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1. INTRODUCTION

Aluminium dross is an industrial waste from aluminium processing [1-2]. It is seen as the process-waste product of
aluminium [3] with minute aluminium constituents [4]. The formation of aluminium dross implies the losses in
aluminium which manufacturers aim at reducing to minimal level [5]. Composite with aluminium dross have
divers’ areas of engineering applications. Pratumma et al. [6] combined aluminium dross with ADC12 and
Aluminium 6063 to develop plant fertilizer. The composition in Figure 1 revealed the absence of harmful heavy
metals. Alumina was the main composition in the dross by more than 50%. The percentage composition of
aluminium dross, as shown in Figure 1 also reveals essential elements such as silicon, calcium, potassium,

magnesium, sodium and aluminium that enable the parent compound to be compatible with product such as cement.
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Figure 1: Chemical Composition of Aluminium Dross [6].

Harmful compounds such as ammonium compound and H»S, emitted by dross when in contact with water can be
suppressed when dross is transformed to other products. Suppressing these environmentally hazardous chemicals was
achieved by stabilizing aluminium dross in liquor thereby reducing the evolution of ammonia drastically [7]. Aluminium
dross were successfully combined with cement thereby reducing cement consumption in building structure such as
combining different ratios of aluminium dross, aluminium sludge and aluminium sinister to produce calcium aluminate
cement. Such calcium-aluminate cement was used to fabricate fire-retardant brick. Aluminium dross was used as a
substitute refractory material by Yoshimura et al.[7]. Other applications of aluminium dross are raw materials for ceramic,

semiconductor, metallurgy and cement [1].

There is an increasing quest for utilizing aluminium dross waste so as to curb indiscriminate land mass occupancy
and incurred production loss. The recovery of aluminium production incurred cost requires the utilization of aluminium
dross by developing composite material for construction application such as building ceiling. Various authors reported the
potentials of applying aluminium dross and this current research seek to explore its capacities in building ceilings. Al dross
was introduced to concrete at 20% as partial replacement of cement which resulted in an improved mechanical and
durability characteristics [8]. Al dross was also combined with epoxy resin by [9] to produce a viable composite that can be
applied to construction purpose that require light weight and slight thermal resistivity. Aluminium oxychloride solution
was produced from chemical treatment of aluminium dross. This can be applied in paper making industry, purification of
water and used as a binding agent. Utilizing dross waste exist such as in partial replacement of cement and concrete in
building construction, hydrogen fuel production from aluminium dross[10], conversion of aluminium dross to fine alumina
powder etc. [11]. Recently, studies revealed the possibility of reutilizing aluminium dross using response surface
methodology [12]. Despite potential utilization of aluminium dross in other field of applications, it is still limited in
building ceiling application. Thus the aim of this research is to examine the influence of additive on employing aluminium

dross waste and study the effect of additive on the developed aluminium dross composite matrix.
1.1 Composite Materials

Composite materials are different distinct materials that are combined to form a component material. This as a result helps
to promote the strength of the composite material and make less obvious the weakness of the individual material make-up.
Figure 2 shows the schematic components of composites. The choice for composite product is based on either cost or

performance of a system.

Bio-composites, an offshoot of composite is a recent method of administering filler to base material such as

plastics. This green technological innovation came on board due to sustainability and environmental pollution issue.
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Figure 2: Systematic Illustration of the Structural Components of Composite Materials [15].

Bio-composites has the advantages of low cost, biodegradability and ease of processing. However, the main
obstacle emanates from its humidity, moisture absorption and reduced long term stability [13]. Bio-composite technology
was applied to PolyLactic Acid (PLA) to improve its flame retardancy incorporating sepiolite nano clay and multi walled
nanotubes. This reduces heat release rate significantly when tested in a cone calorimeter. Polysterene was used as a binder
for wood-saw dust ceiling tile. The sawdust as a filler improved the thermal resistivity of the product due to its poor

thermal conductivity. The wear resistance was also enhanced [14].
1.3 Oil Bean Stalk

African oil bean with the botanical name pentaclethra macrophyllaa belong to the leguminous family [16]. It is widely
explored in medical and food journals due to its medicinal value. It is proven to be a rich source of protein and can be
cheaply obtained [17] from the environment. The whole part of the oil bean tree has probable usefulness if fully
investigated [18]. Oil bean seed, the most researched in the oil bean tree was fermented to produce ugba, a south-Eastern

Nigerian local soup condiment [19].

