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A CO2 curing process was adopted to cure concrete blocks made with recycled aggregates. Non-load- and
load-bearing blocks were prepared with 0%, 50% and 100% recycled aggregate to replace natural aggre-
gate. The blocks were then placed in a pressurized 100% CO2 curing chamber for 6, 12 and 24 h. The tem-
perature and relative humidity inside the chamber were monitored, and the moisture loss and CO2 curing
degree were determined by a weighing method. After the curing process, the strength and drying shrink-
age of the CO2 and moist cured blocks were measured. The CO2 cured blocks attained higher compressive
strength and lower drying shrinkage than the corresponding moist cured blocks. However, curing time
and amount of recycled aggregate present in the blocks had insignificant effects on the strength gain
and CO2 curing degree.

� 2013 Elsevier Ltd. All rights reserved.
1. Introduction

Due to the imminent exhaustion of available landfill capacity,
the Hong Kong Government has promulgated a series of policies
to encourage waste reduction, recycling and reuse in the last dec-
ade [1]. As a consequence, reuse and recycling of construction
waste, most of which is inert and is known as public fills in Hong
Kong, has drawn the attention of researchers and practising engi-
neers. The Hong Kong Polytechnic University [2–4] has put a lot
of effort into finding practical methods to recycle construction
waste as a secondary aggregate for new concrete and concrete
blocks production. Also, similar studies [5–7] have been reported
widely in other parts of the world. However, as demonstrated in
our previous work, using recycled aggregates to replace natural
aggregate has some negative effect on the performance of the
new products, especially mechanical properties [3,8], due to the
presence of adhered-old cement mortar in the recycled concrete
aggregate (RCA). Only with a lower water to cement ratio and a
longer curing time, a comparable performance to natural aggregate
concrete can be achieved [9,10].

Natural carbonation in air, which is a well-known chemical pro-
cess of combining cement hydration products with atmospheric
carbon dioxide, has been found to be able to improve the mechan-
ical properties [11,12] and reduce the subsequent drying shrinkage
[13,14] of concrete products. Previous works [15,16] showed that
concrete products have a more rapid strength development rate
when compared to the normal hydration process, if the carbon-
ation process is introduced at the early stage of cement hydration.
The accelerated carbonation behavior and strength development of
calcium silicates, including c-Ca2SiO4, b-Ca2SiO4, CaSiO4 and Port-
land cement were investigated in the 1970s [17–19]. The compres-
sive strength of a C3S mortar after 1 h CO2 curing was comparable
to the same mortar after 7 days of moist curing. Furthermore, the
post-hydration of the carbonated compacted-cement system in-
creased the compressive strength by 50% in 3 days [20]. Shi and
Wu studied the influence of factors on the degree of CO2 curing
of concrete products, including curing time and pressure, and
effective water to cement ratio [21,22]. It was noticed that re-
mained water to cement ratio had the most significant effect on
the CO2 curing process [23]. Also, several studies on accelerated
carbonation reported the consolidation of concrete waste [24],
CO2 capture using concrete [25] and performance improvement
of slag-cement concrete using carbonation [26]. A recent study
indicated that CO2 curing of concrete products was also a diffu-
sion-controlled process [27].

In this paper, the results of a preliminary study on the feasibil-
ity of applying CO2 curing for concrete blocks prepared with recy-
cled aggregate are reported. A 100% CO2 atmosphere was
introduced to a sealed chamber for curing the concrete blocks
that were prepared with the incorporation of recycled aggregates.
The effect of the CO2 curing process on the performance of the
concrete blocks was assessed in terms of mechanical properties
and volume stability.
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http://dx.doi.org/10.1016/j.cemconcomp.2013.04.013
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Table 1
Properties of cement used.

Chemical analysis (%) Physical properties

CaO SiO2 Al2O3 Fe2O3 MgO Na2O K2O SO3 L.O.I Specific gravity Fineness (cm2/g)

63.15 19.61 7.32 3.32 2.14 0.13 0.32 2.03 2.34 3.16 3519

2 B. Zhan et al. / Cement & Concrete Composites 42 (2013) 1–8
2. Experimental programme

2.1. Materials

The cementitious materials utilized for concrete blocks prepara-
tion in this study were ASTM Type I Portland cement. The compo-
sition of the cement is given in Table 1.

