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ABSTRACT: One of the main challenges in recycling gypsum from refurbishment plasterboard waste for
the production of new plasterboards comes from the difficulty to achieve consistent purity values higher
than 92 wt% via current treatment technologies. These treatments generally rely solely on magnetic and
manual physical separation combined with grinding. Although gypsum purity values ranging from 75 wt%
to 90 wt% can be achieved, this depends mainly on the quality of the refurbishment plasterboard waste
received, as current treatments have limited efficiency and customisation possibilities. As a result, the
highest practical rate of recycled gypsum in new plasterboards is currently around 20 wt%. Therefore,
physical and chemical treatments have the potential to increase the content of recycled gypsum in new
plasterboards. As part of the ICEBERG project from the European Union's Horizon 2020 Research and
Innovation Framework Programme under grant agreement No. 869336, hydrocyclone separation and
acid purification have been evaluated in this work to achieve purity values above 96 wt% in gypsum from
refurbishment plasterboard waste. The plasterboards were crushed and sieved to obtain gypsum
particles less than 250 um in size. For hydrocyclone separation testing, a centrifugal pump was used to
produce a gypsum slurry in a mixing tank and to feed the slurry to a commercial mini-hydrocyclone of 2
inches in diameter. Acid leaching was performed at atmospheric pressure on the initial waste gypsum
and on a sample collected at the hydrocyclone, using different temperatures, residence times and
sulphuric acid solutions. The purity of gypsum obtained from individual and sequential hydrocyclone
separation and acid leaching tests was determined through X-ray fluorescence. Furthermore, the
calcination behaviour dihydrate phase content of the sample with the highest purity was determined
through thermal gravimetric analysis. Hydrocyclone separation was not effective for gypsum purification
but acid leaching at 90 °C for 1 hour using a 5 wt% H2SO4 solution produced recycled gypsum with more
than 96 wt% chemical purity and dihydrate content.
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1. INTRODUCTION

Plasterboard used in construction usually contains natural gypsum, synthetic gypsum, paper, fibres,
resins and paints. Natural gypsum rock is a non-inert material predominantly made of calcium sulphate
dihydrate (CaS04.2H20) that has a neutral pH and a humidity of 8-10 wt%. It may also contain other
minerals such as calcite (CaCQ3), dolomite (CaMg(CO:s).), silica (SiO2) and various types of clay. The
synthetic gypsum used in plasterboard manufacturing is commonly obtained at flue gas desulphurisation
(FGD) plants from coal-fired power stations. The FGD is identical to natural gypsum from a chemical and
crystallographic point of view, but contains impurities derived from the manufacturing process (Kuntze,
2009; Lushnikova and Dvorkin, 2016).

However, most gypsum from plasterboard waste ends up in landfills, where they can decompose
contributing to the generation of toxic hydrogen sulphide (H2S). Gypsum is a material that can be recycled
indefinitely at a cost that is lower than that of landfill disposal (Jiménez-Rivero and Garcia-Navarro, 2016).
The standard end-of-life plasterboard recycling process involves several steps aimed at removing
impurities, namely manual segregation, grinding, sieving, and ferrous and non-ferrous magnetic
separation. These are followed by calcination in a rotary kiln to convert CaS04.2H20 to calcium sulphate
hemihydrate (CaS0Qs.2H20). Finally, CaS0Oa.4H20 is rehydrated to produce gypsum crystals that bind
strongly. Recycled gypsum intended for plasterboard manufacturing must meet several technical
requirements. The European Union, through the Life+ GtoG project, established a minimum purity in
terms of dihydrate phase content of 80 wt% (Jiménez-Rivero and Garcia-Navarro, 2017). This minimum
dihydrate content compares with that recommended by the Eurogypsum Recycling Working Group of at
least 85 wt%, or more than 85 wt% recommended in the British standard document BSI PAS 109 (GtoG-
DC2 report, 2016; BSI PAS 109, 2013).

