
Advances in Cement Research. 2007. 19, NO.4. October. 167-175  
doi: 10.1680/adcr.2007.19.4.167  

Performance of plain and blended cements 
exposed to high sulphate concentrations  
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Abstract: The sulphate resistance of plain (ASTM C150 Type I and Type V) cements and cements blended with silica fume. 
fly ash. blast furnace slag or Superpozz, a new generation of supplementary cementing materials, exposed to sodium 
sulphate solutions was evaluated in this study. Cement mortar specimens were exposed to sulphate concentrations of up to 
25000 ppm. The sulphate resistance of the selected cements was evaluated by visual examination and measuring expansion 
and reduction in the compressive strength. Morphological changes in cements, due to sulphate exposure, were evaluated by 
scanning electron microscopy. The mineralogical changes in cements exposed to a solution with 15 000 ppm sulphate were 
evaluated. Cracks were noted in Type I and silica fume cement mortar specimens exposed to a sulphate concentration of 15 
000 ppm or more. In type V cement. the sulphate tolerance was 25000 ppm. Cracks were not noted in the blast furnace slag. 
fly ash. and Superpozz cement mortar specimens exposed to 25000 ppm sulphate solution. It is suggested to use Type V 
cement or Type I cement blended with fly ash, blast furnace slag or Superpozz in sulphate-bearing environments.  

 
Introduction  

It is well known that sulphate ions in soil, groundwater and 
seawater can cause deterioration of reinforced concrete 
structures. They react with the cement hydration products, 
particularly calcium hydroxide (CH) to produce gypsum and 
calcium alumino-sulphate hydrate, or monosulphate 
(C4ASH12), to form ettringite (C6AS3H32) [Note the use of 
cement nomenclature, i.e., C = CaO; A = AI203; S = SO3; 
etc]. Both reactions are expansive and they contribute to 
strength loss and in extreme cases, lead to disruptive expansion 
and degradation of concrete into a non-cohesive granular mass. 
Ettringite formation is considered to be the cause of most of 
the expansion and disruption of concrete structures involved in 
external sulphate attack (ESA). ESA may be expected when  

*Department of Civil Engineering. King Fahd University of Petroleum and 
Minerals, Dhahran 31261. Saudi Arabia.  
† Department of Chemistry. University of Aberdeen. Aberdeen. UK.  
‡ Research Institute, King Fahd University of Petroleum and Minerals, Dhahran 
3126 I. Saudi Arabia.  

(ACR 6545) Paper received 13 June 2007; accepted 28 June 2007  

 

(a) cement is susceptible to chemical reactions with  
sulphate  

(b) concrete is highly permeable  
(c) the environment is sulphate-rich  
(d) there is an ample supply of moisture.'  

Two main chemical approaches are taken to control sulphate 
attack. The first is to limit the potential for formation of 
calcium alumino-sulphate hydrates by the use of a sulphate-
resistant Portland cement (e.g., ASTM C 150 Type V). This 
cement has a low C3A content and therefore, has a reduced 
potential for the formation of calcium alumino-sulphate 
hydrates compared with normal Portland cement (i.e., ASTM 
C 150 Type I). The second approach is to reduce the quantity 
of cement (and therefore the C3A content) with supplementary 
cementing materials (SCMs). These materials react with CH 
derived from cement hydration to provide further pore-filling 
with calcium silicate hydrates and calcium aluminosilicate 
hydrates. This provides a further protection against aggressive 
sulphate attack by reducing interconnected porosity, thereby 
limiting the internal surface for reaction. SCMs conventionally 
used in concrete for enhancing the sulphate-resistance of ce-
ments are silica fume (SF), fly ash (FA), and blast furnace slag 
(BFS). BFS is not strictly a pozzolan  
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