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Abstract: : Limestone calcined clay cement (LC?) is a new type
of cement blended with 15% limestone,50% clinker,5% gypsum
and 30% clay. The production of LC2 can reduce CO2 emissions
up to 30% as compared to that of OPC. The utilization of
calcined kaolinite clay as alternative material for bond is a choice
to relieve the ecological effect. In this work, Mechanical
properties of LC® like fineness, consistency, initial and final
setting time, compressive strength with different clinker
proportions (40%, 50%, 60%) at different calcined kaolin clay
(40%, 30%, 20%) at a temperature 450°C were studied by casting
mortar cube specimens and concrete cubes were tested and the
results were compared with strength of OPC mortar and concrete
cubes. For durability study of LC® concrete, LC® and OPC
concrete cubes were exposed to chloride attack (NaCl) and
sulphate attack (MgSOa) and the results were compared.

Index Terms: Calcined kaolin clay, clinker, compressive
strength, Gypsum, Limestone.

l. INTRODUCTION

The utilization of supplementary cementitious materials
(SCMs) to replace some portion of the clinker in cement is
the best system to decrease CO, emissions in the worldwide
cement industry. In any case, the limited supply of SCMs in
many countries and regions is an obstacle to more extensive
use. Today>80% of SCMs used to decrease the clinker
factor in cement or limestone, fly ash or slag. Calcined
clays, especially in blend with limestone can possibly
expand the utilization of beneficial cementitious materials as
a partial substitution of clinker in cement and concrete. This
paper mainly focuses on the Limestone calcined clay cement
(LCO).
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Limestone is also known as calcite, marble, chalk,
aragonite in few places.

In LC2 production, a new type of ternary blend cement,
containing 50% clinker, 30% calcined clay, 15% limestone,
5% gypsum was carried out in India. Calcination of clays
was carried out in static kilns used in fire potteries and
ceramics. Crushing and blending of cement was done at a
cement grinding unit.

In LC3, by adding large amount of calcined clay and ground
limestone to concrete mixtures, the aluminates obtained in clay
interact with calcium carbonates from the limestone

In the environmental point of view, limestone calcined
clay cement is a low-carbon alternative when compared to
Portland cement. It can reduce CO2 emissions in the
manufacturing of cement by reducing the clinker content,
replacing it with limestone and calcined clay. Low grade
kaolin clays can be utilized for the production of LC? and
are abundantly available at various places of world. It is cost
effective and does not require capital investments and can be
obtained in existing plants.

A. Clinker

In the manufacture of cement, clinker forms as lumps.
Clinker comprises of different calcium silicates including
alite and belite. Tricalcium aluminate and calcium
aluminoferrite are different common components. These
components are frequently created in-situ by heating
different clays and limestone. Portland cement clinker is
made by heating homogeneous blend of raw materials in
rotary kiln at high temperature.

B. Limestone

The principle particle of limestone is calcium carbonate
(CaC0s3). Limestone can be directly prepared into
aggregated rock and calcined into quicklime. Lime are of 2
types: Quicklime and slaked lime. The main component of
quicklime is CaO, when it is with high purity it looks white
and when it is impure, it looks pale grey or faint yellow.

C. Gypsum

It is a soft sulfate mineral consists of calcium sulfate
dihydrate and having a chemical formula CaS04.2H0.
Gypsum plays a vital role in controlling the rate of
hardening of cement. Gypsum was used to control the
setting of cement. Percentage of gypsum used in cement is
about 2-8%, but typically 5%.

D. Kaolin clay
Kaolin is a hydrated
aluminum silicate crystalline
mineral (kaolinite), formed
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from weathered granite located beneath the earth’s surface.
The world’s largest reserves of premium kaolin are situated
in United States and Brazil.

