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ABSTRACT

This study quantified CO:z in various concrete binders and aggregates using back
titration, thermogravimetric analysis (TG-DTA), and the combustion-infrared absorption
method, and examined the consistency among these methods along with error factors related
to material characteristics.  Back titration is considered the most appropriate method for
both binders and aggregates because that directly measures COg, though sulfides pose a
potential issue.  In contrast, the TG-DTA method may underestimate or overestimate COz
due to the oxidation of sulfides in blast furnace slag, combustion of unburned carbon in fly
ash, and dehydration of clay minerals in aggregates, which coincide with the temperature
The combustion-infrared absorption
method may also produce inaccurate COz values, as elemental or organic carbon within the

range for decomposition of calcium carbonate.
aggregate particles can lead to overestimation or underestimation. In blended cement,
sulfur compounds may interfere with infrared absorption, further skewing the CO:2
measurement. From these findings, back titration was identified as the most reliable
method for CO:z quantification in concrete materials.
characteristics of each sample and selecting the appropriate method is crucial for accurate
COz analysis in concrete materials and concrete structures.

Understanding the specific

Keywords : CO:z content, cement, admixture, clay minerals, back-titration, TG-DTA, T-C,

TOC, organic carbon
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Table 1 Summary of COz quantification methods in Standards or research

(COQ E%ﬁifa)_%:)

Method Samples

Principle

Chemical analysis Lime!4:15
-Volumetric method

Sodium Silicate

Acid dissolution of samples and measurement of
the volume of COz gas generated.

/Potassium
Silicate!®
Chemical analysis Cement1?19 Acid dissolution of samples and measurement of
-Gravimetric method the weight of CO2 gas generated.
Lime!¥
Chemical analysis Cement!? Dissolve the sample in acid, absorb the
-Back titration generated COz gas in alkaline absorption
Lime!® solution, and titrate the excess alkali with acid.
Gypsum29
Sediment2V
Water22
Soil23)
Gasometric method Sediments2? Convert the volume of COz released from the

Steel slag2¥

reaction between carbonate and HClI into

carbonate content using various apparatuses.

Combustion-Infrared Cement!?
Absorption method

Lime!®

To determine COz generated by combustion of a
sample in an oxygen stream by infrared

absorption method.

Coulometric method Seawater25

Cement pastel®

Sediment??

The amount of C is determined from the amount
of electricity required to absorb the gas
generated by HCI treatment into the absorbent
solution and to maintain the pH of the

absorbent solution constant.

Thermogravimetric analysis Cement!?

The weight loss due to the decomposition of

CaCOs.
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Table 2 List of samples
CAEHMD—%)

STEP Symbol Sample
1 HPCC CaCOs regent, LECO, C=11.99£0.05%
OPC-R 96% Pure Ordinary Portland cement* +4% fine limestone
powder**
9 LS1 Limestone, high-purity, Akasaka in Gifu
SS1 Sandstone contains small amount of calcite, Minano-machi
in Saitama,
OPC1 commercial cement classified as “Ordinary Portland
OPC2 cement” in JIS
OoPC3
OoPC4
3 OoPCs
OPCo
BB 60% Pure Ordinaly cement + 40% Granulated blast
furnace slag
FAC 60% Pure Ordinaly cement + 20% JIS 1I Fly ash
LS2 Limestone, high-purity, Yokoze in Saitama
LS3 Limesone contains some amount of other minerals,
4 Hikoroichi in Iwate
SS2 Sandstone contains much amount of calcite and
carbonaceous matter, Minano-machi in Saitama
Shale Shale, Minano-machi in Saitama

*Pure Ordinary Portland Cement does not contain any admixtures.

