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Abstract

Buildings or structures consist of materials that j@ined to form functional composites to
which a wide variety of “surface coatings” is addéebonding of such composites is
necessary to ensure high-quality, material-speo#faycling processes. This paper describes
tests of the debonding behavior of gypsum plaster tdes that were attached to various
types of concrete or wall materials such as briagkwoalcium silica blocks, or autoclaved
aerated concrete. Selective heating with subsecamrd failure was achieved by exposing
the interfacial layer of the materials to microwaative substances. In all specimens
subjected to this process, the finishing materias wuccessfully separated from its base by
microwave heating. No debonding was achieved irispens without interfacial switching
layer. Laboratory results were confirmed by tesifgymed using an in-plant demonstrator
unit. In these tests, large fragments of gypsumstptadetached from the actual wall materials,
which remained undamaged. Tiles also lost theiresidie bond to their base without
damaging the latter.
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Introduction

Buildings or structures are composed of matertzds &re joined together to form functional
composites to which a wide variety of “surface ougg” is added. To ensure recycling and
reuse, it would be desirable to apply appropriattheods to completely dismantle such
combinated materials and to separate the singlepaoents from each other either during
demolition or in the course of subsequent reproegsa the recycling plant. This approach
would create the basis for achieving material-djgecécycling and reuse, including feeding
back the material into the primary product.
Microwaves are electromagnetic oscillations randirgn 300 MHz to 300 GHz that can
interact with materials in various ways. When aemat is exposed to microwave radiation, it
can absorb, reflect or transmit this radiation sthad shift in the material’s behavior may
occur in line with the temperature increase. Higliglectric materials absorb microwaves
whilst their non-symmetrical molecules or free i@are caused to oscillate. The resulting
friction leads to heating from the inside out. Ma&tks with high electric conductivity, such as
metals, reflect microwaves on their surface, coneetly such materials do not heat up.
Microwaves pass through transparent materials mathpparent effect.
In a research project jointly conducted by sevematitutions, the debonding of
composites by microwave-induced interfacial failur@s studied with a focus on two
aspects:

» Disintegration of concrete by comminution along thggregate-cement paste

interfacial layers
» Debonding of multi-layer structural arrangement#luing plaster or tiles attached
to supporting materials
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Parallel with the above tests to investigate theessity of treating interfacial layers, the
project partners also developed two “microwave sVene. both a mobile and a stationary
system that enabled treatment of the compositdainkat the recycling plant) and in-place
(on the construction site). In the following senBaf this paper, gypsum plaster attached to a
load-bearing wall and tiles adhered to a varietpades are used to describe the debonding
process applied to multi-layer structural arrangeisie

Experimental Set-up and Materials

Pertinent literature states that gypsum materiadstées are microwave-transparent. So it is
impossible that the finishing materials themselregct to the microwaves and are softened
by the resulting heat development. Therefore mienmvactive additives must be injected
into or applied to the finishing materials to acteidhe intended debonding effect. Various
methods were developed for this purpose:

» Case 1: Gypsum plasters are modified with the suididf susceptors that act as
microwave-active additives so that their bondingasor is enhanced (Fig. 1a). This
means that gypsum plaster can heat up by itselfuaddrgo a chemical conversion
process, which softens it and makes it easy to verhg mechanical processes.

* Case 2: Debonding occurs at an additionally intoedu‘interfacial switching layer”
located between the gypsum plaster and its bage XB). This interfacial switching
layer must contain susceptors so that microwaverpben and heating occur exactly
at the plaster-base interface. The resulting thegttasses must exceed adhesive
forces to ensure effective debonding.

» Case 3: Tiles provide three options for applicataiding susceptors directly to the
tile adhesive or applying additional interfacialimhing layers either directly to the
base, which may consist of various building materiar to the back of the tile.

The tests presented in this paper concentrated ppltyiag interfacial switching layers
according to the arrangement shown in Figure 1docan

Irrespective of the specific case, the charactesistf materials and composites must not
undergo significant modifications. Materials thatrh the supporting structure or base layer
should be heated to the smallest possible extent.
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Fig. 1. Model for debonding multi-layer structures
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To verify feasibility of the individual cases, a Itmstage program was devised to quantify
the reactions of additives, commercially availalteortars, plasters, and other solid

construction materials and finishing materials fiorowave radiation. The first step involved

investigations of the microwave coupling behavibrddferent susceptors that were either
taken from the literature or derived from own olvations and that were potentially suitable
as additives to gypsum plasters or for the intéafaswitching layer. In the second step, tests
on commercially available grout mortars and tilbegives as well as various solid building
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materials such as concrete, brickwork, minerallyrizbwall materials, natural stone etc. were
performed. The results obtained from these teste wsed to choose specimens from support
materials to which gypsum plaster or tiles wereliadp The contact surfaces between the
materials were designed so that the debonding waeceed.

