EFEHEAXFMEFEENMEFERSE, XXI ,2010.03

BHEREERVWE2 7)o R R O#E

Age determination of carbonation of concrete using radiocarbon
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Abstract

Radiocarbon method has been applied to concrete in order to estimate progression and age of
carbonation in concrete. Concrete cores from a building constructed in 1967 on the campus of Nagoya
University, Japan, were collected in 2008, and were investigated for 'C, 8"°C, and carbon content, The
amount of carbon dioxide was 8 % at the concrete surface where the concrete is highly carbonated,
decreasing with depth, and was 1 % at the depth where carbonation is hardly observed. The measured "C
values were 144 to 148 pMC at the carbonated surface and 71 to 82 pMC at the depth of less carbonation,
decreasing from the surface down to the depth. These profiles can be interpreted as the following: (1) The
age of carbonation in the concrete can be estimated by the variation of C and carbon concentrations,
coupled with atmospheric *C value at 1967 (~170 pMC: Hua and Barbetti, 2004) and the present one
(~100 pMC). Most part of CO, in the surface concrete is estimated to be absorbed and fixed in ten years
after construction. (2) The deeper part of the concrete also contains small amount of atmospheric COa,
which is 43 to 78 % of CO; in the deeper part. However, 8"Cyppp value in the deeper part is —25 to —21 %o,
and is significantly lower than those of atmospheric CO, (613CPDB——8 %) and marine sedimentary
limestones with geological ages (61301:1)1;=0 %0). Carbon isotope compositions, C and §"°C, in the decper
part of concrete cannot be explained by a simple mixing of the two components. There are two possible
causes of the lowest 8"°C value: material originating from cements and/or concrete, and direct absorption of
atmospheric CO; by high-pH cement solutions with kinetic effects in the high-pH zone.
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Fig. 1 Photos of the concrete cores RKW-2 (outside wall) and RSW-2 (peaked roof), which exhibit carbonation of the
surface concrete (left-sided part) at the depth of 50 and 22 mm, respectively. Deeper parts of the cores in the photos
(central and right-sided part) show less carbonated zones, which phenolphthalein reacts with to give red color to the top of
the cross-sections.
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Table 1 Data for 1*C, 8"3C, and carbon contents of the concrete core samples.

sample R ="Cconc. (xmodem C)* 14C age (BP)* 8C (%o) ¢  CO, (%) Lab. Code #
RKW-2
0- 10mm 1.44324 = 0.00396 2947 £ 22 -16 8.149 NUTA2-13872
10- 30 mm 0.97856 + 0.00293 174 £+ 24 21 5.434 NUTA2-13873
30- 55mm 0.87199 = 0.00270 1100 £ 25 =22 4.137 NUTA2-13874
55- 85mm 0.71077 £ 0.00233 2742 + 26 -24 0.938 NUTA2-13884
85-115 mm 0.74648 = 0.00241 2349 + 26 -24 0.967 NUTA2-13887
RSW-2
0- 4mm 1.47501 £ 0.00399 3122 = 22 -8 8.160 NUTA2-13888
4- 12mm 1.39136 + 0.00384 2653 = 22 -12 5.896 NUTA2-13889
12- 22mm 1.13505 = 0.00327 -1018 + 23 -16 3.998 NUTA2-13890
22 - 34 mm 0.81875 = 0.00260 1606 = 25 =21 1.348 NUTA2-13891
34 - 52mm 0.82268 + 0.00258 1568 + 25 -25 0.722 NUTA2-13892

 14C background was corrected by measurement of graphite target chemically-synthesized from oxalic acid.
b Using data for 8°C value by the AMS measurement, conventional “C age was caluculated.
¢ Data for §"°C value were measured by the AMS. Error of 8"°C value is +/- 1 %o (1 sigma).
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Fig.2 Depth profiles for "*C and carbon contents of the concrete core samples.
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Nz, Bair-eR MBS IAMBE B LD, VMR LESTEFITICRVL TET
HB.

6. WEF

AL, & 5B RPERRNERSII L2 — T ER20EENEBIE B ERRAF ) ORE
Th5. REOQE BB I UMNEBE RO HICEACHIER, PHEBRES, A RFHEFE
FAMERIZEALOTHD. HADATAAZELTIE, 4 HERFEYHOBES A K ICB Tz
7. EXBILBEL LT3, &7, BRI, FR0EELTERXFRELERE FERBE) BSLIUR
B MBS (BRI No.21654070) DEINR&ZZ T TiThbhi.

7. BIAXRR

Barnes, I. and O’Neil, J.R. (1969) The relationship between fluids in some fresh alpine-type ultramafics and
possible Modern serpentinization, western United States. Bull. Geol. Soc. Amer. 80, 1947-1960.

Barnes, I. and O’Neil, J.R. (1971) Calcium-magnesium carbonate solid solutions from Holocene
conglomerate cements and travertines in the Coast Range of California. Geochim. Cosmochim. Acta 35,
699-718.

