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This paper describes the CO2 capture performance of cement blended paste incorporating gamma-dicalcium
silicate (gamma-C2 S) made with industrial by-products, by taking into consideration of eect of CaCO3 , y ash
replacement ratio under the sintering process. X-ray diraction method was conducted in order to quantitatively
investigate the gamma-C2 S content. CO2 capture performance of mortar sample incorporating gamma-C2 S was
investigated by means of compressive strength test using accelerated carbonation chamber. The experimental
results revealed that the kind of CaCO3 would aect the aect the formation of gamma-C2 S after the sintering
with respect to the XRD-Rietveld analysis. Moreover, it is conrmed that compressive strength of mortar sample
incorporating gamma-C2 S has the same tendency at curing age of 3, 7 and 28days. Blended mortar sample made
with 10 wt.% replacement ratio of gamma-C2 S had high compressive strength value compared to normal mortar
sample, therefore, incorporating gamma-C2 S had a positive eect on the compressive strength after accelerated
carbonation. Finally, the waste foundry sand powder may be alternative to produce gamma-C2 S.
DOI: 10.12693/APhysPolA.127.1282
PACS: 81.05-t
rst part develops the gamma-C2 S contents of clinker

1. Introduction

Concrete, which consists of water, cement, ne and
coarse aggregates, has been widely used for a long time
in the civil engineering and construction eld all over
the world, as many benets such as low cost, extremely
strong compression and so on. However, although there
are many advantages, there are some disadvantages that
the use of high cement contents in the manufacturing cement product can occur the high amounts of CO2 , lead-

made with dierent waste CaCO3 , waste foundry sand
and y ash of uidize-bed boiler under the sintering process. The second part concerns with CO2 capture performance of the cement blended mortar sample incorporating synthesized gamma-C2 S with respect to compressive
strength before and after accelerated carbonation curing.

Details of the experimental plan and investigated

gamma-C2 S blended cement samples are given below.
2. Experimental

ing to the atmospheric environmental pollution. One of
the few ways of reducing CO2 emission migration are
that admixtures such as y ash, blast furnace slag as
partial replacement of Portland cement use in the cement
blended systems [1]. Another approaches to the reducing
atmospheric environmental pollution are CO2 capture
and storage technology in cementitious composite incorporating gamma-dicalcium silicate, which called GammaC2 S [2]. Gamma-C2 S, which provides non-hydraulic materials, is a promising material for reducing CO2 emission.

There are many studies in the literatures that

have dealt with gamma-C2 S from CaCO3 and CaO, and
sand [35].

However, the development of gamma-C2 S

incorporating industrial by-product like waste foundry
sand powder was limited. The waste foundry sand pow-

The experimental work in this study consists of two
parts.

The rst part deals with gamma-C2 S product

made with waste CaCO3 and waste foundry sand powder
after the sintering. The second part concerns with CO2
capture performance of the mortar sample incorporating
the synthesized gamma-C2 S with respect to the carbonation test, considering the gamma-C2 S replacement ratio
and curing age. Synthesized gamma-C2 S were conrmed
by the X-ray diraction Rietvelt method. And compressive strength were investigated to identify the eect of
gamma-C2 S on CO2 capture behavior.

Details of the

experimental plan and investigated gamma-C2 S blended
cement samples are given below.

2.1. Raw materials used

der has high SiO2 contents, thus, it may be alternative
regarding gamma-C2 S manufacturing. The main objec-

The physical properties and chemical composition of

tive is to investigate the CO2 capture performance of ce-

ordinary Portland cement (OPC), two types of CaCO3 ,

ment blended paste incorporating gamma-C2 S. The ex-

waste foundry sand (WFS) powder and uidize-bed

perimental work in this study consists of two parts. The

boiler y ash are shown in Table I and II. The waste
CaCO3 with Yongyun (Y-CaCO3 ), Dogae (D-CaCO3 )
and waste foundry sand powder were used to create
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gamma-C2 S. As shown in the Fig. 1, y ash of uidizebed boiler that industrial by-products material were consist of CaO and CaSO4 .
(1282)
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their samples were sealed using a plastic bag at 20

◦

C for

28 days. The compressive strength of the cured mortar
samples at curing age of 3, 7 and 28 days was tested by
means of universal testing machine (UTM). This is no
carbonation case.
In carbonation case, casted mortar samples after 3 days
were moved into carbonation chamber at condition of
10% of CO2 concentration, 20

