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Abstract

Stone wool is a widely used material for building insulation, to provide thermal comfort along with fire stability and acoustic
comfort for all types of buildings. Stone wool waste generated either during production or during renovation or demolition of
buildings can be recycled back into the stone wool melt production. This study investigates and compares the thermal response and
melting behaviour of a conventional stone wool charge and stone wool waste. The study combines differential scanning calorimetry
(DSC), hot stage microscopy (HSM) and X-ray diffraction (XRD). DSC reveals that the conventional charge and stone wool waste
have fundamentally different thermal responses, where the charge experiences gas release, phase transition and melting of the
individual raw materials. The stone wool waste experiences glass transition, crystallization and finally melting. Both DSC and
HSM measurements indicates that the wool waste initiates melting at a lower temperature than the conventional charge. Also DSC
measurements show that the wool waste requires less energy for heating and melting than the conventional charge, making stone
wool waste recycling desirable both for environmental and for process purposes.
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1. Introduction

Stone wool is a widely used material for building insulation,
to provide thermal comfort along with fire stability and acous-
tic comfort for all types of buildings. As the focus on environ-
mentally friendly buildings has increased over the past decades,
so has the production of stone wool. There will be an esti-
mated amount of 2,450,000 tons of mineral wool, i.e. stone
wool, glass wool and slag wool, produced in Europe in 2017
[1]. Recycling of stone wool back into the stone wool produc-
tion process has thus become increasingly relevant. Ideally, the
recycling should account for both stone wool waste generated
during production and external stone wool waste i.e. waste re-
sulting from demolition and renovation of buildings. The exter-
nal stone wool waste is subject to a manual sorting on the build-
ing site and again at the factory before being re-introduced into
theproduction process. The sorting ensures that no other types
of waste are present. Both the internal and external stone wool
waste contain organic binder. This binder along with any other
organic wastes that might be present in the external stone wool
waste will burn off once reintroduced into the furnace.
Stone wool is produced by spinning stone wool melt into fibers.
The stone wool melt is traditionally produced on a cupola fur-
nace in which blocks of coke and stone are combusted and
melted, respectively. Recycling of stone wool waste in the
cupola is done by casting the waste into briquettes using ce-
ment [2]. For the cupola, the individual raw materials and wool
waste melts in large blocks.
This study focuses on raw materials used in a new cyclone
based melting process. For this melting process pulverized raw
materials are used, and therefore mixing of the materials during

melting is important.
The introduction of stone wool waste into the cupola furnace

is suggested to lower the coke consumption [3]. In the glass
industry it is known that re-melting of recycled glass i.e. glass
cullets, requires less energy than melting virgin raw materials
[4].

The stone wool recipe is constructed according to the re-
quired chemical composition of the stone wool fibers that is
optimized to ensure that the fibers are biosoluble [5], [6]. The
stone wool melt investigated in this study comprises five raw
materials; four virgin stone materials: anorthosite, dolomite,
diabase and olivine sand, and a secondary raw material: Linz-
Donawitz (LD) slag; a waste product from steel production [7].
The chemical composition of the individual raw materials, the
mixed charge and the wool waste is shown in Table 1 as deter-
mined by X-ray flourescence (XRF).

Diabase is a chosen as a raw material based on its overall
chemistry that corresponds well with the final fibre chemistry;
anorthosite is chosen because of its high aluminum content;
dolomite for its high calcium and magnesium content; olivine
sand for magnesium and iron; and finally LD slag for its
calcium and iron content.

The crystalline content of some of the stone raw materi-
als can be found in literature. Anorthosite is known to con-
sist of plagioclase ((NaAlSi3O8)-(CaAl2Si2O8)) [8], dolomite
is a known mineral phase (CaMg(CO3)2) [9] as is olivine
((Mg,Fe)2SiO4) [10].

The chemical composition of diabase is entered into a min-
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eral norm calculator [12] known as a CIPW [11] mineral norm
calculator used in geology to predict mineral phases based on
chemical composition. The identified phases are: plagioclase
((NaAlSi3O8)-(CaAl2Si2O8)), hypersthene ((Mg,Fe)SiO3) and
diopside (MgCaSi2O6) as the most likely major crystalline
phases.

