Journal of Engineering Sciences, Assiut University, Vol. 40, No. 3, pp. 913-922, May 2012
UTILIZATION OF LIMESTONE DUST IN BRICK MAKING
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In Egypt, Large amounts of limestone dust are accumulated annually during
running limestone quarries. Disposal of these wastes is a rapidly growing
problem, and causes certain serious environmental problems and heath
hazards. Therefore, research for utilizing these disposals is urgently needed.
The main aim of this study is to investigate both physical and mechanical
properties of brick specimens containing combinations of limestone dust and
small amount of Portland cement as a binder for producing building brick
material. Limestone dust and cement were mixed, humidified and molded by
two methods, hand-making method and mechanical molding method applying
small compaction action. After demoulding, the produced specimens were
left to dry in air at room temperature for 28 days. The obtained values of
water absorption, bulk density, slake durability index, and compressive
strength satisfy the Egyptian standard of fired clay building units for non-
load bearing walls. The test results indicate that brick specimens contain
13% cement satisfy the requirements of building of non-load bearing walls in
Egypt. The process undertaken can easily be applied in the working Egyptian
brick plants using semi mechanization system. The positive use of these
wastes converts them into useful products that can alleviate the disposal and
environmental problems.
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INTRODUCTION

The increasing demand on building materials in e decade, especially in the
developing countries has lead to convert the intdstastes into useful building and
construction materials [1-9]. During the extractidmuling, cutting and crushing
processes for producing small limestone buildinogcké and coarse aggregates, large
amounts of limestone fines, commonly known as qudwsst, are generated [ 5 ].

Accumulation of unmanaged wastes has resulted gnamonmental concern.
Because disposal and/or storage of this wastepisreskve, it contaminates the air of the
surrounding area with the storms in Summer andn§@mnd therefore causes serious
health hazards including specifically asthma amdg)laancer [ 5,6 ]. Recycling of such
wastes as building materials appears to be a visdilgtion not only to solve such
pollution problem but also to the problem of ecoiodesign of buildings [ 1 ].

Some authors [7,11] indicated that limestone quagrytypically produces
around 20% to 25% limestone powder waste (LPW)e.€hktimated LPW of 21.2
million tones in the UK, 18 million tones in Greeard 30 million tones in Turkey is
reported[1,4,5,7]. Many different ways for utilimat of limestone dust have been
proposed in literatures [1-20 ] such as brick atatl production [1-5,8,9-11,14 ],
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concrete industry [2,6,13,15,20], filler materifl®,16] road construction and bulk fill
[7,9,10,12,17], agricultural uses [10,19 ], indiatwaste neutralization [5], plastics
and rubber industries [5] ,... etc.

Today there is an increasing interest in develogngimple and economic
method to turn limestone dust into building prodiactificial stone) that could be used
as masonry brick or pavement block [4,10].Limitadnioers of published work about
the possible utilization of limestone dust in britiaking are reported in literatures .
Some authors [4] have undertaken evaluation tastinmdted number of cylindrical
samples. Limestone dust and small amounts of RPadrtlaement were mixed,
humidified and compacted in a cylindrical mold & mm diameter and 80 mm height
under high pressure. Water absorption values wetreletermined in this research [4].
The produced artificial stone exhibited acceptajpality characteristics for use as
masonry unit (non— load bearing element). The coatimns of limestone dust with
wood sawdust, cotton wastes and glass powder wastes successfully used to
produce a light weight composite as a building mak¢ 1-3,5,8].

In Egypt, calcareous aggregates are used exteysigelall construction
applications such as road construction, buildingppses, iron and cement industries,
due to their low cost and the high availability.nSmlerable amounts of limestone dust
are being produced as by — products of differerdrijing process. Most of the
limestone quarry dust are open-dumped into unchetravaste pits and open areas,
which causes serious environmental problems anithheazards. Creating a market for
common wastes will reduce volumes and provide etinadvantage over disposal, as
well as reducing the associated environmental an@simpacts.

In the present study, laboratory trials were cdrroait to prepare and test
molded brick specimens consisting of limestone dust small amount of Portland
cement. Physical and mechanical properties of lspEcimens were tested aiming to
get a suitable product for construction applicagionEgypt. The key for the successful
utilization of the quarry dust is its proper chaesization and the development of
simple and economically viable process to turntib imarketable products.

EXPERIMENTAL WORK

Material

The materials used for brick specimen's preparatere limestone dust, ordinary
Portland cement, and tap water. Quarry dust sampke collected from a limestone
quarry in Assiut region [Egypt] . The nominal peldi size of the head sample is 1.25
mm, the sample was dried at 105 C° for 24 hourelecbat room temperature and
ground to pass 1.25 mm .The physical and chemicgdgpties of the limestone dust
used in the present work is given in Table 1. Thadipg of limestone dust head
sample is shown in Figurel. The median sizg)@f the head sampis 140 micron .

Table 1: The properties of limestone dust head sang

Properties Measured values
Moisture content, % 2.63
Ca0,% 55.2
Density,g/cm 2.60
Loss on ignition , % 42.40
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Fig.1: The sieve analysis of limestone dust heatpta
PROCEDURES

Limestone dust and cement were mixed and homoggmigether in a laboratory Jar
mill for 5 min . The mixture was humidified by sgnag an adequate amount of water
to produce an workable mix. Details of mixes areegiin Table 2 .

