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A lot of environmental concerns are increasing day after day result in the raise of solid waste in large quantities in
the world resulting from the demolition of buildings and various industrial and commercial activities. This research
provides the possibility of reusing one of these wastes solid aluminum scrap (Als) by using it to produce a modified
type of cement mortar. The research focuses on the mechanical behavior of the new cement mortar type obtained
by adding aluminum scrap by different percentages (1%, 2%, 3%, 4%, and 5%) as a replacement ratio from the
weight of sand mixed with Ordinary Portland Cement (OPC). The findings of this research indicated the possibility of
using aluminum waste material in certain limits where the compressive strength significantly reduced by increasing
the percentage of Als. The most interesting observation was to increase the volume of the mixture by increasing the
ratio of Als. According to the results, it is possible to use this type of cement mortar to produce lightweight structural
members such as slabs, bricks, etc. Finally, the general formulation was proposed based on the regression analysis
and experimental measurements to give a capture of the compressive strength of mortar under any variables alter

(age of specimen and/or quantity of aluminum replacement).

Key words: aluminum scraps, compressive strength, fine aggregate, lightweight, sustainable

INTRODUCTION

Per year, large amounts of industrial mineral scrap or
merchandises generated worldwide. And in many coun-
tries, its adequate disposal is a grave problem. Heavy
raw substances such as steel chips cast iron, steel, alu-
minum, from steel industries are the prime by-products
of the metal industries [1]. Some researchers, such as [2,
3] founded that the use of alternative materials construc-
tion components could reduce from consumption of raw
material. Aluminum is one of the world's most commonly
used building materials, and huge quantities of waste are
generated during production of aluminum [4].

The incorporation of waste in concrete production can
solve the issues suitably posed by waste management.
The building industry utilizes a substantial amount of nat-
ural substances; its reusing and upgrading capabilities
are therefore important. For many years, some industrial
materials utilized as cement or concrete ingredients. Ad-
ditionally, some waste can also be reused and upgraded
in concrete. However, the new substances formed must
be useful as a construction material and have in partic-
ular the effectiveness features necessary to fulfill the re-
quirements set out in its application. It should also be
healthy in terms of safety and environment [5]. The con-
sumption of aluminum recycling waste has been rising
continuously worldwide [6].

Based on statistics from the World Bank for solid waste
management, the cities in the world currently produce
about 1.3 billion tons of solid waste annually, which will
rise to 2.2 billion tons by 2025. [7]. Furthermore, the
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waste production rate expected to double over the fol-
lowing twenty years in lower-income nations [8]. The alu-
minum dross can be utilized as a partial substitution sub-
stance for cement in certain limits to gain economic and
environmental advantages [9]. Aluminum dross and slag
used as a filler material in the concrete product [10, 11].
Additionally, the used aluminum dross worked to acceler-
ate the strength development of concrete and positively
affected the permeability of concrete [12]. The aluminum
wastes serve as a retarder when poured the concrete
under hot weather concreting [13]. As a result of adding
aluminum waste in the concrete mixture, the initial and
final setting times of concrete decreased. [14, 15]. The
superior mechanical and durability of concrete properties
could obtain when replaced 20% cement with aluminum
dross [15]. Additionally, numerous nano-particles such as
nano-Al,O,, nano-SiO,, nano-CuO, nano-TiO,, and na-
no-carbon tubes utilized to improve and accelerate the
hydration [16 -20].

Incorporating granular iron slag and aluminum dross as
a partial replacement material for Portland cement and
natural sand, respectively, would produce eco-friendly
concrete [21]. Both of microstructural and microstructural
properties with employing aluminum slag and aluminum
powder forming lightweight composites with densities
below 2.15g/cm? [22]. The values of electrical conduc-
tivity increased significantly at the low frequencies of the
aluminum additions and silicon; especially at the high
weight addition proportion 1.5% to produce smart mortar
application [23]. The secondary aluminum dross within
10% in the Portland cement could be useful in the pro-
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duction of normal resistance concrete for the structural
purpose by the construction industry [24].

