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Abstract
The concerns about greenhouse gas emissions have triggered investigations among the scientific community. The accel-

erated carbonation curing has been used as a tool to capture CO2 at early stages of cement-based material fabrication. In a

previous study, the authors quantified the amount of CO2 captured in portland cement pastes by thermal analysis, at high

relative humidity precure conditions. In the present work, the authors quantified the amount of CO2 captured in binary

pastes derived from engineered cementitious composites (ECC), a family of composites worldwide used, whose one of

their features is the precure at low relative humidity conditions. Two types of ECC pastes (1.2 and 2.2) were submitted to

4 h and 24 h of accelerated carbonation after 24 h of initial hydration. Using thermogravimetry and derivative thermo-

gravimetry, the amounts of captured CO2 and respective carbonation degrees were quantified. The results showed that ECC

paste 1.2 presented the highest values of captured CO2 and carbonation degree, considering all reactive components. In

contrast, ECC paste 2.2 presented the highest values of these two parameters, when considering only portland cement as

reactive component. For both pastes, the hydration degrees of the carbonated samples were higher than those of the non-

carbonated references, indicating that in the used operating conditions, carbonation enhances ECC paste hydration.
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Introduction

Cement plants are recognized to be responsible for 5–7%

of the total greenhouse gas emissions and the subsequent

global warming effects. Consequently, in the last two

decades, the use of accelerated carbonation to capture CO2

in cement-based materials, without steel reinforcement, at

early ages has been studied by many authors, as a strategy

to reduce the carbon footprint [1–4].

Neves Junior et al. [5–7] have been studying the optimal

conditions of CO2 capture, to attain the highest mechanical

resistance after carbonation. Using pastes of high initial

sulfate-resistant portland cement prepared at high relative

humidity precure conditions commonly found in precast

industries, they optimized the environmental conditions to

increase the capacity of controlled CO2 absorption,

reaching 7–15% of CO2 capture on initial cement mass

basis. By the incorporation of wastes in concrete, other

authors have used accelerated carbonation to enhance

mechanical properties [8–10]. The technology of cement-

based materials has been expanded, by the integration of

carbonation curing with precast concrete processing

[11, 12]. High reactive mineral additions have been used to

improve the CO2 uptake in concrete, such as kiln dust [9],

slag and reactive MgO [13–15].

Chemically, the effectiveness of the use of accelerated

carbonation curing occurs at early ages of hydration, when
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calcium hydroxide (Ca(OH)2), produced from cement

hydration, is available to react, as shown in reaction R-1:

CO2 þ Ca OHð Þ2! CaCO3 þ H2O ðR� 1Þ

The Ca(OH)2 formed during cement hydration can be

consumed partial or totally by pozzolanic silicate and

aluminosilicate glasses, such as those present in fly ash,

forming additional C–S–H and C–A–S–H phases in

cement–pozzolan matrices [16]. When these matrices are

carbonated, depending on the hydration age, concentration

and extension of CO2 exposure and, when Ca(OH)2 is

totally carbonated or it is absent, carbonation of calcium

silicate hydrated (C–S–H) and calcium aluminosilicated

hydrated (C–A–S–H) phases occurs, leading to a decalci-

fication and formation of an amorphous silica gel, as shown

in reactions R-2 and R-3 [6, 17]:

3CaO � 2SiO2 � xH2Oþ 3CO2 ! 2SiO2 � xH2Oþ 3CaCO3

ðR� 2Þ

3CaO � 2Al2O3 � 2SiO2 � xþ yð ÞH2Oþ 3CO2

! 2Al2O3 � xH2Oþ 2SiO2 � yH2Oþ 3CaCO3 ðR� 3Þ

Calcium silicates can also react with CO2, generating C–

S–H and CaCO3, which explains the rapid strength gain in

adequately moistened conditions, according to reactions R-

4 and R-5 [18, 19]:

3 3CaO � SiO2ð Þ þ 3� xð ÞCO2 þ yH2O

! xCaO � SiO2 � yH2Oþ 3� xð ÞCaCO3 ðR� 4Þ

2 2CaO � SiO2ð Þ þ 2� xð ÞCO2 þ yH2O

! xCaO � SiO2 � yH2Oþ 2� xð ÞCaCO3 ðR� 5Þ

Despite of these three scenarios, at early stages of

hydration, reaction R-1 primarily governs the carbonation

reactions, occurring before the other carbonation reactions,

because Ca(OH)2 is more soluble than the other compo-

nents that can be carbonated [20, 21].

