
H d h bl f hi hHydrate phase assemblages for high 
performance low clinker cements
Hydrate phase assemblages for low 

clinker fit for purpose cements
Duncan Herfort

Cementir Holding 

p p

Duncan Herfort
Cementir HoldinggCementir Holding 



Introduction

H d h bl f hi h

Can we replace 50% clinker by a non-calcareous pozzolana (e.g. class 
F FA) for same concrete performance?

Hydrate phase assemblages for high 
performance low clinker cements

At first glance the answer is no, because the

• maximum replacement with a non-calcareous pozzolana for same 

Duncan Herfort
Cementir Holding 

p p
strength is c. 25%, and

• Except for N.America production of industrial SCMs falls well short 
of this in any event gy

Solutions to overcome this include developing

• natural pozzolana including calcined clays,
• the synergy between limestone and alumino silicate pozzolana for 

replacement up to 50%, andreplacement up to 50%, and
• alkali activation for replacement higher than 50%
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World wide availability of Supplementary Cementitious Materials
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The carboaluminate reaction 
suggests a way out.

75
80

60
65
70

hs
, M

Pa

45
50
55
60

st
re

ng
th

35
40
45

28
d 

30
0 10 20 30 40

clinker replacement %clinker replacement, %



CaSO4gypsum
+ CSH + CH + FH+ CSH + CH + FH3
+ pore solution
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higher aluminate content 
= higher strengths
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Natrolite
Na2Al2Si3O10·2H2O

Alkali activated calcined clay and 
portland cement





STRUCTURAL EVOLUTION ASSESSMENT

Increasing NS (0 
 16%)

Futurecem –Workshop 7
Aalborg – August 26 -2010

40% clinker, MK/(MK+ls) ratio = 0.96, sodium sulfate content = 0, 4, 10, 16%

Constant water/binder ratio of 0.57



EFFECT OF MK/LIMESTONE RATIO ON STRUCTURE

X-RAY DIFFRACTION – 90 DAYS OF CURING – 40% CLINKER  

MK/(MK+ls) ratio: a) 0.80 and b) 0.96

Futurecem –Workshop 7
Aalborg – August 26 -2010
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STRUCTURAL EVOLUTION ASSESSMENT
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Conclusion

By combining limestone and alumino silicate 
pozzolana (FA, calcined clay etc.), the levels of clinker 
replacement for the same concrete performance canreplacement for the same concrete performance can 
be extended from about 25% to 40%. 

F f th l l f l t lk li f ti tiFor further levels of replacement, alkalis for activation 
and stabilisation of framework silicates are needed.