1. RESEARCH SIGNIFICANCE

For every 20 tons of man-made CO; that enters into the
atmosphere which was obtained from the kilns of cement
factories. Emissions formed in cement production are of
three ways:

a. From the production of electrical energy, raw materials
and clinker were grind.

b. From the fuel burned to heat, the raw materials in a kiln
at 1450°C to form clinker.

c. When limestone is heated, it converts into lime and
COa.

d. These emissions represent 60-65% of the total
emissions were linked to cement production. So, by
reducing the amount of clinker in cement, the amount of

e. CO;inatmosphere also reduces.

f.  To reduce CO,emissions and the cost-effective cements
- LC® was used.

1. MATERIALS

In this study the experimental work is done by using these
materials.
Ordinary Portland cement
Clinker
Calcined clay
Limestone
Gypsum
Admixture
Coarse aggregate
Fine aggregate

NGk~ wWNE

A. Ordinary Portland cement

Ordinary Portland cement was used in this experimental
work. OPC 53 grade was preferred. This grade was
introduced in the country by BIS in 1987 and commercial
production started from 1991. Appearance of this grade in
the nation owes it to the enhanced innovation adopted by
modern cement plants.

The experimental work was done with OPC 53 grade
attains higher strength.

B. Clinker

Clinker product is collected from the cement factory
which was collected in the form of lumps. These lumps were
powdered by using Los Angles Abrasion testing machine.
Then they obtained powder was sieved in 90 microns. This
clinker powder was used in this experimental work.

C. Calcined clay

Kaolin clay was used in this work and it is in white color.
This kaolin clay was heated to 450°C in muffle furnace.
When the clays are calcined then chemically attached
hydroxyl groups were removed, making the clay amorphous
and reactive.

D. Limestone

The main particle of limestone is calcium carbonate.
Limestone used in the work was faint yellow color.
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E. Gypsum

The chemical composition of gypsum is CaSO4.2H,0. It
acts as a retarder. Gypsum delays the setting of cement in
hot climates.

F. Coarse aggregate

The coarse aggregate was used from the batching plant in
our university. Flakiness and elongation index were
maintained. To arrest voids cubes were cast with a
combination of 30% 10mm and 70% 20 mm aggregates.
The specific gravity of coarse aggregate was 2.81.

G. Fine aggregate

River sand was used as fine aggregate which was from
our batching plant according to the recommendation of IS-
383. The specific gravity of fine aggregate was 2.6.
Generally, zone -1l sand was used.

H. Admixture

To increase the workability of concrete admixtures are
used. Admixtures such as super plasticizer were used from
our laboratory at a volume of 0.5%. This can be done
according to ASTM C-494. These are high water reducing
agents which reduces water up to 20%.

(AVA EXPERIMENTAL WORK

The experimental work was carried out by casting motor
cubes and concrete cubes. The dimensions of mortar cubes
were 75x75x75 mm and concrete cube dimensions were
150x150x150 mm. the mix design was done on M30 grade
of concrete which was done according to 1S10262-20009.
The mix proportions are as shown below.

Table I: Mix design

S | Cement agFgIPeZa Coarse Sp
o aggregate | w/c
& | Gy | te | T (kg/m?)
(kg/m?3)
M30 380 826.29 1010.56 | 0.45 1.9
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A. OPC mortar cubes

For this mortar cubes, consistency test was carried out by
taking 300gms of cement in vicat apparatus and add
different percentages of water. After adding water to the
cement, the cement test is mixed thoroughly and placed it
aside for 3 to 5 minutes. Then that cement paste was placed
in vicat mould. The water content was known by penetration
of the plunger into the cement paste. The penetration should
be of 5 to 7 mm from the bottom of the vicat mould.

The water content was calculated and then mortar cubes
were cast by using three types of sands, one is passing
through 2.36 mm sieve and retains on 1.18 mm sieve,
another sand was passed through 1.18 mm sieve and retains
on 500 microns sieve, and the last type of sand is passing
through 500 microns sieve and retains on 90 microns sieve
as per 1S 4031-part 4.