** Fine limestone powder is pulverized LS1.
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Table 3 Chemical composition of cement (mass%)
(€42 FOIEFHRK)

OPC-R | oPC1 | OPC2 | OPC3 | OPC4 | OPC5 | OPCé6 BB FAC

LOI* 2.96 2.63 2.24 2.83 2.07 2.08 2.69 1.05 1.40
SiO, 20.73 | 20.57 | 20.6 20.7 | 20.48 | 21.29 | 20.11 | 25.99 | 29.29
Al O3 4.54 5.09 5.35 4.93 5.01 5.19 5.18 7.58 8.81
Fe,0; 3.07 3.14 3.14 2.73 2.92 2.83 3.03 2.06 3.35
CaO 64.61 | 63.93 | 63.49 | 64.15 | 64.53 | 64.44 | 63.48 | 56.57 | 52.06
MgO 1.04 0.93 1.49 0.98 1.21 0.87 1.65 2.69 1.01
SO, 1.93 1.94 2.16 2.49 2.58 2.01 1.88 | 2.44* 1.67
Na,O 0.32 0.33 0.27 0.21 0.25 0.27 0.29 0.28 0.38
K,O 0.41 0.35 0.46 0.28 0.34 0.41 0.47 0.40 0.61
TiO, 0.21 0.31 0.28 0.3 0.29 0.29 0.29 0.36 0.40
P,Os 0.16 0.54 0.19 0.19 0.21 0.12 0.45 0.11 0.23
MnO 0.10 0.08 0.11 0.04 0.05 0.05 0.05 0.17 0.10

*LOI: weight loss after ignition at 950 °C for one hour

Table 4 Chemical composition of aggregate (mass%)
(B DILFE/HERR)

LS1 SS1 LS2 LS3 SS2 Shale

LOI 43.25 | 3.53 | 43.04 | 36.83 | 9.64 9.84

Si0, 0.00 | 63.05 | 0.11 9.75 | 52.82 | 51.29

Al,O; | 0.03 15.95 | 0.12 2.74 | 12.80 | 14.00

Fe,O3 | 0.46 4.02 0.09 1.78 4.69 6.06

CaO | 55.70 | 4.64 | 55.34 | 45.99 | 11.62 | 9.76

MgO 0.28 1.62 0.58 1.44 2.10 3.09

SO3 0.00 0.44 0.00 0.29 0.00 0.15

Na,O | 0.00 4.29 0.00 0.30 3.13 1.99

K,O 0.00 1.70 0.02 0.17 1.76 2.15

TiO, 0.01 0.50 0.02 0.14 0.56 0.67

P,0s 0.01 0.10 0.03 0.04 0.12 0.19

MnO 0.03 0.07 0.00 0.05 0.08 0.11

Table 5 Mineral composition of the aggregate.

(B M DERILY)

Symbol Minerals!?

LS1 Calcite, Carbonaceous matter

LS2 Calcite, Quartz, Clay mineral

L.S3 Calcite, Dolomite, Quartz, Clay mineral, Plagioclase, Chlorite,
Opaque mineral

3S1 Quartz, Plagioclase, Chlorite, Calcite, Orthoclase, Mica,
Epidote, Pyrite, Carbonaceous, Sphene

999 Quartz, Plagioclase, Chlorite, Calcite, Orthoclase, Clay
minerals, Carbonaceous matter, Opaque mineral

Shale Quartz, Plagioclase, Calcite, Carbonaceous matter, Opaque
mineral, Clay mineral

1 Published based on polarizing microscope observation results.
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Table 6 TOC measurement parameters
(TOC ;ZIC K B RERI R R D BIESEH)

Start . Final Final
Heating rate temperature .
Parameter | temperature (C/min) temperature holding Carrier gas
®) (°C) .
time(s)
TOCao0 100 70 400 120 Oq
TICo00 400 100 900 250 N2
ROC 900 — 900 100 02
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Table 7 CO2 (mass%) present in HPCC
(BFiETKRET= HPCC ? CO, EE1E)

