Effects of chemical
admixtures on the early
microstructure of cement
hydrates

Introduction
 Changes

in the kinetics of cement
hydration reactions can affect the
microstructure of the hydrated
products.

 Chemical

admixtures play an
important role on cement hydration
during the first few hours after mixing.

Goals


Soft X rays transmission microscopy allows the
observation of wet samples under atmospheric
pressure, relatively high magnifications (up to
2400x) and high resolutions (25 nm).



It is possible to image the cement grains as
soon as 6 minutes after mixing.



Nucleation and growth of hydrates in solution
can be observed over time.
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p

Very few needle or fiberlike hydration products
grow in the first minutes.

p

Some hydration products form outside of the
original grain, bridging the space between
grains.

p

An amorphous, less dense phase begins to
form mostly within the boundaries of the
original C3S particle.

M.C.G. Juenger, P.J.M. Monteiro, E.M. Gartner, G.P. Denbeaux, Cement and Concrete
Research 25 (2005) 19-25.

Discussion: C3S + 2% CaCl2
p

The effectiveness of CaCl2 as an accelerator may be connected
to the ability of Ca2+ and Cl- ions to flocculate hydrophilic
colloids, leading to a permeable C-S-H shell and favouring Ca2+
leaching from inside the boundaries of the original grain.

M.C.G. Juenger, P.J.M. Monteiro, E.M. Gartner, G.P. Denbeaux, Cement and Concrete
Research 25 (2005) 19-25.
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p

It takes around 1 hour for the first hydrated crystals to grow on the
surface of the cement particles.

p

Inner and outer products are formed. Inner C-S-H results from the
leaching process of calcium.

p

“delayed accelerator” as shown by the rapid growth of inner
products

M.C.G. Juenger, P.J.M. Monteiro, E.M. Gartner, G.P. Denbeaux (2003), Proc. 11th International
Congress on the Chemistry of Cement (ICCC).
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p

Thin C-S-H fibers covers the cement particles after almost 3
hours.

p

Rapid growth of inner products is not seen.

M.C.G. Juenger, P.J.M. Monteiro, E.M. Gartner, G.P. Denbeaux (2003), Proc. 11th International
Congress on the Chemistry of Cement (ICCC).
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p

C-S-H fibers are absent.

p

Rapid growth of globular hydrated products from the solution
and on the surface of the cement grains.

p

The apparent volume of solids increases over time.

p

Changes to the nano-structure of C-S-H?

M.C.G. Juenger, P.J.M. Monteiro, E.M. Gartner, G.P. Denbeaux (2003), Proc. 11th
International Congress on the Chemistry of Cement (ICCC).
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EVA particles concentrate around C3S grains.



Hydrated fiber-like phase grows outwards from the C3S
boundary.



No inner products were seen during the analyses.



EVA retards the hydration kinetics.



EVA acts as a nucleation agent.



EVA is able to form film in the sample as soon as 4 hours
after mixing.



EVA partially hydrolyzes in the alkaline solution, releasing
the acetate anion CH3COO- that might combine with Ca2+
ions to form organometallic compounds (depletion of
Ca(OH)2 in EVA modified Portland cement pastes).
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No ettringite needles were seen for almost 2 hours of
hydration.



A cloud of small, bright particles around the C3A particles
occurs (products of interaction of groups released by the
copolymer and inorganic species in solution?)



The alkaline hydrolysis of EVA is expected in the high pH
(around 12.3) of the solution, and the bond between the
acetate group (CH3COO-) and metal ions is also expected.



EVA retards the hydration of the C3A.



No EVA film formation was observed in C3A-EVA-gypsum
systems.

Cellulose
ether
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Thin and short hydrated fibers grow outwards from the surface of
C3S particles few minutes after mixing. The hydration reactions
then slow down.



1 hour after mixing the hydration reactions lead to the
development of thin and short hydrated fibers between the C3S
particles. Outer and inner products are seen.



HPMC retards the development of the calcium silicate hydrates
and ettringite.



Mechanism of the retardation effect:
(a) The formation of a gel structure (hydrogel) that imparts the dissolution
(b) The higher viscosity of the hydrogel hinders the motion of the water
molecules and the ions
(c) Physical barrier due to the adsorption of the cellulose ether on the surface
of the hydrating particles
(d) Chemical interactions of the polymer with metallic ions released cannot be
discarded.
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A discontinuous, amorphous hydrated layer forms around C3S
particles with 8 minutes of hydration.



Over time, the amorphous-like structure growing outwards from
the surface bridges the C3S and C3A grains (outer products).



Welan gum favors the hydration mainly within the boundaries of
the original C3S and C3A particles (inner products).



The kinetics of both C3S and C3A hydration is retarded and the
formation of needle-like hydrated products is hindered in the first
hours.



No ettringite needles formed during the analysis.



After 3 hours, there was no evidence of any change in the
volume due to hydration.



Welan gum acts similarly to the cellulose ether (higher viscosity,
adsoption, chemical complexation).