One of the main challenges to obtain recycled gypsum from refurbishment plasterboard waste that is
suitable for the production of new plasterboards comes from the difficulty to achieve consistent calcium
sulphate dihydrate content values higher than 92 wt% via current treatment technologies (Jiménez-
Rivero, A., Garcia-Navarro, J., 2017). Although gypsum purity ranging from 75 wt% to 90 wt% can be
achieved (GtoG-DC2 report, 2016), this depends mainly on the quality of the refurbishment plasterboard
waste received, as current treatments have limited efficiency and customisation possibilities. As a result,
the highest practical rate of incorporation of recycled gypsum in new plasterboards is currently around 20
wt%, since higher rates would also require higher use of costly additives (GtoG-DB4 report, 2016).
Furthermore, there are water-soluble impurities present in gypsum, such as chloride, magnesium, sodium
and potassium salts, that impact the bonding properties of gypsum crystals (Papailiopoulou et al., 2019).
The GtoG project established that the concentration of these soluble salts in recycled gypsum must be
less than 0.02 wt% (GtoG-DC2 report, 2016). But soluble salts that are encapsulated inside gypsum
particles can appear at the gypsum surface due to particle attrition during processing. Therefore, the
soluble salts content is affected by changes in gypsum particle size distribution during recycling and
plasterboard manufacturing processes. Papailiopoulou et al. (2019) also pointed out that the uncertain
soluble salt content of waste gypsum is one of the main market constraints for its utilisation in plasterboard
manufacturing. However, there is no established criterion to determine recycled gypsum purity in terms
of chemical composition. Therefore, it is necessary to define a criterion underpinned by previous research
to determine the chemical purity of recycled gypsum. This will also enable the comparison of different
gypsum purification processes to achieve high recycled gypsum purity, in terms of high dihydrate content
and chemical purity, and optimisation of these processes to achieve shares of recycled gypsum in new
plasterboards above 20 wt%. Two purification processes that could potentially be used to achieve this
goal are hydrocyclone separation and acid leaching.

Hydrocyclones are simple equipment of easy operation and maintenance that are used to separate
solids from a liquid medium. They are used in several industrial processes for the dewatering of slurries,
including flue gas desulphurisation units to separate synthetic gypsum from other by-products.
Hydrocyclones consist of a cylindrical section coupled to a conic section that has at its end an aperture
called spigot. The suspension is introduced under pressure and tangentially to the cylindrical section,
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which houses a coaxial tube called vortex finder. Most solid particles are carried in the underflow stream,
which is discharged through the spigot. The remaining particles (fines) are carried in the overflow stream,
which is discharged through the vortex finder (Svarovsky, 2000). The separation efficiency of the
hydrocyclone is dictated by the particle size and density of the solid, solid concentration, mass flow rate,
temperature of the liquid, presence of salts in the liquid, and diameters of hydrocyclone components.
Hydrocyclone separation can be used to purify gypsum as soluble salts will dissolve in the liquid medium.
In fact, hydrohyclones have been evaluated in the past to purify phosphogypsum (PG), which is obtained
as a by-product in phosphoric acid plants. For instance, removal of soluble phosphorus, fluorine and
organic matter was successful when using a PG/water ratio of 1:3 vol/vol and PG particle sizes less than
300 um (Singh et al., 1996).

Acid leaching is another purification process that has been evaluated to purify PG. This process is
usually performed with sulphuric acid (H2SQO4), which is an unexpensive acid that yields more gypsum
after neutralisation with CaCOs (Tu et al., 2010; Jha et al., 2013). Usually, higher temperature and longer
residence time during acid leaching increase the purification efficiency. Addition of salts, reduction of
particle size and recirculation of the leaching solution, with and without acid addition between each cycle,
might also increase the leaching efficiency. Kandil et al. (2017) found that the radium activity in PG was
reduced 15% with an 8 M H2SO4 solution when the slurry was stirred at 150 revolutions per minute for 30
minutes at 80 °C. In another work, rare earth metals in PG were leached with a dilute HSO4 solution and
the purified gypsum was recrystallised into anhydrite with a concentrated H.SO4 solution (Jarosinski et
al., 1993). Other authors found that rare earth elements in PG were concentrated through double leaching
with dilute H2SO4 at 60 °C (Hammas-Nasri et al., 2016a; Hammas-Nasri et al., 2016b). However, Valkov
et al. (2014) suggested that temperatures between 70 °C and 100 °C and residence times between 1 and
2 hours are required to extract rare earth metals in PG. During acid leaching, gypsum/liquid ratios lower
than 1:3 wt/wt can make the process uneconomical due to the high amounts of process water, whereas
gypsum/liquid ratios above 1 can cause operational issues due to the high viscosity of the gypsum slurry.
Gypsum/liquid ratio of 1:3 wt/wt, using a 5 wt% H>SOs aquous solution and stirring speed of 150
revolutions per minute with 3 L of slurry were found optimum for acid leaching of PG (Moalla et al., 2018).