RESEARCH SIGNIFICANCE

The development of industrial processes is increasing
day after day, and this means a lot of industrial waste
beside the material cost of getting rid of that waste. From
here the idea of this research was presented by reusing
metal waste (aluminum scrap) as a percentage ratio from
the sand in the cement mortar to reach an acceptable
compressive strength as regarding the structural side
and reduces the cost of lightweight concrete manufactur-
ing costs by seeking alternative materials. Additionally,
the analysis of variance in statistical software was acti-
vated to present general formulation contains both the
age of specimen and percentage of Als dosage with the
compressive strength of the mortar proposed to become
a guideline for future studies.

EXPERIMENTAL WORK
Materials
Cement

The main component in the mortar is OPC which obtained
according to ASTM C150-07 Ordinary Portland cement
(Type ) from Tasluja-Bazian manufactory. As depicted in
Table 1 and Table 2, both the chemical and physical prop-
erties of cement utilized were harmonious with the Iraqi
Standard Specification (IQS) No. 5/1984 [25].

Fine aggregate (sand)

In this work, all the admixture of mortars contains the
sand that gained from AL-Ukhaidher with a maximum
size of 4.75 mm. The sand used was compatible with
(IQS No. 45/1984) [26], as depicted in Table 3 and Fig. 1.

Table 1: Chemical components and main compounds of
the cement utilized

Compound Composition Cgrr;z::i;t?cl)n %(weight)

Lime CaO 63.26
Silic SiO, 19.22

Alumina ALO, 4.51

Iron Oxide Fe,O, 3.34
Magnesia MgO 2.62
Sulfate SO, 2.03

Loss on ignition L.O.l 2.45
Insoluble residue I.R 0.47
Lime saturation factor L.S.F 0.94
Tricalcium silicate C,S 70.52
Dicalcium silicate C,S 2.27
Tricalcium aluminates C,A 6.31
Tricalcium alumina ferrite C,AF 10.15
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Table 2: Physical properties of the cement

Physical properties Test result
Specific surface area (Blaine Method),
m, kg 352
Setting time (Vicat method)
Initial setting, hrs: min 2:35
Final setting, hrs: min 5:20
Compressive strength, MPa
3 days 20.8
7 days 26.0
Autoclave expansion % 0.24

Table 3: Sieve analysis of fine aggregate

. . Cumulative Limit_(?f Ir?qi
Sieve Size (mm) Passing % specification
No. 45/1984 (zone 3)
10 100 100
4.75 99.81 90-100
2.36 97.64 85-100
1.18 91.54 75-100
0.60 66.27 60.79
0.30 15.07 12-40
0.150 2.21 0-10
110
100 A _____?l
. P A

/._/

80

AR

70
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—4&— Grading of Sand
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Figure 1: Sieve analysis for the sand used
Mixing water

In this research, the casting and curing process for all
the samples done by using water from the ordinary tap
without any additives and treatment.
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Source of solid aluminum scrap (Als)

Aluminum scrap particles (Als) assembled from factories
producing aluminum sections, which used in the manu-
facture of many things (doors, windows, tables, and fur-
niture, ..., etc.), widely distributed in the capital Baghdad.

It cleaned of impurities and all foreign objects and then
sieved on a sieve 4.75 mm and taken a pass from it for
use in the production of modified cement mortar. The
granules of Als used in this research are lightweight, and
their irregular shape, as shown in Fig. 2.

Figure 2: Solid aluminum scrap particles (Als)
MOLDS

The iron molds were used in the current work with a di-
mension (50x50x50) mm. All these molds cleaned and
oiled before the mortar poured into the molds.

