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The Influence of CO, Concentration and Carbonation Period on the
Carbonation Degree of Cement Kiln Bypass Dust(CBPD)
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This study investigated the effects of CO, concentration and carbonation duration on the carbonation degree of cement kiln
by-pass dust(CBPD). The results indicated that increasing the CO, concentration from 5 % to 10 % significantly enhanced the
carbonation degree of CBPD(by 2-8 wt% based on the total sample mass). However, at a CO, concentration of 20 %, the
carbonation degree of CBPD was comparable to that observed at 10 %. Regarding carbonation duration, the carbonation

degree increased up to two days of curing.
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Table 1. Major factors contributing to CO, emissions in the cement
industry and strategies for reduction

CO, emission .
Factor o o Reduction strategy
contribution
Calcination of Use of alternative raw
. ~60 % .
limestone materials
Electricity <10 % Use of energy-efficient
consumption ’ technologies
Fuel consumption ~30 % Switching to alternative fuels

SEZMEI7 |5 EASZIAIRMIE H4HTY (Carbon Neutral Materials Center, Carbon Neutrality & Materials Digitalization Division, Korea
Institute of Ceramic Engineering & Technology (KICET), 100, Soho—Ro, Jinju, 52851, Korea)

2SIZMEt e EtASTIAKIMIE]! ML (Carbon Neutral Materials Center, Carbon Neutrality & Materials Digitalization Division, Korea
Institute of Ceramic Engineering & Technology (KICET), 100, Soho—Ro, Jinju, 52851, Korea)

SMRCRE(F) 7|&%7A MUHATL (Ssangyong Technology Research Center, 396, Simokbugang—Ro, Sejong, 30078, Korea)

IMSCRE(F) 7IaXTA £AMHT1LR] (Ssangyong Technology Research Center, 396, Simokbugang—Ro, Sejong, 30078, Korea)
SSIZA|2H T | Y EtASEIARIMIE] MUHTIL (Carbon Neutral Materials Center, Carbon Neutrality & Materials Digitalization Division, Korea
Institute of Ceramic Engineering & Technology (KICET), 100, Soho—Ro, Jinju, 52851, Korea)
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Table 2. Oxide chemical composition of raw cement kiln bypass dust
(CBPD) in weight percentage

CaO SiO; SO; K0 Others Sum
CBPD2 | 60.21 11.01 8.28 5.56 14.94 100
CBPD3 | 60.09 11.61 7.50 4.37 16.43 100
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Fig. 2. TG results of washed CBPDs
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Table 3. pH analysis of filtered solutions derived from carbonated
CBPD mixtures

CBPD CO, concentration (%) €O; curing period (days)
type 0 1 2 3
5 10.6 7.8 7.8
CBPD2 10 12.1 10.6 7.8 7.6
20 7.6 74 74
5 11.7 7.8 7.8
CBPD3 10 12.3 8.7 7.7 7.3
20 7.8 7.6 7.3
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Fig. 3. TG results of CBPDs under 5 % CO, concentration: (a) CBPD2,
and (b) CBPD3

Note that 0d indicates no carbonation, whereas 1d, 2d, and 3d

represent carbonation curing durations of 1 day, 2 days, and 3 days,

respectively.

Table 4. The content of CaCO3 and its carbonation degree of
carbonated CBPDs (5 % CO, concentration) (wt% based
on the total sample mass)

CBPD CO, curing period (days)
type 1 2 3
CaCO; 46.21 48.96 48.99
CBPD2
Carbonation degree 41.78 44.53 44.55
CaCO; 46.12 50.85 49.78
CBPD3
Carbonation degree 37.75 42.48 41.41
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Fig. 4. TG results of CBPDs under 10 % CO, concentration: (a) CBPD2,
and (b) CBPD3

Note that 0d indicates no carbonation, whereas 1d, 2d, and 3d

represent carbonation curing durations of 1 day, 2 days, and 3 days,

respectively.

Table 5. The content of CaCO; and its carbonation degree of
carbonated CBPDs (10 % CO, concentration) (wt% based
on the total sample mass)

CBPD CO; curing period (days)
type 1 2 3
CaCO; 49.35 52.31 51.35
CBPD2
Carbonation degree 44.92 47.87 46.92
CaCO; 52.94 52.76 52.33
CBPD3
Carbonation degree 44.57 44.39 43.96
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Fig. 5. TG results of CBPDs under 20 % CO, concentration: (a) CBPD2,
and (b) CBPD3

Note that 0d indicates no carbonation, whereas 1d, 2d, and 3d

represent carbonation curing durations of 1 day, 2 days, and 3 days,

respectively.

Table 6. The content of CaCO; and its carbonation degree of
carbonated CBPDs (20 % CO, concentration) (wt% based
on the total sample mass)

CBPD CO, curing period (days)
type 1 2 3
CaCOs 49.94 51.31 49.85
CBPD2
Carbonation degree 45.51 46.87 45.52
CaCOs 53.92 52.44 54.15
CBPD3
Carbonation degree 45.55 44.07 45.78
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Table 7. The carbonation degree of carbonated CBPDs (5 %, 10 %,
and 20 % CO, concentration) (wt% based on the total
sample mass)

CBPD . CO, curing period (days)
i CO; concentration ’ 5 3
5% 41.78 44.53 44.55
CBPD2 10 % 44.92 47.87 46.92
20 % 45.51 46.87 4542
5% 37.75 4248 41.41
CBPD3 10 % 44.57 44.39 43.96
20 % 45.55 44.07 45.78
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