The physical properties of the oil bean seed such as moisture content, seed density, seed weight and seed volume
were identified by [20] to ascertain its suitability as additive for the design of machine tools. Oil bean stalk is the curvy
exocarp that houses the oil bean seed, as presented in Figure 3. There is dearth of data addressing the potential of oil bean
stalk when compared to oil bean seed. This article seeks to employ the oil bean stalk as an additive to aluminium dross
composite. The heating value is of oil bean stalk is reported to be 17.80MJ/kg according to [21-23]. Oyeleke et al. [24]
showed that the heating value of oil bean seed is 577.04kcal/100g~24.16MJ/kg.

Figure 3: Oil Bean Stalk.
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1.3 Cement

Cement is a particulate binding agent on similar and dissimilar materials which functions to bond solid matter to form
compacted solid matter [25]. The chief constituent of cement is lime which function primarily to bind sand, granite and
stone particles together. Cements can be hydraulic and non-hydraulic type. Non-hydraulic type does not stabilize in water
unlike non-hydraulic lime and Plaster of Paris (POP). The hydraulic type solidifies and stabilizes in water and yield a pasty

mixture such as Portland cement [25].

Cement is obtained naturally from limestone or made artificially by using calcium carbonate and clay-like
materials [25]. Naturally obtained cements types are Roman cement, Puzzolana cement and Medina cement and those of
synthetic cement are Portland type and unique cements. It can be applied in various construction works; high strength
structures where high strength such as bridge berths, maritime houses, towers, and great edifices such as channels, silos,
funnels and also in constructions open to the action of water, e.g. basins, dams, wharf etc. Cement plaster, concrete,
reinforced block work, synthetic stones, coating, mortar and panel walls are consistently applied in structures. The three
components of cements are lime, silica and alumina with trace quantities of iron oxide, magnesia, sulphur trioxide and
alkalis [25]. There has been variation in the composition of cement over the decade, predominantly replicated in increasing
the lime content and a minor reduction in silica content. Table 1 presents the chemical structure of cement. An
uncontrolled addition in lime content makes it challenging to bond totally with other compounds. Subsequently, free lime
will occur in the residue and will end in a faulty cement product. An addition in silica content on the other hand compared

to alumina and ferric oxide will make the cement hard to bond [25].

Table 1: Chemical Structure of Cement [25]

Oxide Function Percentage Composition

SiO, Proy1de§ mechanical strength. Excess of it reduces 17-23
setting time.

Ca0 Cogtrolg strength and soundness. Lack of it reduces 50-64
setting time and strength

Al,O3 Helps quick setting but lowers strength if in excess 3-8

MgO Surplus of it causes crack in concrete. 0.5-4

Na;0+K;0 These are residues, which causes cracking and 0.5-1.3

P20 efflorescence if in excess 0.1-0.4

TiO, ] 0.1-0.2

SO3 Causes the cement to sound 1-2

Conventionally in building the physical properties are the point of consideration, and these properties mostly
dictate entirely the materials to be selected for use with the exception of considering the chemical properties for materials
exposed to extreme chemical environments such as the reaction of the materials to humidity, oxygen or gaseous emission.
Micro-structural properties will be employed in this sense which is required from material selection to final specimen
production due to the increase in pollutants that aggressively attack the products and reduce the service life of structures

[26].

To ascertain sustainability of product and users in the environment, an ecological evaluation of the product comes
to fore which involves finding out which material can be appropriate and how they react to the environment and each other
and if they don’t pose a threat to the environment. This chemical test will instantly reveal noxious elements within the

material or product and the extent of ecological risk it poses when dumped or installed in the environment that is expected
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to maintain a natural state. An awareness of the quality of air indoors will generate a greater quest for morphological

analysis. A green environment will be achieved if problems of emissions from building materials are addressed by
employing quality assessment at each process of design and production as materials react with each other and environment

causing collapse, poor bonding, reduced performance life and pollution threat [26].

To achieve thermal comfort of indoor climate, materials suitable to regulate temperature, air, moisture and noise

of indoors have to be well thought-out [26].

Temperature regulating materials include thermal insulation materials that regulate the heat transfer by
conduction, convection and radiation into the walls and roof of the building envelope and as well stabilize the indoor
temperature making it suitable for relaxation. The focal motives for employing temperature control materials are to add

thermal comfort and lessen energy demand for space adaptation in terms of heating and cooling [26].