Moreover, beyond the benefits on the mechanical

improvement using CO2 to treat cement-based materials,

the estimative of the amount of effective CO2 absorbed has

been pursued due to economic purposes, such as carbon

credit trades. In addition, the authors have used thermo-

gravimetric analysis (TG) on initial cement mass basis

[7, 22–24] to quantify accurately the amount of CO2 cap-

tured by such cement-based materials and to better study

other cementitious materials hydration systems as well

[24, 25].

However, among the ways measuring the amount of

captured CO2, the mass changes have been monitored by

an easy estimated approach, which is based on the mass

gain of the sample during carbonation, caused by the added

CO2 mass, as shown in reaction R-1, during which water is

formed:

CO2 þ Ca OHð Þ2! CaCO3 þ H2O ðR� 1Þ

This causes porosity changes in the cementitious matrix,

now filled with the formed CaCO3 particles, which affects

the density and the final mass. To measure the CO2 uptake

by mass gain, many authors [12, 26–28] have used Eq. 1:

CO2; uptake% ¼ Massafter;CO2
�Massbefore;CO2

þMasswaterloss

Massbinder

ð1Þ

where CO2; uptake% is the mass of CO2 absorbed on initial

binder mass basis; Massafter;CO2
is the sample mass after the

CO2 treatment; Massbefore;CO2
is the sample mass before the

CO2 treatment; Massbinder is the binder mass present in the

sample; and Masswaterloss is the mass of water lost by the

sample during the treatment.

Therefore, by Eq. 1, knowing the reactive mass added to

the sample and using a simple weighing scale is relatively

simple to estimate the CO2 captured. However, to increase

the effectiveness of the carbonation, the optimal relative

humidity inside the chamber must be maintained between

60 and 80% [7, 12, 26–29]. This partially water-saturated

ambience causes vaporization of the water from the sample

(Masswaterloss), which has been usually estimated by the

gain in mass of absorbent papers (or towels) used to absorb

the condensed water inside the carbonation chamber.

Besides this fact, the literature is not clear detailing exactly

how this vaporized water is quantified [29].

Moreover, it is difficult to believe that all the water lost

from the sample will be totally collected by the absorbent

used devices. In addition, very probably, part of the

released water may also condense on devices or parts

inside the chamber, such as sensors, other solid faces or

chamber internal walls. It must be noted that, if silica gel is

used as the absorbent, depending on its amount, some loss

during handling is also critical, leading to wrong results

and/or conclusions.

In all these scenarios of accelerated carbonation treat-

ment [12, 26–28], the water is always considered lost from

the samples, without considering a possible absorption of

water from the chamber, when the water content of the

sample is very low.

Another way to determine the CO2 uptake is based on

the mass of reacting components [29], which is given by

Eq. 2:

CO2captured;% ¼ Mass of reacted CO2

Massbinder
� 100% ð2Þ

In this case, Massbinder is the mass of reactive materials

in the sample, which usually is the mass of cement, and the

mass of reacted CO2 can be directly calculated by ther-

mogravimetry. However, the TGA users simply estimate

this mass of reacted CO2 on the initial sample mass basis,
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which leads to divide this value by the mass of reactive

materials with CO2. The thermogravimetry on the initial

cement mass basis has been used by the authors to calculate

the amount of CO2 captured in simple water and cement

paste systems, prepared in water-saturated ambient [7].

However, it is more common to find out complex

cementitious pastes with one or more reactive powders

such as fly ash and silica fume.