As part of the ICEBERG project from the European Union's Horizon 2020 Research and Innovation
Framework Programme under grant agreement No. 869336, the main aim of this work is to achieve high
recycled gypsum purity (> 96 wt%) both in terms of dihydrate content and chemical purity with the
development of a methodological approach based on hydrocyclone separation and acid leaching to
minimise the detrimental effects of calcium sulphate hemihydrate and inorganic impurities on the
properties of recycled gypsum from refurbishment plasterboard waste. Both purification processes have
been evaluated individually and combined to achieve these purity targets. Simultaneously, a criterion to
determine the chemical purity of gypsum is proposed.

2. MATERIALS AND METHODS
2.1 Materials

Refurbishment plasterboard waste was collected at a skip in Lenton Household Waste and Recycling
Centre in Nottingham (United Kingdom) on the 15™ of October 2020. The amount of plasterboard waste
that was manually segregated and collected from the skip was approximately 30 kg. The plasterboard
waste contained approximately 90 wt% gypsum and 10 wt% paper. Figure 1 shows that other materials
were in contact with the refurbishment plasterboard waste in the skip (e.g. soil, plastics and wood), and
that the plasterboard waste was exposed to the weather.

Sulphuric acid (H2SOa, Fisher Chemicals, certified analytical reagent, minimum purity 95 vol%) was
used for acid leaching tests.
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Figure 1. Skip with refurbishment plasterboard waste located at Lenton Household Waste and Recycling Centre
(Nottingham, UK).

2.2 Laboratory work

2.2.1 Sample preparation

Gypsum particle sizes below 250 um were prepared to: i) remove as many paper fibres as possible;
and ii) increase the gypsum surface area to maximise the purification efficiency of hydrocyclone
separation and acid leaching. Initially, the refurbishment plasterboard waste was crushed to particle sizes
less than 2000 um, with porcelain mortar and pestle, and sieved with a 300 mm sieve according to the
standards ISO 3310-1 and BS 410-1. Then, the material passing was crushed again using the same
method as before and sieved to obtain particle sizes less than 250 um. This gypsum particle size fraction
will be referred to as gypsum from refurbishment plasterboard waste (GRPW) hereafter. For the
hydrocyclone separation test with GRPW, 3.6 kg of refurbisment plasterboard waste were crushed and
sieved to obtain 3.27 kg of GRPW. For acid leaching tests, batches of 750 g of refurbishment plasterboard
waste were crushed and sieved to produce enough amounts of GRPW to perform several tests
(approximately 100 g per acid leaching test). It must be noted that GRPW contained less than 0.5 wt% of
paper fibres, which were mainly produced during the crushing stage. Some of the paper fibres generated
during crushing agglomerated during the sieving stage, forming fluffy lumps that were easily removed.
Furthermore, lining paper from the refurbishment plasterboard waste was segregated, broken down
manually into small pieces, milled in a food blender to pulverise the paper fragments, and sieved to obtain
21 g of paper fines with particle sizes less than 250 ym to carry out a hydrocyclone test.

2.2.2 Hydrocyclone separation tests

A 2-inch Salter hydrocyclone, supplied with three vortex finder sizes and three spigot sizes, was used.
All hydrocyclone components were made of polyurethane, which can withstand operating temperatures
up to 50 °C but is not resistant to acid corrosion. Optimum operation of this hydrocyclone is achieved with
15 wt% solids, with a maximum slurry capacity of 3.8 m®h. The hydrocyclone was assembled with a
centrigugal pump and mixing tank, as shown in Figures 2a and 2b. Figure 2c shows the different
hydrocyclone components and the inlet and outlet streams. All tests were performed with the recycle
valve to the mixing tank fully open to maintain the gypsum particles dispersed in the tank. The
hydrocyclone’s inlet valve was fully open to operate at the highest possible capacity (around 1.0 m3/h).
Preliminary tests with 10 L and 30 L of water in the mixing tank were performed to identify the
configurations of vortex finder and spigot sizes that provided optimum flow patterns at the hydrocyclone’s
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underflow (i.e., between roping and spraying discharge). Vortex finder sizes of 9, 11 and 14 mm and
spigot sizes of 3.2, 4.5 and 9.4 mm were used, and the nine possible combinations were evaluated. Only
combining vortex finder sizes of 11 and 14 mm and spigot sizes of 4.5 and 9.4 mm provided optimum
water flow patterns. The volumetric water flow rate in the underflow and the underflow/overflow volumetric
flow ratio when using these four configurations was also determined. The highest flow rates and
underflow/overflow ratios were obtained with the 9.4 mm spigot. The configuration of vortex finder size of
14 mm and spigot size of 9.4 mm was chosen for the tests with paper fibres and GRPW because the
underflow/overflow volumetric flow ratio was closer to 1. The paper fibre slurry was prepared by filling the
mixing tank with 20 L of municipal water and adding the 21 g of paper fibres with particles sizes less than
250 um. The test with paper fibres was performed to elucidate whether this impurity, which has a density
below 1,600 kg/m? (Montero et al., 2010), can be separated from gypsum, which has a density of 2,300
kg/m3, when passing through the hydrocyclone. The GRPW slurry was prepared by filling the mixing tank
with 18.6 L of municipal water and adding 3.27 kg of GRPW. The test with GRPW lasted 3 hours and
samples were collected at the underflow every hour and for a period of 5 seconds to quantify the
volumetric and mass flow rates. A sample was also collected at the overflow after 3 hours of operation.