Air regulating materials mainly comprise tiny obstacles enclosing the complete building covering to prevent air
flows in the edifice. The three main reasons are to step-up the thermal comfort for the occupants, lessen the threat from
moisture and maximize energy conservation and utilization for space cooling and heating. Air barricades are also used in
internal walls between cold and warm rooms, where there is a probability of large flow of unpleasant air into the room

[26].

Moisture regulating materials are used for water sealant, and to control condensation as a result of water vapour
from occupant’s body and matter in the building posing problem of moisture upsurge. They also involve materials that can

adjust and make steady excess moisture both within the structure and in the interior air [26].

Noise regulating materials are required to moderate transfer of sound from different source either emanating in the

building or outside so as to provide a minimal noise free environment [26].
1.3 Carbon Fibre

Carbon is an element located largely in the in the Earth’s crust and in the composition of the human body. It possesses
excellent bonding capabilities that allow it to form so many sundry diversities of compounds including the many solids,
liquids and gasses. The carbon compounds are encompassing such as that they are present in nutrients, in fossil fuels, in the
building materials from plants, and many other molecules found in the body. It is safe to infer that carbon is basically the
element of all living species as water is the molecule of life. Carbon allotropes like diamond and graphite are made of only
one carbon element, and the method of their evolution is different from the commercially produced ceramics due to the

high melting temperature of carbon [27].

Carbon fibre(CF) according to [28], has been used to reinforce composite materials due to its high tensile strength
and thermal conductivity. CF is a promising candidate for enhancing the thermal and mechanical properties of structural-
functional integrated building material. Some carbon materials can improve the mechanical properties, electrical properties

and flame retardant properties of composites.

Carbon fibre was used in automotive industry to reduce weight by partially replacing metal of vehicle body frame
thus enhancing fuel economy [29]. Carbon, basalt and flax fibres were employed as ternary hybrids with carbon fibre
orientated outside the laminate while arraying basalt and flax fibres internally. Carbon fibre is outstanding in terms of

tensile strength hence serve as a worthwhile reinforcement for composites [30].
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1.3 Carbon-based Materials and Flame Retardancy

Fire hazard poses an everyday risk as the environment is saturated with combustible materials, abundant oxygen, polymers
and wood plant. To control its spread is a major challenge [31] and focal theme of investigation, there have been proactive
measures to respond to fire outbreaks such as fire alarm, fire hydrants, emergency exit in building designs, muster points,
sprinkler systems amongst others which have reduced the number of deaths but haven’t eliminated fire disaster as a subject
matter in the globe [32]. Flame hazard comes in form of smoke inhalation, direct fire burn, toxic gas emission, heat
generation [33]. The part solution to fire hazard lies in the introduction of materials that can reduce the spread of fire

enough for it to be extinguished without causing unfortunate occurrences [32].

Flame retardant materials are used to suppress flame spread. They possess chemical elements and compounds that
perform the function of combustion fission thus preventing its dispersion. Combustion is a complex process which involve
physical and chemical processes. It takes place vigorously at the supply of oxygen. Therefore, a cut at the supply of oxygen
will stop the flame spread, which flame retardant materials are inclined to achieve. Figure 4 shows the activity of flame
retardant in polymer composite. Different zones are shown such as flame zone, heat zone, gas phase, volatiles, char layer
[34]. Flame retardant functions in a way to uphold the formation of char on the surface which serves as an obstruction to

constrain combustible volatiles from dispersing to the flame and to protect the polymer from heat and air [35].

Carbon based materials are fascinating, new product from its composite brings a fresh reason for study. Materials
evolve from carbon such as carbon nanotubes, graphene, carbon black, fullerene, 3-D graphite, expandable graphite
amongst others. Carbon materials where successfully dispersed in flammable polymer to inhibit combustion. Expandable
graphite has been employed as flame retardant additive for various polymer matrices for some decades now. Lately, carbon

nanotubes and graphene were used due to their high flame inhibitive capacities [36].

Gas Phase

m
CO,, CO, y
H,0..

Char Layer l Heat

('u
Phase

Molten Polymer
Underlying Polymer

Figure 4: Flame Retardant Activity [34].