The aggregate used was crushed fine granite with particle sizes
ranging from 0 to 5 mm, and crushed coarse granite from 5 to
10 mm. According to BS EN 1097-6 [28], the determined specified
gravity were 2.62, 2.60 for the fine and coarse granite, respectively;
while the determined water absorption were 1.23%, 1.24% for the
fine and coarse granite, respectively. Recycled aggregate, which
was obtained from a construction and demolition waste (C&DW)
materials recycling facility in Tuen Mun of Hong Kong (hereinafter
referred to as TA) and mainly contained old concrete, was used to
replace the crushed fine granite gradually. The measured specified
gravity and water absorption of TA were 2.54 and 3.13%, respec-
tively. The particle size distribution of the fine aggregate was
determined in accordance with BS EN 12620 [29], and the results
are shown in Fig. 1; the requirement on particle size distribution
of fine aggregate from BS 882 [30] is also presented in Fig. 1. A
commercially supplied CO2 (Hong Kong Oxygen) cylinder with a
CO2 concentration higher than 99% was used for the CO2 curing
experiment.
2.2. Sample preparation

Two series of mixes, corresponding to non-load bearing (NLB)
and load bearing (LB) masonry units, were designed with the fol-
lowing proportions: cement: fine aggregate: coarse aggre-
gate = 1.0:6.5:3.5 and 1.0:2.3:0.7, respectively. In each series, the
recycled fine aggregate was used as a replacement of 0% (labeled
‘Control’), 50% (labeled ‘TA50’) and 100% (labeled ‘TA100’) of
crushed fine granite by mass. The used water amount for each
mix was different, as each mix was prepared with varying contents
of recycled aggregate (TA). Considering the higher water absorp-
tion of TA, more water was added into the mix which contained
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Fig. 1. Particle size distribution of fine aggregates.
more TA, in order to ensure a more homogeneous mixture and a
better compaction. Details of mix proportion for all the concrete
blocks are listed in Table 2. The blocks were cast in steel molds
with internal dimensions of 70 mm � 70 mm � 70 mm and
25 mm � 25 mm � 285 mm. The 70 mm cubic samples were pre-
pared for compressive strength testing while the prismatic sam-
ples were for drying shrinkage measurements. The well-mixed
materials were put into the molds in three layers of approximately
equal depth. After each of the first two layers was filled, compac-
tion was applied manually using a hammer and a wooden stem.
After the third layer was filled, a pressure of approximately
30 MPa was applied and held for 30 s on the specimens. Once the
block fabrication was finished, all the specimens were removed
from the mold immediately.

2.3. Curing process

Two curing methods, CO2 curing and moist curing were em-
ployed in this study. Fig. 2 illustrates the CO2 curing set-up. An air-
tight steel-cylindrical vessel with a volume of about 33 L was used
as the CO2 curing chamber, which was vacuumed to �0.5 bar be-
fore the CO2 gas injection. The CO2 pressure in the chamber was
controlled by a gas regulator and kept at 0.1 bar for 6, 12 and
24 h curing duration. Considering the adverse impact of high
humidity on carbonation, anhydrous silica gel was put inside the
chamber to remove the evaporated water from the specimens.
The CO2 curing chamber was placed in a room maintained at
23 �C. There were three samples cured in CO2 curing chamber each
time. For moist curing, the specimens were placed over a layer of
water in a sealed container (to allow water vapor saturation) for
the same duration as the CO2 curing and the moist curing was used
as the reference sample group. The container was also placed in a
room maintained at 23 �C.

2.4. Testing methods

2.4.1. Temperature and humidity monitoring
Both the hydration and carbonation of calcium silicates are exo-

thermic reactions, and accompanied by water combination and
water vapor generation respectively. Therefore, monitoring of the
variation of temperature and humidity inside the chamber is very
necessary. Temperature and humidity sensors were placed inside
the chamber and a SK-L200TH II a data logger was used to record
the temperature and relative humidity variations once every min-
ute during the curing process.

2.4.2. CO2 uptake, water loss and curing degree
Due to the heat release during the curing process, some free

water inside the specimens was evaporated, which subsequently
condensed on the inner surface of the chamber or was absorbed
by the silica gel in the chamber, resulting in a mass gain of the cur-
ing chamber. Also, when CO2 reacts with the cement clinker min-
erals and hydration products and is sequestrated, it results in a
net mass gain of the specimens. Therefore, before and after the
CO2 curing process, the mass-change of the specimen and the cur-
ing chamber with silica gel was measured for the determination of
amount of captured CO2 (MCO2).



Table 2
Mix proportions of concrete blocks.

Notation LB-
control

LB-
TA50

LB-
TA100

NLB-
control

NLB-
TA50

NLB-
TA100

Cement 1.0 1.0 1.0 1.0 1.0 1.0
Crushed fine

granite
2.3 1.15 0 6.5 3.25 0

TA 0 1.15 2.3 0 3.25 6.5
Coarse

aggregate
0.7 0.7 0.7 3.5 3.5 3.5
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Fig. 2. Illustration of CO2 curing set-up.
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MCO2 ¼ DMspecimen þ DMwater ð2-1Þ

where DMspecimen and DMwater represent the net mass gain of the
specimens and the moisture loss.