LD slag is known to contain multiple crystalline phases:
portlandite (Ca(OH2)), srebrodol’skite (CA2Fe2O5), mer-
winite (Ca3Mg(SiO4)2), larnite/belite (Ca2SiO4), calcite
((Ca,Mn)CO3), lime (CaCO3), dolomite (CaMg(CO3)2) and
FeO.

A previous study aimed to model the melting behaviour and
melting energy requirement of individual mineral materials
used for stone wool production. However, the predictive
capability of the model turned out to be limited [13].

Stone wool comprises amorphous glassy fibers, shots and
glass fragments formed during the cascade spinning process.
A scanning electron microscopy (SEM) analysis shows stone
wool fibers to have a mean arithmetic diameter of 4.0 µm with
a standard deviation of 2.4 µm and various lengths in the range
of five to several hundred microns [14]. Another study shows
that sieving allows fibers to pass through a 63 µm m sieve
[18], indicating that it is in fact the diameter of the fibers that
influences the particle size distribution presented on Figure 1.
The glass transition temperature and crystallization onset of
stone wool depend on the specific chemical composition of
the wool [15], this is therefore also expected to be the case for
the melting temperature of the formed crystal phases, however
data obtained on stone wool of slightly different chemistries
will still provide useful knowledge of the expected melting
temperatures.
Stone wool fibers are studied thoroughly with the focus on
uncovering the mechanisms behind the high temperature
stability of the fibers [15, 16, 17, 18, 19]. These investigations
show the stone wool fibers crystallize when heated above
1120 K, explaining why stone wool products keep their shape
when exposed to high temperatures up until melting initiates
at 1375-1425 K [16],[17]. The crystallization is driven by
an oxidation of Fe2+ to Fe3+ that subsequently drives the
migration of cations from the bulk to the surface [16]. The
formed crystals are identified in multiple studies to be augite
[15, 17], diopside [18, 19], nepheline [15] and grossular [15].
Another study [20] shows that samples comprising 50% stone
wool waste and varied amounts of clay, dolomite and cement
dust have liquidus temperatures in the region 1500-1510 K and
crystallization of the stone wool fibers taking place in the range
1100-1125 K.

The objective of this study is to obtain an understanding of
the difference in melting behaviour of a conventional stone
wool charge and stone wool waste in order to understand and
optimize the melt production process. The effect of adding
wool waste to the conventional charge is investigated in terms
of melting temperature and energy consumption.

2. Experimental

2.1. Samples
Samples were prepared of each of the five raw materials of

the stone wool charge: anorthosite, dolomite, diabase, dlivine
sand and LD slag for simultaneous thermal analysis (STA) and
XRD investigations. For both investigations the raw materials
were crushed using a Herzog HSM 100 pulverizing mill. The
original grain sizes along with those of the crushed materials
are seen on Figure 1.

Figure 1: The particle sizes of the pure wool waste, pure charge, crushed wool
waste and crushed charge measured in a sieve column with sieve dimensions of
0.063mm, 0.125 mm, 0.25 mm, 0.5mm, 1mm, 2mm, 3.5mm and 6.3 mm.

For STA and HSM investigations five samples were prepared
comprising 100%, 75%, 50%, 25% and 0% charge and 0%,
25%, 50%, 75%, 100% wool waste, respectively. The samples
were mixed of material of original grain sizes as seen on
Figure 1. The grain sizes were obtained by sieving. In order to
facilitate the sieving of the fibers the organic binder in the wool
waste was burned off by heating the wool waste to 863 K for
20 minutes prior to sieving. A rubber stamp was used to guide
the fibrous material though the sieve.

For the STA measurements and selected HSM experiments
the mixed samples were crushed to the sizes seen on Figure 1.

For the XRD measurements samples of pure charge and pure
stone wool waste were exposed to heat treatment. 50 g of the
material, either pure charge or pure wool waste of the original
grain sizes, were placed in platinum crucibles in a hot oven at
either 1473 K or 1623 K for 30 minutes. The samples were
then immediately quenched in water, dried and subsequently
crushed. The crushed samples were then investigated by XRD.

