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Abstract — Utilization of waste and by-products materials as partially cementing materials to improve the
concrete properties. Material produced from the kiln that is secondary aluminum dross contains toxic
chemical composition leads to impact on environment. Dross is exceptionally responds when it interacts
with water. Introduce examine suggests that the aluminum dross as halfway substitution materials for
concrete and fine aggregate. It is observed that 5%, 10%, 15% and 20% replaced aluminum dross with
cement in the concrete cubes casted and cured it for 7, 14 and 28 days the test results for compression
are indicates that minimum percentage could preferable. Additionally, it assesses and investigations the
trial properties like compressive quality, setting time, likewise checked mechanical and consumption
properties in the solid. The supplanting of bond with 20% of AL dross yields predominant mechanical

and toughness qualities.
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I INTRODUCTION

Aluminum is one of the widely used advancement
material. It forms a secondary waste material by
process of taking out aluminum metal called as
aluminum dross. This dross is unsafe and dangerous
waste for the earth subsequently reusing or dashing
up of this waste is uncommonly noteworthy from the
biological point of view. The dross is generally made
out of oxides (basically Al,O3). Recycling and
reutilization of mechanical waste and results is a
subject of extraordinary significance today in bond and
concrete technology also. Traditional industrial by-
items utilized as a part of bond and solid make
incorporate fly cinder, granulated impact heater slags,
silica smolder and so on. So also, aluminum refining
businesses create distinctive strong squanders.
Transfer and reusing of dross delivered amid
aluminum dissolving is an overall issue. Dominant part
of dross is being arranged off in landfill locales, which
is probably going to bring about filtering of lethal metal
particles into  groundwater causing genuine
contamination issues (Lucheva, et. al., 2003). The
regular impact can be constrained by making usage of
various misfortunes reasonably. One of the key
subjects of viability fuse reduce, reuse and reuse
misuse (Reddy & Neeraja, 2016). Aluminum is one of

the for the most part used movement material. It
shapes an assistant waste material by methodology
of taking out aluminum metal called as aluminum
dross. This dross is dangerous and hazardous waste
for the earth thusly reusing or dashing up of this
waste is surprisingly huge from the natural point of
view. The dross is generally made out of oxides (on
a very basic level Al203). Reusing and reutilization
of mechanical waste and results is a subject of
excellent centrality today in bon .As a general rule of
thumb, An increase of 20 °F will reduce the setting
time of a concrete mixture by as much as50 percent
(Pereiraa, et. al., 2000). When secondary aluminum
dross contacts with water, it is observed that it emits
less amounts of harmful/toxic gases. The gases
include NH3, CH4, PH 3, H2, H2S, etc. (Wilson &
Kosmatka, 2011). Dross may be classified by means
of their metal content. Dross with a high metal
content (white, or wet, dross that is rich in free metal)
typically occur as a compact material in large clotted
lumps or blocks. A low metal content typically occurs
when scrap is re-melted with salts in an open-hearth
furnace. This black, or dry, dross is usually granular
with a high metal content in the coarse fraction and
chiefly oxides and salt in the fines (Unger &
Beckmann, 1992).

Mayur K. Wayase™ Prashant B. Dhage®, Rameshwar D. Rathod®, Niranjan D. Rathod*,

Ashish B. Wakchaure® V. R. Turai®

www.ignited.in

=
o)
w



An Experimental Study on Partial Replacement of Cement by Aluminium Dross in Concrete ||l

Il LITEATURE REVIEW

The object of this study is secondary aluminum dross,
which result from a primary aluminum dross pyro-
metallurgical flux less processing in a rotary DC
electric arc furnace. It is a powder product with an
average of 35 % metal content and of chemical
composition as shown in Table 1.

Table 1: Metal chemical composition, %

Mg | Si Fe Cu |Zn [ Al Mn
0.00]593]1.10]1.82[0.53[90.28 [ 0.34

Table 2 provides the element composition of
secondary aluminum dross, which is analyzed by AES
ICP following alkaline melting and leaching as well as
by the classical chemical methods.

Table 2: Element composition of secondary
aluminum dross, %

Al Mg | Si Mn | Fe Cu Zn
6357 [3.83 | 268 [0.11 | 1.22 ] 0.63 | 0.18
Ti Ca Na S P K
031 0.79 0.12 0.26 |[0.01 0.13

Aluminum is found in the dross mainly as metal
aluminum - 31.5%, aluminum nitride — 9.5% and
aluminum oxide - 49%. In addition, the dross contains
minor amounts of oxides and other components of Ti,
Cu, Fe, Ca, Zn, S, K and Na (Lucheva, et. al., 2003)

Aluminum dross at first is processed and screened
(sifter gap 1.2mm). Material over 1.2mm is encouraged
in the heater to deliver metal aluminum, which is along
these lines cast in ingots. The softening procedure
additionally delivers some leftover dross of second
rate, which is reused into the procedure to recuperate
however much of metal aluminum as could be
expected. The material underneath 1.2 mm delivered
among processing and screening, comprises
principally of aluminum oxides with low metal
substance (Reddy & Neeraja, 2016).