The CO2 curing degree (Dcc) is defined as the ratio of the actual
captured CO2 amount to the maximum theoretical CO2 amount
captured by cement in the specimens:

Dcc ¼ MCO2=ðMcCO2% maxÞ ð2-2Þ

where Mc represents the cement mass in the specimens, while the
maximum theoretical CO2 (CO2%max) captured by Portland cement
can be calculated based on the metal oxide content by the following
formula [14,31]:

CO2% max ¼ 0:785ðCaO� 0:7SO3Þ þ 1:091MgO

þ 1:420Na2Oþ 0:935K2O ð2-3Þ

According to the chemical compositions of the cement used in
this study, which is shown in Table 1, the CO2%max is 51.3%.
Fig. 3. Typical temperature and
2.4.3. Compressive strength
After the curing process, the compressive strength of the spec-

imens was determined in accordance with BS EN 12390-3:2009
[32], three specimens were used for each test.

2.4.4. Drying shrinkage
After the curing process, all the specimens

(25 mm � 25 mm � 285 mm) were placed into a water tank at
room temperature for an additional 28 days of water curing; and
the initial lengths of the specimens were measured. Then all the
specimens were transferred into an environmental chamber at a
temperature of 20 �C and a relative humidity of 50% for drying
shrinkage measurement. The length measurements were repeated
at 1, 3, 7, 14 and 28 days after the initial measurement according to
BS 6073 [33]. Three specimens were measured for each test.

3. Results and discussion

3.1. Temperature and humidity variation

Considering the variation of TA content and CO2 curing time, the
typical temperature and relative humidity profiles of three mixes
during CO2 curing process were selected and shown in Fig. 3. It
should be noted that nearly for all the cases, the temperature in-
side the chamber reached the highest about 1 h after CO2 injection,
and then declined gradually. The temperature rise could be attrib-
uted to the reactions between CO2 and cement clinker minerals or
hydration products, which are exothermic processes [16,17]:

C3Sþ ð3� xÞC
�
þyH! CxSHy þ ð3� xÞC C

�
ð3-1Þ

C2Sþ ð2� xÞC
�
þyH! CxSHy þ ð2� xÞC C

�
ð3-2Þ

where C2S and C3S represent dicalcium silicate and tricalcium sili-
cate, respectively; C

�
and C C

�
represent carbon dioxide and calcium

carbonate, respectively; H and CxSHy represent water and calcium
silicate hydrates, respectively.

Generally, the peak value was about 3–6 �C higher than the
ambient temperature. However, as the curing chamber was not
adiabatic, the peak temperature depended not only on the heat lib-
erated from the carbonation reactions, but also the heat transfer
capability of the chamber, ambient temperature, the sensor’s loca-
tion, etc. As a consequence, the actual maximum temperature of
the sample occurred ahead of time corresponding to the tempera-
ture peaks shown in Fig. 3. However, this does not mean that the
termination of CO2 curing occurred when the descending segment
of temperature curve appeared. It only indicates that the reactions
slowed down.

The humidity level inside the chamber increased significantly
with CO2 injection, and it was maintained at close to 100% for
relative humidity profiles.



Fig. 4. Variation of normalized water loss during the CO2 curing. (A) Load-bearing series and (B) non-load-bearing series.
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around 1–2 h (Fig. 3). As discussed above, a large amount of heat
was released from the carbonation process evaporating water in-
side the specimens very quickly. Although the silica gel tried to ab-
sorb the water vapor, the absorption rate was slower than the
evaporation rate resulting in a sharp increase in relative humidity.
After then, the relative humidity dropped gradually when the car-
bonation rate slowed down.

3.2. Water loss and CO2 curing degree

Fig. 4 illustrates the water loss profiles during the CO2 curing
process. The normalized water loss was defined as a mass ratio
of water loss during the curing process to the initial mass of free
water present in the specimens. Apparently the water loss of the
specimens increased with curing time for both the load-bearing
blocks and the non-load-bearing blocks. As the relative humidity
inside the chamber was high (P95%) throughout the whole curing
process leading to a delicate specimen-gas moisture difference, it
can be inferred that the heat of carbonation was the major driving
force of water evaporation. The normalized water losses of NLB-
TA50 and NLB-TA100 after 24 h CO2 curing were 31.0% and
24.0%, which were much higher than those of LB-TA50 and LB-
TA100. For both series, the specimens prepared with TA lost more
water than those without TA.

The variation of CO2 curing degree with curing time is shown in
Fig. 5. For the load-bearing series, the blocks with TA (LB-TA50, LB-
TA100) obtained a higher curing degree than those without TA,
irrespective of the curing time. From 6 to 24 h of curing, the curing
degree of LB-TA50 varied from 19.3% to 30.0%, while the NLB-TA50
Fig. 5. CO2 curing degree versus curing time. (A) Loa
varied from 17.1% to 32.7%. As curing time increase, a remarkable
increase in curing degree also occurred in other blocks with or
without TA of both series. Combined with Fig. 4, it might be in-
ferred that when more water was evaporated from the specimens,
it resulted in more open pores leading to more effective penetra-
tion of CO2, which could promote the carbonation reactions signif-
icantly. This deduction can be confirmed by the approximate linear
relationships between CO2 curing degree and normalized water
loss, as shown in Fig. 6.

