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Abstract 

The carbonation is a degradation factor of reinforced concrete. Currently, it was operated by 
accelerating carbonation test on selecting cement type. However, the accelerated carbonation 
test is performed in the 100 times concentration compared with natural environment. It was 
considered that the mechanisms are different on the different cement type and the different 
concentration of carbon dioxide. In this research, it was cleared that the mechanism of 
carbonation on different concentration of carbon dioxide. We had measured the changing pore 
structures and the amount of producing calcium carbonate and consuming calcium hydroxide. 
As a result, it is different mechanism for carbonation on ordinary Portland cement and slag 
cement, and also different concentration of carbon dioxide. 
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1.   INTRODUCTION 

There is carbonation into one of the 
deterioration of reinforced concrete structures. 
Carbonation was occurs in concrete, the steel in 
concrete will be corroded for destroying the 
Oxide layer around steel, therefore carbonation 
is a factor to deteriorate the structural 
performance and durability. Usually, in order to 
determine the resistance of carbonation in a 
short time, the accelerated test by high 
concentrations of carbon dioxide that is different 
from actually concentration is performed. Lots 
of reports is available on the carbonation 
resistance of concrete using accelerated testing 
that is influence of mix proportions, materials 
and curing conditions. Resistance of carbonation 
is very low on concrete with blast furnace slag 
cement comparing with using ordinary Portland 
cement. 
In Japanese standards, the use of the carbonation 
accelerated test has been found. However, it is 
possible to determine the carbonation ratio is 
difficult. The reason is because different 

materials, mix proportions, initial curing periods 
and shape of specimens. Therefore it is required 
of carbonation test with actual environment 
exposure or real structure by concrete with same 
mix proportions. Since the research results of 
concrete with ordinary Portland cement is 
implemented more generally, it is possible to be 
converted into the ratio of carbonation 
coefficient in real environment from obtained 
that in the case of carbon dioxide concentration 
different. However in case of different cement 
type, it is difficult to be converted for less of the 
research results. 
It is thought that carbonation resistance is low 
on blast furnace slag cement by comparing the 
ordinary Portland cement. Because of the 
amount of calcium hydroxide produced by blast 
furnace slag cement is less than that by ordinary 
Portland cement, also pH has been low. 
However it is not possible to explain the 
differences in the carbonation progress only to 
difference in pH. It has been reported that the 
carbonation progress in real environment is not 
observed difference in the ordinary Portland  
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Photo-1 Cubic specimen for porosity and TG 
 
cement and blast furnace slag cement. It can be 
considered such as water supply by surrounding 
environment has influenced in a real 
environment. However it is reported that it is 
large difference on different cement type using 
concrete cores from same carbonation progress. 
It was showed that the progress of carbonation 
increases considerably in concrete using blast 
furnace slag cement in accelerated test. The 
carbonation mechanism is different in the case 
where the carbonation dioxide concentration is 
different and that the nature and amount of 
cement hydrate is different by mixing cement 
and type of ground granulated blast furnace slag 
is different. 
This research aimed at clarifying the 
carbonation progress on different concentration 
of carbon dioxide and type of cement. It is 
investigated carbonation mechanism on different 
carbon dioxide concentrations using ordinary 
Portland cement and blast furnace slag cement. 
It was investigated the changing pore structure 
on carbonation, the hydration products and 
difference of calcium carbonates on before and 
after carbonation. 

2.   OUTLINE OF EXPERIMENT  

2.1 Samples 

It was used for this research, ordinary Portland 
cement in order to eliminate the influence of 
mixing a minor component for preparation of 
specimens. Type of cement are used ordinary 
Portland cement (N), and Blast Furnace slag 
cement Type B (BB). BB is a replacement ratio 
50% of ground granulated blast furnace slag on 
ordinary Portland cement. Therefore, the water 
binder ratio is constant as 100% for accelerating 
the carbonation. It use the chemical admixture 
on high quality of viscosity for preventing the 
separation of cement pastes. The test specimen 
for measurement of porosity was a cement paste 
of the size of 100*5*10mm in order to consider 
the bleeding and accelerating carbonation as 
shown photo-1. After mixing, the top of 
specimen was rapped with glass plate for 1 day. 
After remolding at 1 day, it was sealed curing at  

Photo -2 Disk specimen for XRD measurement 

Fig.1 Test schedule on curing and measurement 
 
28 days for progress of hydration. After these 
curing, only 2 areas opened on 10*100mm, the 
other area will be sealed using aluminium tapes. 
After few days on carbonation environment, test 
specimens were cutting repeat as shone Fig-1, it 
sprayed phenolphthalein solutions on the cutting 
area, and it kept the carbonation until no colour 
completely on the cutting area. On the other 
hand, it use a cement paste of the size of 
D40*5mm for using X-ray Diffraction test as 
shown photo-2. XRD measured continuously. 