Dietzel, M., Usdowski, E. and Hoef, J. (1992) Chemical and C/**C- and '*0/'*0O-isotope evolution of
alkaline drainage waters and the precipitation of calcite. Appl. Geochem. 7, 177-184.

EARE (1969) 27V —bOHPHALLEFOE R, BA/R-27—h 272,2-18.

Hua, Q. and Barbetti, M. (2004) Review of tropospheric bomb *C data for carbon cycle modeling and age
calibration purposes. Radiocarbon 46, 1273—-1298.

FRBRE - FHICEE (1989) BEEEYICB T2Vt E(LEEKFHOBERX. EABREES
BERMIHMER 406, 1-12,

Kosednar-Legenstein, B., Dietzel, M., Leis, A. and Stingl, K. (2008) Stable carbon and oxygen isotope
investigation in historical lime mortar and plaster — Results from field and experimental study. 4ppl.
Geochem. 23, 2425-2437.

Krishnamurthy, R.V., Schmitt, D., Atekwana, E.A. and Baskaran, M. (2003) Isotopic investigations of
carbonate growth on concrete structures. Appl. Geochem. 18, 435-444,

Létolle, R., Gégout, P., Maranville-Regourd, M. and Gaveau, B. (1990) Carbon-13 and oxygen-18

mass spectrometry as a potential tool for the study of carbonate phases in concretes. J. Amer.



EFEHEAXFMEFEENMEFERSE, XXI ,2010.03

Ceram. Soc. 73, 3617-3625,
Macleod, G., Hall, A.J. and Fallick, A.E. (1990) An applied mineralogical investigation of concrete
degradation in a major concrete road bridge. Mineral Mag. 54, 637-644.
Macleod, G., Fallick, A.E. and Hall, A.J. (1991) The mechanism of carbonate growth on concrete structures,
as elucidated by carbon and oxygen isotope analyses. Chem. Geol. 86, 335-343,
- AR T - FHE— HTH (2009) FKEWEORFI4ZIBELTLELTEM —=2U—]
BALDFFaFATFas/HfRELT—. £ BREMERERIITHEGRESE XX, 71-80.
Neal, C. and Stanger, G. (1984) Calcium and magnesium hydroxide precipitation from alkaline
groundwaters in Oman, and their significance to the process of serpentinization. Mineral. Mag. 48,
237-241.

Rafai, N., Létolle, R., Blane, P., Person, A. and Gégout, P. (1991) Isotope geochemistry (13C, 180) of
carbonation processes in concretes. Cem. Concr. Res. 21, 368-377.

Rafai, N., Létolle, R., Blanc, P., Gégout, P. and Revertegat, E. (1992) Carbonation—decarbonation of
concretes studied by the way of carbon and oxygen stable isotopes. Cem. Concr. Res. 22, 882-890.
HFR - - SEX - SFHES (2008) 27— NafLOBRFEFFMEREL L TCOARED S

DUCHEEERE. 4 TBRRFNHEBEBOVHERRES XIX, 66-72.
Turner, J.V. (1982) Kinetic fractionation of carbon-13 during calcium carbonate precipitation. Geochim.
Cosmochim. Acta 46, 1183-1191.

N

2 )= RO HEAT S D ERITOID, T Z)—h~D YC BOBERERL. L4 1HE
RFENOIETN 42 EREDOL 7Y —MEREBIZOWT, EE 20 EIZERLE-22Y—ha7iRelo YC
WEE, 8" Cppp i, CO, MEEDRETLERD-. CO, THEIL, 22— MERBWT 8 %LHELEL,
ERIZA,»oTHAL, THEBIZEALE RHARWIERTIE 1 % Tholk. BRBISD “C BEIT 144
~148 pMC ThY, BEEBIZ Mo T L, BETIL 71~82 pMC Thole. ZhbLDEE T a7 7 AN
LUToHKHI/LNZ. (1) KK CO,0 " C BENDEREEDT—F (~170 pMC (1967 £E), ~100
pMC (2008 £E3H7E): Hua and Barbetti, 2004) X/ 32212 ky, FHALORMZHE L. FOME,
27V —MER RO CO, OREFITBER 10 FLLAIC KR DRIEN, BESHWEZEBALMNT
fpotz. (2) L PY—NEHD COy D 43~T8%II KL THD. LHLadis, IO 8" Cepp (25
~—21%0) FERKE CO, DFE (6" Crns=—8%o) 7 IKa D (8" Copp=0%0) L 2L BARBI LMD, TREFD CO,
a7 —rREPLTRIN SRR CO, EAKARIRD CO, DEMA 2 B RE TRy, ZOER
D CO,DIEWSPCHEDIFREL T, FftRar 7V —F oA MIERT L0, BT AHIMORET
TRR CO LKA D DR RINARFO RN EZE], B2 b5,