Furthermore, Fig. 7 illustrates the correlation between the CO2

curing degree and the replacement ratios of fine aggregate with
TA after 6, 12 and 24 h of curing. The use of TA, in theory, is sup-
posed to be able to capture more CO2 than that of the natural aggre-
gates due to the presence of old cement mortar which can also react
with CO2. However, except for the LB series with 6 and 12 h of CO2

curing, the specimens prepared with a 50% replacement ratio
achieved the highest CO2 curing degree. To a certain extent the
CO2 curing degree decreased for the specimens of NLB series pre-
pared with 100% TA. This could be explained that, when more TA
was used in the concrete blocks, more water was used to ensure
an appropriate workability for batch mixing due to the higher water
absorption of TA compared to the natural aggregate. The water rich
specimens rendered the penetration of CO2 more difficult.

3.3. Compressive strength

The results in Figs. 8 and 9 reveal the compressive strength
development of LB and NLB blocks series with different curing pro-
cesses and curing times. Compared to moist curing, the CO2 curing
d-bearing series and (B) non-load-bearing series.



Fig. 6. Relationship between CO2 curing degree and normalized water loss. (A) Load bearing series and (B) non-load-bearing series.

Fig. 7. Relationship between CO2 curing degree and recycled aggregate ratio. (A) Load bearing series and (B) non-load-bearing series.
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process improved the compressive strength of both LB and NLB
blocks. After 6 h of curing, a compressive strength of 33.8 MPa
was attained by the CO2 cured LB-TA50 blocks, while only
24.6 MPa was attained for the moist cured counterpart. The same
phenomenon could also be observed in NLB-TA50 blocks after
12 h of curing (16.8 MPa for CO2 cured samples and 11.6 MPa for
moist cured samples) and in NLB-TA100 blocks after 24 h of curing
(22.7 MPa for CO2 cured samples and 15.7 MPa for moist cured
samples).

For the LB Series, it was apparent that the use of different recy-
cled aggregate amounts had little effect on compressive strength of
the CO2 cured samples as after 24 h of CO2 curing, the compressive
strength of LB-Control, -TA50 and -TA100 were very similar
(49.1 MPa, 49.9 MPa and 50.4 MPa, respectively). However, the
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Fig. 8. Comparison of compressive strength between
variation of strength gain is summarized in Table 3, which was
determined as a ratio of the compressive strength of the blocks
after CO2 curing to that of the moist cured samples, indicates that
both LB and NLB series blocks with TA obtained higher strength
gains than the reference group (except 6-h CO2 cured NLB-TA50
blocks). Moreover, even though 100% TA was used (LB-TA100 and
NLB-TA100), the compressive strength of 24 h CO2 cured blocks
were still higher than that of 24 h CO2/moist cured reference blocks
(LB-Control and NLB-Control) which used natural aggregates. The
increase in compressive strength could be attributed to the rapid
formation of CaCO3 and silica gel, which accelerated the hardening
[16,18,20]. These results confirmed the potential of using the CO2

curing process for improving the mechanical properties of concrete
products made with recycled aggregates.
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Fig. 9. Comparison of compressive strength between moist curing and CO2 curing samples – NLB Series.

Table 3
Ratio of strength with curing time (compressive strength ratio of CO2 cured sample to
that of corresponding moist cured samples).

Samples LB-
control

LB-
TA50

LB-
TA100

NLB-
control

NLB-
TA50

NLB-
TA100

6 h 1.15 1.37 1.30 1.43 1.41 1.44
12 h 1.19 1.23 1.27 1.38 1.45 1.51
24 h 1.29 1.42 1.38 1.08 1.49 1.45

Fig. 10. Drying shrinkage value versus drying time for LB-TA50 blocks after moist
and CO2 curing.

Table 5
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3.4. Drying shrinkage

Table 4 shows the 14-day drying shrinkage value of the sam-
ples. Compared to the moist curing method, the CO2 curing process
reduced the shrinkage, and all the values were less than the stipu-
lated limit (0.060%) of BS 6073 for concrete partition blocks [33].
This might be due to the carbonation of concrete products produc-
ing irreversible shrinkage rapidly [16]. Furthermore, the carbon-
ation products, which had a higher molar volume than the
original phases [14], could decrease the pore volume and perme-
ability of the concrete products, thereby being able to decrease
the reversible volume changes with subsequent variation of rela-
tive humidity [11,34]. However, it should be noted that the CO2

curing time, from 6 to 24 h, had relatively insignificant effects on
the 14-day drying shrinkage value of blocks prepared with or with-
out TA. As shown typically in Fig. 10, there is no obvious pattern in
the impact of CO2 curing time on drying shrinkage value of LB-
TA50 blocks from 1 day to 28 days. Further research on this matter
is needed.