Various flame retardants have been developed that are originated in mineral, halogen and other synthetic
compounds. However, some of the flame retardants were reported to be harmful to human, to ecosystem and the
environment as such their use have been restricted especially halogen based flame retardants such as Chlorinated
organophosphate flame retardants [37], Brominated flame retardants [38], Polybrominated diphenyl ether (PBDE) flame
retardants. Bromine is reported to be one of the greatest noxious elements in the world and is seen in products including
recent flame retardants, known as brominated flame retardants. These flame retardants are at present banned out of the

market and were totally outlawed in the EU as of 2015 [39]. Sanctioned flame retardants types possess the capacity to
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disrupt human body system [40].

Eco-friendly flame retardants were developed from clay and plants used as coating on flammable foam. Nano
fibrils gotten from plants cell wall were incorporated alongside with nano platelets from vermiculite clay. The dried
solution changes into a thin transparent film whereby the fibres and platelets are piled together to form a brick wall-like
structure. This brick wall became the obstruction to combustion and impermeable to oxygen diffusion thereby reducing the
amount of heat that can spread to the foam beneath [41-42]. The nanobrick wall structure was reported to reduce the
temperature by the underlying foam, which slowed down combustion and also serves to support thermal insulation. Char
formation and fumes inhibited in this process and thus eliminating the formation of fire [42]. Ammonium polyphosphate
(APP), silica, carbon nanotubes are eco-friendly flame retardants. Oxidised starch substrate was developed as an
environmentally friendly flame suppressant by applying renewable materials; oxidised polysaccharides and lignin. The
authors reported that minimal mass loss was identified when the specimens were subjected to combustion which verified
the flame retardance capacity [43]. The quest to develop eco-friendly and renewable materials for composites especially
for polymer materials is an ongoing concern in the research community. There is also dogged interest in developing highly

efficient eco-flame retardant materials as a response to sustainability pursuit [32].

The limiting oxygen index (LOI), thermal gravimetric analysis (TGA) and cone colorimeter (CONE) were the test
equipment employed for the investigation of fire retardance. They were inferred to be effective flame retardants for wood
fibre composites [44]. Investigation made by [45] revealed ferrite yellow (FeOOH) as an effective flame inhibitor with
reduced heat release rate (HRR), reduced total heat release (THR), and reduced total smoke release (TSR), etc. It was

inferred to be an effective smoke suppression agent and a good flame retardant [46].
2. MATERIALS AND METHODS

Pulverized oil bean stalk, graphite, aluminium dross and powdered Portland cement were acquired for this research. A
mixing ratio of 60 (wt.%) aluminium dross, 30 (wt.%) cement, 5 (wt.%) graphite and 5 (wt.%) oil bean stalk (OBS) make
up the nomenclature osAldro3Cmto05Go.osOBS. A 90um sieve was used to obtain fine particle size to develop the ceiling
sample. The method of composite development used in this study is by mould process. The constructed mould is of
dimension 150 mm x 150 mm x 10 mm thickness made of plywood. Water was introduced at 50% of total mixture of 400g
to achieve good bonding. The mixture was stirred manually and precast on the mould profile. The developed ceiling
sample was left to cure for 7 days so as to achieve good mechanical properties. The produced sample matrix was post
cured by 250°C oven which was preset to 100°C for 24 hours so as to extract completely the moisture content. Figure 5
presents a flowchart for the preparation of aluminium dross and oil bean stalk particulates. Figure 6 shows the sieve shaker
for sieving pulverized aluminium dross and oil bean stalk respectively. Figure 7 shows aluminium dross and cement
materials employed for this research. Specific heat capacity of the developed ceiling composite was determined by method
of mixture using the copper calorimeter and thermometer while the thermal conductivity was determined using automated
Lee’s disc apparatus [47]. Scanning Electron Microscope {SEM} equipped with Energy Dispersive Spectrometer {EDS}

was used to characterize the microstructure.
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by grinding mull

Crushing of additives by
grinding mill

Dried at room temperature 5
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Figure 5: (a) Flowchart for the Processing of Aluminium Dross
(b) Flowchart for the processing of Oil Bean Stalk Additives.

Figure 7: (a) Coarse Aluminium Dross
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Figure 6: (a) Protea 250°C Oven (b) Sieve Shaker.