2.2 Concentration of carbon dioxide 

After curing, it was carbonated for different 
concentration of carbon dioxide. Concentration 
of carbon dioxide are 0%, 0.05% and 5%. It was 
set up 5%, for based on the carbonation test on 
JIS A 1153. The concentration of 0.05% was 
assumed to be comparable to the real 
environment, it was at the laboratory room. 
Furthermore, 0% was kept in sealed state even 
after completion of curing. It was kept on the 20 
degree Celsius and relative humidity 60%. 

2.3 Experimental test 

(1) Measurement of Porosity 
Measurement of porosity were two methods. 
One is the Mercury Intrusion porosimeter (MIP) 
for measurement of pore size distribution. The 
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other is Archimedes’ method for measurement 
of total porosity. It was prepared by cutting to 
5mm cube for samples. It was used the test 
specimen as no coloured by phenolphthalein 
solution on whole area by carbonation. Porosity 
was measured at before starting carbonation test, 
the time at the moment on no colour specimen 
on carbonation and moreover after 28 days 
continuously carbonation. 
(2) TG-DTA for amount of carbonated 
products 
It was measured the production of calcium 
carbonate (CaCO3) and calcium hydroxide 
(Ca(OH)2) by TG-DTA. It was calculated using 
the change in weight in TG curve from the 
inflection point of the DTA curve at after curing 
time, the end time of carbonation at whole area 
and after 28days from that. The sample made 
from specimen as shown photo-1. After 
carbonation, it was grinding samples and 
measured TG-DTA test. 
(3) X-ray Diffraction 
The original X-ray Diffraction test had been 
measured as a powder by grinding the samples. 
 

Therefore, it is difficult to distinguish the non-
carbonation area and carbonation area. The 
value of some products obtained by averaging 
the all area by grinding the samples. It has a 
problem of the error on the analysis that it can 
take a long time to process the measurement 
such as grinding and it is not same samples as 
pasting age to measure. In this research, it was 
used for XRD test on the very surface layer of 
specimen. It was considered that it was able to 
understand the progress of carbonation using the 
surface XRD analysis with pasting age, because 
of being gone to carbonation from only surface 
of samples. It was also thought that it continues 
to measure the same sample in order to without 
grinding and be able to eliminated sample 
between errors. It was analysed qualitatively 
using D2 PHASER by Bruker AXS. 
Measurement conditions of XRD, voltage was 
30kV, current 10mA, scan speed 0.25deg/min, 
sampling interval 0.025deg. In this research, we 
focused on the generation of calcium carbonate 
as diffraction peak (calcite: 29.4°, veterite: 
27.03°) was calculated from the integrated 
intensity. After allowing carbonated samples in  
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Fig-3 Compare total pore volume on N 
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Fig-5 Result of amount of CaCO3 by TG 

 
concentration of carbon dioxide, it was 
measured the XRD test using the same sample 
in the measurement age such as 0,1,3,5,7,14,28 
days from the start of carbonation. 

3.   RESULT AND DISSUSIONS 

3.1 Porosity 

Fig-2 show the result of changing the pore size 
distribution measuring by MIP on progressing 
of carbonation. In each of N and BB cement, 
porosity is formed on dense pore in sealed 
curing finished (such as before stating 
carbonation). Comparing the carbonation at 
concentration of carbon dioxide at 0.05% (low) 
and 5.0% (high), a different was observed in a 
small pores of about 20 nm. In 5.0% 
concentration of faster carbonation progress 
condition, the pore of about 20nm is not much 
observed. However, at 0.05% concentration of 
slower carbonation progress condition, the pore 
of about 20nm is many observed. Therefore, the 
differences were observed in pore formed due to 
the difference on carbonation environments as 
concentration of carbon dioxide. Then, in Fig-
3and Fig-4, it was compared by the total pore 
volume measured by MIP and Archimedes’  

Fig-4 Compare total pore volume on BB 

Fig-6 Result of amount of Ca(OH)2 by TG 
 
method on the difference carbonation 
concentration. Regardless of the difference in 
concentration of carbon dioxide, the total pore 
volume is reduced after carbonation in N. On 
the other hand, the total pore volume has 
increased at any concentration of carbon dioxide 
in BB.  