Many works have shown the positive effects of fly ash

and silica fume as partial replacement of cement on the

durability of cement-based materials [30, 31]. The fly ash is

responsible to produce C–S–H and C–A–S–H by poz-

zolanic activity. Cement-based materials rich in fly ash

content have shown low early compressive strength,

gradually improving their mechanical resistance with the

hydration time [31, 32]. In addition, the use of fly ash in a

cementitious mixture improves important properties such

as the reduction of drying shrinkage. Fly ash also plays an

important role on reducing the porosity of the concrete,

leading to decrease in water sorptivity and chloride per-

meability [30–32].

One of those worldwide used systems are the Engi-

neered Cementitious Composites (ECC), a family of high-

performance fiber-reinforced cementitious composites

designed with high tensile ductility and tight crack width.

Under tensile load, ECC achieve a pseudo strain hardening

behavior, with a capacity of 3–5% of strain using less than

2% fiber content by volume, developing multiple micro-

cracks, which are typically below to 60 lm wide [33–37].

The ECC are typically composed by portland cement,

fly ash, sand (mainly silica), water, water reducer agent and

PVA fibers, which are cured at low relative humidity

ambient to mimic onsite applications. The literature shows

that among all subjects studied about ECC, its own

potential to capture CO2 by the use of accelerated car-

bonation was not investigated [33–37]. The aim of the

present work is to determine the amount of CO2 captured,

using the thermogravimetry on the initial cement mass

basis, by cementitious systems, with high fly ash content,

such as those derived from the Engineered Cementitious

Composites (ECC), unusually precured at low relative

humidity conditions.

Cement initial mass basis fundamentals

By default, all commercial TG equipment output data are

expressed on the initial sample mass basis, which cannot be

used as such, to compare directly analysis data of samples

with different initial compositions, because in these cases,

same percentage mass losses do not have same composi-

tions. Following the methodology developed by the authors

[38–42], in the present study, TG and DTG curves were

used on initial cement mass basis, to allow more reliable

and correct comparisons among cementitious systems with

same components, but present in different contents, as will

be following detailed.

Besides this conversion of TG curves, which will be

detailed in following, to separate free water loss from the

combined one, in cementitious hydrated materials, before

heating the sample at a constant rate (10 �C min-1) in an

inert ambient, an isothermal step at 35 �C for 1 h is used, to

release and to quantify all present free water [6, 7, 22–25].

Thus, during the following analysis steps, only combined

water will be lost from the dehydration steps at higher

temperatures.

As an example, Fig. 1 shows TG curves of a high sul-

fate-resistant portland cement and of its paste using a

water/cement mass ratio (w/c) equal to 0.35, on respective

initial mass basis. From Fig. 1, we can see that the cement

does not present free water and at 1000 �C, and its calcined

massMc;cem is equal to 97.45% of its initial mass. The paste

shows a free water mass loss during the isothermal step at

35 �C, followed by a mass loss of combined water up to

end of the dehydroxylation of the calcium hydroxide at

425 �C, followed by a CaCO3 decomposition step releasing

CO2, after which, the paste calcined mass Mc;paste is equal

to 73.93% of the paste initial mass.

As shown in Fig. 1, the paste first looses its free water

during the isothermal drying step at 35 �C, after which all

the combined water is released up to 425 �C, followed by

the calcium carbonate thermal decomposition, leaving

73.93% of its initial mass at the calcination end. It must be

noted that the final calcined oxides of the paste have the

same chemical composition than that of the cement oxides,

in respective calcined mass.

As the chemical compositions of the both sample cal-

cined masses are the same, the conversion of the paste

curve on the cement initial mass basis is done by multi-

plying all curve points by Mc;cem=Mc;paste (97.45/73.93).
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Fig. 1 TG curves of a high initial resistant portland cement and of its

paste on respective initial sample mass basis
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This makes the new TG curve of the paste to have the same

final calcined mass value (Mc;cem) than that of the cement

sample TG curve, as shown in Fig. 2.

This way, all the new TG curve points of the paste

represent percentage values of the initial mass of cement in

the paste, and consequently, all respective measured mass

losses are on the same basis of the cement TG curve, which

is on its initial mass basis, enabling a direct and correct

comparison of mass changes among same cement paste TG

curves at any hydration age.

