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With the foreseeable end of coal-fired power generation, a key raw material for calcium sulfate bind-
ers, flue gas desulfurization gypsum (FGD gypsum), will no longer be available. In order to avoid
having to fill the resulting gap exclusively with natural gypsum, gypsum recycling will play a signifi-
cantly greater role in the future. Against this background, various calcium sulfate flowing screeds
(CAF), which differ in terms of the binders and aggregates they contain, were mechanically processed
and transformed into recycled thermoanhydrite (RTA) by subsequent firing. In the subsequent inves-
tigations, particular attention was paid to the fate of the additives primarily present in the system. No
traces of the additives used (e.g., superplasticizers, stabilizers, retarders) could be detected in the RTA,
meaning that the reuse of the systems was not negatively affected. In further tests, the suitability of
RTA for recycling-based CAF was comprehensively evaluated and confirmed by positive results. In
order to further optimize workability, new high-performance superplasticizers specifically for RTA
were developed as part of the project. At the end of the project, the suitability of CAF with RTA was

proven outside the laboratory on a test area.

1 Introduction

Gypsum is an important building material for
interior finishing in industrial and residential
construction. In addition to gypsum plasterboard
and gypsum wallboard, calcium sulfate-contain-
ing building materials are used in the form of
screeds for floors and on wall and ceiling surfaces
as plaster. Approximately 55% of the demand
for raw gypsum is currently still met by flue gas
desulfurization gypsum (FGD gypsum, a by-prod-
uct of coal-fired power generation) [1]. Approxi-
mately 45% of the raw materials are supplied by
the mining of natural gypsum [1]. In line with
national and international climate protection tar-
gets and the associated gradual decommissioning
of coal-fired power plants due to the energy tran-
sition, the supply of FGD gypsum to the gypsum
industry will decline significantly. Reusing gyp-
sum as a valuable raw material in the material
cycle will therefore become an even higher pri-
ority. Today, plasterboard is used as an important
source of supply for gypsum recycling [1]. In order
to counteract the foreseeable drastic shortage of
gypsum and the increased mining of natural gyp-
sum, previously unused sources of calcium sulfate
must be identified, investigated, evaluated, and
technologies for their use developed. One resource
that has not yet been recorded and utilized, but
which is significant in terms of quantity, could
be recycled calcium sulfate screeds. Calcium sul-
fate screeds have been installed in large quan-
tities since the mid-1970s. In 2022, calcium
sulfate flowing screeds (CAF) had a market share

of 28%, and conventional calcium sulfate screeds
(non-flowing) had a market share of around 9%.
In total, approximately 40% (approx. 1.3 million
m?) of the German screed market consisted of cal-
cium sulfate screeds [3].

Calcium sulfate building materials contain
additives to ensure the necessary processing
and product properties, which could influence
the properties of recycled products (RC) or even
prevent recyclingcompatible processing. The core
objective of the “WIR! Gypsum Recycling Addi-
tives” [2] project was to investigate the extent to
which these additives are still present in the sys-
tems after the thermal production of a recycled
thermoanhydrite (RTA) and the extent to which
they influence the application. The ultimate goal
was to develop robust and high-performance RTA
and to prove its suitability in laboratory and field
tests. To this end, various test formulations with
different RTAs and additives were produced and
comprehensively evaluated.

2 Starting materials and production of recycled
thermoanhydrite (RTA)

In order to reflect the diversity of systems on the
market and to arrive at statements that could be
generalized as far as possible, various calcium sul-
fate flowing screeds (CAF) were selected that dif-
fered in both the type of binder and the aggregate.

The aim was to identify possible differences in
the mechanical processing of recycled CAF (RC)
and its thermal treatment to produce recycled
thermoanhydrite (RTA).



2.1 Recycled materials used
The following were used:

» Binder compounds for CAF supplied by dry
mortar manufacturers, basis for laboratory
production of screed panels

» Removed CAF, supplied by dry mortar manu-
facturers in panel form (practical CAF)

» Hardened CAF residues from truck mixers

The corresponding CAF used for the recycling
process contains different binders (alpha-hemihy-
drate (o-HH), synthetic anhydrite, natural anhy-
drite, and thermoanhydrite) as well as aggregates
made of natural anhydrite or natural sand/quartz
sand ( ). The crystal water and calcium sul-
fate dehydrate contents were determined for the
starting materials (RC). The calcium sulfate dihy-
drate content of 39% to 48% ( ) indicates
the recyclable gypsum content.