The bonding behavior of investigated additives lamiting materials was assessed indirectly
as a function of the surface temperature. For pligose, identical test specimens with
dimensions of 40 x 40 x 160 mm were produced aedte¢d for 20 minutes during static
storage in a laboratory microwave system with apuiuof 750 W. The microwave treatment
followed the same procedure both with respectecetiuipment and to process execution.
Specimens used for the investigations on susceptorsisted of calcium sulfate dihydrate,
which is microwave-transparent. Prior to produding prisms (with a water/gypsum ratio of
0.6), a certain amount of susceptors were add#duetgypsum used to fabricate the dihydrate
prisms. Prisms were stored at the laboratory utmly reached equilibrium moisture.
Specimens should be identical in terms of porosibhd total water content. Variable
parameters include the type and quantity of theceqtsr whose influence has to be
determined. Prisms produced from tile adhesivebuilding materials were dried to mass
constancy prior to microwave treatment.

Debonding tests to separate multi-layer compos#tesording to Case 2 (Fig. 1) were
performed on slabs (150 mm x 150 mm x 40 mm) mé&deoncrete, calcium silica brick,
autoclaved aerated concrete, and brickwork. A guiscenodified interfacial switching layer
was applied to the surface and then covered withsigy plaster. Moreover according to
Case 3, the interfacial switching layer was diseapplied either to the slab or to the tile. As
additional variant, the tiles were applicated oplasterboard. Commercially available tile
adhesives were generally used.

An infrared camera, mounted outside the processiobg was used to perform temperature
measurements in a discontinuous pattern at 60-daocrements in the first ten minutes and
120-second increments until the end of the treatmB®ath maximum and mean surface
temperatures were recorded during the entire psodamission parameters of the building
materials that were necessary to ensure accurafgetature measurements were taken from
the literature [25].

£
=
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Fig. 2: Test setup with gypsum specimen
Experimental observations
The comprehensive comparative tests carried ouhgluhe course of the project for the

identification of suitable susceptors and the selipling behavior of different mineral
building materials systems will not be discussethiatpoint.
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Debonding of multi-layer structures

According to the above results, it is relativelysgdao remove gypsum plaster from a
supporting base if the plaster is modified by addirsusceptor, as shown in Case 1 in Fig. 1.
Black graphite used as an additive leads to stdiswploration of the white plaster. However,
it is questionable whether gypsum producers or umsis would tolerate grey to black
gypsum plaster varieties.

The second option of debonding gypsum plaster fitsmbase is to apply an interfacial
switching layer, which acts as a predetermined Kingapoint under microwave exposure.
This option does not change the color of the gypguaster. Successful debonding was
demonstrated for all test specimens. Only minor s of up to 20% of gypsum plaster
remained on the base and were debonded in a sugdgeatment step. Depending on the
material, complete debonding required a mean tretrduration between 100 seconds for
the gypsum-V brick specimen and 660 seconds fogitmsum-concrete specimen. Among
other possible causes, these differences couldubetal varying adhesive tensile strength
parameters of the materials but also to the dimgrgiatterns of absorption of irradiated
energy exhibited by the materials themselves.
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Fig. 4. Specimens with gypsum plaster prior to (top) andrgbottom) microwave treatment

Tile removal tests also demonstrated successfubraitbg in all cases, irrespective of the
interfacial switching layer being located directiy the building material or on the tile.
Complete and smooth separation was achieved, aecoetp by an audible sound. The
required mean treatment duration ranged from 6Z6teeconds. Tiles could not be separated
from the reference specimens without added suscepto
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Fig. 5. Specimens with tiles prior to (top) and aftert{bm) microwave t
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Supplement

First tests with an in-plant demonstrator unit weegried out. The tiles and the gypsum
plaster were separated from the base materiall icaaks, if the interfacial switching layer
was applicated.

S i
Fig. 6.In-Plant demonstrator unit

Conclusions

Composite materials such as those used in contampbuildings can make it difficult to
recycle construction waste and demolition debrigpdfimental tests were thus conceived to
verify if and to what extent microwave treatmentuleb be suitable for debonding such
composites. Several varieties of gypsum plastettisesdapplied to concrete or wall materials
were used for this purpose. An interfacial switchliayer located between the supporting and
finishing materials absorbs microwaves, which catutsetemperature to increase.
Supplement

It was found that the separation cannot be realigethe temperature rise alone. In addition,
an expansion must take place at the interfacialckimig layer, which may be achieved by
further additives.

A multi-stage test program found that certain typégraphite are well-suited to creating
such a interfacial switching layer. These graphitese used in the plaster debonding tests.
Plaster was added after their application to thé swaface. In the tile tests, the interfacial
switching layer was applied either directly to these or to the surface of the tile adhesive. In
all specimens prepared, the finishing material stasessfully debonded from its base in the
course of microwave treatment. No debonding wasesel in specimens without added
interfacial switching layer.

Laboratory results were consistently confirmed kgsts performed on an in-plant
demonstrator unit. Large fragments of gypsum ptadetached from the wall materials,
which remained undamaged. Tiles also lost theiesidie bond to their base and were held in
place merely by the pointing mortar. Supportingelaywere not damaged.

Next research steps will concentrate on the dewstop of additional interfacial switching
interfacial layer designs as well as the instailawf an in-place demonstrator unit suitable
for use directly in buildings.
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