Hydrocyclone Pressure a
gauge

Overflow

P Vortex finder

4- = = Slurry inlet

X‘ v — . «—— Barrel

valve

«+— Spigot
Mixing tank

) <«+—— Spray reducer
Centrifugal

g 2 pump

Figure 2. Schematic representation of hydrocyclone separation setup (a), actual lab-scale hydrocyclone
separation setup (b) and 2-inch Salter hydrocyclone components and streams (c).

 J
Underflow

2.2.3 Acid leaching tests

Acid leaching tests were performed with a borosilicate beaker, a hot plate and an overhead stirrer
placed inside a fume cupboard. Distilled or purified water was used to prepare the acidic solutions. The
temperature of the slurry was measured with an independent thermocouple placed inside the beaker.
Acid leaching tests were conducted with a GRPW/solution ratio of 1:3 wt/wt, with a slurry volume of 350
mL and a stirring speed of 150 revolutions per minute. Acid leaching was performed at temperatures of
24 °C, 60 °C and 90 °C, residence times of 30 minutes, 1 hour, 1.5 hours, 2 hours and 3 hours, and with
sulphuric acid concentrations of 3 wt% (0.3 M), 5 wt% (0.5 M) and 10 wt% (1.1 M) in aqueous solutions.
The GRPW sample was added to the acidic solution at room temperature and the slurry was heated to
the target temperature at a rate of 3-4 °C/min. The impact of higher stirring speed (300 revolutions per
minute), slurry volume (2000 mL) and heating rate (addition of GRPW to solution already at target
temperature) on the chemical purity of the treated material was also evaluated. At the end of each acid
leaching test, the slurry was cooled down to room temperature prior filtration. Furthermore, the GRPW
sample collected at the hydrocyclone’s underflow after a residence time of 3 hours was also used as
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feedstock for an acid leaching test to ascertain the effect of combining hydrocyclone separation with acid
leaching.

2.2.4 Filtration and drying

Treated GRPW samples from hydrocyclone separation and acid leaching tests were filtrated using a
Buchner filtration kit connected to a vacuum pump. Only in the case of acid leaching tests, distilled or
purified water was used to wash the gypsum cake until the pH of the filtrate was around 6. Samples were
dried in an oven at 45 °C for either 12 or 24 hours, depending on the water content of the cakes. The
temperature was kept at 45 °C to prevent conversion of calcium sulphate dihydrate to calcium sulphate
hemihydrate. Finally, the dried samples were crushed with ceramic mortar and pestle to produce a powder
for further characterisation.