T-C* TOC
Back titrati TG-DTA
ack titration G TICo00 TOCa00 ROC
Average 43.6 43.7 44.0 43.8 0.10 0.05
SD 0.1 0.04 0.07 0.02 0.03 0.01
2 T-C values, equivalent to the total carbon content.
Table 8 Quantitative value of CO2 (mass%): OPCR, LS1 and SS1
(BFETRDF- 0PC-R, LS1 HKX U SS1 D C0, E=1E)
CO2 (mass%)
Methods OPC-R LS1 SS1
Average SD | Average | SD | Average | SD
Titration 1.90 0.01 43.2 0.3 1.34 0.02
TG-DTA 2.00 0.08 43.0 0.4 1.58 0.08
Carbonate! 1.93 — 44.2 — 1.22 —
5 Total C 1.93 0.03 44.3 0.1 1.61 0.02
TC 0 ictEl tal | <L
rganictiementa Jower | 0.10 0.02 0.39 0.01
C limit
TICo00 2.01 0.03 44.0 0.2 1.69 0.02
Table 9 Quantitative value of CO2 (mass%): OPC
(BFETROHF-HR OPC D C0, EE1E)
Cement CO2 (mass%)

Methods OPC1 OoPC2 OPC3 OPC4 OPC5 OPCe6
Titration 2.21 1.47 2.09 1.40 1.52 2.26
TG-DTA 2.09 1.39 2.00 1.40 1.40 2.17

Carbonate 2.11 1.52 2.09 1.43 1.46 2.22
Total C 2.14 1.56 2.13 1.47 1.49 2.25
e 0 ic+El tal
reanic o ementat - 0.04 0.05 0.04 0.04 0.03 0.03
TOC TTCo00 2.16 1.55 2.13 1.46 1.49 2.31
Table 10 Quantitative value of CO2 (mass%): BB and FAC
(BFETKRHTZBB KU FAC D C0, E=E1E)
CO2 (mass%)
Cement BB FAC
Methods Aveerag SD | Average | SD
Titration 0.41 0.03 0.18 0.03
TG-DTA 0.27 0.04 0.24 0.05
Carbonate 0.43 — 1.15 —
Total C 0.43 0.01 1.47 0.07
T-C | Organict+Element
al <Lower | _ 0.32 | 0.04
C limit
TOC? TICo00 0.56 0.01 1.11 0.02
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Table 11 Quantitative value of CO2 (mass%): Aggregate

(BFFETKROH=-FMD C0, EE1E)

Methods LS1 | LS2 LS3 | SS1 | SS2 | Shale
Titration 43.2 42.7 35.1 1.34 7.73 6.66
TG-DTA 43.0 43.5 36.7 1.58 7.71 7.72
Carbonate 44.2 43.7 37.6 1.22 7.77 6.91
Total C 44.3 43.8 37.8 1.61 7.99 7.72
T I Organic+El tal
rganic o ementat! 0.10 | 0.07 | 0.18 | 0.39 | 022 | 0.81
TOC TICo00 44.0 44 .8 37.7 1.69 8.17 7.30
8.0E+05 2.0E+04
—s52 —s52
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608405 16604
5 5.0E405 3126408
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Fig.6 Graphical TOC Result of SS2 and Shale
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Fig.7 TG-DTA measurement Result of SS2
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FRYE D i & HRIR B DIy iR « RBEDSEIRFIZAE L
7272, CO, M RKFHME L7 b D LB 2 b,

ibis & BE O CO, iE RAE D K/NEAMRIL, ABHZ L o
THAp > Tz, SSI Tl T-C<iiiii & < TG-DTA<
TOC DIELZ, SS2 TlE TG-DTA= Wi i = T-C<T0C D
JIEIZ COp EEAB N < 7o 7. EHAETIE, Wi E <T-

C<TOC<TG-DTA DIETH ~>7~. SS1,SS2 BLUH
5T CO, ERAEDK/NFERN e HEN & LT, T6-
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L7z eEnEBEZoNnND. £72 T-C IETIE, WWESCH
A DR FRRERIE L D RO TV D0,
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