For the casting of mortar
cubes (shown in Figure 1) for
every type of sand 200gms of
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sand is collected and 200gms of cement was collected. This
cement and sand were mixed thoroughly and then add water
of 90ml and mixed thoroughly. After applying grease to the
mortar mould place

the mould on vibration testing machine then add this mortar
into the mould by tamping each layer. These mortar cubes
were cured and tested for 3, 7 and 28 days.

Figure 3: Concrete mould

For LC® cement different proportions were used by
varying clinker and kaolin clay percentages and limestone
and gypsum percentages were maintained constant. The mix
proportions were noted below:

Table 11: Mix proportions

Figure 1: Mortar cube mould

B. Workability Mix Clinker g:;lm Limestone | Gypsum
For the workability of concrete slump cone test was 1 40% 40% 15% 5%

conducted. According to IS 456-2000 code, the workability 2 50% 30% 15% 5%

obtained was 100 as shown Figure 2 below. 3 60% 20% 15% 5%

D. LC3 mortar cubes

Mix-1: The consistency test was same as OPC. The slight
variation is cement. This mix consists of 40% of clinker,
40% of kaolin clay, 15% of limestone, and 5% of gypsum.
To this mix water was added and mixes thoroughly and
places it in vicat mould. Then by the penetration of plunger
water content for mortar cubes were noted. For this mix
mortar cubes were cast.

Mix-2: The consistency test was same as OPC. The slight
variation is cement. This mix consists of 50% of clinker,
30% of kaolin clay, 15% of limestone, and 5% of gypsum.
To this mix water was added and mixes thoroughly and
places it in vicat mould. Then by the penetration of plunger
water content for mortar cubes were noted. For this mix
mortar cubes were cast.

Mix-3: The consistency test was same as OPC. The slight
variation is cement. This mix consists of 60% of clinker,
20% of kaolin clay, 15% of limestone, and 5% of gypsum.
To this mix water was added and mixes thoroughly and
places it in vicat mould. Then by the penetration of plunger
water content for mortar cubes were noted. For this mix
mortar cubes were cast.

Figure 2: Slump cone test

C. PC concrete cubes

OPC concrete cubes were cast. While casting the concrete
mix was placed in the cubes specimen (Figure 3) in three
layers. Every layer is compacted by tamping rod of 16 mm
diameter and 610 mm length should be tamped evenly with
25 strokes per layer. After casting was completed then these
cubes were cured for 7, 28 days.
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Figure 4: Vibration testing machine

E. LC® concrete cubes

LC3 concrete cubes were cast by placing concrete mix in
the cubes in three layers. By placing each layer and then
place the mould on vibrator as shown in figure 4 for less
than 1 minute.

For the three mix proportions, concrete cubes were cast
by varying the clinker and kaolin clay contents. These cubes
were cast and cured for a period of 7 and 28 days

V. RESULTS AND DISCUSSIONS

For LC® and OPC, the properties like standard
consistency, initial and final setting time were noted below.

Table I11: Physical properties of cements

Property Mix-1 Mix-2 Mix-3 OPC
Standard
consistency (%) 40 36 30 33
!nltlal s_ettlng 90 % % 00
time (minutes)
_Flnal setting 180 180 180 100
time (minutes)

Table IV: Specific gravity of materials

OPC LC? Coarse aggregate | Fine aggregate

3.14 2.7

2.81 2.6

A. Compressive Strength

The tests were performed under the compressive testing
machine for cubes. For ultimate failure of the specimen this
compressive strength test was most commonly used and
then strength acquired by the specimen has been noted. At 7
days and 28 days testing the average results were recorded.

The OPC and LC® mortar cubes were tested under the
compressive testing machine and the compressive strength
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results were noted for 3 days, 7 days, and 28 days. As shown
in Table V to VIII.

