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Research Theme in detail： 
<Goals> 
Hardened cementitious materials consist of various kinds of pores, like gel pores, 

capillary pores, air voids and so on, whose size and shape distribution is often called 
pore structure. However, Ink-bottle relations are most characteristic pore structure of 
cementitious materials and govern drying shrinkage or ion absorption.  
Mercury intrusion porosimetry (MIP) test is one of the most widely used methods to 

study the pore structure of cementitious materials. However, it is well known that the 
evaluation of pore structure by MIP is not totally accurate. The main reasons are the 
ink-bottle effect and the destruction of pores due to excessive high pressure. A unique 
method that can be used to determine volumes of continuative pore and discontinuative 
pore structure was proposed by R.Yoshida and T. Kishi. Furthermore, according to this 
method, a suitable maximum intrusion pressure can be selected.   

In this study, pore structure properties of hardened cement paste made under several 
different kinds of conditions, such as water to cement ratio, curing, age, carbonation, 
and binder, is analysed using the results of the proposed method, Scanning Electron 
Microscope (SEM) and X-ray Diffractometry (XRD). 
 It is well-known that Compressive strength and drying shrinkage of concrete with 
Blast furnace slag (BFS) are lower than normal concrete. But if Lime stone powder 
(LSP) is added into BFS, the strength and drying shrinkage get stronger than BFS 
cement paste. In this study, the effect of LSP on hydration of BFS cement paste will be 
examined. 
 
 



<Results> 
In spite of curing condition, over 1 year aged cement paste formed stiff frame structure 

indestructible by excessive high pressure of MIP. 
BFS cement paste cured under water, even 28 days age, formed narrow threshold 

diameter whose size is less than 10 nm and stiff frame structure indestructible by the 
excessive high pressure. Total porosity of BFS paste is similar to OPC paste. 
However, BFS paste porosity consisted of less continuative pore and more Ink-bottle 
pore than those of OPC paste. 
On carbonated cement paste of water to cement ratio 0.60, total porosity was 

decreased. Remarkable decrease of continuative pore with diameter of 20-300 nm, and 
increase of Ink-bottle pore whose threshold diameter is less than 20 nm were observed 
as carbonation properties. 
 The difference between pore structure of OPC and BFS cement paste could not be 
detected by SEM. Because SEM and the specimen don’t have enough high specification 
to observe nano-scale microstructure.  
 The different mechanism of hydration in BFS cement paste with LSP was clearly 
detected by XRD. In BFS cement paste with LSP, hemicarbonate and Monocarbonate 
were observed by XRD and SEM.  
 
<Achievements> 
In this study, pore structure of OPC and BFS paste were analyzed with the unique MIP 

method.  
BFS cement paste cured in water has smaller volume of continuative pore and smaller 

threshold diameter, compare to OPC paste. In addition BFS paste seems to have stiff 
frame structure indestructible by excessive high pressure intrusion.  
Decrease of threshold diameter and 20 - 300 nm continuative pore volume, and 

increase of under 20 nm ink-bottle pore volume were observed in carbonated OPC paste 
with w/c = 0.60. OPC paste with air-exposed for 22 months seems to forme stiff frame 
structure by C-S-H polycondensation and re-hydration. 
Properties of pore structures, for example distribution of ink-bottle pore and frame 

structure, can be analyzed by the unique MIP method. 
The different mechanism of hydration in BFS cement paste with LSP was clearly 

detected by XRD. In BFS cement paste with LSP, hemicarbonate and monocarbonate 
were observed by SEM. These hydration products can make structure dense. Therefore, 
compressive strength and drying shrinkage of BFS cement paste is improved. 
 



About the laboratory I belong to (Number of faculty members and students, Methods 
used in research activity)： 
 The lab is consisted of 1 professor, 2 post doctors, 4 technical staffs, 15 ph.D. 

students, and 5 master students. 
 The professor has many work of external the university. But there are so many ph.D 

students. So post doctors have to take care and to give advice. 
 

Comments about the workshops and seminars I attended： 
 Any workshop was not held. 

 
My Ambitions： 
 The techniques of SEM and XRD will be introduced to my research. 
 The way of thinking will be introduced to my thinking. 

 
Advice and suggestions for young researchers who will visit partner schools and other 
institutions： 
 Please check the details and specification of testing machine before your stay. 
 Make your research plan clear and in detail. The plan must not be too tight. 

 
 