2.2. STA
A NETSZCH STA 449 F1 Jupiter simultaneous thermal an-

alyzer was used to conduct simultaneous Differential Scan-
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ning Calorimetry (DSC) and Thermogravimetric (TG) mea-
surements.
The individual raw materials analyzed by STA were investi-
gated using Pt crucibles and a two-step measurement: a base-
line measurement on the empty Pt crucible and a sample mea-
surement of approximately 30 mg of sample material. The
heating rate was 20 K/min and the maximum temperature was
1748 K. A thin sapphire disk was placed between the crucibles
and the sample holder to ensure that the platform and crucible
would not fuse together during measurement.

An optimized 3-step procedure was applied to the samples
comprising mixtures of charge and wool waste, respectively.
A thin Al2O3 disk was used to separate sample holder and
crucible, the thinner disk provided better thermal contact.
Each measurement was carried out using previously unused Pt
crucibles that were oxidized at 1273 K for 30 minutes. The
empty reference crucibles were not touched in-between the
3 measurement steps: A baseline measurement on an empty
crucible, a standard measurement on a sapphire standard and
a sample measurement, all carried out at a heating rate of
20 K/min. The use of a standard measurement enabled the
calculation of apparent heat capacity directly from the DSC
measurements [21]. These measurements are carried out with
a maximum temperature of 1523 K, since measurements at
higher temperatures seems to be subject to higher uncertainties.

2.3. HSM
The melting behaviour of two series comprising samples

of 100%, 75%, 50%, 25%, 0% charge and 0%, 25%, 50%,
75%, 100% wool waste, respectively, was investigated by
optical dilatometry (TOMMI Frauenhofer ISC). The first series
comprised samples of original grain sizes and in the second
series samples that were crushed. Each sample comprised
material pressed into a 6 mm wide cylindrical pellets with an
approximate height of 6 mm. The material was pressed in
a 1.5 ton press for 20 seconds. Measurements were carried
out with a heating rate of 5 K/min. Height, width and area
measures were determined based on the sample outline every
1.5 K. Images were initially acquired every 25 K this was then
adjusted to every 5 K for better visualization of the melting.

2.4. XRD
XRD (Empyrean, PANalytical) measurements were carried

out in the range 5◦ ≤ 2Θ ≤ 70◦ with a step size of 0.0130◦.
Six successive scans were carried out on each sample, and the
data presented here is a summation over the six measurements.
The anode material was copper. Based on the spectra and
the chemical composition of the materials, crystal phases
are identified. To identify the crystal phases in the complex
spectrum of the charge, XRD spectra are first obtained of the
individual raw materials, allowing for identification of the
crystal phases contained in each individual raw material. These
phases are then used as a subset for phase identification in the
mixed charge spectrum.

3. Results

3.1. STA
Figure 2 shows the measured DSC curve for the five raw ma-

terials: anorthosite, dolomite, diabase, olivine sand and LD slag
along with the mixed charge and stone wool waste. The dashed
line shows a weighted sum over the individual raw materials
according to the charge recipe. The descending curvature of
the anorthosite, diabase and dolomite at high temperatures, i.e.
above 900◦C, is attributed to an experimental error and not to
any physical processes occurring in the samples. This descend-
ing curvature is naturally also reflected in the weighted sum.
The weighted sum is meant to highlight the differences between
the DSC measurement of the mixed charge and that of the com-
bined individual raw materials.
Figure 3 shows the obtained TG curves of the individual raw
materials. All materials are dried prior to the measurements.
The total weight loss of the materials are 0.5% for olivine
and diabase, 2% for anorthosite, 3% for LD slag and 48% for
dolomite.

Figure 4 shows the apparent heat capacities obtained for
samples comprising 100%, 75%, 50%, 25%, 0% charge and
0%, 25%, 50%, 75%, 100% wool waste, respectively. From
the apparent heat capacities the total energy consumption asso-
ciated with heating and melting the samples can be calculated
through integration. For the purpose of the energy calculation
a total of three DSC measurements are carried out for the
samples comprising 100%, 50% and 0% charge. The resulting
energy curve is seen on Figure 5.