4. Implications

4.1. Enhancement effect

Although the reuse of RA can reduce the demand for limited
natural recourses and thereby conserve natural raw materials,
Table 4
Comparison of 14-day drying shrinkage value of CO2 curing samples and moist curing
samples.

Samples CO2 curing 28-day moist curing (%)

6 h (%) 12 h (%) 24 h (%)

LB-control 0.036 0.042 0.036 0.060
LB-TA50 0.054 0.052 0.058 0.072
LB-TA100 0.060 0.055 – 0.079
NLB-control 0.036 0.030 0.025 0.047
NLB-TA50 0.041 – 0.026 0.053
NLB-TA100 0.050 0.044 0.040 0.060
the negative effects of RA on concrete products should not be ig-
nored. Due to the lower density and higher water absorption, the
compressive strength of concrete blocks made with RA is normally
lower than that of the corresponding reference concrete blocks. Ta-
ble 5 shows the 28-day compressive strength loss of concrete
blocks versus replacement ratio of RA [3,4,35]. The strength loss
varied from the minimum of 5.2% to the maximum of 60.7%, with
the replacement ratio of RA from 20% to 100%. But according to the
results shown in Table 3, a 24 h CO2 curing period would result in
strength gains for 0%, 50% TA and 100% TA of 29%, 42%, 38% for the
load-bearing blocks, and 8%, 49%, 45% for non load-bearing blocks
respectively.

Actually, in order to obtain comparable strength as that of the
reference blocks, there are two common adopted methods: (1)
addition of extra cement or pozzolanic materials and (2) use of
steam or autoclave curing processes. Apparently, the former
A list of 28-day compressive strength loss versus replacement ratio of RA in concrete
blocks from previous work.

Previous work Replacement ratio of RA
(%)

28-day compressive strength
loss (%)

Kaosol [35] 20 5.20
50 10.20

100 24.50
Poon et al. [4] 75 17.30

100 30.70
Poon and Chan

[3]
25 36.70
50 48.90
75 60.70



Table 6
CO2 capture capacity of concrete blocks (m3/m3).

Samples LB-
control

LB-
TA50

LB-
TA100

NLB-
control

NLB-
TA50

NLB-
TA100

6 h 28.02 28.34 30.08 24.00 22.19 27.00
12 h 30.11 33.88 36.07 35.03 30.82 30.35
24 h 36.03 43.96 40.88 33.74 35.76 34.52

Table 7
Profiles of annual CO2 uptake by a medium-scale block manufacturing plant.

Block
types

Size (mm) Unit
volume
(m3)

Annual
production
Units/
Volume
(m3)

CO2

capture
capacity

Annual
uptake
(Kg)

Load- bearing unit
200 � 100 � 50 1.0 � 10�3 2 � 107/

2.0 � 104
40 1.57 � 106

Non-
load-

bearing unit 35 1.38 � 106
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method increases the material costs while the latter consumes
massive amounts of energy to generate steam (1396 MJ/m3 ma-
sonry [36]). With the surge in energy prices, both methods seem
not very economical.

For comparison, the CO2 curing process can enhance the
strength of concrete blocks incorporating RA in a very short period
(624 h). It requires little energy input as the CO2 gas can be recov-
ered continuously from industrial CO2 emission sources (e.g. power
plants, cement plants and landfill gas treatment systems). If the
CO2 curing degree can be improved through optimizing the curing
conditions, a more significant enhancement of strength can be
achieved which would reduce the curing time required before
the blocks are ready for use.

4.2. CO2 capture capability

With the coming of the low carbon age, there are keen interests
to explore high-efficiency and low-cost approaches for CO2 capture
and storage. Based on this initial investigation, an innovative CO2

capture and storage method might have been found. As shown in
Fig. 5, the curing degree of the blocks ranged from 13.41% (6 h
CO2 cured NBL-TA100 blocks) to 32.65% (24 h CO2 cured NBL-
TA50 blocks). In conjunction with the definition of CO2 curing
A

B

Fig. 11. Comparison of results from phenolp
degree described in Section 2.4.2, the CO2 capture capacities of
each series of blocks were calculated and are shown in Table 6,
where the values were determined as the volume of CO2

(101.325 KPa, 293 K) captured by a unit volume of the blocks.
As an illustration of the potential application of the above CO2

capturing process, it is assumed that the CO2 curing process is
adopted by a typical medium-scale concrete blocks manufacturing
plant, with an annual output of about 2 � 107 (or 2 � 104 m3)
pieces of blocks (nominal size of 200 mm � 100 mm � 50 mm).
Considering that both non-load- (NLB) and load-bearing blocks
(LB) are produced, the CO2 capture capacities for NLB and LB blocks
are assigned 35 and 40 separately, on the basis of the results in Ta-
ble 6. Calculated from the conversion of volume and mass, the an-
nual CO2 uptake can reach 1.57 � 106 Kg (1570 t) and
1.38 � 106 Kg (1380 t) for LB and NLB blocks production, as shown
in Table 7.