In case, a cementitious hydrated sample has other

component(s) than cement and water, such as in a

cementitious paste derived from an ECC composite, which

has a high amount of fly ash on its composition, the per-

centage of cement oxides Y% present in the final calcined

mass of its TG curve on sample initial mass, must be first

calculated. To convert this default TG curve on respective

initial cement mass basis, all points must be multiplied by

Mc;cem=ðY �Mc;pasteÞ, which turns, on the new basis curve,

the new total calcined mass to also haveMc;cem% of cement

oxides, enabling to compare correctly any differently

composed paste data to each other, at any hydration time.

Materials and methods

Materials

For this study, the reactive part of the ECC matrix was

considered, to build up a binary cementitious paste, based

on two types of ECC composition from the literature

[33–37]. They are shown in Table 1, where the super-

plasticizer was the high range water reducer HRWR,

ADVA 190.

Table 1 shows the mass ratio of the components of the

two pastes studied in this work, and Table 2 shows the

chemical composition of the type I portland cement and of

the low reactive used class F fly ash.

Preparation and treatment of the ECC pastes

For the preparation of the pastes, all dry ingredients were

premixed for 5 min at low speed (1 rps). After that, the

superplasticizer was mixed with water, prior to be added to

the dry ingredients, being mixed for 5 min at low speed as

well. The pastes were cast in plates of 1.38 9 3.93 9 0.39

in. The specimens were cured during 24 h in air, without

being covered or wrapped with plastic, until demolding. In

the laboratory, the relative humidity was in the range of

40 ± 10% and the temperature, in 22 ± 2 �C range, where

they were left to be cured to mimic the onsite conditions of

ECC application. For the accelerated carbonation treat-

ment, an acrylic carbonation chamber was assembled, as

shown in Fig. 3.

The reference samples were cured in air throughout the

entire time, simultaneously with the samples submitted to

accelerated carbonation. The treatment conditions of the

carbonated and non-carbonated samples of ECC pastes are

shown in Table 3.

Thermal analyses

For all ECC samples, using a mini saw, a small prism was

cut, transversely, at the middle of the plate to represent the

overall specimen, before and after 4 h and 24 h of car-

bonation. One sample of each ECC paste was left outside

the chamber, to collect non-carbonated aliquots at 24 h,

28 h and 48 h of hydration, as references. Before and after

carbonation treatment, to stop hydration, each prism was

milled in a pestle, manually homogenized and soaked in

isopropanol alcohol in a glass vial for 2 min. Afterward

diethyl ether was poured into the vial and mixed to the

isopropanol alcohol, maintaining the powdered sample in

this mixture for more 2 min [43, 44]. Then, the vial was

carried onto a heater surface, inside a cabinet, to be dried at

35 �C. After this step, it was quickly stored in a sealed mini

plastic bag, inside a desiccator with silica gel, under vac-

uum to avoid carbonation and rehydration.

The thermal analyses were performed in a TA Instru-

ments, model SDT 650. The thermal analysis method

begins heating the sample inside the equipment at

1 �C min-1 from ambient temperature to 35 �C, followed
by an isothermal step at 35 �C for 1 h, to eliminate the

residual non-combined free water. Afterward, it is heated

with a heating rate at 10 �C min-1 from 35 to 1000 �C,
using 100 mL min-1 of nitrogen flow. Figure 4 shows the

TG and DTG curves for the original cement and fly ash F

and Fig. 5, the superplasticizer curves.
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Fig. 2 TG curves of high initial resistant portland cement and of its

paste on respective initial cement mass basis
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The water content of the superplasticizer is about 50%

according to Fig. 5.

The obtained TG curves on initial sample mass basis

were transformed on the initial cement mass basis, multi-

plying all their values as indicated in Eq. 3:

TGICMB ¼ TGISMB

McPC

Mcpc cms �McP
� 100 ð3Þ

where TGISMB = TG curve value on initial sample mass

basis; TGICMB = TG curve value on initial cement mass

basis; McPC = final calcined mass% of the original cement

sample at 1000 �C; McP = final calcined mass% of the

paste at 1000 �C; Mcpc cms = cement oxides mass% in

calcined mass of the sample.