3.2. HSM
Based on the measured height, width and area data, the tem-

peratures at which the sample assumes some well-known char-
acteristic shapes are determined. The characteristic shapes are
defined here: initial deformation temperature (IT), spherical
temperature (ST), hemispherical temperature (HT) and flow
temperature (FT). These temperatures are calculated based on
definitions stated by Stabile et al [22]. HSM is carried out on
two series: one of original grain sizes and one of crushed sam-
ples. For 6 out of the 10 investigated samples the images ob-
tained are shown in Figure 6. Note that images are not acquired
as often as the height and width data, and that these images thus
represent the closest image to the calculated shape temperature.
The temperatures at which the characteristic shapes are reached
for both series are shown in Figure 7.

3.3. XRD
The XRD spectra obtained for pure charge and pure wool

waste exposed to: no heat treatment, 1473 K for 30 minutes
and 1623 K for 30 minutes, is seen on Figure 8.

The identified crystal phases and the corresponding raw
materials are: plagioclase and quartz (anorthosite), diop-
side (diabase), portlandite, belite, srebrodol’skite (LD slag),
dolomite (dolomite) and olivine sand (olivine). For the wool
waste the identified crystal phases appearing after heat treat-
ment at 1200◦C for 30 minutes are: plagioclase and diopside.
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An. Do. Di. Ol. LD Ch. Wo.
SiO2 47.6 0.4 52.1 41.5 10.6 42.8 42.6

Al2O3 28.6 0.0 14.0 0.1 0.5 18.4 18.1
TiO2 0.2 0.0 1.7 0.0 1.3 0.7 0.8

Fe2O3 1.4 0.1 11.7 7.2 23.3 7.5 7.1
CaO 13.6 29.8 8.9 0.2 40.1 18.1 18.3
MgO 0.9 21.9 4.8 49.9 10.5 9.2 8.4
Na2O 2.6 0.0 2.5 0.0 0.0 2.0 2.1
K2O 1.0 0.3 1.1 0.4 0.6 1.0 0.6
P2O5 0.0 0.0 0.2 0.0 0.4 0.3 0.4
MnO 0.0 0.0 0.2 0.1 3.0 0.2 0.3
LOI 2.3 46.4 1.2 0.4 1.4 - 2.1
sum 98.1 98.9 98.3 99.8 91.6 100.2 100.8

Table 1: Chemical composition of the investigated raw materials, charge and
wool waste as determined by XRF given in wt%. An.: Anorthosite, Do.:
Dolomite, Di.: Diabase, Ol.: Olivine sand, LD: LD slag, Ch.: charge, Wo.:
stone wool waste.

Charge Wool waste
a) b) c) d) e) f)

Plagioclase x x x x
Dolomite x
Diopside x x x
Olivine x x
Srebrodol’skite x
Belite x

Table 2: Crystal phases identified based on the XRD data presented on Figure
8. Columns (a,d), (b,e) and (c,f) represent samples that are non-heated, heated
to 1473 K for 30 min and heated to 1623 K for 30 min, respectively.

Figure 2: DSC measurements of the five individual raw materials along with the
mixed charge and stone wool waste. The dashed curve indicates a weighted sum
over the DSC signals of the individual raw materials according to the charge
recipe. The individual curves are shifted upwards by 7 mW/mg (anorthosite), 6
mW/mg (olivine sand), 5 mW/mg (diabase), 4 mW/mg (dolomite), 3 mW/mg
(LD slag) and 1.5 mW/mg (Charge). The wool waste curve is not shifted. Mea-
surements were carried out at a heating rate of 20 K/min in Pt crucibles in an
Ar atmosphere. p1 results from an albite phasetransition, p2 from melting, p3
from melting, p4 from decarbonization, p5 from CO2 release, textbfp6 from
melting, p7 from decarbonization of dolomite, p8 from the albite phase transi-
tion, p9 from melting of the mixed charge, p10 from a glass transition in the
wool waste, p11 from crystallization and p12 from melting.
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Figure 3: (a) TG signal of (red) olivine, (black) diabase, (blue) anorthosite and
(magenta) LD slag (b) TG signal of dolomite as a function of temperature.

