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Extended Abstract

Despite the future importance of calcined clay as supplementary cementitious material there is still
limited information available on the impact of grinding on its properties. This is not at last due to the
lack of industrial production sites and thus far hardly enough material for full scale grinding tests. The
process of grinding has significant effect on the reactivity and performance of SCMs [1, 2], but specific
procedures for grinding of calcined clays have not yet been established [3]. Several influences
originating from grinding of calcined clays are known based on laboratory tests. Insufficiently calcined
clays caused some problems [4]. The particle size distribution is influenced by the type of equipment
[3]. Mineralogical composition especially of common clays (e.g. content of clays and quartz) will impact
the particle size distribution and may lead to an enrichment of calcined clay particles in the finer
fraction [5] but the quartz will also promote a deagglomeration effect [4]. The fineness of calcined
clays can significantly affect compressive strength of concretes made with blended cements [6, 7].

The performance of a grinding system is defined by a required throughput at a required fineness paired
with a low specific thermal and electric energy consumption. Vertical roller mills systems are much
more energy-efficient than ball mill systems. The difference in specific power consumption is even
higher when grinding to high fineness.

The design of an industrial grinding plant is based on tests with a pilot plant on a laboratory scale. The
design of the test mill is similar to the later industrial mill and ensures the transferability of the
parameters relevant for the rating of the industrial mill.

The pilot plant at Gebr. Pfeiffer with several vertical roller mills (VRM) is in use since many decades for
testing different materials with a wide variation in characteristics such as feed moisture, feed
granulometry, grindability, abrasivity, etc. The required product fineness is varying from very coarse
products (top size 500 um) to products with very high Blaine figures (10000 cm?/g and more) or dso
values of less than 10 um.

Ideally, a representative sample of the feed
material used later on for the industrial
application is ground in the test mills available
in the test station (). Especially the throughput
rate and the specific energy consumption when
obtaining the project-relevant product
fineness are decisive for the rating of design
and process. However, the wear behaviour of
the grinding elements, the mill housing and the
classifier are also determined during the tests
on the basis of characteristic values for the
wear rate and jet wear. With the help of these
values, it is possible to select the optimum wear materials for the subsequent large-scale plant in order
to guarantee the longest possible service life.
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The test procedure for grinding cementitious materials in a pilot plant with a vertical roller mill (VRM)
will be described with a special focus on calcined clay. The subsequent scale-up and rating of an
industrial vertical roller mill based on those results will be explained.

The specific test results of the pilot plant VRM, for e.g. specific power consumption at a required
fineness and wear rate of the grinding parts will be compared for different calcined clays, Portland
cements and granulated blast furnace slags. Table 1 shows a comparison of specific energy
consumption and wear characteristics for CEM |, ground granulated blast furnace slag (GGBFS) and
different calcined clays.

Table 1: Comparison of specific energy consumption for grinding of CEM |, GGBFS and calcined clays

Material Spec. power Fineness Fineness Abrasive Wear Erosive Wear

consumption Blaine in d50 in um | (grinding partsin | (VRM internals)

in VRM in cm?/g VRM) —
kWh/t normalized

CEM | 33-38 5500 ~9-10 1 high — very high
GGBFS 35-40 6500 ~7-13 2-4 high — very high
Calcined Clay A 40 11000 10.3 9 high
Calcined Clay B 35 10000 12.5 9 high
Calcined Clay C 31 12500 7.4 1-3 low

The performance of calcined clays can be influenced by the grinding process. Impacts of process
parameters on the product properties will be detailed. The reactivity (determined by R3-Test and
solubility of Si and Al ions) depends on product fineness and grinding parameters. Increasing the
fineness of the material from 7600 to 12500 cm?/g results in 15 % better reactivity. The activity index,
determined as compressive strength according to DIN EN 196, reaches up to 80% for mixtures with a
replacement level of 40 wt.-% calcined clay after 28 days.

Conclusion

Grinding of calcined clays in VRM is an energy-efficient process. The performance of calcined clays is
impacted by the grinding process parameters. Reactivity and activity index show very promising results
for calcined clays ground in a pilot VRM.
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