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Abstract: Production of lightweight aggregate is usually done by different clayey materials. Some kinds
of wastes can be utilized in its production. In this research, waste materials of Zarand coal processing plant
waere added with the following percent 1, 2, 3, 4, 5, 6, 7, 8, 10, 15 and 20 to the raw material of Omranpars
lightweight aggregate production plant and burned at 1140 °C for 5 minutes. Density, compressive strength
and water absorption of produced samples were analyzed. FE- SEM images of some samples were taken
for further studies. Results show that the optimum percentage of Coal waste addition is 3%, which was
tested between 1110 °C to1160 °C to find the optimum burning temperature. The optimum temperature was
between 1140 °C to 1150 °C. At this temperature and coal waste addition percentage density was 265kg/
m3, water absorption was 15.2% and compressive strength was 0.8 MPa.

Keywords: Wastes of coal, Lightweight aggregate, Water absorption, Compressive strength.

INTRODUCTION

The waste materials of coal mining are result of washing, concentrating, and, processing of the coal.
The most important coal impurities are mineral oxides (mainly oxides of silicon, aluminium, iron, calcium,
magnesium, sodium and potassium), which after coal combustion remain as ash. Considering the high
amount of waste from the Zarand coalmine, which is currently about 15 million tons and daily increase
of about 1,000 tons. Due to environmental problems caused by the accumulation of these waste products
at a local site near the factory, it is necessary to find a way to convert this massive amount of tailings into
useful products. LECA are expanded and porous clay particles, which is usually produced by heat in excess
of 1000 °C [1-3]. The most important characteristics of LECA are low density, thermal insulation, sound
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insulation, and frost resistance, incompressibility under constant pressure, durability, fire resistance and
water absorption. The previously mentioned LECA is used to fill the empty spaces, underlay the building,
levelling and sliding roofs, roads, agriculture and many other things [4].

Many researchers have expressed theories in relation to clay expansion including Wilson in 1948 [5]
and Riley in 1951 [6] that the core material should have two basic conditions:

1. The material should have a good balance between silica, alumina and other secondary oxides such
as sodium, potassium, calcium, magnesium and iron oxides, so that a molten material with a high viscosity
can trap the gases produced.

2. The primary material must include components, which are either themselves or by reaction with other
components gas producers.

MATERIAL AND METHODS

The equipment used to perform the tests include: Fritsch ball mill model P6, Memmert dryer model
UFB 400, Atbin lab furnace model ALF18 with design temperature of 1300 ° C and PID controller, XRD
marker 8 Advanced Bruker, XRF machine ARL Advant X, TG and DSC brand Netzsch model STAPGLuxx
409, and TESCAN brand electronic microscope (SEM) MIRAC model and sieve, cardboard, caliper and
scales. A total of 10 samples of about 2 kg of various waste sites accumulated at the Zarand coal mine were
removed and completely mixed and then a sample of them was passed through a mesh of 40 meshes. Some
of the wastes were poured into a platinum basket and heated for about 4 hours at 900 ° C to reach constant
weight, and thus ash was prepared. The main constituent was the Omran pars raw material for lightweight
aggregate production.

The raw material and the additives were mixed according to the test in different weight ratios, and
water was added to the mixture sufficiently and again mixed with the paddle (the amount of added water
should be sufficient so that the soil would be like a paste) 1 to 2% of Mazout is added to prepare the gas
to expand the samples produced [7]. After complete mixing of the raw materials and obtaining a uniform
paste, granules with an average diameter of 15 mm were made and placed in a dryer at a temperature of
150°C for 12 hours. Subsequently, the samples were placed in a furnace with a set temperature for bloating
operation. After baking the samples were cooled.

FINDINGS AND ARGUMENT
The analytical analysis of main raw material, coal waste and coal waste ash are shown in Table 1.

Table 1. chemical analysis of main raw material, coal waste and coal waste ash

L.O.I | %Na,0 | %K,0 | %SO; | %MgO | %CaO | %Fe,0; | %Al,0; | %SiO;

main raw material 13.31 1.11 3.1 0.61 5.1 8.26 7.44 14.61 45.45
coal waste 36.6 0.52 2.62 0.09 1.25 3.4 5.22 16.53 33.21
coal waste ash - 0.8 4.36 0.14 1.97 5.36 8.24 26.08 52.38

Table 2 shows the density values, water absorption and compressive strength of the produced sampless
from different percentages of main raw material and coal waste. According to this table, the sample
containing 3% waste is the most suitable sample in the test conditions. The results of the experiments show
that the addition of coal waste ash to the raw materials of the pouch up to 3% reduces the density and more
than 3% increases the density.

Water absorption of the samples inverse of their density, because its water absorption depends on the
its porosity and the degree to which the porosity correlates with the surface of the sample. compressive
strength of the produced samples shown in Table 2, is vice versa of the density.

After it was shown that the optimum amount of waste addition to raw material was 3%, the experiments
were carried out by adding the 3% of waste with different temperatures. Table 3 shows density, water
absorption and compressive strength of these samples. These results show that, at 1110°C, the core material
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does not expand, and melted at a temperature of 1160 °C and the pores are interconnected. According to the
results of Table 3, the optimum temperature of the LECA production with 3% of waste is between 1140 °C
and 1150 °C.

Table 2. density values, water absorption and compressive strength of the produced sampless at 1140 ° C (Cooking
Time: 5 Minutes)

Coal waste addition % 20 15 10 8 7 6 5 4 3 2 1
Density kg/m® 587 | 517 | 445 | 403 | 376 | 341 | 303 | 286 | 265 | 280 | 291
Water absorption % 3.4 7.3 9.8 111 12 127 | 143 | 147 | 152 | 145 | 145

Compressive str. (MPa) 13 |12 | 115 | 11 11 1 095 | 09 0.8 1 1

Table 3. Water Absorption, Compressive Strength and appearance of LECA with 3% Waste at 1110 ° C to 1160 ° C
(Cooking Time: 5 Minutes)

Temperature °C 1160 1150 1140 1130 1120 1110
Density kg/m’ - 263 265 298 346 -
Water absorption % - 15.5 15.5 10.2 7.4 -
Compressive strength MPa - 0.8 0.8 0.9 1 -
Appearance melted | good good good Relative Expansion Not expanded

According to the results obtained from Density, water absorption and compressive strength of the
samples can be concluded that in 3% of waste addition, the amount of gases produced and the quality of the
melting surface are optimal in the production process of the LECA.

For further investigation, internal pores and surfaces of the manufactured samples were examined by
SEM shown in Figure 1.

&

5% and 1150°C 5% and 1140°C 3% and 1150°C
Figure 1. Pictures of the inner surfaces of the sampless made under different conditions

As shown in Figure 1, samples of 1% and 2% of waste do not have a lot of pores, and a picture of the
samples with 5% waste, which is expanded in 1150 °C (Figure 1), represents a large and almost bulky
pores that indicates a very low density that causes very low compressive strength. This is not practical and
it is broken in production. The 5% waste addition produced at a temperature of 1140 °C (Figure 1) shows
a fairly small porosity, which results in higher density. 3% waste addition, which have been cooked at
1140 °C and 1150 °C, have the lowest density. Despite the lower density at 1150 °C, it seems that the pore
structure is more desirable in 1140 °C because the related image shows that this sample has more spherical
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and symmetrical pores and so, it can be stated that the best quality of the samples is: 3% of waste and
expanding in the temperature range of 1140 °C to 1150 °C.

CONCLUSIONS

Zarand coal waste can be used as an alternative to Mazut in the production of LECA up to about 3% to
the raw material.
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