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The terms “delayed ettringite formation (DEF)” and “secondary ettringite formation (SEF)” are 
used interchangeably in the literature and often confused [‘I. They both occur in concretes under 
different conditions. A comparison of the DEF and SEF is provided in Table 1. 

The chronology for the evaluation of the term DEF is briefly given as follows. Lerch et al. t31 
postulated that the sulfate in cement systems could be bound in the C-S-H gel structure to form 
a new phase called “phase X”. Kalousek and Adams t41 suggested that “phase X” was a gel 
containing all the oxide constituents of cement. Odler ~1 reported that about 9.8% gypsum could 
be bound in hydrated C3S. The effect of temperature on the “phase X” formation and sulfate 
desorption characteristics has been reported ~1 C-S-H gel will adsorb sulfate faster at high . 
temperature resulting in a relatively quick disappearance of the gypsum phase in C-S-H- 
gypsum mixtures. C-S-H gel, containing sulfate adsorbed at high temperature, will desorb the 
sulfate more slowly than gel that has adsorbed sulfate at normal temperature. Slower release of 
sulfate from an internal sulfate source (i.e. phase X) causes DEF in high temperature cured 
Portland cement paste. It appears that two competitive reactions in terms of gypsum 
consumption exist between C-S-H gel and hydrated calcium aluminates in the hydrated cement- 
gypsum-water system. The increase of temperature apparently accelerates sulfate adsorption 
by C-S-H gel. 

TABLE 1 

DEF 

SEF 

Type of 
Concretes 

Steam cured 

precast concrete 

products. 

Any concrete 

member. 

Comparison of DEF and SEF 

Causes Ettringite Formation 

Sulfate adsorption In 

C-S-H gel during steam 

curing. 

Calcium sullate lorms 

from decomposition of 
AFt or AFm phases by 

severe drying 121. 

Sulfate slowly releases from C-S-H 

gel, mlgrates into cracks and reacts 

with local Al-bearinq materials. 

Calcium sulfate qukkly dissolves 

upon re-wetting and sulfate 
migrates Into cracks to react with 
local Al-bearing materials. 

Expansion 

Rates 

Relatively 

slow. 

Relativeiy 

quick. 
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An example of damage of some concretes due possibly to SEF as opposed to DEF is provided 
by the Duggan test I*] The accelerated test involves several thermal-drying/rewetting cycles . 
followed by length-change measurements on concrete cores in water. The concretes may, or 
may not, be cured initially at high temperature. Therefore, the internal source of sulfate may 
not be the same as that formed in high temperature moist-cured concrete. It is more likely to 
be in the form of calcium sulfate solid formed by decomposition of one of the calcium 
sulphoaluminate phases, e.g. AFt or AFm. C-S-H gel may not be able to adsorb sulfate since 
“phase X” is difficult to form in a relatively dry condition typical of that resulting from the 
drying process of the Duggan test. Sulfate ions from calcium sulfate, upon re-wetting, can 
readily migrate into the nearest cracks, react with the aluminate phase and re-crystallize in the 
form of ettringite. Therefore in the Duggan test, the terminology “SEF” appears more suitable 
than “DEF”. However, the expansion of concrete in the Duggan test could be a single result of 
SEF or combined result of both SEF and DEF. Oberholster et al. “1 argued that on the basis of 
their investigation, the Duggan test showed that all tested concrete sleepers were potentially 
deleteriously expansive. However, some of the sleepers did not show any signs of cracking after 
more than 10 years of service. Idom and Skalny [*I doubted that a high expansive potential 
indicated by the Duggan test (even when the curing temperature of the precast concrete 
products did not meet the critical condition for DEF) was realistic. The Duggan test not only 
creates microcracks simulating an accelerated weathering process, but also creates an extra 
internal sulfate source for “secondary” ettringite formation, which may not originally exist in 
the concrete. Aluminate hydrates combine with sulfates to form AFt or AFm phases in normal 
temperature cured concrete at early ages. They are relatively stable if no severe thermal 
treatment is applied. DEF usually does not occur in concrete cured at normal temperature. 
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