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Abstract

At present, heterogeneous and fine-grained magaoibfyle can only be recycled at very low
level. To overcome this limitation, the materialsaamployed as feedstock for the production
of lightweight aggregates in a thermal process lamtb that used in the manufacture of
expanded clay and expanded slate. To that endutidamental suitability of masonry rubble
as a raw material was evaluated. Experiments wargied out which indicated that
lightweight granules with defined, adjustable pmies similar to those of natural-material-
based aggregates could be manufactured from masaryle. Structural lightweight
concretes produced with these secondary aggregatésved comparable performance to
lightweight concretes produced with conventionapanded clay. Lightweight recycled
building material aggregates represent a prodattitardly requires any primary resources in
its manufacture.

Keywords: Masonry rubble, feedstock recycling, expansion esscrotary kiln, lightweight
aggregate.

Characterization of masonry rubble

At present, the mix of various wall construction terals, mortar, plaster, and further
components that make up masonry rubble cannot éguadely utilized. This results from the
considerable heterogeneity of the material comosiind the large proportion of fines. In
the future, strict closed-loop recycling laws aimited landfill capacity will prevent the
disposal or application of these materials asdillin the construction of landfills. In this
context, a new technology for the manufacture ghtliveight aggregates from masonry
rubble was developed. These lightweight constractiggregates are produced from mineral
construction waste and can be employed in the naatwre of lightweight mortars and
concretes.

Masonry rubble consists of multiple components. Wall as brick, other construction
materials present can include calcium-silicate Kyrimerated autoclaved concrete, precast
concrete, or natural stone. Additional componeras mclude lime mortar, lime cement
mortar, cement mortar, interior gypsum plastersgnor plasters, insulation, tiles, and facade
panels. Recycled aggregates manufactured from ntfaiterial through comminution and
screening can vary greatly in their compositionisTinas been confirmed by the results of
sorting analyses of processed masonry rubble (Eigyr The brick and other ceramic
material content vary between a minimum and a manirof 24 and 92 mass-% respectively,
with a mean value of 50 mass-%. Concrete and martathe second most dominant material
group. The mean is 46 mass-% with a range betweand §0 mass-%.

Within a batch of material there may be a varidtpwlding materials with greatly differing
properties. This diversity of materials is reflettey the range of the particle density. Even
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when materials with a particle density less thaB0LRg/n? are omitted, the range of the
densities is 750 kg/fn
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For the recovery of masonry rubble as feedstockhermproduction of lightweight aggregates
in a thermal process similar to that used in theufecture of expanded clay and expanded
slate the composition of masonry rubble is paréidylrelevant. In order to make an initial
assessment, the oxide composition of masonry in témeary system SiQAl,Os-flux
(CaO+MgO+Fg0;+Na,0O+K,0) is recorded (Figure 2). This system is usedsess raw
materials for ceramic building materials, includitigpse for the manufacture of expanded
clay according to [1, 2]. With few exceptions, tbemposition of 46 samples of masonry
rubble analyzed fell into the marked area suitétesxpanded clay production according to
the literature. Thus, the reuse of masonry rubldangu technology similar to that for
expanded clay production is an alternative worthsatering.
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Figure 2. Relative positions of real masonry rubble
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Conditions of manufacture of lightweight aggregates

First, the conditions for manufacturing the lighigée aggregates and the influence of the
composition of the masonry rubble were experiméntalvestigated. For that purpose,

masonry rubble with a brick content of 48 mass-#pfaximately the mean value given in

Figure 1) was crushed, ground, doped, and gramuiate pelletier mixer. Subsequent the
green granules are stabilised and at the same dikpanded by a thermal treatment in a
laboratory rotary kiln (Figure 3). The influencetbég firing temperature, the amount of added
expanding agent and the brick content on the pardensity and the single grain strength
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were investigated. Following preliminary analyssicon carbide (SiC) was selected as the
anding agent.

Input material: Characterization of the input material EZ':;LCI;I parameters of the laboratory
- Particles size distribution N

gi;gz[%z;gzﬁ of - Particle density, water absorbtion - Type Electrically heated ceramic tube
- Material composition - Diameter 100 mm

Pre-chrushing - Chemical composition - Length 2000 mm
- Leachable components - Heated length 1000 mm in 3 heating
Impact crusher/Roller crusher | (- Thermal behavoir zones
- Through put 1-3 kg/h
Size fraction < 4 mm - Residence time at temperatures > 1000
°C about 3 min

Ball mill

Addition of expanding agent
|-

Characterization of the process
- Heatingrate
Pelletier mixer - Burning temperature

time
- Parameters of expanding agent

Thermal treatment Characterization of the product
- Particle size and shape
Rotary kiln - Particle density, water absorbtion
- Particle strength
Product: - Frostresistance
Expanded - Leachable components
aggregates