2.2 Production of RTA
The mechanical processing of the CAF from
was carried out in various stages as shown in

. After pre-crushing, the material was fur-
ther processed in a jaw crusher. The fine material
(0-1 mm) from the crushing process was fired in
a chamber furnace at 500 ‘C for 4 hours to pro-
duce recycled thermoanhydrite (RTA 1 to RTA 6).
The fired RTA based on the 0-1 mm fractions was
not further processed and was used in the screed
systems without grinding. The RTA obtained after
firing was extensively characterized. The coarse
material > 1 mm from the crushing process was
not used in CAF development and was only used
for the enrichment tests (Chapter 3.4).

3 Characterization of the RTA

3.1 Additive residue quantities in the RTA

A central task of the project was to examine the
extent to which the additives present in the orig-
inal CAF were still present in the manufactured
RTA after thermal treatment and whether they
were capable of negatively influencing the prop-
erties of these recycled anhydrites. Any additive

Calcium sulfate flowing screeds (CAF) used

Initial CAF (RC 1—RC 6)
E
Pre-crushing (portioned pieces)

a
Crushing in jaw crusher (1 cm gap)

e  Fine material (< 1 mm): for calcination
e Coarse material (> | mm): for special investigations

a

Fractionation of coarse material

. 1 -2 mm
. 2 —4 mm

Process flow Preparation of initial CAF

residues that might still be present were detected
using various methods. First, the organic mole-
cules or additive residues were qualitatively and
quantitatively determined using Fourier transform
infrared spectrometry with a Nicolet iN10 FTIR
spectrometer with ATR recording and an exter-
nal iZ10 FTIR module from Thermo Fischer Scien-
tific. The evaluation was carried out using Omnic
software by the Bauhaus University Weimar. To
confirm the results, a double determination was
carried out using the Bruker IR spectrometer Ten-
sor 27 with ATR recording from Sika Deutschland
GmbH.

With the help of the FTIR spectrometer ( ),
none of the additives used in the CAF (flow
agents, retarders, stabilizers) were detected in the
recycled and burned RTA within the limits of the
method and using the solvents employed. It can
therefore be assumed that all additives decompose
almost completely at a firing temperature of 500
°C. In the further utilization of RTA as a binder,
this simplifies the formulation of CAF (contami-
nation by old additives does not have to be taken
into account).

CAF Binder  Practical Truck Binder Aggregate Free mois-  Crystal Calcium
sample Com- CAF mixer ture water sulfate
pound . . . dihydrate
Flowing (40°C) (350 °C) content
screed
% % %
RC1 X synthetic anhydrite 65% quartz sand 0-2 mm 0.05 8.3 39
RC2 X Natural anhydrite + Alpha HH | Natural anhydrite 0-1.5 0.06 9.5 45
mm
RC3 X Natural anhydrite + Alpha HH | Natural sand 0-2 mm 0.08 10.2 48
RC4 X Alpha HH Natural sand 0-4 mm 0.09 9.8 46
RC5 X Thermal anhydrite 60% quartz sand 0-2 mm 0.07 8.3 39
RC6 X Thermal anhydrite Natural sand 0-4 mm 0.12 6.45 30

2 ZKG 82025

Authors



Process flow Preparation of initial CAF

In order to confirm the results of the FTIR anal-
yses, additional analyses were carried out using
infrared spectroscopy (IR - Sika) for the qualita-
tive and quantitative characterization of organic
molecules and additive residues. These measure-
ments also failed to detect any additives in the
combustion products after the fire.

3.2 Phase composition of the RTA

The identification of the main and secondary
mineral phases of the RTA was determined using
X-ray powder diffractometry. The measurements
were performed with a Bruker D8eco X-ray dif-
fractometer in theta-theta configuration, equipped
with a copper anode and a LynxEye XE-T detec-
tor. The measurement conditions were 40 kV/25
mA power, a measurement range from 5" to 60°
2 Theta, step size 0.01° with 0.1 s/step counting
time, automatic divergence apertures, and 2.5
Soller apertures.

Qualitative phase analysis was performed
using the EVA Ver. 15 software suite (Bruker
AXS) against the PDF-2 database. The subsequent
quantification of the identified phases by Rietveld
refinement was performed using Profex 5.3 [4].

