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Effect of Fine-Ground Ceramic Admixture on
Early Age Properties of Cement Paste
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Abstract—Properties of cement pastes with fine-ground cezami

used as an alternative binder replacing Portlangeoé up to 20% of
its mass are investigated. At first, the partidee distribution of
cement and fine-ground ceramics is measured usisgr lanalyser.
Then, the material properties are studied in they eaardening
period up to 28 days. The hydration process ofistudhaterials is
monitored by electrical conductivity measurementingis TDR
sensors. The changes of materials’ structuresmitteé hardening are
observed using pore size distribution measurenTdm@.compressive
strength measurements are done as well. Experiinesialts show
that the replacement of Portland cement by finexgdoceramics in
the amount of up to 20% by mass is acceptableisaldtom the
mechanical point of view. One can also assume ainphysical
properties of designed materials to the referenatemal with only
Portland cement as binder.

These materials can be beneficially applied abdiéna
concrete industry, where they can be used as p&aidland
cement replacement in concrete and mortars. Inwhig the
concrete industry will produce environmentally mdriendly
materials especially from the point of view of reton of
CO2 production. One possible source for such aglana is
calcined clay that is usually product of ceramigustry [1]. A
portion of ceramic products formed within the bagiillite-
group minerals is discarded as scrap, thus cotestitadustrial
waste. These waste products having suitable fiisecas then
become active pozzolana [2], [3]. Therefore, wasteamic
materials may have a potential to become a chdapgelmost
equivalent alternative to metakaolin as supplenmgriténder
in mortar and concrete [4].

Keywords—rFine-ground ceramics, cement pastes, early age |n this paper, fine-ground ceramics is used asl@mative

properties, mechanical properties, pore size igtion, electrical
conductivity measurement.

I. INTRODUCTION
RECENT development

in manufacturing of building

binder in cement pastes mixtures replacing Porttzerdent in
the amount of up to 20% of mass.

Il. EXPERIMENTAL

materials is focused on application of secondamy ra A.Materials and Samples

materials having pozzolanic properties. Many indakt
byproducts possessing pozzolanic properties ardupes in
large amounts worldwide, and despite the curresmds of
environmental protection and sustainable constroctiheir
production volume still greatly exceeds their irttias reuse.
Therefore, there are compelling reasons to extemar t
practical application in building industry.
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The researched cement pastes were prepared witlariebr

cement CEM | 42.5 R as the main binder. Its speaifirface

area was 341 ffkg. A part of cement was replaced by fine-

ground ceramics, which specific surface area was ri3kg.
The differences in particle size distribution wefgserved by
laser particle size analyser Analysette 22 Micropkrs. The
particle size distribution of used binders is showFigs. 1, 2.
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Fig. 1 Particle size distribution of applied binsler
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Fig. 2 Particle size distribution of applied binsler

Looking at these results, one can see that the GEBIR is
slightly finer than used ceramics. On the otherdhathe
fineness of grinding of the applied ceramics idfisieint for
optimal pozzolanic reaction.

The composition of pastes mixtures is given in €abl
Here, the reference mixture without ceramics additis
denoted RP. P10 and P20 are mixtures where theopéne
Portland cement is replaced by fine-ground ceramiks
superplasticizer, Mapei Dynamon SX was used. liaised on
modified acrylic polymer and allows greater wateduction,

by 5 mm. The particular sensors were placed inedhbic

moulds containing fresh mixtures of studied pastes

connected to the cable tester TDR/MUX/mts produbgd
Easy Test. This apparatus was developed in théutestof

Agrophysics PAS, Lublin, Poland, and allows measeng of

electrical conductivity, temperature and relativerrpittivity

[5], [6]. The monitoring of electrical conductivighanges was
performed for time interval of 28 days.

C.Measurement of Compressive Strength

The compressive strength tests were performed aicgpto
CSN EN 12390-3 [7] on samples 1 and 28 days olchdJiis
measurement we were able to observe the hardericggs of
studied materials together with the strength growth

D.Pore Size Distribution

There are several methods of the experimental sroses
of porosity and the relevant quantities such ase psize
distribution [8]. In this paper, pore size disttiom of
investigated materials was measured by mercuryusitn
porosimetry using apparatus Pascal 140 and 440rifid)e
The measurement by mercury porosimetry is basedhen
physical principle that a non-reactive and non-ngtiiquid
(in our case mercury) will note penetrate pored safficient
pressure is applied to force its entrance [8]. Agaw pores
must be filled up, high pressure must be applietie T
relationship between the applied pressure and tre pize
into which the mercury will intrude is given by thgashburn

along with high mechanical strength and prolongedquation [9]

workability.
TABLE |
COMPOSITION OFTESTEDPASTES
Mixture RP RP10 RP20
Amount of material
(kg/n?)

