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Abstract
Alumwaste obtained from the AluminumSulfate Company of Egypt (Shaba
Al- Masria) causes several environmental problems related to its dumping and
particles fineness.
The possibility of using this waste as cementitious materialin the preparation
of cement mortar paste was studied. The effect of five levels of waste addition
from 0 to 10% by weight on the properties of the formed mortars was
investigated. These properties include the fluidity of mortar, the initial and
final setting times and the compressive strength at 28 days.
Keywords: Alumwaste, consistency, initial and final setting, compressive
strength.

1.

INTRODUCTION

Kaolin as a clay mineral is uncreative in its natural form. That is why it is common to
heat it at temperatures higher than 500oC to break down its sheet structure and form
an active species (Metakaolin). This is then reacted with sulfuric acid to produce a
solution of aluminum sulfate (alum) which is used in the clarification of water. The
formation of large quantities of dealuminatedkaolin (Alum waste) is the cause of
direct environmental threats owing to its acidic nature besides the fineness of the
particles which are easily airborne.
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Egypt is among few countries producing aluminum sulfate alum for water purification
from domestic kaolin (35% Al2O3). This is since bauxite, the conventional raw
material for the production of alum, is not locally available. [1 – 6].
On the other hand, the rheological properties of a fresh cement paste play an
important role in determining the workability of concrete. The water requirement for
flow,hydration behavior and properties of the hardened state largely depends upon the
degree of dispersion of cement in water. Properties such as fineness, particle size
distribution, and mixing intensity are important in determining the rheological
properties of cement paste.[7]
The only work of relevance to the present study was performed by Abdel Alim et al
[6]. They compared the addition of alum dealuminated kaolin to that of silica fume to
cement and concluded that the surface area and the pozzolanic reactivity of the
dealuminated kaolin are larger than that of silica fumes and that the initial setting time
is increased by addition of the former waste. They also stated that the flowability of
OPC mortars was not affected by adding dealuminated kaolin
In this work, alum waste was characterized physically and chemically. The effect of
addition of up to 10% of alum waste on consistency, initial and final setting of cement
and compressive strength of cement mortar at 28 days were studied.
2. EXPERIMENTAL TECHNIQUES
2.1 Raw Materials
2.1.1 Sand
Natural sand composed was used as fine aggregate in this study. The sand was graded
so as to pass from sieve 850µm and be retained on 600 µm. [8]
2.1.2 Water
Tap water was used for mixing and cementcuring for all specimens.
2.1.3 Ordinary Portland cement (OPC)
OPC produced by Suez Cement Companywas used. Testing of cement was carried out
according to the Egyptian Standard ESS4756-1/2009, where the percent retained on
sieve 170 was less than 10%.
Table 1shows the physical propertiesOPC while Table 2 illustrates its chemical
composition of OPC.
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Table 1: Physical properties of OPC
Property
Specific Gravity
Bulk density, kg/m3
Clay and fine dust
content by volume

Value
2.63
1780
0.85

Limits
2.5 – 2.75
Not more than 3

Table 2: Chemical composition of OPC
Compound SiO2 Al2O3 Fe2O3 Cao MgO SO3 Na2O K2O Cl- LOI
% by
21.16 5.32
3.52 63.8 1.32 2.01 0.2 0.13 0.02 2.52
weight
2.1.4 Alum Waste
Alum waste supplied from The Aluminum Sulfate Company of Egypt. It was first
driedat 110oC overnight then XRF analyzed using aAXIOS, panalytical 2005,
Wavelength Dispersive (WD–XRF) Sequential Spectrometer. The results are shown
in Table 3.
Table 3: Chemical Analysis of Alum Waste
Constituents
SiO2
TiO2
Al2O3
Fe2O3tot.
MgO
CaO
Na2O
K2O
P2O5
SO3
Cl
ZrO2
L.O.I
Total

(%)
71.86
2.95
7.48
0.51
0.08
0.31
0.11
0.08
0.05
5.28
0.02
0.2
10.98
99.91
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The waste was also subjected to sieve analysis on a set of standard sieves. The result,
shown in Fig.1, indicates that the waste possesses a median particle size (D50) of
about 120 μm.

Fig1: Particle size of alum waste distribution
On the other hand, aluminum waste was subjected to XRD analysis using a Burkur D8
Advanced Computerized X–Ray Diffractometer apparatus to disclose its constituting
phases. The results, illustrated in Fig.2 reveal that its main crystalline phases are
quartz and anatase (TiO2). The presence of alumina and sulfur oxide in the XRF
analysis (Table 3) suggests the presence of aluminum sulfate presumably in
amorphous state as no characteristic lines showed up in the XRD pattern.
Stoichiometric calculations based on the XRF results have been performed. They
show that most of the alumina in the waste is present as part of the unreacted
metakolin and only a minor portion (about 10%) is present as aluminum sulfate.
Assuming that metakaolin has the chemical symbol Al2O3.2SiO2. This results in
having about 8% of the available silica present in combined metakaolin form. The
percent free silica should then be about 64%. This was actually confirmed by
determining the free silica present in a sample of waste by a traditional technique used
for refractory materials [9].This method yielded percent free silica of 66.4%.
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Fig. 2: X-ray diffraction of alum waste
2.2 Mixing and curing
This was determined by the consistency test described by IS 4031-Part4 [10]. Alum
waste was used as an addition of 0%, 2.5%, 5%, 7.5% and 10% of cement by weight
as shown in Table 4 to substitute sand. The ratio of cement to the sand + waste
mixture was kept at 1:2.75 by weight in all mixes.
Table 4: Composition of cement – waste mixes
Mix designation
A0
A 2.5
A5
A 7.5
A 10.0