Total RTA
The activity of higher-fired “screed gypsum” is
mainly determined by the anhydrite phase Alls

(s=slightly soluble). The proportion in the man-
ufactured RTA varies between 4% for RTA 6 and
25% for RTA 4 ( ). The differences may be
caused by varying calcium sulfate dihydrate con-
tent in the RC raw material (see ) and vary-
ing particle distribution of the fired material. In
addition to anhydrite IIs, other reactive gypsum
phases such as anhydrite AIIl and calcium sulphate
hemihydrate were detected to a lesser extent.

Analysis of different grain fractions
In order to understand the causes of the influence
of the CAF’s granulometry in the finest range on
the properties of the system, the various RTAs were
used to classify the 0-1 mm fraction again in detail
and characterize it mineralogically in the classes.
The results of the investigations are shown in
. The total fraction 0-1 mm was divided
into the individual fractions < 90 pm, < 125 pm,
< 250 pm, < 630 pm, and < 1 mm. The anhydrite
and quartz content in the fractions was specified.
The figures show relative proportions within the
fractions, which can add up to a maximum of
100%. As expected, due to the different hardness
of the materials, anhydrite was enriched in the
finer fractions and quartz in the coarser fractions.
Overall, the quartz proportions in the different
systems vary widely. High quartz proportions of up
to 40% in the individual fractions, as was evident

Phase composition and crystal water of recycled thermoanhydrite (RTA)

RTA 1 RTA 2 RTA 3 RTA 4 RTA 5 RTA 6
Alll % 0 1 1 1 0 0
HH (1h) % 4 3 4 6 2 2
Alls (72h) % 12 9 16 25 6 4
Crystal water (350°C) % 0.42 0.2 0.44 0.51 0.28 0.28
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Mineral phase composition (anhydrite, quartz) in
different particle size fractions

in the RTA 1, RTA 5, and RTA 6 systems, led to
lower strengths in subsequent tests due to the inert
nature of quartz in the corresponding CAF.

3.3 Granulometry of the RTA

The granulometry of the different RTAs was deter-
mined by measuring the particle size distributions
using a BECKMAN COULTER LS 13 320XR laser
particle analyzer, on the basis of which the cor-
responding parameters were then calculated. The
results show ( s ) that the RTA differ
significantly in terms of their granulometry. While
RTA 1, RTA 3, and RTA 5 have very similar particle
size distributions, RTA 4 and, in particular, RTA 2
have significantly finer distributions. This indicates
that the type of grain size (RTA 2 natural anhydrite
as opposed to quartz in all other RTA variants) in
particular, but also the type of binder (RTA 4 pure
alpha hemihydrate as opposed to anhydrite or
mixtures in the other RTA variants) play a decisive
role in the granulometry of the materials.

3.4 Enrichment of the gypsum content through
further processing steps
Through further processing of the previously
unused RTA fractions 1-2 mm and 2-4 mm, an
attempt was made to enrich calcium sulfate parti-
cles smaller than 2 mm or 0.5 mm and to poten-
tially utilize these materials as well. To this end,
the RC 5 material in the 1-2 mm and 2-4 mm
fractions was fed into a hammer mill ( ).
Various parameters were varied (tests V 1 to V
3, see ). The feed quantity was 300 g to
1000 g, and the grinding time was 20 seconds.
The screen insert in the hammer mill varied in the
range from 0.5 mm to 2 mm.

The particle sum curves measured using opti-
cal CPA methods (Computerized Particle Analyzer,

Characteristic values of particle size distribu-
tions (laser granulometry) of the RTA

d10 d50 doo

[pm] [pm] [pm]
RTA1 6.5 340 906
RTA2 0.8 5 42
RTA3 3.8 294 1000
RTA4 1.8 32 358
RTA5 6.6 280 665
RTA6 23.9 440 849
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Sum curve of particle size distributions (laser granu-
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Harver-CPA-4) and laser granulometers (LS 13
320XR) from the sieve passage with a sieve insert
of 0.5 mm and 2 mm in the hammer mill show
a similar pattern ( ). However, the values
measured with the laser granulometer are realis-
tically higher in the fine fraction, as this range is
not covered by the CPA method with a measurable
particle lower limit of 250 pm.

lists the RC 5 tests with fractions 1-2
mm and 2-4 mm in the hammer mill. The key
finding was that these coarse fractions can also be
used for RTA production if the binder content is
enriched by a further processing step. The highest
KW content was achieved in tests V1 and V3.3
in the sieve passage with 8.7% KW in each case,
which corresponds to a quantity of calcium sul-
fate dihydrate of 429% in each case. However, in
all other cases, an enrichment of calcium sulfate
dihydrate was also achieved in the pass, whereby
only those variants in which sufficient pass quan-
tities can be generated are technmically usable.
Against this background, variants V 3.1 and, in
particular, V 3.2 would be eliminated.

