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part from the emissions associated
A with the consumption of
thermal and electrical energy,

the natural release of CO,, resulting
from the calcination process during
clinker production is unavoidable’. The
substitution of clinker with secondary
cementitious materials (SCM) like
granulated blast furnace slag, fly ash,
natural pozzolans and limestone reduces
the carbon dioxide emission per tonne of
cement and saves raw material costs. The
main difficulty with blended cements is
slower strength development compared
to pure Portland cements at constant
fineness. This gets more pronounced
with an increasing amount of clinker
replacements and can also imply reduced
final strength

The concept of achieving the highest
amounts of secondary cementitious
materials is linked to:
* locally available materials and their
characteristics
« conditions during the cement grinding
process
+ strength demands by standards and
customers

This requires creating individual
solutions for each cement plant or even
for single cements,

How to improve strength?
There are several ways to generate

the desired strength development and
strength potential of cement. The impact
of major options and the role of modemn
cement additive technology therein are
described in the two following sections:
» Improved cement fineness with
adjusted separator setting and grinding
aids, expressed as:

a) higher spedfic surface according to
Blaine

b} optimised particle size distribution of

Cement is a key success factor within today's construction challenges and
frequently the solution for the difficult task of increasing economy while
preserving nature. Despite continuous opfimisations towards more efficient
and environmertally-friendly production methods, cement production still
leaves a footprint in the environment. Sika AG offers strength enhancing
solutions which allow for cost-effective and ecologically-friendly clinker
reduction.

the cement, target ng the particle fraction
F-32um.

* Chemical activation of the hydration
process with ceme a1t additives, to achieve
enhanced

a} early strength

b) final strength.

Figure 1: importance of different particle fr:

Improved cement fineness
The positive influence of higher fineness
on the strength development and
strength potential is well-known. For
example, it is the main criterion to adjust
the different strength classes of pure
Portland cement. In blended cement,
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fineness and composition of the cement
affect each other, which makes it more
challenging to find the optimum setting
for both parameters.

During the attermpt to increase the
amount of clinker replacements, higher
fineness is usually disregarded, since this
would reduce the cement production
rate by approximately 3-4 per cent per
100cm?/ g specific surface and hence lead
to a higher specific energy consumption?
Grinding aids help to achieve the desired
fineness at the most economic way while
compensating at least partially this loss of
production rate, Polycarboxylate polyrmer
(PCE)-powered grinding aid technology
causes a stronger production increase
compared to traditional grinding aids
based on amino alcohols or glycols?.
This additional grinding and separating
efficiency can be used to achieve higher
cement fineness at constant production
parameters,

Optimised particle size
distribution

Most commonly, the fineness is expressed
as specific surface according to Blaine.
The larger the Blaine value, the faster is
the strength development and the higher
is the strength potential. More accurate
information about the fineness of cement
can be drawn from the particle size
distribution (PSD) {see Figure 1), which is
usually measured with the laser diffraction
method, It can be characterised according
to the RRSE method by means of the
position parameter ' (smaller value =
bigger proportion of fine particles) and
the slope 'n" (bigger value = narrower
distribution). At equal specific surface,

an optimised particle size distribution
would result in a greater proportion of
the particle size fraction 3-32pm which

is the most important for the strength
development®,

At constant production parameters and
dosage like the traditional amino alcohol-
based grinding aid, the polycarboxylate
polymer powered grinding aid achieved
in the following plant trial example (see
Figures 2a, 2b and Table 1) a narrower
particle size distribution and a smaller
position parameter. A substantial strength
increase at all ages which allows reducing
clinker content was the consequence of
the increased particles size fraction 3-
32pm.

Decreasing the carbon footprint and
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CEM IW/B-5 32 5R Amino alcohol
based grinding aid
Production (tph} 70
Daosage (%) 0.02
Blaine (cm?/g) 3090
Sieve residue 32pm (%) 1.5

Table 1: comparison between an amino alcohol-based
grinding aid and SikaGrind 800 Series grinding aid
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increasing the cement manufacturer's
profitability can be achieved with
enhanced quality resulting from an
optimised fineness at constant production.

Chemical activation
One of the most desired effects of cement
grinding aids with performance enhancing
characteristics, so-called quality improvers,
is to accelerate cement hydration and
thus strength development. Various amino
alcohols but also other raw materials are
commonly used to address different stages
of the strength development.
Clyeol-based grinding aids, however,
are usually known to be inactive regarding
a chemical activation of hydration. Sika
offers standard as well as tailor-made
products with the aim to improve the
strength development, using several
technigues of chemical activation, In most
cases, these quality improvers can be
combined with traditional grinding aids
as well as with the new polycarboxylate
polymer powered grinding aid technology.