Table 2: Mixture proportions of cement — dust and vater

Mix Cement | Limestone dust Water added | No. of cubes*
No. Wt.,% Wt.,% Wt % | cm?® /series
1 10 90 20 240 6
2 12 88 20 240 6
3 14 86 20 240 6
4 16 84 20 240 6
5 18 82 20 240 6

* Cubes 5x5x5 cm.

The sequence of brick making is illustrated in EigTwo series of tests were
fabricated using the mixture proportions given able 2 . In the first one , hand made
brick specimens were fabricated into steel cubdsxob x5 cm . The second series was
carried out by compression moulding method , wlzesenall compaction force of 20
KN is applied to compact the over-filled steel nebwith the mixes using the same
mixture proportions given in Table 2. The produspécimens of the two cases were
demoulded after 24 hours and left to dry in operatiroom temperature for 28 days.
No damage is observed on the brick specimens whiteoulding them.
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Figure 2 : Flow chart describing the sequence ickbmaking

RESULTS AND DISCUSSION

The quality of the produced bricks of the two semere tested after 28 days curing for
their water absorption, bulk density , slake dumgbj and compressive strength .
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1. Water absorption

Water absorption is a key factor affecting the loqcoperties. The less water
infiltrates into the bricks , the more durable Hrek ,is the more resistance to
natural environment. Thus, the internal structurthe brick is dense enough to
avoid the intrusion of water . Fig.3 shows thag Water absorption in the two
series tested decreases with increased cemennpéa® 10 % tol8 %. This
may be attributed to the fact that addition of cetrfdls the voids within the
limestone particles and increases the cohesivemradonding ability of the
mixture . Applying small compaction force in theceed series reduces the
values of the water absorption of tested specin@tsause compaction force
decreases the internal voids of the specimens.pfbéuced brick exhibited
general compliance with Egyptian Standard Spedi6oa (20 % to 30% water
absorption) [ 21,22 ].
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Fig. 3: Water absorption of the produced brick apeas

2- Bulk density

The summary of the obtained results of the twoesagsted are illustrated in Fig.4. As
shown from this figure the bulk density in the tweries increases with increasing
the addition of cement percent . The values oflihké density of the second series
specimens slightly increased by applying small cactipn force because of denser
arrangement of the particulates within the brick.
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Fig.4: Bulk density of the produced brick specimens

This behavior may be contributed to the positivieafof compaction force
which decreases the void volume . The bulk derdfitthe produced specimens close
enough to the bulk density of the natural limestdméilding blocks(1.86 g/cth ,and
the red brick ( 1.8 — 2 g/cinas given in the Egyptian Standard Specificatiofisand
making red brick [ 21,22 ] .

3. Slake durability test

The slake durability index is defined as the resise of a brick to wetting and drying
cycles [ 23 ] . The Values of index approach zemo $amples that are highly
susceptible to slaking and approach 100 % for sesnigl hard to slake. The results of
slake durability tests given in Table 3 indica@tt the index values increases as
cement percent increases in the two tested setieghe first series , the minimum
value is 92 % at 10 % cement and 96.05 at 18 % wceméile in the second series ,
the corresponding values of index are 94.19 an@e%% respectively . This means that
the compaction force improve the slake durabilitgtex values due to decrease in the
void volume . Finally, the results of the produspécimens in the two cases are more
reasonable in building purposes.

Table 3: Slake durability index values

Slake durability index values , %
Cement , Wt %

Hand making specimens| Compacted specimens

10 92.00 94.19
12 93.85 95.83
14 94.90 97.18
16 95.25 97.77

18 96.05 98.06
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4. Compressive Strength

The compressive strength is the most important fi@stassuring the engineering
quality of a building material . The results of asaring the compressive strength of
the two tested series specimens are illustratdeigrb. The results indicate that the
strength is greatly dependent on the amount of nemdded in the mixture . The
compressive strength in both series increaseseaseiiment percent in the mixture is
increased from 10% to 18%. In the case of the $iesies( hand making method ) at 10
% cement , the compressive strength is 26 kg“ffand at 18 % cement , the value
jumped to 51.2 kgf/chwhile in the second case (mechanical molding nethahe
compressive strength is about 33 kg f 7cand jumped to about 66 kg f/ém
respectively This indicates that applying compaction with snfalice improves the
mechanical properties of the produced brick . Treelpced brick match the Egyptian
standard specifications of red clay bricks( 25%dgf/cnf) [21,22] and can be used in
non-load bearing walls.
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Fig. 5: Compressive strength of the produced spscimens

CONCLUSIONS

The obtained results in this study lead to theofeihg conclusions :

*  The results show that combination of limestomstdand cement can be used in
the production of masonry building bricks with aotzble mechanical properties
which match the Egyptian Standard specificationsnof- load bearing walls
[21,22].

* The added cement in the mixture affects podiitbe studied properties of the
produced bricks.

* Reasonable quality brick can be produced wiHigon of about 13 % cement, in
the mix , which attained strength of 33 kg f fand 45 kg f /crh respectively in
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the two tested series. These values satisfy théresgents for buildings of non —
load bearing walls (25 to 45 kg f/gpf 21,22].

The produced bricks have the following propert23-21 %water absorption ,bulk
density of 1.65-1.68 g/chslake durability of over 95 % and compressive gitien
of 33-45 kgf / crh

The process of mechanical moulding method cailyebe applied in the existing
Egyptian brick plants using semi mechanizationesyst

The positive uses of these wastes produces yseffitable products and decreases
environmental problems for the neighbouring society
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