4 Investigations on model systems

4.1 Additives used

The rheological properties of the RTA-based CAF
screeds were adjusted using high-performance
PCE-based superplasticizers. The setting process
was controlled using retarders. Extensive pre-
liminary tests were carried out with the retard-
ers and superplasticizers ( ) in order to set
the optimum processing time and find a suitable
flow behaviour for the screeds. In addition to the
conventional commercially available superplasti-
cizers and retarders from , new retarder/
superplasticizer combinations were also tested
during the course of the project.

4.2 Preliminary investigations on RTA model
systems

In a first step, a very simple model system of
calcium sulfate flowing screed (CAF) was used
with the combination of 3% white lime hydrate
CL 90 and 0.60% potassium sulfate based on cal-
cined recycled thermoanhydrite (RTA) with and
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5 Hammer mill (HM) on the left, processing of RC 5 on HM after 20 seconds of grinding in the center, residue of the aggregate on sieve inserts 0.5 mm

and 2 mm on the right

Authors

Table 4 Results of enrichment/depletion experiments based on RC 5

Authors

Experiment Task quan-  Feed parti-  Grinding Screen Pass/Res- Crystal CaSO4*2H20
tity cle size time idue water -
calculated
g s % % %
\Al 500 1-2 mm 20 <0.5mm 45 8.7 41
> 0.5 mm 55 3.7 18
V2 300 1-2 mm 20 < 0.5 mm 32 8.1 39
> 0.5 mm 68 ) 24
V3.1 500 2-4 mm 20 < 0.5 mm 25 8.1 39
> 0.5 mm 75 4 19
V3.2 500 2-4 mm 20 <2mm 4 6.8 33
>2 mm 96 4.2 20
V3.3 1000 2-4 mm 20 <2mm 76 8.7 42
>2 mm 24 6.5 31

without superplasticizer. Basic properties such as
flow, processing time (consistency retention), and
strength were determined.

RTA without additives, water requirement,
slump and start of setting

The water-to-solid ratio (W/S) of the RTA was
set in a range from 0.32 to 0.40 so that a target
consistency of 170 to 205 mm slump was achieved.
The start of stiffening [7] for all RTA was between
60 and 80 min. The only exception was RTA 3,
which started to stiffen after 150 min (Table 6).

RTA with superplasticizers and retarders

In the next step, the RTA were combined with
various retarders and superplasticizers. Super-
plasticizers are essential for adjusting the flow-
ability and reducing the water requirement for
sufficient compressive and flexural strength in

flowing screeds. Without retarders, various RTAs
in combination with superplasticizers stiffen too
quickly and cannot be processed.

All superplasticizers listed in Table 5 were used
in the investigations. The superplasticizer con-
centration used was 0.10 M-% in each case. The
addition of retarder V1 in system RTA 3 with
superplasticizers and V2 in system RTA 4 with
superplasticizers was necessary because very
rapid stiffening was observed in the respective
samples, which would have made processing or
testing impossible. Retarders V1 and V2 were
added in a concentration of 0.05 M% each.

The consistency measurements were carried out
uniformly with a water/solid value of 0.38 (with
the exception of RTA1 - W/F value 0.32). With
all superplasticizers, the workability of the sys-
tems could be significantly increased compared

ZKG 82025 5
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Spread/flow of the RTA with and without superplasticizer (F1, F2, F3, F4),
sometimes in combination with retarders (V1, V2)

Retarders and superplasticizers used in preliminary tests (model formulations

with RTA)
Flow agent Chemical basis
1. | F1 (commercially available FM) | Melamine sulfonate-formaldehyde con-
densate
2. | F2 (commercially available FM) Polycarboxylate ether (PCE)
3. F3 Sika® ViscoCrete®-150 P* PCE-based superplasticizer, medium side
chain length
4. | F4 Sika® ViscoCrete-510 P PCE-based superplasticizer, long side
chains
Retarder
1. | SikaTard®-900 P Phosphonate mixture
2. | V2 Retardan®-2025 P Modified amino acid

* F3 and F4 have the same molecular weight distribution, but differ in the chemical
composition of the PCE backbone and the number and length of the side chains.