The above may be a conservative estimation as the CO2 curing
degree of the blocks has potential to be further improved, which
can be demonstrated in Fig. 11. Apparently, the pH value inside
the CO2 cured lightweight concrete block samples [23], which
was prepared with cement, sand and expanded shale lightweight
aggregates, would be lower than that of LB-TA100 and NLB-
TA100 blocks after 24 h CO2 curing. The significant color variance
from the phenolphthalein spraying test indicates that even with
a CO2 curing degree of 30%, the inner part of blocks after the CO2

curing process used in this study was still not carbonated. If the
CO2 curing degree of the blocks can be further improved, the CO2

uptake will increase consequently.
Furthermore, if the block manufacturing plant can be set up

near the CO2 emission source, such as cement or power plants,
the flue gas can be transferred from the emission points to the cur-
ing facilities directly. This will save the cost of CO2 capture from
flue gas (28 €/t CO2), and long-distance transport (1–6 €/t CO2). It
also reduces the cost of storage (1–8 €/t CO2) and CO2 leaking risk
[37,38].

5. Conclusion

The results and discussion of this paper confirmed that the CO2

curing process is an innovative method for producing concrete
blocks incorporating recycled aggregate. In the course of 24 h
CO2 curing, the water loss and CO2 curing degree of the blocks in-
creased with curing time. However, the replacement ratio of recy-
cled aggregate had inconspicuous influence on CO2 curing degree,
possibly resulting from the interference of the high water content
of blocks with high percentage of recycled aggregate. Compared to
conventional moist curing, CO2 curing improved the compressive
C

A: LB-TA100, after 24hrs CO2 curing;

B: NLB-TA100, after 24hrs CO2 curing;

C: from Caijun Shi et al, 2011. [22]

hthalein spraying on CO2 cured blocks.
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strength of both the non-load- and load-bearing blocks dramati-
cally and rapidly with strength gains ranging from 108% to 151%
within 24-h CO2 curing time. Additionally, the drying shrinkage
values of the blocks were significantly reduced by CO2 curing.

The production of recycled aggregate concrete blocks with CO2

curing shows great potential to capture CO2. Additional work is re-
quired to optimize the curing conditions and conditions of the
specimen to promote the CO2 curing degree and CO2 capture
capacity.

Acknowledgement

The authors wish to thank the Hong Kong Polytechnic Univer-
sity and Sun Hung Kei Properties Ltd. for funding support.

Reference

[1] EPD. Construction Waste, Environmental Protection Department, The
Government of Hong Kong Special Administrative Region 2010; 2012
[February].

[2] Kou SC, Zhan BJ, Poon CS. Feasibility study of using recycled fresh concrete
waste as coarse aggregates in concrete. Constr Build Mater
2012;28(1):549–56.

[3] Poon CS, Chan D. Paving blocks made with recycled concrete aggregate and
crushed clay brick. Constr Build Mater 2006;20(8):569–77.

[4] Poon CS, Kou SC, Wan HW, Etxeberria M. Properties of concrete blocks
prepared with low grade recycled aggregates. Waste Manage
2009;29(8):2369–77.

[5] Sadek DM. Physico-mechanical properties of solid cement bricks containing
recycled aggregates. J Adv Res 2012;3(3):253–60.

[6] Khatib JM. Properties of concrete incorporating fine recycled aggregate. Cem
Concr Res 2005;35(4):763–9.

[7] Soutsos MN, Tang K, Millard SG. Use of recycled demolition aggregate in
precast products, phase II: concrete paving blocks. Constr Build Mater
2011;25(7):3131–43.

[8] Zhao X, Ling TC, Kou SC, Wang Q, Poon CS. Use of wastes derived from
earthquakes for the production of concrete masonry partition wall blocks.
Waste Manage 2011;31(8):1859–66.

[9] Poon CS, Chan D. The use of recycled aggregate in concrete in Hong Kong.
Resour Conserv Recy 2007;50(3):293–305.

[10] Wattanasiriwech D, Saiton A, Wattanasiriwech S. Paving blocks from ceramic
tile production waste. J Clean Prod 2009;17(18):1663–8.

[11] Jerga J. Physico-mechanical properties of carbonated concrete. Constr Build
Mater 2004;18(9):645–52.

[12] Chang CF, Chen J. Strength and elastic modulus of carbonated concrete. ACI
Mater J 2005;102(5):315–21.

[13] Toennies Henry T. Artificial carbonation of concrete masonry units. J Am Concr
Inst 1960;56(2):737–55.
[14] Bertos FM, Simons SJR, Hills CD, Carey PJ. A review of accelerated carbonation
technology in the treatment of cement-based materials and sequestration of
CO2. J Hazard Mater 2004;112(3):193–205.