From the TG and DTG curves, according to previous

works of the authors [7, 17, 24, 37], the following hydra-

tion and carbonation parameters were determined on initial

cement mass basis:

• The water released from C–S–H and ettringite between

35 and 200 �C;

Table 1 Component mass ratio

of tested ECC pastes
ECC pastes Type I portland cement Class F fly ash Water Superplasticizer

PECC1.2 1 1.2 0.552 0.012

PECC2.2 1 2.2 0.793 0.013

Table 2 Portland cement and class F fly ash chemical composition

Compound Raw materials

Cement/% FA F/%

MgO 0.69 0.37

Al2O3 2.03 15.24

SiO2 10.52 41.46

SO3 3.18 2.47

K2O 0.64 3.75

CaO 73.79 5.51

TiO2 0.40 1.90

MnO – 0.06

Fe2O3 4.66 26.26

CuO – 0.05

ZnO – 0.27

SrO 0.11 –

ZrO2 0.03 0.08

LOI 3.95 2.57

Valve relief

Fan

Fan

CO2 inlet

C
O

2 
ta

nk

Samples

Outlet

Samples

Samples

Computer

Logger

CO2,

temperature and
Relative 
Hymidity sensors

Fig. 3 Schematics of the acrylic

carbonation chamber
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• The water from other hydrated phases between 200 and

380 �C;
• The total combined water released between 35 and

450 �C, which includes the water lost from dehydrox-

ylation of the Ca(OH)2;

• The water lost during the dehydroxylation of Ca(OH)2,

between 380 and 450 �C, where the onset point of the

thermal decomposition may vary depending on the

degree of crystallinity [45, 46].

• The CO2 lost during the decomposition of CaCO3

occurs between 450 and 750 �C in the used thermal

analysis operating conditions, the low crystallized one

decomposing at a lower temperature range than that of

the highly one [5, 22]. The respective CO2 mass losses

were considered from TG curve between the temper-

ature limits of respective CaCO3 decomposition DTG

peaks.

CO2 capture and carbonation degree

The mass of CO2 captured during carbonation was esti-

mated by Eq. 4, considering the CO2 determined by ther-

mogravimetry in the sample after and before carbonation:

CO2;captured; g ¼ CO2TG aft � CO2TG bef

100
�Massbinder ð4Þ

where Massbinder = reactive mass in the sample in g;

CO2TG bef = CO2 mass percent in the sample before car-

bonation, determined by TG on initial cement mass basis.

Table 3 Treatment conditions of the portland cement and class F fly ash specimens

Specimens Relative

humidity

CO2 concentration/

vol%

Initial hydration time, before

carbonation/h

Time of carbonation/

h

Total time/

h

PECC 1.2

24REF

40 0.15 – – 24

PECC 2.2

24REF

40 0.15 – – 24

PECC 1.2

28REF

40 0.15 – – 28

PECC 2.2

28REF

40 0.15 – – 28

PECC 1.2

48REF

40 0.15 – – 48

PECC 2.2

48REF

40 0.15 – – 48

PECC 1.2 4CO2 60–70 100 24 4 28

PECC 2.2 4CO2 60–70 100 24 4 28

PECC 1.2

24CO2

60–70 100 24 24 48

PECC 1.2

24CO2

60–70 100 24 24 48

100
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Fig. 4 TG and DTG curves of portland cement and fly ash F
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CO2TG aft = CO2 mass percent in the sample before car-

bonation, determined by TG on initial cement mass basis.

As the CO2 captured percentage can be expressed by

Eq. 2, substituting Eq. 4 in Eq. 2, it can be rewritten on the

initial cement mass basis as Eq. 5:

CO2captured;% ¼ CO2TG aft � CO2TG bef

100
ð5Þ

The carbonation degree in % was obtained by Eq. 6

[47]:

Carbonation degree; % ¼ CO2captured;%

Max: capacity of CO2 uptake
� 100%

ð6Þ

The maximum capacity of CO2 uptake of each sample

was determined from the respective component capacity by

Eq. 7:

Max:capacity of CO2 uptake ¼
Xn

i¼1

Mcapi �M%i
ð7Þ

where n = number of CO2 reactive components,

Mcapi = maximum capacity of CO2 uptake of component

‘‘i.’’ M%i
= mass percentage of component ‘‘i’’ in the

sample.