◦

C and 60% RH. After

curing age of 28 and 56 days, compressive strength test
of all investigated mortar samples after carbonation was
conducted by UTM to investigate the eect of gammaC2 S on carbonation. Three samples were tested and their
average values were reported.
3. Results and discussion

Fig. 1. X-ray diraction patterns of y ash.
Physical and chemical properties of OPC.
TABLE I
SiO2 Al2 O3 CaO MgO Fe2 O3 Na2 O K2 O SO3 Specic Blaine
gravity [cm2 /g]
17.30 4.08 66.50 3.02 3.13 0.09 1.33 3.25 3.15
3.412

3.1. Synthesized gamma-C2 S contents with dierent
types of CaCO3
The gamma polymorph of dicalcium silicate (C2 S)
forms at temperatures about 550
to gamma conversion.

◦

C through the beta

This conversion involves a rota-

tion of the SiO4 tetrahedral and large movements of calcium atoms with an accompanied volume increase of 12%

2.2. Sintering process

causing a break up into small particles, a phenomenon
known as dusting, as shown in Fig. 2. X-ray diraction

Two types of CaCO3 was used to investigate the eect

patterns of XRD analysis of the sintered clinker made

of CaCO3 on the gamma-C2 S content after sintering, the

with D-CaCO3 , Y-CaCO3 and WFS powder represents

mix proportion with 5:1 (by weight) of CaCO3 and waste
foundry sand powder was designed [6]. The raw materials were dried at 105

µm

than 75

◦

C for 24 hrs and then milled less

before sintering. They were mixed with ball

mill for 60 min and pressed at 20 MPa. After pressed,
the obtained clinker was exposed to sintering temperature (10

◦

C/min) at 900

subjected to 1450

◦

◦

C for 30 min and they were

C for 30 min using electric furnace.

Then, the sintered clinker was cooled in room temperature. The produced materials were milled using ball mill
at 400 rpm for 1 min, and sieved less than 106

µm.

in Fig. 3.

From the gure, in the case of peak inten-

sity of gamma-C2 S in the sample incorporating D-CaCO3
sample was higher than that of Y-CaCO3 sample after
the sintering.

To quantitatively evaluate the gamma-

C2 S contents of the sample after sintering, XRD-Rietveld
analysis was performed. From the observation above, the
types of CaCO3 can aect the Gamma-C2 S contents with
respect to the XRD-Rietveld analysis, therefore, the YCaCO3 sample was chosen in order to avoid the decrease
of gamma-C2 S contents after sintering.

2.3. Preparation of samples and testing methods
After sintering, XRD-Rietveld analysis (Rigaku Ultima
II diractometer, Japan) was performed in order to conrm gamma-C2 S content in the clinker.

In mortar ex-

periment, water to cement ratio (W/C) and cement and
sand (C/S) were 0.5 and 1:3.

Gamma-C2 S content re-

placement ratios were 0, 5 and 10 wt.% by cement. Each
material was mixed 2 minutes using a mortar mixer and
then casted in prism with dimension of

40×40×160 mm3

for 1 day. After casting, they were cured at 40

◦

C for 3

days as accelerated high temperature curing to evaporate the water within the mortar sample, because the
relative humidity can aect the CO2 carbonation. Then

Chemical and physical characteristics of
raw materials.
CaO CO2 SiO2 Al2 O3 MgO K2 O Fe2 O3

TABLE II

Fig. 2. Phenomenon of dusting.

3.2. Eects of retention time and y ash replacement
ratio on the gamma-C2 S
The results of the XRD-Rietveld analysis of clinker
with y ash replacement ratios varies as 0, 0.5, 1.0, 3.0
and 5.0 wt.% are given in Table III and Fig. 4. Retention time of clinker in the sintering process was 30 min.
It is found from the gure that when the y ash replacement ratios increase from 0 to 5.0 wt.%, the con-