[15] Bierlich KG. MANUFACTURE OF PORTLAND CEMENT PRODUCTS. United States;
1969.

[16] Berger RL, Young JF, Leung K. Acceleration of hydration of calcium silicates by
carbon dioxide treatment. Nat Phys Sci 1972;240:16–8.

[17] Young JF, Berger RL, Breese J. Accelerated curing of compacted calcium silicate
mortars on exposure to CO2. J Am Ceram Soc 1974;57(9):394–7.

[18] Bukowski JM, Berger RL. Reactivity and strength development of CO2 activated
non-hydraulic calcium silicates. Cem Concr Res 1979;9(1):57–68.

[19] Goodbrake CJ, Young JF, Berger RL. Reaction of beta-dicalcium silicate and
tricalcium silicate with carbon dioxide and water vapor. J Am Ceram Soc
1979;62(3–4):168–71.

[20] Klemm WA, Berger RL. Accelerated curing of cementitious systems by carbon
dioxide: Part I. Portland cement. Cem Concr Res 1972;2(5):567–76.

[21] Shi C, Wu Y. Studies on some factors affecting CO2 curing of lightweight
concrete products. Resour Conserv Recy 2008;52(8–9):1087–92.

[22] Shi CJ, Liu M, Zou Q, He F. A study on factors influencing compressive strength
of CO2-cured concrete. In: International RILEM conference on advances in
construction materials through science and engineering; 2011. p. 703-11.

[23] Shi C, He F, Wu Y. Effect of pre-conditioning on CO2 curing of lightweight
concrete blocks mixtures. Constr Build Mater 2012;26(1):257–67.

[24] Liu L, Ha J, Hashida T, Teramura S. Development of a CO2 solidification method
for recycling autoclaved lightweight concrete waste. J Mater Sci Lett
2001;20(19):1794.

[25] Shao Y, Mirza MS, Wu X. CO2 sequestration using calcium–silicate concrete.
Can J Civ Eng 2006;33(6):776–84.

[26] Monkman S, Shao Y. Carbonation curing of slag-cement concrete for binding
CO2 and improving performance. J Mater Civ Eng 2010;22(4):296–304.

[27] Shi C, Wang D, He F, Liu M. Weathering properties of CO2-cured concrete
blocks. Resour Conserv Recy 2012;65(2012):11–7.

[28] BSI. BS EN 1097-6: Test for mechanical and physical properties of aggregates;
2000.

[29] BSI. BS EN 12620 + A1: Aggregates for concrete; 2002.
[30] BSI. BS 882: Specification for aggregate from natural sources for concrete;

1992.
[31] Steinour HH. Some effects of carbon dioxide on mortars and concrete-

discussion. J Am Concr Inst 1959;30:905.
[32] BSI. BS EN 12390-3: Testing hardened concrete Part 3: Compressive strength of

test specimens; 2009.
[33] BSI. BSI BS 6073-2: Precast concrete masonry units – Part 2: Guide for

specifying precast concrete masonry units; 2008.
[34] Taylor HFW. Cement chemistry. London: Thomas Telford Publishing; 1990.
[35] Kaosol T. Reuse concrete waste as crushed stone for hollow concrete masonry

units. In: The 3rd technology and innovation for sustainable development
international conference; 2010. p. 816–19.

[36] Reddy BVV, Lokras SS. Steam-cured stabilised soil blocks for masonry
construction. Energy Build 1998;29(1):29–33.

[37] Hendriks C, Graus W, Bergen Fv. Global carbon dioxide storage potential and
costs; 2004 [EEP-02001].

[38] Metz B, Davidson O, Coninck Hd, Loos M, Meyer L. IPCC special report of carbon
dioxide capture and storage; 2005.