Figure 4: Apparent heat capacities as a function of temperature obtained from
DSC measurements of five samples comprising 100%, 75%, 50%, 25% and 0%
charge and 0%, 25%, 50%, 75% and 100% wool waste, respectively. The DSC
measurements were conducted at heating rates of 20 K/min in Pt crucibles in
an Ar atmosphere. The observed peaks are identified for pure charge and pure
wool waste on Figure 2 and explained in the caption text of Figure 2. The
dashed line indicates a theoretical value for the melt Cp based on the overall
melt chemistry, as seen in Table 1, and the method developed by Lange and
Navrotsky [23], in which liquid heat capacity of a mixture is calculated as a
linear combination of partial molar heat capacities of the oxide components.

Figure 5: The energy required to heat and melt the total stone wool charge
from 473 K to 1523 K as a function of the wool waste content. For the sam-
ples containing 0%, 50% and 100% wool waste, a total of three measurements
were conducted on similar samples. The red circles represent values obtained
from individual measurements and the black curve represents the average val-
ues while the vertical line represents the standard deviations.

Figure 6: Images obtained from HSM measurements on three samples com-
prising 100%, 50% and 0% charge and 0%, 50% and 100% wool waste, re-
spectively. The samples are heated at 5 K/min. For each sample two measure-
ments are shown here, one (upper) with original grain size distribution, and
one (lower) with crushed samples. The method presented by Stabile et al [22]
is used to calculate the temperatures corresponding to characteristic shapes:
Initial deformation Temperature (IT), Spherical Temperature, Hemispherical
Temperature (HT) and Flow Temperature (FT). For the samples marked with
(*) images are obtained every 25 K, for the rest images are obtained every 5 K.
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Figure 7: Hot Stage Microscopy of five samples comprising 100%, 75%, 50%,
25% and 0% charge and 0%, 25%, 50%, 75% and 100% wool waste is used to
study the melting behaviour of the samples. A) is a measurements of samples of
original grain sizes and B) of crushed samples. All measurements are conducted
at a heating rate of 5 K. Four characteristic shapes and their corresponding
temperatures are found for each sample. The dashed lines represent results
from repetition measurements conducted on the three samples comprising: pure
charge (original size), pure charge (crushed) and pure wool (crushed).

4. Discussion

4.1. Raw materials and Charge

As seen in Figure 2 only three out of the five raw materials
studied by DSC show melting peaks in the studied temperature
region: anorthosite, p2, known to have a liquidus temperature
of 1725-1775 K [24], diabase, p3, is shown to be completely
molten at 1473 K [25] and LD slag, p6, that is a known fluxing
agent in steel production [7] and shown to have complete melt
formation at 1575 K on the DSC heating curves.
The remaining peaks observed on the DSC curves are p1
for anorthosite, p4 for dolomite and p5 for LD slag. One of
the mineral components in anorthosite, albite, has a phase
transition into a high-temperature form when heated above 973
K [24], this will result in an endothermic peak such as p1. As is
seen on Figure 3(a) the phase transition is associated with a 1%
weight loss. Dolomite releases CO2 in a two-step process upon
heating [9] resulting in a double peak such as p4 and the 48%
weight loss seen in Figure 3(b). LD slag is rich in calcium and
magnesium which typically makes minerals prone to release
CO2. p5is accompanied by a 3% weight loss, as seen on Figure
3(a), and is therefore likely to represent a release of CO2.
When comparing the DSC heating curves of the charge with
the weighted sum of the individual raw materials, as seen on
Figure 2, it is clear that the thermal behaviour of the charge
differs significantly from the simple weighted sum. This means
that upon heating the raw materials are affected by the presence
of the other raw materials.

The mixed charge shows three endothermic peaks at 875-
1075 K,p7, a small peak at 1225 K, p8, and another large
peak at 1375-1575 K, p9. The first peak, p7, overlaps with
the decarbonization of dolomite p4. The pure Dolomite curve
on Figure 2 shows a double peak corresponding to a two-step
decarbonization whereas in the mixed charge this double
peak is reduced to a single peak. This shift is caused by the
presence of SiO2, accelerating the decomposition of CaCO3
[26] corresponding to the second peak of the p4 double peak
[9]. The second peak of the mixed charge, p8 overlaps with the
phase transition of albite, p1, and the last peak, p9, with the
melting peaks of diabase, p3, and LD slag, p6.

