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Abstract:

The most common greenhouse gas produced by industrial human activity is carbon dioxide (CO,).
Industry point sources contribute significantly to the amount of CO; released into the environment.
The manufacture of cement alone is responsible for about five percent of carbon dioxide emissions
worldwide. Carbon dioxide is permanently fixed in a thermodynamically stable CaCOs through the
carbonation reaction between CO; and suitable calcium compounds. Since carbon dioxide and water
are present in practically every environment, carbonation will occur in all concretes. This article
provides an overview of a recent study on concrete optimization and how carbon dioxide from flue
gas collected from cement kilns can be used to produce concrete more quickly, with lower carbon
emissions, and with better durability and early strength. With regard to cement composition, carbon 397
uptake during a four hour carbonation process attains the 28-day strength through traditional curing

techniques.
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1. Introduction

The earth's environment functions as
a cover to collect solar radiation from the sun,
warming the planet's surface. The natural
composition of the carbon dioxideGHG is
currently being disrupted by the increasing
concentration of carbon dioxide gas in the
atmosphere as a result of human and
anthropogenic activity. Moreover, others
contend that the rise in atmospheric CO; is
responsible for the rise in world
temperatures. More water vapour, and
greenhouse gas, is released into the
atmosphere as the temperature rises. The
majority of experts concur that the world is
warming more quickly than it has in the
previous 10,000 years and that the earth's
atmosphere is becoming more concentrated
in greenhouse gases like carbon dioxide. An
increase in global temperature is predicted to
have a wide range of possible impacts and
repercussions. Since Antarctic ice caps are
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melting, glaciers are melting, and the ocean is
getting warmer, many coastal communities
will be at risk of flooding as a result of rising
ocean levels. It is anticipated that
desertification would be a common tendency
in the tropics. The environment will become
less habitable and viable due to the
devastating effects of global warming on both
humans and the natural world. Greenhouse
gas dominance is carbon dioxide. It is difficult
yet essential to find useful applications for as-
captured or recovered CO; in order to
mitigate global warming. Utilizing recovered
or caught carbon dioxide as a curing agent to
produce carbonated concrete products is one
possible technological use. The procedure is
known as carbonation curing. Since CO; is the
most potent GHG, recent experimentations
on mitigating technology has concentrated on
reducing carbon dioxide emissions. Waste gas
collected from cement kilns and recovered
CO; have both been utilized to cure concrete.
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2. Carbonation Process

Concrete carbonation is the process
by which carbon dioxide (CO;) from curing
combines with cement to produce calcium
carbonate and other chemicals. It s
challenging and crucial to determine the
benefits of as-captured or regenerated CO;
for reducing greenhouse gas emissions. One
important curing process that has been
developed and used for carbonated concrete
products is the use of CO,. When carbon
dioxide (CO;) and water combine, calcium
hydroxide (Ca(OH),) is produced.

Calcium carbonate and hydrates are
created when calcium silicate and aluminates
react with CO,. Cement products exhibit
increased strength and durability after
carbonation. For cement products that are
not reinforced, carbonation could not be
helpful. Since CO; is the most common GHG,
the current work focuses on how to employ
emissions of CO; to aid in the curing process.
Comparing concrete cured by CO; to concrete
cured normally, the qualities of the former are
unaffected.

The weathering carbonation that
naturally takes place within hardened
concrete is not the same as the curing
carbonation process. The phenomenon of

Ca(OH), + 2C0O,
3Ca0 + 2Si0O; + 3H,0 + 3 CO,

Concrete weathering carbonation is a
gradual process that raises concerns in
steelreinforced concrete structures because it
lowers the pH of the concrete, preventing the
reinforcing steel from initially corroding. The
basic idea is that when cement is combined
with water and subjected to carbon dioxide
gas, the cement components C3S and C,S are
instantly carbonized into calcium carbonate
and silica gel. Curing carbonation is an
expedited method of curing concrete in which
gaseous carbon dioxide (GaSe) is injected into
the curing vessel at room temperature,
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weathering carbonation is widely recognized
and has been thoroughly examined. When
cement particles come into contact with
water, the process of weathering carbonation
begins with hydration and ends with natural
carbonation. Concrete weathering
carbonation progresses slowly and causes
concerns in reinforced structures.

As the concrete's pH drops due to
carbonation, the reinforcements begin to
corrode. Low pressure causes the CO; to seep
into the new concrete, turning the gaseous
carbon dioxide into solid calcium carbonate
(CaCOs). Concrete hardens more quickly by
carbonation curing than it does through
steam curing at 75°C because carbonation
curing is a highly exothermic event. Silica gel
and calcium carbonates make up the majority
of the carbonation components.

The use of carbonated concrete
components can increase strength, durability,
and stable dimensions without the need for
reinforcing steel. They work well with
concrete components like cement boards and
blocks. As the molarity of sodium hydroxide
increases, so does the stiffness of the
combination. It is greatly acknowledged that
using CO, reduces carbon footprints. The
weathering reactions of major hydration
products are :

—Ga503+ H20 (I)

3€8€®; + 2Si0, + 3H,0 (ii)

diffused into the fresh concrete under low
pressure, and solidified into calcium
carbonates (CaCOs).