Different properties, for example, compressive test,
split tensile strength, flexural strength, water
absorption have been examined for the helpfulness of
secondary aluminum dross as development material. It
is watched that up to 15% replacement of cement by
secondary aluminum dross, the reactions are
practically identical with the traditional cement. Studies
have additionally been done by including other
supplementary binding materials, for example, fly ash
remains and silica flume in different extents alongside
optional aluminum dross and found the enhanced
mechanical and durability properties (Pereiraa, et. al.,
2000).

It is the goal of this undertaking is to explore the
mechanical and substance conduct of new concrete
compose got by including aluminum dross which is a
polluted aluminum blend that outcomes from metals
liquefying and blending with motion. The
consequences of this examination show that aluminum
dross can be utilized as a fixing in the scope of specific
points of confinement to enhance extended
concrete/mortar and to enhance the erosion resistivity
of concrete/mortar. The most fascinating finding was
that aluminum dross quickens the setting time of
concrete/mortar. In light of these discoveries it is
recommended that aluminum slag included
concrete/mortar might be utilized as a part of the
assembling of structures subfloors, boards, squares
and so on (Wilson & Kosmatka, 2011).

The primary favorable position of this sort of cement
over the ordinary ones is the lessening in the amount
of cheap materials. Aluminum dross has been added
to cement weight by 5%, 10%, 15%, 20% and 30%.
At that point utilizing this concrete cubes were
casted. It is discovered that 7 days compressive test
has been expanded when contrasted and 3 days
compressive test for 5% substitution. In any case, for
rest of the substitutions (10%, 15%, 20%& 30%), 7
days compressive test has been diminished when

contrasted and 3 days compressive test.
Subsequently, 5% substitution is best. The
consequences of this examination show that

aluminum dross can be utilized as a fixing up to 5%
to enhance extended concrete/mortar (Unger &
Beckmann, 1992).

The essential goals of the test consider are to
analyze the practicality of utilizing concrete mixed
with reused aluminum dross under hot climate
cementing circumstances and afterward to assess
the quality and solidness parts of the created
concrete. From the trial comes about it is watched
that the underlying setting time of the recycled
aluminum dross concrete reached out by around 30
minutes at 20% substitution level. This property of
reused aluminum dross solid renders it to be
reasonable for sweltering climate cementing
conditions. In light of the outcomes got, the
supplanting of concrete with 20% of Al dross yields
predominant mechanical and toughness attributes
(Manfredi, et. al., 1997).

An examination was made by absolutely replacing
aluminum dross and reused total aggregate as
opposed to natural sand and smashed
independently. Mix layout for M30 assessment was
finished utilizing 0.2% and 0.4% of steel fiber with
view point proportion 60. Quality tests were done at
7, 14 and 28 days. Exploratory examination indicated
satisfactory outcomes when appeared differently in
relation to conventional cement (Shreyas, et. al.,
2015).
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The objective of this work is to limit waste and rather
utilize the misfortune in a trademark cycle by using it
as a manufactured material and besides to make a
light weight concrete. Substitution of aluminum powder
and dross (5, 10, and 15 %) by weight of bond are
utilized to deliver circulated air through (gas) concrete.
The outcome got demonstrates that ideal of 10%
Aluminum dross can be supplanted with bond to get
required compressive quality and split elasticity for
concrete (Vijayalakshmi & Rajeswari, 2018)

Sand substitution by slag is less hazardous and 30+50
weight % substitution levels are effortlessly
accomplished. Be that as it may, the direct prudent
effect is less significant. The joining of unwashed slag
in impracticable, because of toxic gases discharged
and noteworthy volumetric extension impact. Two-
stage examine was made to decide the impact of
waste augmentations on mechanical properties of
concrete mortars, including fractional substitutions of
sand (Pereiraa, et. al., 2000).

Mechanical property assessments uncovered the
probability for dross waste to be used as filler in
concrete, bringing about up to 40% higher flexural
quality and 10% higher compressive quality contrasted
with unalloyed bond, and additionally bond with sand
options. The potential utilization of aluminum dross as
an unrefined material for such building applications is
displayed and discussed (Chen Dai & Apelian, 2012).