Figure 3. Experimental procedure for the manufacture of lighight aggregates from masonry rubble
in laboratory scale

As the results in Figure 4 show, increased firegperature results in a reduction in particle
density of the lightweight aggregates. Grain sttesigfor all of the granules follow a
maximum function, whereby the maximum value wasiead with a firing temperature of
1120 °C. The lowest density (1000 kdjmvas achieved at firing temperatures of 1160 °C. A
burning temperatures higher than 1200 °C the gesnbégan to melt and the grains adhered
to each other. The influence of the silicon carbédatent on the expansion process was
analysed for a firing temperature of 1180 °C. Grgeanules with differing SiC content were
fired either once or twice in the rotary kiln. Ddedfiring is intended to extend the exposure
time at a firing temperature. The density of grateilsubject to a single firing indicates that
values below 800 kg/frare already possible with a SiC content of 1 ndassvhich doesn’t
change much after a second firing. Dosing with 33 reduces the density further if the
material is fired a second time. Densities at arelelow 600 kg/thare achievable. Thus,
the exposure time in the oven must be adjustedr@spond with the SiC dosing.
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Figure 4 left. Influence of the firing temperature on the partidiensity and the grain strength of
expanded granules.

Figure 4 right. Influence of SiC-dosage on the particle densityegpanded granules fired at a
temperature of 1180 °C
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Input material: Masonry rubble with 48 mass-% clay brick, dosed\8itmass-% SiC

The influence of the brick content of the masonrghie on the density of the lightweight
aggregate was tested. Even 20 mass% brick coallemts aggregate with a density below
1000 kg/m? to be manufactured under laboratorpdigonditions. The lowest densities were
achieved with brick contents between 40 and 70 %adsappears that densities increase
above 70 mass%. Overall, the aggregate seems teelbtively robust in relation to
fluctuations in the brick content of the initial teaal.

Conclusion: potential as resource-free aggregate

The properties of the produced lightweight aggregatere compared to those of natural-
material-based aggregates. Structural lightweigimcretes produced with these secondary
aggregates achieved comparable performance towighit concretes produced with
conventional expanded clay [3]. These promisingultesgave the impetus for initial
technological considerations. The manufacture of tlghtweight aggregates can be
accomplished using expanded clay production tedgyollt begins with the treatment of
masonry rubble, similarly to the process used @nrdtycling industry. The material is then
stockpiled, and can be homogenized at the same. tManufacture of the aggregates
themselves begins with the grinding with the sismétous addition of the expanding agent.
Then the powdered masonry rubble is granulatedefixgnts show that pelletizing mixers,
pelleting presses, and pelletizing disk are suitalbhermal stabilisation and expanding in a
rotary kiln follows. In the subsequent cooler, treat of the granulates is used to preheat the
combustion air. An application of an inert releagent is necessary. After leaving the cooler
the expanded granules are graded to recover thaseehgent at least partially.

In terms of consumption of primary resources, maaufred lightweight aggregates from
masonry rubble presents a nearly “primary resoframd’ product. Only the expanding agent
and the release agent, which is partially consumebe thermal process, need to be added.
Silicon carbide, which is otherwise a waste prodafcsanding and cutting processes, could
be employed as an expanding agent. The manufagtwenventional expanded clay serves
as a reference for considering the energy consommf the recycled material. Like the
process described here, production is divided tiéofollowing steps: coarse crushing of the
raw material, grinding, and granulation, followeg thermal treatment in a rotary Kkiln.
Assuming that the ‘cold’ process steps don't diffiertheir energy demand, the thermal
processes can be considered in terms of energgpgsaaind additional energy requirements.
The energy savings arise from the fact that theomgsrubble-derived material requires a
lower water content for shapening than clay. Initold the energy demand associated with
the dehydroxylation of the clay minerals can beegawsince this process has already taken
place as part of the original brick manufacturimggess. An additional energy consumption
can result from calcium carbonate decompositiorgaifoonised components from mortars
and concretes are included in the masonry rubbteinfial assessment indicates that energy
savings of approximately 15% are possible, takiatpiom carbonate decomposition into
account.

Various analyses indicate that an increase in ggpsantent in demolition debris will need to
be taken into account in the future [4]. As a rgssiliifate reduction through mechanical
detachment of gypsum plaster during demolitionnathie course of processing is insufficient
[5]. The manufacture of aggregates from recycledensl could be used to effectively
decrease the sulfate content in demolition wasteesggypsum can be thermally decomposed
and subsequently recovered from the flue gas
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