CEMI1425R 484 435.6 387.2
Fine-ground ceramics - 48.4 96.8

Superplasticize 5.2 5.3 5.2

Watel 20C 20C 20C

The measurement of materials properties was dorthein
early hardening period up to 28 days. The followspgcimens
were used in the experiments for each of the stiudiaterials:
compressive strength — 3 specimens of dimensiodx IMO x
100 mm, monitoring of hydration process using eleat
conductivity sensors — 3 specimens of dimensio®sx1000 x
100 mm, pore size distribution — 1 specimen cumfrihe
cubic specimens for the electrical conductivity meaments.

B.Monitoring of Hydration Process

To study the effect of fine-ground ceramics additan the
process of hydration of cement pastes, monitoringlectrical
conductivity was done. For that purpose, two rodseguide
electrical conductivity sensors LP/ms by Easy Testre
applied. The sensors are made of two 53 mm longllphr
stainless steel rods, having 0.8 mm in diametersaparated

Pzzyf(t)cose, (1)

whereP (Pa) is the applied mercury pressurém) the pore
radius, y(t) the surface tension of mercury, (at 20°C edgsial

to 480 mN/m),t (°C) temperature, and (°) contact angle of
mercury and pore wall. In our experimental setupassumed
contact angle 130°. The pore size distribution mesment
was performed on dried samples in 7 days intervals.

I1l.  RESULTS ANDDISCUSSION

The results of electrical conductivity measurememé
presented in Figs. 3, 4. We can observe an increfishe
electrical conductivity after the addition of batehter into the
studied pastes mixtures, which is due to the irszreaf
temperature of the mix induced by hydration heategation.
Looking at the data from the quantitative pointvidw, the
highest values of electrical conductivity were meead for
pure cement paste without ceramics additions. @noter
hand, the lowest values were reached for paste PR6.
results measured for modified paste P10 were innilule.
The decrease of the amount of free water in the with
increasing ceramics amount was apparently dueetaviiting
of ceramics particles.
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The data of electrical conductivity are in agreemeith

interval of 28 days

compressive strength results presented in Fig. 5.
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Fig. 5 Compressive strength of researched materials

As high is the electrical conductivity at the bedny of the
hardening process, as high is the material mecabsirength.
Clearly, the supposed pozzolanic reaction in thexemi
containing ceramics was not yet complete.

The highest values of compressive strength exfibike
pure cement paste. However, the values of compeessi
strength measured for pastes containing ceramécalao very
promising, especially taking into account fact ttta part of
Portland cement was replaced by waste material.

The results of mercury porosimetry measurementgjiasn
Figs. 6-8. The data demonstrate the process of riaate
hardening and strength growth.
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Fig. 6 Pore size distribution in reference paste RP
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Fig. 7 Pore size distribution in paste P10

In Fig. 9, there is presented comparison of powe si
distribution of all the tested materials measured 28 days.
We can see that the measured cumulative pore vslume
correspond with the results of compressive strengyil
electrical conductivity measurement. The lowestepaslume
exhibited reference paste. Also in this case, fiieation of
fine-ground ceramics did not lead to the significdecrease of
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pastes quality and the tested materials with caxmaman be
generally considered as acceptable. [1]
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Fig. 8 Pore size distribution in paste P20
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IV. CONCLUSIONS

In this paper, experimental testing of new typeserhent
pastes containing fine-ground ceramics was prederntae
tested materials with partial Portland cement mrapizent
revealed good mechanical strength that was onlyiafisr
reduced in comparison with the reference paste owith
ceramics addition. Also the measured pore sizeilligion
confirmed the reasonable quality of the developatkenals.

For the practical application of the developed mal® in
building industry, it will be necessary to perforseries of
durability tests in order to obtain information omaterials’
long term behaviour at harmful climatic conditions.
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