3. Materials and Methods
3.1 Setting up of Curing Chamber

A Glass curing chamber of size
700mmX250mmX250mm with an inlet and
outlet and withholding pressure of
2kg/cm?was prepared. To know the pressure
that is maintained in the chamber, a pressure
gauge was fixed.
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Fig : Carbonation Chamber

3.2 Material Properties

Prior to use, the study determines the qualities of the aggregates and cement. This section

covers the specifics of specimen preparation, raw material, mix proportion and curing.

3.2.1 Raw Material and Mix Proportion

For casting, Ordinary Portland Cement (OPC) of grade 53 is utilized. Table 1 displays the
cement's properties. Crushed stones are utilized as coarse aggregate while manufactured sand
(Fineness Modulus 2.4) is used as fine aggregate. Table 2 displays the attributes of aggregates.

Furthermore, Table 3 displays the mix proportion details.
Table 1 : Properties of Cement

S.No Parameter Value

1 Specific Gravity 3.24

2 Normal Consistency 30%

3 Fineness Modulus 5%

4 Initial Setting Time 58 mins

5 Final Setting Time 6 hrs 53 mins

Table 2 : Properties of Aggregates

S. No Parameter Value
Coarse Aggregate Fine Aggregate
1 Specific Gravity 2.48 2.57
2 Water Absorption 2.8% 1.55%
3 Moisture Content 0% 0%
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Table 3 : Weight Batching of Mix Proportion

S.No Component Wt/Vol (kg/m3)
1 Cement 448.68

2 Coarse Aggregate 1190.67

3 Fine Aggregate 630.45

4 Water 187

3.2.2

Cubes and Curing

Using a pan mixer, the concrete is
prepared at room temperature. To create a
homogenous mixture, the cement and fine
aggregates are added to the mixer one after
the other and mixed. Water is then added,
finishing the mixing procedure. Following
mixing, the concrete mixture is cast into 150
mm cube moulds, three samples each. For
maximum strength, the concrete cubes are
cured for a period of twenty eight days. By
immersing the sample in a water tank for
twenty eight days, the curing process helps to
preserve the moisture on the sample's
surface. For CO; curing, the remaining cube
specimens are likewise put into an airtight
container. For approximately 3 days, the valve
permits CO; to enter the container; after that,
it is subjected to air curing for 4 days . The
cubes take 7 days to cure in total under
carbon curing, at which point their
characteristic strength is ascertained.
4, Results and Discussions

Quick strength gain can be achieved
using Carbon Dioxide (CO;). Because the
CaCOs in cement is unstable, using CO, gas
will stabilize it causing the cement to connect
to other concrete components. Since carbon
contributes to the acceleration of global
warming, using carbon as a curing agent in
concrete lowers the carbon element in the
atmosphere. Also curing for just four days is
adequate, yielding quick strength gain. But
issue with Carbon curing is that it is not
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suitable for RCC architecture. CO; causes the
reinforcement bar in the RCC construction to
erode.

Compressive Strength Testing
Machine (CTM) is used to test the cubes
under standard loading conditions after they
have undergone regular curing and CO;
curing. Figure below depict the outcomes that
were identified. The Fig shows the
compressive strength of M30 design concrete
cubes that were cured in water for seven and
twenty-eight days and CO; cured,
respectively. After seven and twenty eight
days of regular curing, M30 grade concrete
reaches strengths of 22.90 MPa and 38.01
MPa. The creation of calcium silicate hydrate
(CSH) gel, constant monitoring of the ongoing
hydration process, and rigorous curing of the
cubes at regular intervals are all responsible
for these outcomes.

The Fig below shows that M30
concrete with CO; curing for seven days yields
a strength of 75.8% (18.95 Mpa), which is
more needed in construction that moves
quickly. This quicker outcome is the
consequence of a reaction between calcium
hydroxide and CO, that produces calcium
carbonate, silica hydrates, and aluminates.
However, the M30 CO, cured specimens,
reaches up to more than 100% ( 34.67 Mpa)
of strength in 4 days of CO, and 3 days of Air
curing process.
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Fig : Carbon Cured Concrete Cubes

6. Conclusions experimented. It was found out that, in
In the currentscenario, the impact of comparison to specimens cured in water,
Carbon curing versus conventional curing on those cured in CO, have attained higher

concrete’s  compressive  strength  was
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strength in less time. The experiment’s

findings lead to the following deductions :

a) Four days of Carbon curing & 3 days of Air
curing gives 75.8% higher strength than
that gained with 28 days of water curing.
Carbonation of CaO based cementitious
materials is possible in this time period of
7 days.

b) The continuous CO, supply approach has
shown to be both practically and
technically possible when utilizing carbon
cylinders.

c) Portland cement has proved to be the
most effective binder for carbon
dioxideincorporation that promoted both
strength achievement and mass gain.

d) Water is essential for carbonation to
occur. It would be necessary to conduct
more research to determine whether
using moist CO; is a viable strategy for
increasing carbonation efficiency.
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