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Preface

This master thesis serves as the final product of the graduation research and was written as part of the
master Building Engineering, specialization Structural Design, at Delft University of Technology, faculty
of Civil Engineering and Geosciences.

This research focusses on the evaluation of cementitious binder retrieved from recycled cement stone.
The need for environmental protection increases and landfill capacity continues to decrease.
Traditionally, concrete from demolished structures is crusireduch a way that it devalues the
concrete components. When new concrete structures need to be build, new concrete hasisedbe

From the concrete components, cement is the component with the largest influence on the
environmental footprint. This spilethe interest in the possibility of reusing cement. Novel concrete
crushing techniques, such as the Smart Crusher, aim to optimize the separation of the concrete
components. The cement fraction obtained from the Smart Crusher and hydrated reference cement
are evaluatedduring this researcto determine if the secondary cementitious binder will still contain
reactivity to obtain a fully functional binder that can replace primary cement in constructions and
structural elementsCharacterisation of the matei used in this research is followed agalysing
different thermal treatments for the upcycling of the secondary cementitious binders and assessment
of the performance after upcycling by performing strength tests.

During my studies | gained interest is&inability and innovations within the construction industry.

| have always liked to take into account current challenges within the building industrinatwifind
possible solutionsThe ongoing discussion abotlte circular economy and the need toecome
energyneutral sparkedny interest in determining a direction for my graduation research. Especially,
the need for more research which couletlp to benefit the problem regarding greenhouse gas
emission in the concrete industry became enthusiagtiabout the possibility to do experimental
research, which eventuallgd to the research topic of this thesis.

Fially, | would like to thank my graduation committee whapported me during this whole process.
Thank youwProf.dr.ir. E. Schlangen, Dr. H.M. JonkBrsy. M. Ottelé andDr.ir. H.R. Schippdor your
insights, enthusiasm and help whenever | needed it. Additionally, | would like to thank Smart Crusher
BV.and the Rutte Groepwith special thanks to Koos Sckeand René Ruttefor providing the
materials for this research, your enthusiasm and insights. Of course, | would also like tthenataéf

of the laboratory for their help during my experiments and familiarizing me with all the experimental
methods | meded for this researclrinally, | would like to thank my family, friends and fellow students
for their support and encouragements throughout this whole process.

A.T.M. Alberda van Ekenstein
Delft, April2020



Abstract

The changing climate and the need for a new purpose for-dgtdfe concrete increased the
importance and interest of concrete recycling. To decrease the environmental footprint of concrete,
in whichcementhas the highest contribution, it would be of gtdmportance tobe able torecycle
cement, which would positivg affect the environmentThe separation efficiency plsgn important

role in the cement propertiesThe Smart Crusher is a novel concrete crushargl separation
technologydevelopedo optimize the separation efficiency of the concref€hisstudyinvestigatesthe
recycling potential of the cementitious fractions obtained from the Smart Crudhes.aim of this
research is to evaluate the reactivity of the cementitious binder retrieved fieeycled cement stone

to obtain a fully functional binder that can replace primary cement in constructions and structural
elements.

To gain more insight in the reactivity of cementitious binder retrieved from recycled cement stone, the
Smart Crusher cenme fractions,whichin this study hadn unknown origin, are comparedith non-
hydrated anchydrated reference cements CEM 152.5 R and CEMIRIEBN Therefore the different
materials are characterizedusing TGA, DSC, MS, XRF and. XR&lysis of the chemical and
mineralogical compositioahowedthe presence ofydration products in the hydrateB8mart Crusher,

CEM Bb2.5 Rand CEM lII/B 42.5 $dmples Additionally, quartis found in the cementitious fractions

of the Smart Crusher, vigh indicates the presence of aggregate particles such as sand in these samples.
Furthermore the absence of s in the cementitiousSmart Crusher fractions proved that there is no

or a not measurable amount of fly ash present in teenentitiousSmart Cusherfractions

Upcycling of the hydrate@&mart Crusher, CEMbR.5 Rand CEM l1l1I/B 42.5 Materials is done by
thermal treatment. To assess the upcycling, again the chemical and mineralogical composition is
analysedRed colouration (508C and 800C) and melting (140TC) of thecementitiousSmart Crusher
fractionsagainshow thepresence oaggregategarticles in the materiaDuring thermal treatmentsf

the Smart Crusher, CEM62.5 Rand CEM III/B 42.5 khaterials the decomposition of hydration
products and calcitare monitored, using TGA, DSC and W& thermal treatmenat 800°C sheved

the formation of alite and belite phases in all the samples and was therefore seen as the treatment
with the most potential in this researcithe only materialtiat shows theformation of alite and belite
during other thermal treatments was CEM After the thermal treatments the composition and
crystalline phases were determined, using XRD and XRF.