Table V: Compressive strength for OPC mortar cubes

Trial Compressive strength for OPC
3 days 7 days 28 days
1 12.4 19.5 28.48
2 16 21.3 32
3 19.5 24.8 28.4
Average 15.9 21.867 28.96

Table VI: Compressive strength for LC?® mix-1 mortar

cubes
Trial Compressive strength for LC3
3 days 7 days 28 days
1 10.66 12.4 17.7
2 8.8 14.2 19.5
3 7.11 16 23.1
Average 8.85 14.2 20.1

Table VI1: Compressive strength for LC3 Mix-2
mortar cubes

Trial Compressive strength for Mix-2
3 days 7 days 28 days
1 11.15 14.2 19.55
2 10.76 16.54 21.06
3 9.16 17.88 24.99
Average 10.35 16.20 21.86

Table VIII: Compressive strength for LC® Mix-3
mortar cubes

Trial Compressive strength for Mix-3
3 days 7 days 28 days
1 13.23 17.52 24.11
2 15.56 18.24 25.28
3 14.21 20.55 26.29
Average 14.33 18.80 25.66
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Figure 5 shows the compressive strength values for OPC
and different LC® mixes were shown that compressive
strength of OPC will give better results compare to mix-1,
mix-2, mix-3 for different curing’s of 3 days, 7 days, and 28
days.
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Figure 5: Mortar cube compressive strengths for
different mixes

Similarly Table 1X shows the compressive strength of

OPC and LC3 for 7 days and 28 days curing period.

Table IX: Compressive strength of different mixes

Compressive strength
§  orc Mix-1 Mix-2 Mix-3
7D | 28D | 7D | 28D | 7D | 28D | 7D | 28D
11213 | 40 | 44 8 9.7 1163 |155| 20
21291|515| 44 | 6.2 | 168|186 | 146 | 213
31292502 | 53 | 71 |133 222|155 244

The compressive strengths for concrete cubes were shown
in Figure 6
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Figure 6: Comparison of different proportions on
compressive strength

Figure 7: LC® Mix 1 cubes
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Figure9: LC? Mix 3 cubes

The concrete cubes were cast and shown in Figure 7,
Figure 8, and Figure 9 for Mix-1, Mix-2 and Mix-3
respectively. And the cubes were tested on compression
testing machine was shown on Figure 10.

Figure 10: Cube on compression testing

machine
B. Durability

Table X: Compressive strength for exposed specimens
Designation Mix-1 Mix-2 Mix-3 Mix-4
Conventional 47.25 37.77 40.01 42.22
Chloride 46.66 | 3672 | 3952 | 41.38

attack
Sulphate | 4567 | 3525 | 3820 | 4063

attack

Table X shows the compressive strength of concrete cube
specimens for 28 days curing exposed to chloride and
sulphate attack. Compare to
chloride attack specimens
with specimens of sulphate
attack is gives better strength
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values are graphically shown in Figure 11 below. Mix-3 is very low, when compare to Mix-2, Mix-1, and
OPC specimens are graphically shown in Figure 13 below.
48
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Figure 11: 28 days durability values

Figure 13: Specimen weights exposed to sulphate attack
Table XI: Specimen weights exposed to chloride attack

Chloride attack VI CONCLUSIONS
Weight After performing the experimental work the following
before 8.498 | 8.585 | 8.596 | 8.608 conclusions were made.
dipping e |t was observed that the compressive strength value was
Weight more for mix-3.
after 8.365 | 8.49 8.51 8.53 e When clinker content increases and clay content
dipping decreases then the strength increases.
e For durability point of view mix-1 was having low
Table XI shows that specimen’s weighs exposed to sulphate attack and chloride attack.
chloride attack gives that reduction of weight for Mix-3is e  When compared to OPC, LC3 was having low strength
very low compare to Mix-2, Mix-1, and OPC are graphically when calcinations were at 450°C.
show in Figure 12 below.
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