The large endothermic peak on the charge DSC heating
curve indicates that the mixed charge melts in the region
1375-1575 K, even though the raw materials anorthosite,
olivine sand and dolomite individually does not melt in this
region. This indicates that the individual melt generated by
diabase at 1325-1575 K and LD slag at 1425-1575 K acts as a
fluxing agent and the high-temperature resistant raw materials
dissolves in the initial melt.

The XRD spectrum obtained for the non-heated pure charge,
Figure 8a, shows a great number of peaks reflecting the
mineral content of the five raw materials: plagioclase found in
anorthosite [8], diopside and quartz found in diabase (according
to CIPW calculations), portlandite, belite, srebrodol’skite and
FeO found in LD slag [27], along with the peaks corresponding
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to dolomite and olivine sand. Table 3.3 shows the identified
crystal phases for the six spectra in Figure 8.

The XRD spectrum of the charge heated to 1473 K for 30
minutes (8b) shows fewer peaks than the non-heated charge.
These peaks reveal that only some of the raw materials crystal
phases remain in the sample at this point. The remaining crys-
tal phases are plagioclase, diopside and olivine corresponding
to the raw materials anorthosite, diabase and olivine sand.
The strong dolomite peak at 2Θ = 31 has disappeared. This
is fully expected from the recrystallization associated with the
2-step CO2 release, seen on the DSC curve in the tempera-
ture range 925-1075 K. The peaks corresponding to portlandite,
belite and srebrodol’skite all found in LD slag has also dis-
appeared, again supporting the interpretation that the LD slag
generates an initial melt in which the remaining raw materials
can be dissolved. Diabase is also expected to be a first melt
generator, however diopside crystals are still identified in the
sample after heat treatment at 1473 K. A previous study has
shown diopside to have a melting temperature of 1665 K at
atmospheric pressure [28], explaining why this phase remains
present after heat treatment to 1473 K but disappears after heat
treatment to 1623 K (see Figure 8c). After heat treatment at
1623 K only a single peak remains in the charge spectrum, Fig-
ure 8c, indicating that the material has almost completely transi-
tioned from crystalline form to amorphous form, corresponding
to the transition from solid to molten form.

4.2. Stone wool waste and melting energy

Wool waste has a fundamentally different thermal response
than the charge as seen from the DSC curves on Figure 2 and
the apparent heat capacity of wool waste seen on Figure 4.
The wool waste heat capacity show a glass transition at 975
K (p10), an exothermic crystallization peak at 1125-1275 K
(p11) and a melting peak at 1375-1525 K (12), corresponding
to the behaviour known from previous studies [16, 17]. As
the measurements are conducted in an inert Ar atmosphere the
burning of the organic binder is not seen on the DSC curve.
The crystallization is also reflected in the XRD spectrum on
Figure 8e, where a wool waste sample is heated to 1473 K
shows peaks corresponding to the crystal phases Plagioclase
and Diopside, whereas the non-heated wool, Figure 8d, does
not show any crystal structure. The DSC heating curve, see
Figure 2, indicates that the stone wool fibers will melt in the
range 1375-1525 K. This corresponds well with the XRD
observations that crystal phases remain in the wool waste
heated to 1473 K, but does not appear in the stone wool waste
heated to 1623 K, as seen on Figure 8f.

The three mixtures of charge and wool waste studied shows
characteristics of both the pure charge behaviour and the pure
wool waste behaviour. As the wool waste content is increased
the heat flow curves gradually resemble that of the pure wool
waste more and more, as is seen when comparing the apparent
heat capacity curves in Figure 4.

The HSM measurements indicates that the charge of original
grain size initiates melting at 1475 K and is mostly molten at
1575 K, as seen on Figure 7. At 1575 K some grains remain
unmolten, resulting in the corrugated sample outline seen in
the upper right corner of Figure 6. The crushed charge sample
however appears to be completely molten at 1500 K. The
higher liquidus of the non-crushed charge than the crushed
charge is probably caused by the fluxing agents experiencing
some local transport and mixing limitations in the original
grain size sample. The wool waste, of both original grain sizes
and crushed, initiates melting around 1450 K and is completely
molten at 1475 K, as seen on Figure 6.

There is a general tendency, that the endothermic melting
peaks, as seen between 1325 K and 1425 K on Figure 4
start at lower temperatures, than the IT observed in the HSM
measurements. This indicates that the samples will already
have started the energy consuming phase change before
the pellet sample starts to deform. A sample pellet is thus
able to contain a certain fraction of molten material before
the overall stability of the sample shape is affected substantially.