2.3 Sample characterisation

2.3.1 X-ray fluorescence

The chemical composition of the samples was determined through X-ray fluorescence (XRF). XRF
analysis was performed with a Orbis micro-XRF spectrometer. Sample pellets were prepared by blending
0.8 g of gypsum powder with 0.2 g of boric acid (binder) powder. This blend was placed in a die and
piston of 5 mm in diameter and compacted in a manual hydraulic press applying 10 tonnes of force to
produce the pellet. XRF data were acquired under vacuum in five regions of the pellet using a voltage of
30 kV, current of 0.4 mA, amplifier time of 1.6 us and acquisition time of 120 seconds. The weight
percentages of SO3, CaO, SiO,, Al203, Fe203, MnO, MgO, P20s, K20, NaO, Ni-Os, SrO and Cl were
recorded. MgO, P20s, K>O, Na;O and Cl have been identified as detrimental for plasterboard
manufacturing (Rashad, 2017; Papailiopoulou et al., 2019). A natural gypsum currently used in
plasterboard manufacturing was used as reference to define the criterion for the calculation of waste
gypsum purity through X-ray fluorescence. This natural gypsum has 56.6 wt% SOs, 33.3 wt% CaO, 3.7
wt% SiO2, 1.1 wt% Al2O03, 0.4 wt% Fe203, 0.1 wt% MnO, 1.6 wt% MgO, 1.5 wt% P20s, 0.3 wt% K20, 0.7
wt% Na20, 0.6 wt% CI and traces of Ni2O3 and SrO. The MnO content in GRPW (0.3 wt%) was higher
than that in the natural gypsum (0.1 wt%). On the contrary, the amounts of SiO», Al2O3, Fe203, Ni2O3 and
SrO in GRPW were lower than or similar to the amouns in the natural gypsum. Therefore, gypsum purity
was calculated as the sum of SOz, CaO, SiO2, Al203, Fe203, Ni2O3 and SrO contents in the samples. The
mean standard deviation of the purity values was also calculated. Furthermore, the content of CaSO4
(CaO+S03) was determined to differentiate between samples with similar chemical purity values.

2.3.2 Thermal gravimetric analysis and derivative thermogravimetry

The calcination behaviour of the samples was determined through thermal gravimetric analysis (TGA)
and derivative thermogravimetry (DTG). TGA/DTG were performed with a TA Q5000IR thermo-analyzer
(TA Instruments Inc., US). An amount of 20 mg was placed in a sealed aluminium pan with a pierced lid
and heated from 40 °C to 250 °C using a heating rate of 5 °C/min. A nitrogen flow rate of 20 mL/min was
applied on the balance throughout the test. Since pure CaS04.2H20 loses 20.93 wt% upon heating to
240 °C, the theoretical calcium sulphate dihydrate content was calculated using TGA data by multiplying
the sample weight loss at 240 °C by a factor of 4.778.

3. RESULTS AND DISCUSSION

The hydrocyclone separation test with 21 g of paper fibres, 20 L of municipal water, using the 14 mm
vortex finder and 9.4 mm spigot, showed that 57 wt% of the fibres entering the hydrocyclone were directed
to the underflow. The hydrocyclone separation test with GRPW was performed with the same
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hydrocyclone configuration, using 20 L of slurry composed of 18.6 L of municipal water and 3.27 kg of
GRPW (15 wt% GRPW). This slurry produced a foam throughout the test, as shown in Figure 3. The
temperature of the slurry increased slightly from 21 °C at the beginning of the test to 24 °C after 3 hours,
which was caused by heat transfer from the centrifugal pump. Results showed that 58 wt% of GRPW
entering the hydrocyclone was directed to the underflow, which is almost identical to the amount of paper
fibres directed to the underflow when using this impurity alone. Therefore, the 2-inch hydrocyclone used
in this study could not separate the paper fibres in GRPW.

Figure 3. Operation of hydrocyclone separation setup with slurry containing 15 wt% GRPW (left) and foam
produced during the test (right).

GRPW samples were collected at the underflow after 1, 2 and 3 hours. A sample was also collected
at the overflow after 3 hours. The four GRPW samples were filtrated, dried, and characterised through
XRF to determine the purity and CaSO4 content of the samples. Figure 4 shows that the two-step crushing
and sieving methodology is a very effective strategy to achieve around 96 wt% chemical purity in the
GRPW feedstock.

100
99 Ca0+S03+SiO2+AL0s = GRPW feedstock
98] | +Fe:05+NiOs+SrO a0+50s
& 97 - GRPW underflow, 1h
g’ 96 ] I I
8 95 ] 3 GRPW underflow, 2h
3 94 1 I
93 1 GRPW underflow, 3h
92 ]
91 | GRPW overflow, 3h
90 - annn

Figure 4. Purity (left) and CaSO4 content (right) of GRPW feedstock and samples collected at the hydrocyclone’s
underflow and overflow at different residence times.

However, the results also indicate that the purity of the samples collected at the hydrocyclone’s
underflow is around 96 wt% within experimental error, suggesting that hydrocyclone separation is not
effective for GRPW purification. The standard deviation values obtained with CaO and SOz were much
higher than those obtained when calculating the purity values, i.e., with the inclusion of SiO2, Al.O3, Fe20s3,
Ni2O3 and SrO. It was observed that this is mainly due to fluctuations in SiO2 content at different positions
of the sample pellet analysed through XRF.