MIXES AND MIXING PROCEDURE

All mixes made by weighted quantities (1: 2.73) (cement:
sand) adopted in this study, Table 4. The proportion of
Water to Cement (W/C) was 0.485 also adopted and did
not change for all mixes. The ratios of cement to sand
and W/C adopted in this study were within the range
of the literature survey above. Additionally, the adopted
proportion of W/C of 0.485 in this study to increase the

workability as much as possible. The dry components
(cement, sand, and the aluminum filling) mixed firstly in
duration three minutes. Then, the water gradually added
to the mix until getting a homogeneous mix. The mor-
tar specimens were cast, compacted, and cured at the
laboratory temperature within the range of (25-27). The
Als content used as a replacement ratio from the sand
weight.

TESTING PROGRAM

In this research, fifty-four cubic samples of 50 mm exam-
ined at age (3, 7, and 28 days); the compressive strength
tests according to ASTM C109/C 109M, 2002 [27]. After
mixing cement mortar with or without aluminum scraps,
the fresh mortar was cast into cubic samples and cured
for 3, 7, and 28 days in the curing water bath. Table 5 il-
lustrates the compressive strength of cement mortar with
a different proportion of Als.

RESULTS AND DISCUSSIONS

The data in Table 6 and (Fig. 3, Fig.4, Fig.5 and Fig.6 )
demonstrated that the addition (as replacement ratio from
sand content) of 1 to 5 % of solid aluminum scrap parti-
cles Als content to cement mortar leads to decrease the
compressive strength by approximately (27.29, 35.48,
40.69, 60.30 and 80.98) %, respectively at the age of 3
days. The presence of aluminum scrap particles Als has
a significant effect on compressive strength it is obvious
from the experimental results that the reduction in the
compressive strength with the rise in the proportion of Als
content. At the age of 7 days, it found that the range of
decreasing the compressive strength of mortar within the
range of (25.82 to 79.47) % when increasing the Als con-
tent from (1 to 5) %. Finally, at the age of 28 days, it found

Table 4: Proportion of mix design used

Mix Design Label
Mix ID | Mix Design Label | Cement (kg/m?®) | Sand (kg/m®) | w/c | (Als) (kg/m®) | (Als) % By weight of sand
1 AlsQ 662.24 1808.9 0.485 0 0
2 Als1 662.24 1790.81 0.485 18.09 1
3 Als2 662.24 1771.91 0.485 40.70 2
4 Als3 662.24 1753.82 0.485 61.05 3
5 Als4 662.24 1735.73 0.485 81.40 4
6 Als5 662.24 1717.64 0.485 101.75 5
Table 5: The compressive strength results of cement mortar with different ratios of (Als) content
Mix Design Label
Age | NSO (Als) content 1% | (Als2) content 2% | (Als3) content 3% | (AIS#) content |- (AlsS) content
(days) Reference by weight of sand | by weight of sand | by weight of sand 4% by weight | 5% by weight
Specimen of sand of sand
3 22.24 16.17 14.35 13.19 8.83 4.23
7 24.75 18.36 15.93 15.23 9.46 5.08
28 33.82 20.18 17.64 16.98 12.47 7.12
Istrazivanja i projektovanja za privredu ISSN 1451-4117 254
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the decrease in the compressive strength of mortar within
the range of (40.33 to 78.95)% when increased the Als
content from (1 to 5)%. From these outcomes, it found
that the highest percentage of decreasing in the com-
pressive strength of mortar took place at the age 3 days
and with 5% content of Als, which was 80.98%. These
findings expected because of increasing the air gaps
through addition to the Als in the mortar. The reason for
increasing air gaps in admixture due to the chemical in-
teraction took place between molecules of aluminum and
calcium hydroxide that is in the peak level of interaction
between these materials at the Als content 5% and the
age of 3 days. The outcomes in this study demonstrated
that the ratio of addition aluminum scrap particles to the
cement mortar should be at the lowest level to obtain ra-
tional compressive strength in lightweight structural com-
ponent could use in some construction applications.

