Okafor [32], oyster shell (see Fig. 10) collected from the coastal
regions of Nigeria- Rivers State, Delta State, Bayelsa State and
across the world discharged as agricultural and bio-based
waste has been studied for its potential property to be utilized

as a supplementary binder in its ash and crushed form. Results
of the investigations show that oyster shell ash and powder
possess high composition of aluminosilicates, which makes
it suitable to be utilized as a pozzolana in accordance with
appropriate standards.
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Fig. 10 Opyster shells
10. dbra  Osztriga héj
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According to Oriola and Moses [33], groundnut shell
ash (GSA) potential for use as a pozzolanic material in the
modification of the index and mechanical properties of plastic
soils was investigated and encouraging results were achieved.
Groundnut shells (see Fig. 11) are discharged after separating
the edible nuts and leaving the littered shells as solid wastes.
After sun drying, combustion and pulverization, the ash is
obtained. The alumina-silicate-based composition of the ash
has been determined to be more than the minimum standard
for pozzolanas and suitable as a supplementary silicate-based
binder.

P,

Fig. 11  Groundnut shells
11. dbra  Foldimogyoré héjak

According to Sadeeq et al. [34], the potential of bagasse ash
(BA) to be used as an alternative binder to replace ordinary
cement has been studied. Bagasse ash derived from the
combusted sugarcane biomass discharged after the extraction
of the fluid. Bagasse (see Fig. 12) is an agro-industrial waste
material discharged on landfills. It is predominantly common
in the northern states of Nigeria where sugarcane farming is the
trade of the people living in these areas. Research has shown
that BA contains high amount by weight of the aluminosilicates
responsible for cementation behavior of construction materials.
Hence its potential utilization as a supplementary cementitious
material in construction activities.
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Fig. 12 Sugarcane farm
12. dbra Cukorndd farm

3. Overview of results from relevant resources

3.1 Gradation characteristics of soils treated with ashes

Results of previous investigation on the potentials of ashes
utilized as supplementary cementitious additives have shown
that the gradation of the soils improved substantially and
consistently with increased addition of ash by weight proportion
of treated solids. This was due to the fineness of ash derived by
drying-in most cases, combusting and pulverizing to fineness
[35]. The texture of ash achieved through this procedure changes
the particle size distribution of the treated soils blended with
ashes. Gradation is a very important factor in construction
materials’ characterization and structural behavior [36].

3.2 Index and strength characteristics of soils treated with ashes

Index and strength characteristics of soils especially the
expansive and problematic soils are very important factors
considered in the design and performance monitoring of flexible
pavements across the world. The overall performance and
durability of these structures depend ultimately on the strength
of the foundation. For instance, when pavements are laid on
weak or expansive subgrade, the behavior of the entire structure
is compromised. More importantly, if the structure is under a
hydraulically bound condition like the pavement foundations
subjected to the rise and fall of water table, it becomes even a
more difficult problem due to the swell and shrink potentials of
the compacted earth underlain. Over the years, ordinary cement
has been used to improve on these properties of soils utilized
as subgrade materials with its attendant greenhouse emissions.
In recent developments in geo-environmental engineering, ash
materials due to their amorphous nature and high composition
of aluminosilicates have been utilized in single forms and in
composite forms to modify weak soils. This was targeted at
making the compacted earth suitable to withstand the adverse
conditions it is subjected to in the sub structural level. Ash is
environmentally friendly and possesses properties that are
resistant to heat, moisture, sulfates, crack and shrinkage [2, 3,
35]. Because of these characteristics, soils treated with ash have
shown to improve in their plasticity index condition, compaction
behavior, and other strength properties like California bearing
ratio, resilient modulus, resistant value, deviatoric stress and
durability potentials.
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4. Conclusions

The use of ash as supplementary cementitious material has
been reviewed and the following remarks can be made; (i) ash
is derived by combusting bio-based materials, (ii) because of its
amorphous nature, ash doesn’t decompose, (iii) ash is composed
of silicate-based pozzolanic properties i.e. aluminosilicates and
this makes it suitable as alternative cement, (iv) ash has proven
to be an environmentally friendly cement with no greenhouse
effects, (v) the addition of ash to soil as a mixed blend improves
the mechanical properties of problematic soils in a stabilization
protocol, (vi) ash from various sources is readily available and
its utilization in construction works is highly sustainable and
(vii) ash is a good alternative and appropriate replacement for
ordinary cement in an environment yearning to be saved from
hazards and global warming.
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