3. RESULTS AND CONCLUSIONS

Table 2 presents thermal and mechanical properties of ¢sAldro3Cmto05Go.0sOBS ceiling composite. From Table 2, Specific
Heat Capacity (SHC) and thermal conductivity of the sample are 4.07 Jkg'K™! and 0.049 W/mK respectively. The thermal
conductivity of the developed ceiling composite is relatively close to the thermal conductivity of fibre board of 0.06W/mK
[48-49]. That is, the thermal conductivity is within the values of poor conductors. Thermal density, thickness, space
geometry and temperature distribution are among many factors that influence thermal conductivity as observed in this
study which correlates with the result of [50].The closeness of the atomic structure of the material framework of the ceiling
sample also accounts for its low thermal conductivity which is desirable in building structure application. Reluctance in
heat transmittance and combustion is an expected behaviour of this sample. Thermal resistance is a reciprocal of thermal
conductivity whose high value is an evidence that the ceiling composite developed is a good flame retardant as affirmed by

[51]. The thermal resistivity for this ceiling sample is 20.3878Km?*/W.

Table 2: Thermal and Mechanical Properties of 0.6AldrosCmto.0sGo.osOBS Ceiling Composite

Jkg'K! Wm''K! Km?W! m?2s! S kN MNm?
4.070 0.049 20.388 0.856x 108 520.000 6.200 3.158

Thermal diffusivity for the developed ceiling sample is 0.856287 x 10#(m?%s) which is in proximity with brick
which shares part composition with developed ceiling at thermal diffusivity of 0.52 x 10 m%s. PVC is a type of ceiling
material with thermal diffusivity of 8 x 10® m?s'. This value is quite high in comparison to aluminium dross ceiling

composite which is the reason for its rapid combustion as attested in [52].

Thermal effusivity of the developed ceiling composite is 520 Jm?K's"2Mounir [53] got values of thermal
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Is12 This value

effusivity for clay-wool composites at different admixtures in the range of 739 Jm2K s to 864 Jm?K"
obtained for clay-wool composites is due to the material chemistry, volumetric capacity and material mixture. Materials
with high thermal effusivity are adjudged to have low energy demand [54] which will reduce energy consumption and

assure ecological sustainability [55].
3.1 SEM/EDS Analysis of Aluminium Dross Composite 0.6Aldro3Cmto.osGo.osOBS

The elemental composition of ¢Aldro3Cmty0sGoosOBS is presented in Table 3 and SEM/EDS image in Figure 8. From
Figure 8, it is seen that the elements present in aluminium dross composite are iron, calcium, potassium, chlorine, sulphur,
silicone, aluminium, magnesium, sodium, oxygen and carbon. Aluminium, oxygen and calcium are evidence of the

compound captured by XRD and revealed the presence of both silicate and aluminium dross.

The element carbon shows the presence of carbon graphite. The interaction of carbon at insufficient oxygen may
release carbon (II) oxide. Trace elements such as sulphur are expected during combustion even at minimal percentage and
due to coating of the material before the EDS analysis. Its emission is a function of the fire source and responsible for the
degree of scorches experienced by fire victim. However, it is not inherent in the sample as revealed by the XRD
composition which shows that a perfect flame retardant ceiling composite requires other frame structure to contribute to

overall safety of occupants in order to inhibit fire spread and noxious emissions.

Table 3: Elemental Composition of 0.6Aldro3Cmto.05Go.0sOBS

Element | Weight% | Atomic%
CK 19.26 27.70
OK 52.63 56.83
Na K 0.83 0.62

Mg K 0.45 0.32
AlK 12.70 8.13
SiK 1.27 0.78
SK 0.33 0.18
CIK 1.49 0.73
KK 0.36 0.16
CaK 10.33 4.45
Fe K 0.37 0.11

Totals 100.00

: E o
SEM MAG: 5.00 kx | Det: &
WE; 14,24 mm | VEGAI XMU
View flald] 38,2 pmy  Date(midly)i 031818 University of Johannesburg

o Ul Scak 9856 cts Cursor: 0.000

Figure 8: EDS image of 0.s6Aldro3Cmto.osGo.osOBS.
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From the SEM image in Figure 8, flakes of oil bean stalk particles are seen intertwined in the composite. This
dispersion enhances the strength and bond nature of the developed ceiling composite. Sparkling trace of aluminium from
aluminium dross is seen while amorphous CaCOs; and cloudy CaO are also spotted. These have inherent bonds that

enhance element and flame retardance constituents.
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