Water - Solid factor, spread factor, and stiffening onset of the RTA

W/F factor Spread [mm] Initial setting [min]
RTA 1 0.35 203 60
RTA 2 0.4 205 150
RTA 3 0.4 170 60
RTA 4 0.4 202 60
RTA 5 0.32 200 80
RTA 6 0.32 195 70
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to FM-free systems. Depending on the RTA and
FM, an increase in flowability of 20% to 55%
was achieved compared to pure RTA ( ).
In three samples of RTA 2 and one sample of RTA

4, the slump could no longer be determined due
to the effective action of the superplasticizers. In
these cases, the flow measure (marked with [FM])
was determined instead.

In addition to the initial consistency, the pro-
cessing window is also of crucial importance for
a CAF. The end of the processing time is the time
at which the original slump (flow) of the mortar
has decreased by = 20%. In practice, a minimum
processing time of 30 minutes is required for CAF.
The results of consistency retention (re-stiffening)
in show a very differentiated picture
for the different systems. RTA 4 exhibits rapid
re-stiffening with all superplasticizer variants,
despite the use of retarders. None of the vari-
ants achieves the minimum processing time. In
all other cases, the required processing window of
30 minutes is maintained by the RTAs, with the
exception of RTA 2 with FM 2. However, there are
significant differences depending on the binder
and superplasticizer used. FM 3 generally seems
to lead to very favorable consistency retention.

Hardening process and strengths
The hardening process in the first 24 hours was
characterized by measuring the ultrasonic veloc-
ity. This made it possible to identify differences
caused by superplasticizers in the first phase of
strength development (12 hours). The processes
are particularly easy to compare in the RTA 1 sys-
tem, as no retarders were used here ( ). It
can be seen that the PCE superplasticizers (F2, F3,
F4) delay more strongly than the melaminebased
superplasticizer F1, although the differences
between the PCEs are only minor. A comparison
of all systems is shown in . In addition
to the different effects of the superplasticizers, it
can be seen that the addition of retarders has a
particularly strong effect in the RTA 3 system.
shows that all model formulations
used with RTA are capable of generating compres-
sive and flexural strengths independently. Indi-
vidually, different strength levels result, whereby
the addition of the retarder in the RTA 3 system
leads to a significant drop in compressive strength
to a level < 4 N/mm?. The generation of strength is
a basic prerequisite for the subsequent use of RTA
in CAF, whereby the measured strengths are in no
case sufficient to produce CAF that is suitable for
practical use. This suggests that a 100% replace-
ment of the binder with RTA will not be possible
in real CAF systems and that the replacement can
only be partial. This was taken into account when
formulating a CAF based on RTA.

5 Development of a practical CAF based on RTA

In order to provide a practical CAF based on RTA,
various recipe adjustments were made on the
basis of preliminary investigations.

In the basic recipe, the proportion of natural
anhydrite was first completely replaced by RTA, as
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in the model tests. Initial results showed that this
approach is not feasible due to two main factors:

1. Depending on the source recyclates, RTA con-
tains varying amounts of inert aggregate and
powder, which cannot contribute to strength.
These are often components that originate
from the original quartz aggregate or lime-
stone aggregate. This dilution of the reactive
binder must be taken into account

2. When using RTA, very high water additions
were necessary (only partially compensable by
FM) in order to achieve sufficient flow behav-
ior. This has a negative effect on strength

In the first approach, the degree of substitution
of natural anhydrite by RTA was therefore grad-
ually reduced. With an application quantity of
8% RTA and 19% natural anhydrite based on the
total amount of CAF, improved processing was
initially achieved. However, the strength levels
were still too low. Since it was assumed that these
strength deficits were primarily caused by the
inert components in the RTA, further tests were
conducted in which the RTA content in the CAF
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influence of flow agents and retarders

was increased to 15% while maintaining a con-
stant natural anhydrite content (19%) in order
to obtain a sufficient active ingredient content in
the total binder. As a result, the measures men-
tioned above led to a significant improvement in
strength development, although the requirement
for a 28-day compressive strength of > 25 N/mm?
could still not be met.