The melting temperature of these mixed samples depends on
the wool waste content to some degree as seen on the upper
graph in Figure 7, where the temperatures of the characteristic
shapes is lower for higher wool waste content. However
the effect of adding wool waste seems to have the largest
influence in the step from 0% to 25% wool waste. From 25%
wool waste and up, the melting temperature is close to constant.

Generally high flow temperatures are seen for the samples
of original grain sizes comprising 0-50% wool waste. The
flow temperature of the samples containing intact raw material
grains are highly affected by the position of the largest grains
in the sample. As most of the sample does melt during the
heating, the larger melt-resistant grains i.e. anorthosite or
dolomite grains, stay intact and this results in a corrugated
sample contour, as seen for the samples of original grain
sizes in Figure 6a. The flow temperature is therefore highly
affected by the specific grain sizes and positions inside the
sample, explaining the high flow temperatures of the samples
of original grain sizes containing large amounts of charge.
The flow temperature peak at 25% is interpreted as a conse-
quence of the composition of that specific sample, and a peak
might as well have been observed for the sample of pure charge.

Once the material is crushed the effect of wool waste content
on the melting temperature nearly disappears, as seen on
Figure 7b. This points to the mixing effects being dominant in
determining melting temperature. The melting temperature of
the crushed samples can be seen to be in the region 1430-1475
K as determined by the span between the sphere temperature
and the flow temperature. This interval corresponds well to the
interval spanned by the melting peak, p9, of the pure charge
seen on Figure 2.

The total energy required for heating the mixed samples
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from 473 K to 1523 K does show some large deviations,
as seen in Figure 5. The deviations are related to the small
sample size of only 22 mg, making the measurement highly
dependent on the representability of that sample. Also, as
the sample begin to melt, the material contracts and begins to
move inside the crucible sometimes moving up along the sides
of the crucible. The DSC measurements are highly affected by
the contact between sample and crucible, and thus as different
samples melts and moves differently inside the crucible, the
total energy measurement will deviate from sample to sample.
In spite of the deviations, a clear linear dependence on the wool
waste content is seen: melting pure wool waste requires 23%
less energy than the conventional charge investigated here.
The main driver in this difference seems to be the fact that no
de-carbonization has to take place when re-melting stone wool
waste, thus lowering the overall energy required for the melting
process.

5. Conclusion

The melting behaviour of a stone wool charge comprising
five different raw materials and stone wool waste for recycling
is studied with the ultimate goal of understanding the melting
process in stone wool production. The conventional charge,
comprising five raw materials, and stone wool waste shows
fundamentally different thermal responses. The primarily
crystalline charge shows a significant release of CO2 and
a phase transformation during heating whereas the initially
amorphous stone wool waste crystallizes when heated above
850◦C.
The charge melting temperature is lower than the melting
temperature of the individual raw materials dolomite, olivine
sand and anorthosite. These materials are, when present in the
mixed charge, fluxed by the initial melt generated by diabase
and LD slag.
As stone wool waste is admixed to the conventional charge,
the melting behavior changes linearly with wool waste content.
From the measured heat capacities it is seen that pure wool
waste requires 23% less energy for heating and melting than
the conventional charge does. The wool waste is therefore a
desired material for recycling for energy saving purposes as
well as for environmental reasons.
The results presented in this study are valid for a specific
chemical composition of stone wool charge and stone wool
waste, however the method presented here can be applied to
perform studies on any other charge and wool compositions
in order to evaluate the potential for energy savings related to
adding wool waste to the melting process.
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Figure 8: XRD spectra of a) charge, non heated b) charge, 1473 K, 30 min c) charge, 1623 K, 30 min d) wool waste, non heated e) wool waste, 1473 K, 30 min f)
wool waste, 1623 K, 30 min. The spectra presented here are all a result of a summation over 6 individual measurements with a step size of 0.0130◦. The identified
crystal phases are plagioclase (•), dolomite (�), diopside (◦), olivine (#), srebrodol’skite, (*) and belite (x). The identified crystal phases are listed in Table 3.3.
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