OPC,g
100
100
100
100
100

Alum waste,g
0
2.5
5
7.5
10

Mixing was done in a standard drum type mixer; fine aggregate, cement and alum
waste were mixed in dry state until the mixture becomes homogenous, then water was
added to the dry mixture and was mixed for 10 minutes.
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2.3 Determination of mix properties
2.3.1 Flowability
The test used to that aim is the flow table test performed in accordance with ASTM
C230 / C230M – 14 [11]. In this test, a layer of mortar of about 25 mm thickness is
tamped20 times in a flow mold that is placed at the center of the table. After one
minute, the mold is carefully lifted and the flow table lifted up 40mm and then
dropped 15 times, causing the paste to flow. The flowability is measured as the ratio
between the diameter of the resulting mass and that of the original mix:
Flowability =

𝐷𝑓 − 𝐷𝑖
𝐷𝑖

×100%

(1)

Where,
Dƒ = final diameter (mm)
Di = initial diameter(mm)
2.3.2 Initial and final setting
This standard test was performed as described by IS 4031-Part5 [12]. It involves using
the standard Vicat needle in assessing its penetration in a fresh cement mix. Three
specimens were tested each time and the average value taken.
2.3.3 Compressive strength
Compressive tests at 28 days were carried out on 70.7×70.7×70.7 mm cubes. The test
specimens were immersed in water in curing tanks after 24 hours for 28 days. The test
was carried out according to Egyptian standard ESS 1658-1991 [13]. Three specimens
were tested each time and the average value taken.
3. RESULTS AND DISCUSSIONS
3.1 Effect of alum waste on flow
The results of flow test are illustrated in Table 5.
Table 5: Effect of alum waste on flow of hydraulic cement mortar
Alum waste
(%)
0%
2.5%
5%
7.5%
10%

Cement (g)

Waste (g)

Sand (g)

Water (g)

Flow (%)

170
170
170
170
170

0
4.25
8.5
12.75
17

467.50
463.25
459.00
454.75
450.50

110.5
110.5
110.5
110.5
110.5

110
104.55
97.81
89.06
85.94
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This table indicates a regular decrease in flowability of the mixes on adding the waste
as it was substituted for sand. This is probably due to the enhancement of the reaction
between the fine silica present in the waste and calcium hydroxide beginning to form
owing to early hydration of alite (C3S) producing C3S2.xH2O crystals. This reaction
produces more alite which subsequently hydrates thus contributing to decreased
flowability. This result would mean that any addition that would cause the above
reaction should lead to decreasing the flowability. Actually, this result was found to
be not necessarily true in case of adding extremely fine fly ash (<10 μm) to cement
[14].
3.2 Effect of alum waste addition on consistency and Setting time
Fig.3 displays the dependence of mix consistency, initial setting time and final setting
time on the percent waste added. A slight increase in water of consistency is observed
on increasing the percent waste addition, from 29.5% at zero addition to 33.1 at 10%
addition. On the other hand, the initial setting time remained practically unaffected by
the addition in contrast with the findings of Abdel Alim et al [6]. The final setting
time decreased from 190 min at zero addition down to a minimum of 155 min at 7.5%
addition to slightly increase as the level of waste addition reached 10%.

Fig 3: Percentage of Alum Waste on Consistency, on initial and final setting
3.3 Effect of alum waste on compressive strength
The effect of adding alum waste on the28 days compressive strength of cement mortar
is shown in Fig.4. As can be seen from the results, there is a regular increase in
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strength following an increase in waste addition until a maximum value was reached
at 7.5% addition with an increase of 10.7% over that of the control sample (0%
addition). This result is in harmony with the final setting time in which the most rapid
final setting occurred at a similar composition. It is believed that this level of addition
is sufficient to neutralize calcium hydroxide present in the pores of the mortar to
produce C3S2.xH2O crystals and any further addition will only act as inert filler
decreasing rather than increasing the strength. These results despite being promising
are not as good as those obtained on using silica fume as additive [15]. However, the
economic factor favors the present alternative as the waste is of practically at no cost.

Fig. 4: The percentage of alum waste and compressive strength.
4. CONCLUSION
The use of dealuminated kaolin, an environmentally unfriendly waste produced in
alum production, as sand replacement in cement – water mixes was investigated in
levels reaching 10%. The following properties were investigated as function of the
level of addition: flowability, consistency, initial and final setting times and 28 days
compressive strength. The following conclusions were reached:



The flowability steadily decreases upon waste addition presumably because of
silica – calcium hydroxide reaction resulting in the formation of C3S2.xH2O
crystals.
The addition of waste increased the consistency of the mixes.
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Initial setting was unaffected by waste addition but final setting time increased
up to about 7.5% addition to slightly decrease on further addition.
An addition of 7.5% waste produced an increase of 10.7% the 28 days strength
of cement mortars over the control values.

It is possible to use 7.5% sand replacement by alum waste in preparing mixes of
improved strength. The potential applicability of this result has to be restricted to
plain concrete because of the high sulfate content of the waste. For an addition of
7.5%, the percent sulfate will be 0.4% which is still higher than the 0.3% limit
stipulated by BS 812: Part 118
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