Table 6: The average compressive strength outcomes
of cement mortar with different ratios of (Als)

The decrease in compressive
Specimen o strength (%) with respect to
No. Als % reference specimen (Als0)
3 days 7 days | 28 days
Als1 1 27.29 25.82 40.33
Als2 2 35.48 35.64 47.84
ALs3 3 40.69 38.46 49.79
ALs4 4 60.30 61.78 63.13
ALs5 5 80.98 79.47 78.95
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Figure 3: Compressive strength for cement mortar
samples at 3, 7 and 28-day
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Figure 4: The compressive strength of samples with
time
As shown in figure 6, it can see an increase in the sam-
ple size due to the reaction between the solid aluminum
scrap particles (Als) and cement. The volume of samples
increases by increasing the scrap ratio by approximately
10 to 40 % when Als added with (1 and 5) % respectively.
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Due to the formation of hydrogen blebs in the mixture re-
sulting from the chemical reaction between the aluminum
particles with Ca (OH), from the hydration of the silicates.
This reason explains why the size of the volume of the
specimen increases.

=== Comp. Strength at 3 days ==#==Comp. Strength at 7 days
Comp. Strength at 28 days

= 40
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= 30

E

&

Z 20

; 15
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S oA : . : : :
0 1 2 3 4 3 6

Solid Aluminum Scrap (ALs)%

Figure 5: The decrease in ultimate compressive
strengths with increasing of (Als)%

Figure 6: The increase in samples size due to increase
in (Als)% content

STATISTICAL ANALYSIS OF THE EXPERIMENTAL
RECORDS

By activating the Fit Regression Model in MINITAB soft-
ware, version 17 [28], with the stepwise regression pro-
cedure (step-by-step iterative analysis) to clarify the rela-
tionship between response value (compressive strength
of cement mortar*Comp”) with two predictor values (per-
centage replacement of aluminum instead of sand“R’
and the age of specimens®A”). The relationship translat-
ed into regression formulations as shown in Eq. 1:

Comp.=22.47+0,1812A-377,4R (1)

From the above formulation, the R-square amounted a
high value that is 90.35% with confidence level of 95%.
A closer look at this formulation, it found that both of the
predictor variables (R and A) were correlated linearly
with the compressive strength of mortar. To more vis-
ibility about the interconnection of the response and
predictor variables simultaneously for future studies; the
matrix plot with smoother also activated, as illustrated
in Fig.7. From this figure, it found that R negatively with
Comp. and the general trend A with the Comp. is posi-
tive. These relationships in Fig.7 are considered logical
due to increasing from a value of R automatically worked
to decrease the value of Comp. as a result of produc-
ing the hydrogen blebs within the mixture. On the other
hand, the effects of hydration interaction reduce with the
passage of time on samples, therefore, it explains to us

Istrazivanja i projektovanja za privredu ISSN 1451-4117
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Matrix Plot of Comp.; A; R

0 15 QD 000 am o

Figure 7: Matrix plot with smoother between response

with predictor variables

why the inverse relationship happened between A with
the Comp. Additionally, the relationships in Fig.7 proved
no clear relationship connects between A and R.

CONCLUSIONS

1.

The compressive strength value decreases with in-
creasing solid aluminum scrap particles (Als) dos-
age, and this is related to the mixtures; comprising a
high amount of (Als) have higher air content.

Replacement amounts of 1 % , 2% and 3% of (ALs)
can then be used to produce good quality mortar.

It noted that solid aluminum scrap particles (Als) con-
tent acts as an extending parameter, it could use in
the manufacturing of blocks and pre-molded panels.

The modified cement mortar samples that contain
(Als) had a water absorption much higher than con-
ventional cement mortar.

To more visibility about the behavior of compressive
strength of mortar under the combined effect of age
and aluminum scrap ratio, the formulation listed by
using regression analysis of variances. This formu-
lation could consider the reference for future works.
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