Early strength enhancement
Figure 3 shows a considerable early
strength increase of two SikaGrind eary
strength enhancers versus a glycol based
grinding aid. The fineness according
to Blaine as well as the particle size
distributions of these limestone cements
tested in laboratory trials was constant,
The standard amino alcohol-based
cement additive gains approximately
2M/mm? more strength after two days.
The tailor-made product which was
madulated to the existing conditions

i)
id qualily impr

Compressive strangth [N/mnv]
20 Cement produced with: R CE I L2

WO0,0%% Ghytol based orirding aic

W0.05% SIKEGHNd aming 20Nl Eased cement sO0diy 1 '
40 4 @0 20% SikeCrind e made cement addity

5.1
Variation range
20 CEM AL 325 R X9
7| Glaine
3.800 el
256
20 4 g5 0
10
0 -

2 28

K_ Time in days J

results in a more pronounced strength
increase of up to 5M/mm? after one and
two days. Final strength, in contrast,

is affected only slightly by pure cary-
strength enhancers. The achieved
advantages can be used to raise the
proportion of dinker replacements or
partially use less reactive clinker.

Chloride-enhanced early
strength activation

Chlorides surely belong to the most
efficient and less sensitive early-strength
enhancers, Due fo the utilisation of
chlorde containing secondary fuels or
the application of kiln dusts as cement
constituent, the chloride content in
today's cements is frequently close to the
limit and permits only a small dosage of

chloride powered cary strength enhancer,
Nevertheless, to create environmentally
frendly cements with highest amounts
of clinker replacement which fulfil the
strength demands of standards and the
construction industry, this potential should
not be rejected in general. Sika offers the
possibility to create tailor-made products
which incorporate the local conditions and
ensure that the restrictions, eg the limit
for the chloride content in the cement are
kept.

Final strength enhancement
Improved final strength is of highest
interest for cements with a high amount
of limestone as clinker replacement, In
times when frequently-used secondary
cementitious materals like blast fumace
slag suffer a shortage, raw materials like
limestone which can be extracted from
cement producers own quarries gain
higher importance,

It is well known that at constant
fineness the strength of cements with
interground limestone decreases by an
amount related to the magnitude of
limestone used”. Thus, blended cements
or at least the clinker component thereof
must be ground considerably finer to gain
the same strength leveal like pure Portland
cement. This leads to a loss of production
rate.

The following plant trial example
addresses these topics, Figure da, b
and Table 2 show a distinct increase of
final strength using SikaGrind strength
enhancer versus the presently used
traditional glycol-based grinding aid.
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This strength enhancement must be
entirely based on chemical cement
hydration activation since the particle

size distributions of both cements are
comparable which is confirmed by all
measured parameters. This specific
product offers another advantage which is
associated with the use of polycarboxylate
polymer powered grinding aid technology
as basis of this final strength enhancer.

As a result, an additional five per cent
production increase versus the already
strong production values with the
established ganding aid was achieved.

Conclusions
The: pressure to reduce COy emissions
demands increasing amounts of clinker
replacements in cement formulations. This
implies a loss of strength and production
capacdity which needs to be compensated.
Sika supplies customised cement
additives to adapt the strength
development to individual demands. The
proposed solution considers the required
fineness and production parametars.
Besides combinations of chemically-
activated early and final strength,
improved cement fineness towards an
optimised particle size distribution is
another reasonable altermative to achieve
bigger shares of secondary cementitous
matedals or partially use less reactive
clinker. A potential loss of production
rate can be compensated by the more
efficient polycarboxylate polymer powered
grinding aid technology of the SikaGrind-
800 senes, which also can be incorporated
into quality improvers targeting early and/
or final strength via chemical activation,
SikaGrind products support finest
strength development of cement, enabling
cement manufacturers to decrease the
carbon footpant and maximise their
profitability as well,
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Table 2: comparison between a glycol-based grinding aid

and a SikaGrind-800 Series final strength enhancer

CEM A 32.5M Giveol based SikaGrind- 800 Senes

grinding aid final strength enhancer

Production (tphl 104 114

Dosage (%) 0.025 0.025

Blaine (cm?/g) 3535 3550

Sieve residue Ium (%) 14.5 14.1

Inclination n in RRSB diagram  1.02 1.02

Position parameter x in

RRSE diagram {am) e 211

Water demand (%) 28.0 77
- /
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