3.2 Carbonation products by TG 

Fig-5 and -6 show the results of the amount of 
calcium carbonate and calcium hydroxide 
measuring by TG-DTA. On each cement as N 
and BB, calcium carbonate was increased and 
calcium hydroxide was decrease due to 
carbonation. The amount of changing each 
products in N were larger than that in BB. After 
28days past from the end time of carbonation, 
such as no colour in cutting area by 
phenolphthalein solution, it was not change the 
amount of calcium carbonate and calcium 
hydroxide on long periods for carbonation. The 
amount of calcium carbonate was same as 
different concentration of carbon dioxide. 
However, if it was focus on the calcium 
hydroxide, that of N for 5% of concentration of 
carbon dioxide was mostly decreased. On BB 
was also decreased, but not so much as N. 
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3.3 Carbonation products by XRD 

Fig-7 shows the result of quantities on calcium 
carbonate and calcium hydrate products on each 
carbonation periods. Each cement of N and BB, 
it was observed the calcite on early carbonation 
periods. The production of calcite increased 
rapidly in the early carbonation period in N. 
however the amount of calcite in BB was a 
tendency to increase gradually. Therefore, BB 
took time to production of calcite is constant, 
compared to N. Also, stating carbonation on BB, 
the production amount of vaterite increased. 
This tendency can be seen that when more 
carbonation concentration of 5% stronger than 
the 0.05%. Then, it was compared for the 
production of calcium hydroxide. In N, after 
stating carbonation, the amount of calcium 
hydroxide decreased immediately. After that, it 
became a constant regardless of the carbonation 
concentration. On the other hand, regardless of 
the carbon dioxide concentration, the amount of 
calcium hydroxide in BB decreases gently 
compared with N. 
In N and BB, due to the difference in 
carbonation concentration, the difference was 
observed the porosity, the formation of calcium 
carbonate and the consumption of calcium 
hydroxide.  

4.   CONCLUSION 

This research examined in order to clear the 
carbonation mechanism under different 
concentration of carbon dioxide environment at 
different cement. The knowledge is shown as 
following. 
1) After carbonation, the radial peak of pre 

diameter was moved to large diameter. On 
the total pore volume, N became dense, but 
BB is increased pore.  

2) The amount of production of calcite is often 
in N, however the amount of vaterite is 
often in BB. 

3) Regardless of the carbon dioxide 
concentration, the amount of calcium 
hydroxide was reduced immediately after 
the stating carbonation in N. On the other 
hand, it has gradually decreased in BB. 

However I think that there is a need to consider 
any practical W/B in the future work. The 
reason for the result in order to accelerating 
carbonation, were tested in high W/B (such as 
100%) in this research. 

ACKNOWLEDGEMENTS 

This research is a part of Yoshida Prize for 
Research fellowship of the Japan Society of 
Civil Engineers. In addition, it had committed to 
Mr. Honda as Shibaura Institute of Technology 
at the time of experiments.  

REFERENCES 

[1] JSCE. Standard Specification for concrete 
Structures, 2012 

[2] Matsuda Y., Ueda H., Ishida T. and Kishi 
T.,  ‘Effect of cement and water for 
carbonation based on investigation of real 
structures.’, Proceeding of JCI Annual 
convention 2010, Vol.32, No.1, pp.629-634, 
2010 (in Japanese) 

[3] Toyomura E., Iyoda T., ‘Study of 
carbonation mechanism on different 
concentration of carbon dioxide’, 
Proceeding of JCI Annual convention 2013, 
Vol.35, No.1, pp.769-774, 2013 (in 
Japanese) 

[4] Okazaki S. , Yagi T., Kishi T., and Yajima  
T., ‘Difference of sensitivity due to curing 
condition on strength and per-meability’, 
Cement Science and concrete Technology, 
No.60, 2006 (in Japanese) 

[5] H.J.Wiering, ‘Longtime Studies on the 
Carbonation on Concrete under Normal 
Outdoor Exposure’, Proceeding of the 
RILEM Seminar on the Durability of 
Concrete Struc-tures under Normal 
Outdoor Exposure, 1984 pp.239-249 

[6] Yoda A, ‘CARBONATION OF 
PORTLAND BLAST-FURNACE SLAG 
CEMENT CONCRETE BY 40-YEAR 
NATU-RAL AGING AND PREVENTIVE 
EFFECT OF FIN-ISHING MATERIALS’, 
Journal of Cement and Concrete,  No.56，
pp449-pp454 ,2002  (in Japanese) 

[7] Saeki T., Ohga H., Nagataki S., ‘Change in 
micro-structure of concrete due to 
carbonation”, Journal of JSCE, 420, V-13, 
pp.33-42,1990 (in Japanese) 

 

1268


	Return
	Print


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