A decisive improvement in strength was
achieved, at least in part, by adding small propor-
tions of a hydraulic activator. The strength devel-
opment could be increased to over 30 N/mm? after
28 d when using 8% RTA 2 (the aggregate used
here was natural anhydrite in the initial CAF).
However, in other systems with quartz aggregate
in the initial CAF, the target was not achieved
when using 8% RTA. When using RTA 3 and RTA
5, despite the activator, only compressive strengths
of 17-20 N/mm? were achieved after 28 d. Even
with RTA 4, the standard requirement of F5-C25
with 18 N/mm? was significantly undershot.

In addition to the amount of RTA used in the
CAF and, if necessary, the addition of a hydrau-
lic activator, it was also deemed necessary to
optimize the type of superplasticizer in order to
further optimize the overall system. Preliminary
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tests showed that conventional superplasticizers
in combination with RTA were not yet able to
achieve the desired flow behavior.

Therefore, an increased water addition of up to
18% was necessary to achieve the flow properties,
which had a very negative effect on strength devel-
opment. For this reason, a new, adapted superplas-
ticizer concept was developed in the course of the
project. A high-performance superplasticizer was
developed as an additive for the precise adjustment
of the technical properties of the CAF.

This is a PCE-based superplasticizer (Sika Vis-
coCrete®-10200362 PowerPack) with an adapted
molecular weight distribution, length, and number
of side chains. The newly developed superplasti-
cizer was tested with RTA 3, whereby the subse-
quent sample surface was then produced with RTA
6 due to the available quantities of RTA. By using
the high-performance superplasticizer, the water
requirement was reduced to 15% with a flow mea-
sure of 254 mm. As a result, using 8% of RTA 3 in
the CAF increased the compressive strength from
17 N/mm? to 21.5 N/mm? after 28 d.

As a result of the formulation adjustment, it
can be concluded that the use of all RTAs in CAF
is fundamentally possible and can be controlled
by varying the addition quantities (8 to 15%). The
use of novel, adapted additives led to a significant
improvement in the material properties in CAF.

Despite various adjustments to the amount of
RTA used and the use of optimized additives, the
requirements of an F5-C25 could not be consis-
tently met. However, the values determined cor-
respond to an F4-C20, which would cover a large
proportion of single-family homes. Further for-
mulation adjustments and research may contrib-
ute to a further improvement in the values, so
that F 5-C25 screeds based on RTA will certainly
be achievable in the future.

6 Production of a sample surface with the
developed CAF based on RTA

After completion of the laboratory tests, a CAF
sample surface was created in the technical center
with RTA as a proportionate binder and the newly

developed superplasticizer using a commercially
available retarder.

A formulation with 15% RTA 6 and 19% nat-
ural anhydrite (based on the CAF) served as the
basic recipe for an application test, as good results
were achieved with this amount in the laboratory
tests. A final evaluation and suitability for use on
the construction site was carried out by means of
machine processing using a mixing pump. For this
purpose, 700 kg of CAF (with 15% RTA 6) was
produced on a mixing plant and poured over an
area of approx. 12 m2. The installation height cor-
responded to the usual minimum thickness of 4
cm. Mixing was carried out in a practical manner
for bagged goods using a 2-mixing zone duomix
plastering machine. The consistency was adjusted
to a flow rate of 39 cm using a 1.3 1 test container.

The material exhibited very good flow properties
( ) and was easy to process ( ).
There was no settling of the grain size and no
sintering layer formation, which could later have
a negative effect on the drying behavior. The set-
ting time was measured in the laboratory using
a Vicat device. A setting time of 40 minutes was
achieved, similar to the reference formulation.
The surface was walkable after 24 hours. This cor-
responds to standard CAF products on the market.

A sample was taken from the machine‘s hose
and the change in length and compressive strength
were determined. The change in length (swelling/
shrinkage behavior) was measured in a “screed
rail” so that measurements could begin imme-
diately after the CAF was applied. A very slight
initial swelling of up to 0.11 mm/m was recorded,
which corresponds to normal expansion. After
just 7 days, no further change in length was mea-
sured. The compressive strength determined after
28 days was 22 N/mm? and the flexural strength
was 5.2 N/mm?.

As a result, a final formulation was success-
fully used in practical trials, with properties cor-
responding to CAF quality class CAF-F5-C20. The
proportion of RTA was 15% in a mixture with
natural anhydrite. The processing properties and
also the surface texture ( ) corresponded
to standard products on the market. Examination
of the cross-section of the screed surface revealed
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good integration of the grain size up to the upper
layer, so that no settling occurred. There was also
no sintered layer. This proved that it is possible to
develop a marketable product based on recycled
thermoanhydrite.