Because of financial focal points, numerous
organizations recoup Al from auxiliary aluminum dross.
Squanders from this procedure (non-metallic items and
salts) are generally landfilled or arranged without
treatment, causing numerous ecological harms. Solid
pieces were made by adding two sections of NMP to
one a player in concrete and four sections of sand.
The pieces were tried by the Brazilian standard
(NBR7173/1982) tests yet not compressive quality
tests. In any case, specific NMP constituents have
quickened the quality rate improvement of the pieces,
in this manner diminishing working time. The business
utilization of NMP can lessen the measure of disposed
of squanders adding to natural protection (Shinzato &
Hypolito, 2005).

The objectives of this work are (1) to decide the
synthetic association between this waste and the
Portlandite (the most receptive period of Portland bond
glue) and (2) to build up the impact on physic-
mechanical properties when silica sand is substituted
for this loss in mortar (Puertas, et. al., 1999).

In Egypt tremendous amounts of aluminum slag
(dross) and sensible amounts of aluminum slop are
squandered amid aluminum industry causing
numerous biological and solid issues. Then again,
Egypt request from recalcitrant bond surpasses 12,000
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tones for each year. In this way, the present work goes
for utilizing these two waste materials to produce
calcium aluminate concrete in a doubly significant way
i.e. spent undesired waste materials for assembling
exceptionally value calcium aluminate concrete
(Ewais, et. al., 2009).

I, METHODS
Al Material used

Following materials are generally used to produce
concrete:

° Cement,

° Fine aggregates and
° Coarse aggregate

° Aluminium dross

B] Cement:

It is observed that ordinary Portland cement (OPC)
53 grade of cement is generally used which is
chemical components are Magnesium (MgO),
Alumina (AL,O3), Silica (SiO,), Iron (Fe,O3), and
Sulphur trioxide (SO3). An ordinary Portland cement
manufactured to comply with BS 12-EN 196 1996
(42.5 R Class) and corresponds to ASTM Type |
cement will be used throughout the tests. The
chemical composition and physical properties of the
cement are presented in Table

Sr. | TEST RESULT

No.

1. Normal 34
Consistency
(%)

2. Initial 50
setting
time(min)

3. Final 320
setting
time(min)

4. Specific 3.15
gravity

Table 1: Properties of cement
2. Aluminum dross
1. Dross — (dull dross) used as rough material

by the tertiary association and conveyed
from the condensing process of white dross
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and aluminum scrap by a close-by helper
industry.

2. NMP (non-metallic thing) — solid wastes
tapped in tanks, a delayed consequence of the
water sifting method of the dim dross.

3. Crust — hard solid material conveyed by
predictable sifting of NMP and precipitation of
aluminum hydroxides, for the most part made
inside pipings where the misfortunes from the
decantation tanks are organized into a lake.
On account of this advancement, the directing
is every so often halted up.

By far most of the interest has been on the recovery of
the aluminum substance of the dross, as white dross
can reach as high as 80wt%. Remembering the true
objective to recover the metallic aluminum, dross is
warming in a rotating warmer with a salt change
exhibited. This can help segregate the fluid aluminum
from solid oxides and secure aluminum against
oxidation. Nonetheless, when the aluminum is taken
away, the straggling leftovers of the dross close by the
extra salts (called salt cakes) is sent to landfills.
Regardless of the way that they are settled from
depleting, the capacity of sifting exists and dissolvable
salts address a bona fide wellspring of defilement to
both soil and surface/underground water supplies.

Table 2: Composition of secondary aluminum
dross/slag and cement.

Chemical OPC | Secondary
Composition Aluminium
Dross
Al,O3 (%) 5.7 87.2
S10,(%) 183 |27
P,0s(%) - 5.7
SO;(%) 4.3 1.37
Cl (%) 0.2 2.2
CaO(%) 65.3 2.0
Ti0:(%) 0.5 2.0
Table 2
Sr. Properties Results
No.

1 Specific gravity | 2.8

2 Particle size 6.3
variation

3 Fineness 2
modulus

Fine aggregate: Naturally available sand is used as
fine aggregate in the present work. The most common
constituent of sand is silica, usually in the form of
quartz, which is chemical inert and hard. The sand is
free from clayey matter, silt and organic impurities etc.

V. COARSE AGGREGATE:

The coarse aggregate is free from clayey matter, silt
and organic impurities etc. Coarse aggregate is tested
for specific gravity, in accordance with IS: 2386-1963.
The maximum size of 20 mm is used as a coarse
aggregate in concrete. For most of building
constructions, the coarse aggregate consists of gravel
or crushed stone up to 20mm size. However, in
massive structures, such as dams, the coarse
aggregate may include natural stones or rock.