http://refhub.elsevier.com/S0958-9465(13)00078-4/h0005
http://refhub.elsevier.com/S0958-9465(13)00078-4/h0005
http://refhub.elsevier.com/S0958-9465(13)00078-4/h0005
http://refhub.elsevier.com/S0958-9465(13)00078-4/h0010
http://refhub.elsevier.com/S0958-9465(13)00078-4/h0010
http://refhub.elsevier.com/S0958-9465(13)00078-4/h0015
http://refhub.elsevier.com/S0958-9465(13)00078-4/h0015
http://refhub.elsevier.com/S0958-9465(13)00078-4/h0015
http://refhub.elsevier.com/S0958-9465(13)00078-4/h0020
http://refhub.elsevier.com/S0958-9465(13)00078-4/h0020
http://refhub.elsevier.com/S0958-9465(13)00078-4/h0025
http://refhub.elsevier.com/S0958-9465(13)00078-4/h0025
http://refhub.elsevier.com/S0958-9465(13)00078-4/h0030
http://refhub.elsevier.com/S0958-9465(13)00078-4/h0030
http://refhub.elsevier.com/S0958-9465(13)00078-4/h0030
http://refhub.elsevier.com/S0958-9465(13)00078-4/h0035
http://refhub.elsevier.com/S0958-9465(13)00078-4/h0035
http://refhub.elsevier.com/S0958-9465(13)00078-4/h0035
http://refhub.elsevier.com/S0958-9465(13)00078-4/h0040
http://refhub.elsevier.com/S0958-9465(13)00078-4/h0040
http://refhub.elsevier.com/S0958-9465(13)00078-4/h0045
http://refhub.elsevier.com/S0958-9465(13)00078-4/h0045
http://refhub.elsevier.com/S0958-9465(13)00078-4/h0050
http://refhub.elsevier.com/S0958-9465(13)00078-4/h0050
http://refhub.elsevier.com/S0958-9465(13)00078-4/h0055
http://refhub.elsevier.com/S0958-9465(13)00078-4/h0055
http://refhub.elsevier.com/S0958-9465(13)00078-4/h0060
http://refhub.elsevier.com/S0958-9465(13)00078-4/h0060
http://refhub.elsevier.com/S0958-9465(13)00078-4/h0065
http://refhub.elsevier.com/S0958-9465(13)00078-4/h0065
http://refhub.elsevier.com/S0958-9465(13)00078-4/h0065
http://refhub.elsevier.com/S0958-9465(13)00078-4/h0065
http://refhub.elsevier.com/S0958-9465(13)00078-4/h0070
http://refhub.elsevier.com/S0958-9465(13)00078-4/h0070
http://refhub.elsevier.com/S0958-9465(13)00078-4/h0075
http://refhub.elsevier.com/S0958-9465(13)00078-4/h0075
http://refhub.elsevier.com/S0958-9465(13)00078-4/h0075
http://refhub.elsevier.com/S0958-9465(13)00078-4/h0080
http://refhub.elsevier.com/S0958-9465(13)00078-4/h0080
http://refhub.elsevier.com/S0958-9465(13)00078-4/h0080
http://refhub.elsevier.com/S0958-9465(13)00078-4/h0085
http://refhub.elsevier.com/S0958-9465(13)00078-4/h0085
http://refhub.elsevier.com/S0958-9465(13)00078-4/h0085
http://refhub.elsevier.com/S0958-9465(13)00078-4/h0090
http://refhub.elsevier.com/S0958-9465(13)00078-4/h0090
http://refhub.elsevier.com/S0958-9465(13)00078-4/h0095
http://refhub.elsevier.com/S0958-9465(13)00078-4/h0095
http://refhub.elsevier.com/S0958-9465(13)00078-4/h0095
http://refhub.elsevier.com/S0958-9465(13)00078-4/h0100
http://refhub.elsevier.com/S0958-9465(13)00078-4/h0100
http://refhub.elsevier.com/S0958-9465(13)00078-4/h0100
http://refhub.elsevier.com/S0958-9465(13)00078-4/h0105
http://refhub.elsevier.com/S0958-9465(13)00078-4/h0105
http://refhub.elsevier.com/S0958-9465(13)00078-4/h0105
http://refhub.elsevier.com/S0958-9465(13)00078-4/h0105
http://refhub.elsevier.com/S0958-9465(13)00078-4/h0110
http://refhub.elsevier.com/S0958-9465(13)00078-4/h0110
http://refhub.elsevier.com/S0958-9465(13)00078-4/h0110
http://refhub.elsevier.com/S0958-9465(13)00078-4/h0115
http://refhub.elsevier.com/S0958-9465(13)00078-4/h0115
http://refhub.elsevier.com/S0958-9465(13)00078-4/h0115
http://refhub.elsevier.com/S0958-9465(13)00078-4/h0120
http://refhub.elsevier.com/S0958-9465(13)00078-4/h0120
http://refhub.elsevier.com/S0958-9465(13)00078-4/h0120
http://refhub.elsevier.com/S0958-9465(13)00078-4/h0125
http://refhub.elsevier.com/S0958-9465(13)00078-4/h0125
http://refhub.elsevier.com/S0958-9465(13)00078-4/h0130
http://refhub.elsevier.com/S0958-9465(13)00078-4/h0140
http://refhub.elsevier.com/S0958-9465(13)00078-4/h0140

	CO2 curing for improving the properties of concrete blocks containing recycled aggregates
	1 Introduction
	2 Experimental programme
	2.1 Materials
	2.2 Sample preparation
	2.3 Curing process
	2.4 Testing methods
	2.4.1 Temperature and humidity monitoring
	2.4.2 CO2 uptake, water loss and curing degree
	2.4.3 Compressive strength
	2.4.4 Drying shrinkage


	3 Results and discussion
	3.1 Temperature and humidity variation
	3.2 Water loss and CO2 curing degree
	3.3 Compressive strength
	3.4 Drying shrinkage

	4 Implications
	4.1 Enhancement effect
	4.2 CO2 capture capability

	5 Conclusion
	Acknowledgement
	Reference