The results from acid leaching tests using different temperatures, residence times and H.SO4 solutions
are presented in Figure 5. There are no significant differences in the purity values of the acid-leached
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samples (around 96.5 wt%) but, in general, these values are 0.5-1 wt% higher than that of the GRPW
feedstock. These results might suggest that acid leaching at 60 °C for 30 minutes using a 3 wt% H>SO4
solution would be suitable to achieve recycled GRPW with more than 96 wt% purity.
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Figure 5. Purity of the GRPW feedstock before and after acid leaching using different temperatures, residence
times and H2SO4 solutions.

However, Figure 6 shows that the CaSQO4 content of samples leached at 60 °C is usually lower than
the CaS0O4 content of samples leached at 90 °C. The lower CaSO4 content observed in some samples
after acid leaching at 60 °C and 90 °C compared to the that of the GRPW feedstock could be explained
by the Ostwald ripening process. This process consists of the initial dissolution of small gypsum crystals
followed by the redeposition of dissolved calcium sulphate on the surfaces of larger crystals. This
phenomenon was observed by Zheng et al. (2020) during acid leaching under hydrothermal conditions at
100-120 °C of a chromium-containing gypsum waste.

e i m GRPW feedstock
99 - u GRPW 60C, 30min, 3%
%6 | = GRPW 60C, 30min, 5%
] = GRPW 60C, 30min, 10%
97 - GRPW60C, 1h, 3%
T s GRPW60C, 1h, 5%
= | I 'GRPW60C, 1h, 10%
S 95 - [ 771, |WGRPW90C, 30min, 3%
@ g1 i & GRPW 90C, 30min, 5%
Q | j : ! gg; © GRPW 90C, 30min, 10%
© o/ l > = @ GRPW90C, 1h, 5%
1 i S i @ GRPW 90C, 1h, 10%
927 & §§§ &= GRPW 90C, 1.5h, 5%
91 - i ggg GRPW90C, 2h, 5%
oo | = GRPW 90C, 3h, 5%

Figure 6. CaSOa4 content of the GRPW feedstock before and after acid leaching using different temperatures,
residence times and H2SO4 solutions.
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The CaSO4 content reaches a maximum of 95.5 wt% when acid leaching is carried out at 90 °C, either
for 30 minutes using a 10 wt% H>SO4 solution or for 1 hour using a 5 wt% H>SO4 solution. It could be
argued that best conditions for acid leaching are the latter. Under these acid leaching conditions (90 °C,
1 hour and 5 wt% H>S0Q4), P2Os and MnO contents in GRPW did not change, but Na>O content and K>O
content decreased by 76%, and MgO content and CI content decreased by 37%.

An acid leaching test was also performed on the GRPW sample collected at the hydrocyclone’s
underflow after 3 hours. This test was carried out to elucidate whether the hydrocyclone separation
process can further improve the acid leaching efficiency at 90 °C for 1 hour using a 5 wt% H2SO4 solution.
Figure 7 indicates that the purity of the sample collected at the hydrocyclone’s underflow increases to 97
wt% after acid leaching, being this purity slightly higher than that with the acid leaching test alone (96.7
wt%, Figure 5). However, the CaSO4 content (94.4 wt%) is similar to that in the GRPW feedstock and 1
wt% lower than that in GRPW after acid leaching alone (95.6 wt%, Figure 6). These results indicate that
the implementation of a hydrocyclone separation plant prior the acid leaching process is impractical.

100
99 1 Ca0+S03+Si02+Al203 Ca0+S0s = GRPW feedstock
98 - +Fe203+Ni203+SrO
97 B
9
95
94
93 |
92 1
91
90 -

2 GRPW underflow, 3h

Oxides (wt%)

GRPW underflow, 3h,
acid leached

Figure 7. Purity (left) and CaSOs content (right) of the GRPW feedstock and the sample collected at the
hydrocyclone’s underflow after 3 hours before and after acid leaching at 90 °C for 1 hour using a 5 wt% H2SO4
solution.

An increase in stirring speed from 150 to 300 revolutions per minute did not have any impact on the
purity of the treated GRPW. However, pre-heating the 5 wt% H2SO4 solution to 90 °C before adding the
GRPW feedstock did not change the chemical composition of the material. This finding suggests that the
impurities are dissolved during the heating period (i.e., around 15 minutes from room temperature to 90
°C). