
Optimization of 
Cement Sulfate 
Part I - Cement without admixture

Introduction
In 1946 William Lerch published 
a paper on the optimum sulfate 
content in Portland cement, which 
demonstrated that the optimum sul-
fate content with respect to mortar 
strength correlated closely with heat 
of hydration measured by isother-
mal calorimetry, and also with the 
length change of mortar bars stored 
in water. Lerch concluded that a 
Port land ce ment with close to opti-
mum sulfate content would display 
a calorimetry heat proý le with the 
time of sulfate depletion occurring 
after the main silicate hydration 
peak. The results of Lerch were re-
viewed in light of the development 
of modern "easy-to-use" calorim-
eters and their potential usefulness 
for the cement industry.

Introduction
Sulfate is added to clinker in the 
manufacture of Portland cement 
for the purpose of retarding the 
hydration of the aluminate phase. 
Codes such as ASTM C150 and 
EN197 regulate the max i mum sul-
fate expressed as SO3 with respect 
to durability, but no SO3 minimums 
are assigned. 

An extensive study by William 
Lerch /1/ used isothermal calo-
rimetry to study the inþ uence of 
gypsum addition rates to a range 
of commercial clinkers on the hy-
dration performance of correspon-
ding Portland cements in terms of 
strength development and dimen-
sional stability. It was concluded 
that the optimum sulfate content 

for maximum strength usually cor-
relates with minimum dimensional 
change during water storage. 

The optimum sulfate content was 
easily identiý ed by a calorimetry 
heat proý  le. Optimum sulfate with 
respect to strength development and 
dimensional sta bil ity occurred when 
the depletion of soluble sulfate used 
up by aluminate hydration occurred 
at a time later than the max i mum 
heat evolution from the main silicate 
hydration peak, Figure 1.

Calorimetry heat proý les from 
hy dra ting Portland cement
Figure 1 shows an example of 
hy dra ting Portland cement with 
slightly higher than optimum sulfate 
content monitored at room temper-
ature by an isothermal conduction 
calorimeter. Portland ce ment mixed 
with water initially displays a strong 
exotherm caused (A) by ra pid dis-
solution and initial hydration of 
mainly the aluminate phase. If sufý -
cient sulfate is available in solution, 
the hydration rate rapidly decreases 
(B) as aluminate reacts with calcium 
and sulfate to form ettringite. The 
for ma tion of ettringite prevents 
so called "Flash Set" and allows 
the concrete to be transported and 
placed while it is still þ uid. After 
some time the strength giving Alite 
hydration takes off, which results in 
a broad exotherm (C). "Set" usually 
occurs at the initial part of the Alite 
exotherm. The Alite and aluminate 
hydration continue in parallel until 
the mixture runs out of soluble sul-
fate (D), which initiates the forma-
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