The maximum capacity of CO2 uptake of each compo-

nent depends on the specific chemical composition, mainly

on its potential reactive CaO content, which can be esti-

mated by reaction R-6:

CaOþ CO2 �!H2OCaCO3 ðR� 6Þ

According to Fig. 4, the fly ash does not have CaCO3

[48], but the cement presents an initial amount of CaCO3.

As the CO2 mass loss during its CaCO3 decomposition is

equal to 2.55%, stoichiometrically indicates that it was

combined with 3.24% of CaO. As the CaO content in the

cement is 73.79% according to Table 2, the CaO poten-

tially available to carbonate in the cement is

73.79 - 3.24 = 70.55%. Thus, the CO2 uptake capacity for

the cement is 70:55� 44=56 ¼ 55:43% and for the fly ash

is 5:51� 44=56 ¼ 4:33% of respective masses.

As in the case of PECC 1.2 pastes, for each 100 mass

units of cement there are 120 mass units of fly ash, their

maximum capacity of CO2 uptake is given by Eq. 8:

Max:capacity of CO2 uptake for 1:2 pastesð Þ

¼ 100� 70:55

100
� 44

56

� �
þ 120� 5:51

100
� 44

56

� �

¼ 60:63% ð8Þ

For PECC 2.2 pastes, as for each 100 mass units of

cement there are 220 mass units of fly ash, their maximum

capacity of CO2 uptake is given by Eq. 9:

Max:capacity of CO2 uptake for 2:2 pastesð Þ

¼ 100� 70:55

100
� 44

56

� �
þ 220� 5:51

100
� 44

56

� �

¼ 64:96% ð9Þ

Results and discussion

Figures 6a, b and 7a, b show the TG/DTG curves on initial

cement mass basis for the PECC 1.2 and 2.2 after 24 h of

hydration, 4 h of carbonation and 24 h of carbonation,

respectively.

Figures 8a, b and 9a, b, show the TG/DTG curves on the

initial cement mass basis for the PECC 1.2 and 2.2 with

24 h, 28 h and 48 h of hydration in air exposure.

Considering how they were prepared, the total initial

mass of all materials used to prepare PECC 1.2 and PECC

2.2 pastes would be, respectively, 276.4% and 400.6% of

the respective initial mass of cement. But from Figs. 8 and

9, after hydration in air, they are much lower, which

indicates that a significant amount of free water was

already lost during hydration at low relative conditions

(40 ± 10%), restricting the Ca(OH)2 content that could be

formed in these conditions. Comparing the TG/DTG results

of Figs. 6–9, we can notice that a higher amount of water

was lost due to air curing than to carbonation curing for

28 h and 48 h ages. Figures 10 and 11 show the amount of

Ca(OH)2 and CaCO3 present in the reference and in the

carbonated samples for PECC 1.2 and PECC 2.2,

respectively.

Figure 10a, b shows the decrease in Ca(OH)2 content for

PECC 1.2 and PECC 2.2 and simultaneously the increase

in CaCO3 content can be seen in Fig. 11a, b, respectively.

We can notice after 4 h of carbonation that there is some

Ca(OH)2 present in PECC 1.2 case, in contrast to its total

consumption in PECC 2.2 case. Furthermore, the amounts

of CaCO3 formed in PECC 1.2 and PECC 2.2 cases are

higher than the expected ones, only due to the reaction with

Ca(OH)2 formed with 24 h of carbonation, showing that

other phases, such as C–S–H and C–A–S–H might have

been carbonated, as shown by the authors [7].

Or that, during Ca(OH)2 carbonation, as water was being

released by reaction R-1, it was immediately reacting with

more unhydrated cement components to form more

hydrated phases and Ca(OH)2, which was further carbon-

ated; all these reactions occur in a continuous way. Fig-

ures 12, 13 and 14 show the amount of total combined

H2O, C–S–H ? ettringite combined H2O and H2O released

from the other hydrated phases for PECC 1.2 and PECC

2.2, respectively.