7. Summary and outlook

The recycling of calcium sulfate systems is becom-
ing increasingly important in light of the end of
coal-fired power generation and the associated
elimination of FGD gypsum.

In this project, recycled thermoanhydrite was
produced and comprehensively evaluated on the
basis of various calcium sulfate-based (CAF) recy-
cled screeds. The key findings are summarized
below.

First, it was demonstrated that the organic addi-
tives present in the initial systems are no longer
present in the binder after the production of recy-
cled thermoanhydrite (RTA). This is an import-
ant finding that makes it possible to implement
a continuous formulation based on RTA without
having to take into account residual quantities of
remaining additives.

The properties of the RTA produced depend
heavily on the quantity and type of aggregate
present in the original CAF. It is inert in the sub-
sequent RTA and dilutes the binder content. Sub-
sequent crushing (increase in fine content) during
processing means that systems based on anhy-
drite as aggregate exhibit higher strengths than
those with quartz or limestone.

Achieving a flowable consistency is challeng-
ing with RTA and, despite the use of modern
superplasticizers, was initially only possible with
increased water addition. The development of a
high-performance superplasticizer with a new
molecular architecture adapted to the system sig-
nificantly improved the workability of the systems
and reduced the water requirement considerably.

Due to the above factors, it is not possible to
replace 100% of the binder in CAF with RTA.
However, recycled thermoanhydrite from calcium
sulfate-containing screeds is able to make a sig-
nificant contribution to the strength of CAF, so
that a proportional substitution of the binder is
possible. Based on the current results, further pro-
cessing in factory-dry or factory-fresh mortars by

Process of equalizing screed

adding a proportion of CAF is considered to be
very promising. It has been proven that CAF for-
mulations with recycled thermoanhydrite (RTA)
can be adjusted through optimization with newly
adapted superplasticizers and retarders so that
they can be used in practice without restrictions.
Flowability, processing time (consistency reten-
tion), and strength development with RTA meet
the specified requirements. A very good CAF with
a closed surface appearance without bleeding
and without a sintered layer is achieved with-
out surface bleeding. The CAF class CAF-F5-C20
achieved in the final test can already be used for
the majority of screeds in residential construction.

From a scientific and technical point of view,
the results form the basis for further research
activities and trials at interested companies that
manufacture gypsum binders and dry mortars. A
realistic goal for the near future is to achieve a
CAF-F5-C25, which accounts for the largest vol-
ume share in residential construction.

Until now, calcium sulfate screeds have not been
disposed of as construction waste and recycled in
Germany. The project has thus opened the door to
a completely new, sustainable group of materials
in the screed sector that is capable of conserving
natural resources and effectively closing material
cycles. Solutions have been developed to generate
a recyclable material (binder) from a waste mate-
rial (calcium sulfate screed). This binder (RTA) can
replace about 50% of calcium sulphate binders
(natural and thermoanhydrite, synthetic anhy-
drite, or calcium sulfate alpha hemihydrate). This
makes the recycling of CAF economically interest-
ing and feasible.

However, in order to be able to put the knowl-
edge gained into practice, the regulatory frame-
work must first be created. Existing quality
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management systems, quality recommendations,
and analysis methods for recycled gypsum are
available [5]. Important technical parameters that
must be observed, such as moisture content of <
5% by weight (< 10% for agreed particle size > 1
mm as bulk material) and calcium sulfate dihy-
drate content > 85% by weight have been agreed
between the gypsum industry and RC gypsum
collection and processing sites for plasterboard
recycling.Attempts are being made to make gyp-
sum fiberboard with a significantly lower gyp-
sum content and high cellulose fiber content
suitable for recycling. The CAF (calcium sulfate
screeds) used in practice have a calcium sulfate
dihydrate content of 30-50 wt.%. This is signifi-
cantly below the existing agreement [5] of > 85
M.-%. The existing agreement between the gyp-
sum industry and the recycling collection points/

processing plants should therefore include new
gypsum recycling products in the future and spec-
ify the calcium sulfate dehydrate content for CAF
accordingly. The acceptance and separation of cal-
cium sulfate screeds appears sensible and would
be the starting signal and an important milestone
for the utilization of this gypsum resource. Better
separation and a revision of the Waste Catalogue
Ordinance (AVV) and industry agreements [5]
are recommended as prerequisites for the further
development of gypsum recycling.
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