Insight in the mechanicalperformance of the different binders was obtained by flexural and
compressive strength tests. Mortar prisms were made, contai@ifl | and CEM I11I/B as reference
cement and thermally treated CEM I, CEM 111/B,q000063 mm and 0.068 0.125 mmcementitious
Smart Crusher fractions. The mortar mixtures with the thermally treated binders were observed to be
rather dry as a result &n increagigwater demandCompared to new cementhe increase in water
demand led to a lowdegree of compaction, resulting in return girength propertiesthat were
practically unmeasurableThe reference cement showed a lower early strength for CEM III/B
compared to CEM | and comparable strength after 28 days due to the hgghreofstrength of CEM
I1I/B.Especially the flexural and compressive mechanical tests showed that more resea@chssary.

To conclude, this studshowed that a certain reactivity can be expected in the secondary binders after
upcycling, but that theinmeasurable strength properties of the upcycled materials shothiecheed
for more research to make a better estimation of that reactivity.
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Figure 41: Comparison DTG (left) and DSC (right) curves. Abrupt mass loss occurs in three temperature
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1 INTRODUCTION

This first chapter contains thaescription of the research project. To have a clear understanding of
research significance, insight will be given in the current prolllamresearch scope statihe content

that will be covered during the research. This is followed by the aim of the research as well as the main
research question. In order to answer the main research question, multiptgqusshons are
formulated. Additionally, thenethodology will elaborate on thstructure of the thesisFinally, the
content of the each chapter will be described in the outline.

1.1 Background

One of the major challenges of the2&entury is to use a much greater efficiency to handle raw
materials. During the last century the demand for raw materials has increased rapidilthis will
further increase due to the global population growth, the rapid growth of the middle class irgamge
economies and the development of new technologies. The-sw@easing demand for raw materials

will not only lead to the risk of natural resource depletion, but will also heighten the environmental,
climaterelated and other sustainability issuesdditionally, the use of raw materialsontributes
considerably to the C@mission and the energy consumptidrherefore, to guarantee preservation

of our current living standards the economy has to shift to an economy that meets the needs of the
people without the depletion of natural resources amwdthout having an unacceptable impact on the
environment[28].

1.1.1The need for cemertased materials

After water, cemertbased materits, specifically concrete, atbe second most consumed substance

on Earth.The need for cemerbased materials comes from the necessity to meet the increasing
demand for infrastructure and buildings. At this point in time, concrete is the only mateadhhble

in quantities necessary to meet this demarkeason for this are the low costs, durability, strength,
flexibility in its possibility to build complex and large structures, resilience to fire, floods and pests, its
availability in most parts of thavorld and the abundance of its raw materialkherefore, it is no
surprise that cement is the largest manufactured product by mass on Earth. Over the last 65 years, the
production of cement has increased rapidly. The grosththe demand ofcement is consierably

higher than that of other manufactured materials such as steel. As the living standards improve all over
the world the demand of cement will increase even more, especially in emerging economies. The
global demanaf cement is expected to increasetiv12 ¢ 23% in the period between 2014 and 2050

[46; 88]

If no changes are made, the increasdehe demand otement will have major consequences, such as
the depletion of natural resources and an increase in @@ission.Of the global greenhouse gas
emissions 77% of its emissions is caused by T@ third largest G@mitting industrial sector is the
building material sector, which is dominated by the cement productidhe cement production
accounts for approximately 5% of the anthropogenie @@issions in Europe and up to 7% worldwide
These percentages show that the cement production represents a largeopiie CQ emissions.
Therefore, it is important to know the cause of the emissions in the cement industry as actions on
cement level have the potential to contribute considerably to the reduction ofe@issiond10; 14;

32; 100]
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Figurel: Division of the C{@missions by sector for EU countfig2].

TheCSYA&aaAz2ya 2F GKS OSYSyd AyRdzaGNE OF y-usS RAJA
CQ¢ | YR & LINEO&hargwse ARis the result of the combustion of fuels that are used
during sinteringand calcinatiorof the raw materials. It is related to the thermal energy efficiency and
the type of fuel during the burning process. The guotion of CQ is not directly related to the fuel
consumption, but is the result of chemically produced €@@h aghe decarbonisation process of the
raw materialsin the kiln[10; 77] Besides the emissions produced due to the combustion of uké f
and the chemical reactions in the kilonly a small part of the emissions is allocated to the
transportation of the raw materials and the generation of electric8ignificant reduction of the GO
emission can therefore be achieved if the cement barobtained in such a way that the combustion
of fuels and the raw materials, used in the cement product@mnot result in the emission of GO
[14].

Figure2: Division of the construction and demolition waste in the Nether|§o8).

The increasing need for cemebased materials due to a growing population and urbanization comes
from an increasing demand for infrastructure and buildings. This, in turn, leads to the production of
large amounts of construction wasfg9]. The VROM (2001) estimated that concrete the matesial
with the largest contribution to the amount of constructionagte wasin the Netherlandsn 2001
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