SO3

B2 O3 Other LOI

Y-CaCO3 51.80 41.10 3.28

2.09

0.50 0.48

0.40

0.0285

-

0.32

41.10

D-CaCO3 51.80 43.60 0.68

tents of gamma-C2 S decrease with increasing the y ash

0.34

2.98 0.09

0.37

0.0366

-

0.10

43.60

replacement ratio after sintering, suggesting that addi-

WFS

0.13

-

97.00

1.83

0.05 0.34

-

-

-

0.65

-

Fly ash

65.61

-

1.15

0.56

2.57

0.62

21.48

2.14

5.87

-

tion the y ash was found to have negative eect on the

-
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Contents of gamma-C2 S with dierent y TABLE III
ash replacement ratio by means of XRDRietvelt analysis.
Prole ID

Fly ash replacement ratio
by weight of CaCO3
0% 0.5% 1.0% 3.0% 5.0%
Dicalcium silicate 91.4 78.3 74.6 60.6 37.5
Ca2 (SiO4 )
Calcium silicate
0.3
1.2
1.6
1.3
Ca2 SiO4
Calcium silicate
Ca(SiO3 )
Lime - CaO
11.4 9.3 11.9 16.0
Larnite
7.7 19.0 38.6
Ca2 SiO4
Akermanite
8.6
Ca2 Mg(Si2 O7 )
Hatrurite
10.0 7.2
6.9
6.6
Ca3 SiO5
Total
100.0 100.0 100.0 100.0 100.0

Fig. 3. X-ray diraction patterns of XRD analysis of
calcined powder made with CaCO3 and waste foundry
sand powder.
clinker sintered with respect to the XRD-Rietveld analysis. In addition, there is no clear explanation for this phenomenon. A possible hypothesis is due the fact that the
y ash would have an impurity contents and B2 O3 content.

Therefore, the gamma-C2 S content seemed to be

governed by the impurity contents and present of B2 O3 .
According to previous studies, beta-C2 S to gamma-C2 S
conversion can be suppressed by rapid cooling and/or by
addition of suitable impurity ions such as boron [7].
Relationship between gamma-C2 S content and retention time presents in Fig. 5.

It is conrmed that con-

tents of gamma-C2 S increase with increasing the retention time, and contents of gamma-C2 S for 30 and 60 min
were 60.6% and 80.5% due to the fact that long retention
time causes heat of retention time.
The result of the XRD-Rietveld analysis of clinker sin-

Fig. 5. Relationship between gamma-C2 S content and
retention time.

tered with y ash replacement ratios clinker with 3 wt.%
of y ash replacement ratio as shown in Fig. 5.

3.3. Change of compressive strength before and after
CO2 Exposure
Figure 6 shows the result of compressive strength
for gamma-C2 S blended cement mortar samples with
gamma-C2 S replacement ratio of 0, 5 and 10% by weight
at curing age of 3, 7 and 28 days. This case was no acceleration carbonation case. From the gure, in comparison to normal mortar sample with 0 wt.% gamma-C2 S,
the compressive strength of mortar samples with 5 and
10 wt.% of gamma-C2 S replacement ratio appeared to
have the same tendency, implying that incorporating the

Fig. 4. Yield of gamma-C2 S by y ash replacement ratio.

gamma-C2 S did not aect the compressive strength in
the investigated mortar samples.
Figure 7 shows the result of compressive strength for
gamma-C2 S blended cement mortar samples after accelerated carbonation curing at 10% of CO2 concentration,
20

◦

C and 60% RH. In this case, the mortar samples after

28 days were tested.

After carbonation, it can be seen

from the gures the investigated sample with 10 wt.%
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4. Conclusion

In this study, the eects of raw materials with different waste CaCO3 , waste foundry sand and y ash of
uidize-bed boiler on gamma-C2 S development were investigated by means of XRD-Rietveld analysis and compressive strength under accelerated carbonation curing.
It was found that gamma-C2 S content under the sintering process depends on the types of CaCO3 , high gammaC2 S contents were obtained from D-CaCO3 with waste
foundry sand. As the retention time increases for 30 and
60 min, gamma-C2 S contents would increase due to the
heat of formation in the clinker under the sintering process. After carbonation, compressive strength of blended

Fig. 6. Change of compressive strength with investigated mortar sample before carbonation.

sample made with 10 wt.% replacement ratio of gammaC2 S would increase in comparison to the normal mortar
sample. This nding would be due to the reason that the
gamma-C2 S reacts with CO2 and then produces CaCO3
phase, leading to the densication of cement matrix.
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