From Figs. 12–14, we can notice that the carbonated

pastes formed more hydrated phases on initial cement mass
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basis, regarding the respective reference pastes with 28 h

and 48 h, confirming that rehydration took place inside the

carbonation chamber which was at higher relative humidity

(60–70%), causing a higher CO2 capture on initial cement

mass basis, as shown in Fig. 15.

From the TG/DTG values shown in Figs. 10 and 11 on

initial cement mass basis, the amount of CO2 captured

given by Eq. 5 is shown in Fig. 15 for PECC 1.2 and PECC

2.2. As can be seen, the amount of CO2 captured for the

PECC 2.2 was higher than PECC 1.2 with 4 h and 24 h of
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carbonation. Despite the lower amount of cement, the

higher amount of CO2 captured for PECC 2.2 can be

explained by lower alkaline barrier [47] and higher amount

of fly ash than PECC 1.2, which benefits the CO2 diffusion.

Dividing the values presented in Fig. 15 for PECC 1.2 and

PECC 2.2, respectively, by 2.2 and 3.2, which correspond

to respective cementitious material/cement mass ratios, the

respective amount of CO2 captured on total cementitious

material content basis can be obtained, as shown in Fig. 16.

As can be seen in Fig. 16, in contrast, a reduction of the

CO2 captured content regarding Fig. 15 occurs in PECC2.2

case, due to its higher considered mass of CO2 reactive

components. Moreover, we can notice that the amount of

CO2 captured for PECC 1.2 on cementitious material

content basis was higher than in PECC 2.2 case, because
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the content of cement in its cementitious materials was

higher.

Considering that cement is the only CO2 reactive com-

ponent and that the maximum CO2 uptake capacity for

cement is 55.43%, applying Eq. 6, Fig. 17 shows the car-

bonation degree for PECC1.2 and PECC2.2 cases, on ini-

tial cement mass basis. We can notice that the carbonation

degree values corroborate the CO2 captured content trend

in Fig. 15 for PECC 1.2 and 2.2.

But if we consider all the cementitious materials as

potentially CO2 reactive components, applying Eq. 6 and

using respective cement and fly ash maximum CO2 uptake

capacities for each case, the carbonation degrees for

PECC1.2 and PECC2.2 on the initial cement mass basis

regarding respective cementitious materials contents are

shown in Fig. 18.

We can notice from Fig. 18 that considering all the

cementitious materials as CO2 reactive components the

estimated carbonation degree values are lower for

PECC2.2 than for the PECC1.2 pastes, because in the

former ones, cement, which is very probably the only

effective CO2 reactive component, has a lower content, as

well as PECC2.2 pastes have a higher theoretical maximum

CO2 uptake capacity than PECC1.2 pastes, as estimated in

Eqs. 8 and 9.

Conclusions

The TG and DTG curves on cement initial mass basis

allowed to quantify the main hydration and carbonation

parameters and to more properly compare them, before and

after accelerated carbonation treatment.
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The previous 24 h curing in air promoted a significant

water mass loss from the reference pastes, due to the low

relative humidity of the air, at which they were exposed.

The carbonated PECC 1.2 and PECC 2.2 pastes pre-

sented a higher hydration degree than the respective ref-

erences, shown by the higher content of formed hydrated

phases, confirming the re-hydration during the carbonation

treatment.

The PECC 2.2 presented a higher amount of CO2 cap-

tured and carbonation degree than PECC 1.2, considering

cement as the only CO2 reactive component, due to the

lower alkaline barrier provided by the higher amount of fly

ash in the composition for the former case, despite the

lowest cement content.

In contrast, the PECC 1.2 presented a higher amount of

CO2 captured and carbonation degree than PECC 2.2,

considering the cement and fly ash as CO2 reactive com-

ponents, because the cement content in the total cementi-

tious material mass was higher in the former case.

The amount of CaCO3 formed in PECC 1.2 and PECC

2.2 cases was stoichiometrically higher than that expected

by the unique carbonation of the Ca(OH)2 formed previ-

ously in the non-carbonated reference pastes, which were

precured at low relative humidity conditions, indicating

that other hydrated phases, possibly yielded by re-hydra-

tion inside the carbonation chamber, contributed to

increase the carbonation degree.
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