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Water Vapor Sorption

Water vapor isotherms provide a wealth 
of information about the properties of 
the raw cement and additives as well as 
the finished product. The water content 
of the raw ingredients can affect flow and 
pouring characteristics. Water activity 
measurements can indicate the amount 
of loosely and tightly bound water in the 
cements. Water sorption isotherms can be 
used in conjunction with nitrogen or argon 
isotherms to quantify the hydrophilicity1 of 
the powders.

The Aquadyne DVSTM and the VstarTM 
provide complimentary information 
on the interaction of water with these 
materials. The gravimetric method used in 
the Aquadyne DVSTM is ideally suited to 
measuring water content(see Fiqure1).

1 Matthias Thommes, Sharon 
Mitchell, and Javier Pérez-
Ramírez. “Surface and pore 
structure assessment of 
hierarchical MFI zeolites by 
advanced water and argon 
sorption studies. ” The Journal 
of Physical Chemistry C 116.35 
(2012): 18816-18823.

The amount of bound water vs. free water 
can be determined by acquiring two 
isotherms in a row without degassing in 
between. The first isotherm deposits both 
bound water and free water, but only the 
free water comes off in the desorption step 
(see Figure 2).

Water sorption measurements of hardened 
cement products give vital information 
about the strength, porosity, and physical 
stability of the product. For example, 
Powers and Brownyard2 have used water 
sorption measurements to evaluate several 
characteristics in hardened Portland 
cement.  
 

Characteristics ranging from permeability 
to thermodynamics of adsorption provide 
useful information on the performance and 
curing times of cement and can be valuable 
tools in optimizing their formulations.

2 Powers, T.C., Brownyard, T.L., Studies of the 
Physical Properties of Hardened Portland Cement 
Paste, Journal Proceedings, Vol. 43-9, (1946) 249-
336.
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Introduction

Cement, concrete, mortars and other cementitious materials are used for structural construction, cosmetic finishes, and even forms of 
artwork. The material properties of these different applications vary, but the methods for measurement are common to all of these  
materials and their precursors. Density, surface area, pore volume, porosity, pore size, water content, and affinity to water (hydrophilicity) 
of the raw materials, the additives, and the end products are some of the critical properties that affect the structural and textural charac-
teristics of cements and mortars. Quantachrome Instruments offers a variety of instruments for measuring these properties.
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Figure 1. Water content measurement on an 
                  Aquadyne DVS

Figure 2. Water activity measurements on Vstar or  
                  Aquadyne DVS
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The true density value of cement materials 
is routinely needed for determination of 
their fineness, as with the Standard Blaine 
method ASTM-C204). Gas pycnometry 
presents a viable alternative to older, 
established methods (such as ASTM-C118) 
which employ difficult to handle liquids, 
like kerosene or naphtha. Using an inert 
dry gas, typically helium or nitrogen, as 
the displacement fluid eliminates any of 
the safety related challenges related to 
using liquids like those mentioned above. 

This completely non-destructive, operator 
friendly technique also allows for multiple 
measurements to be easily performed, 
increasing the confidence in the results. 

The UltraPycTM, PentaPycTM, Stereo-
pycnometerTM, and MultiPycnometerTM 

utilize gas displacement to measure the 
true density of a material, which excludes 
the influence of any pores accessible from 
the exterior of the sample.  

Mercury Intrusion Porosimetry

Pore size distribution is an important 
factor that affects the moisture diffusion 
and permeability properties of cement-
based materials. Mercury intrusion pore 
size analyzers are routinely used to assess 
the pore volume associated with pores 
sized between 0.003 and 950 µm 
Mercury intrusion is a simple and quick 
technique capable of accessing an 
extremely wide size range of pores  
difficult to access with other analytical 
techniques. Because of this, it has long 
been used to provide pore size and 
volume information for cement-based 
materials.

Our PoreMasterTM series of mercury 
intrusion porosimeters the pore size 
distribution and pore volume associated 
with all pores accessible from the exterior 
of a sample. This is accomplished by 
measuring the volume of a completely 
non-wetting liquid, mercury, which 
is intruded into pores at increasing 
pressures. The relationship between the 
size of a pore and the pressure at which 
mercury is gradually intruded is defined  
by the Washburn equation.
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A typical example of a pore size distribution 
measured by mercury intrusion.

True Density Measurement via Gas Pycnometry

Characterizing Today’s Materials — 
Discovering Tomorrow’s™
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AQUADYNE™

Aquadyne™ DVS-1, DVS-2, DVS-2HT
The Aquadyne™ DVS is a fully automated, gravimetric, one or two sample,  
dynamic vapor sorption analyzer. It measures adsorption and desorption  
isotherms of water vapor both accurately and sensitively, including sorption  
kinetics, with minimal operator involvement.
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UltraPycTM

AquadyneTM DVS

PoreMaster TM

Vstar TM

PYCNOMETERS
 
The UltraPycTM, PentaPycTM, StereopycnometerTM, and MultiPycnometerTM 

utilize gas displacement to measure the true density of a material, which 
excludes the influence of any pores accessible from the exterior of the 
sample. Uses a simpler and faster method then what is described in ASTM D70. 

POREMASTER™
 
Automatic pore size distribution and pore volume analyzers using the rapid  
mercury intrusion method. Pore size range measured from approximately 950µm  
diameter to less than 3.5nm in the 60,000 psi capable units, 6.5nm in the 33,000 psi  
models. Both versions have two built-in low pressure analysis ports for pore sizes  
above 4µm. The high pressure cavity, for pore sizes smaller than 4µm accommodates  
one sample cell in the standard unit, and two cells in the GT model for greater throughput.
Featured in ASTM D4404  and  ISO 15901-1.

VSTAR™

Vapor sorption analyzer is dedicated to the analysis of materials using water and  
organic vapors. A single thermostatically controlled chamber houses the vapor  
source and manifold and independently controlled sample cells provide the best  
temperature control available for the most accurate analyses. The VSTAR™ is available  
in 1-,2-,3-,or 4 station models to fit your needs.
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