Sr. Properties Results

No.

1 Specific gravity 2.8
Particle size | 6.3 to
variation 20mm

3 Fineness modulus | 8.47

Table of Properties of Coarse Aggregate
B] Experimental Procedure
1) Mixture Proportions:

The concrete mixture proportions of the mixes are
given in as seen from the table, within the scope of
the experimental program five concrete mixtures
were prepared. The control mixture included only the
Portland cement (PC) as a binder, and named as
ASO which means that there is no aluminum slag.
The remaining mixtures had different aluminum slag
contents of 5%, 10%, 15% and 30% by weight of
Portland cement and named as AS5, AS10, AS15
and AS30, respectively. For all the mixtures, the total
amount of cementitious material (PC+AS) content
and slump value were kept constant. Since the
slump value was kept constant, water was gradually
added to the mixtures and therefore the water to
cementitious ratio (w/cm) was not kept constant and
changed from 0.45 to 0.53.

Table of Mixture Proportions

Mix | Mix W/CM | Coars | PC AS Aggregate
ID | Design e kg/m3 | kg/m3
Label kg/m3 Fine Coarse
kg/m3 | kg/m3
1 ASQ 0.46 183 400 0 666 615
2 AS5 0.45 180 380 20 685 640
3 AS10 [0.46 188 360 40 685 640
4 AS15 [0.50 197 340 60 685 640
5 AS30 [0.53 213 280 120 685 640
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2) Specimen Preparation:

Concrete mixtures were prepared using an electrically
driven mechanical mixer with a 200 kg capacity. The
preparation procedure was the same for all mixtures.
For all concrete mixture, first of all, the fine and coarse
aggregates were mixed for 1 minute and the
cementitious materials (cement or cement and
aluminum dross) were added and mixed for 1 more
minute. Eventually, the water was gradually added.

After completing the mixing procedure, the air content,
slump and setting time were determined for the fresh
concrete properties. From each concrete mixture,
fourteen 100x200 mm cylinder specimens and two
15x15x15 cm cube specimens were cast to determine
the hardened properties like compressive strength,
permeability tests and corrosion test. After 24 hours,
the specimens were removed from the molds and
cured in water at a temperature of 20+£2°C until the
date of testing.

3.2 Compressive strength Test: The compressive
strength test for is carried out for six samples each mix
proportions and the value obtained is shown in table 8
and the comparison of 7th and 28th day is shown in
figure .

Table of Mix Prportion (for m25 grade):

Cement | Fine Coarse w/C

(kg) Aggregate | Aggregate | ratio
(kg) (kg)

1 1.47 2.74 0.4

V. RESULTS AND CONCLUSION:

Compressive Strength Results

Mix id 7th  day|28th day
(N/mm2) | (N/mm2)
M 23.28 40.45
A5 20.66 30.20
AP5 19.16 29.03
A0 27.38 43.15
AP10 24.24 40.70
Al5 18.46 28.71
AP15 17.57 27.49

Table : Compressive Strength Results

The replacement of aluminium dross in cement, it is
clearly observed that when the percentage of
aluminium dross is increased in concrete, the
compressive strength of concrete decreases. The
strength of concrete of 5% AD in cement after 28 days
is 23.77N/mm2, strength of concrete of 10 % AD in

cement after 28 days is 20.22N/mm2, and strength of
concrete of 15% AD in cement after 28 days is
17.33N/mm2.Similarly with increase in dross content,
strength goes on decreasing.

CONCLUSON:
The compressive strengths for

1. 100% cement + 0% aluminium dross at 3
days, 7 days, 28 days
werel7.1N/mm2,21.78N/mm2,30.6N/mm?2.

2. 95% cement + 5% aluminium dross at 3
days, 7 days, 28 days were 20.44 N/mm2,
26.5 N/mm2, 33.77 N/mm?2.

3. By replacement of 5% aluminium dross, the
compressive strength increases by 19.53%
for 3 days, 20.78% for 7 days and 10.35%
for 28 days.

4. Replacement level of 5% can be used to
achieve good quality concrete. So, it is not
preferable more than 5% replacement.

5. The compressive strength value of concrete
decreases with increasing aluminium dross
and powder content. As the replacement
percentage of aluminium dross and powder
is increased, more entrapped air occurs and
this causes a negative effect on strength.

6. Replacement of aluminium powder (5, 10,
and 15 %) by weight of cement is used to
produce aerated (gas) concrete. From
comparative study of concrete the optimum
of 10% Aluminium dross can be replaced
with cement to obtain required strength of
concrete.
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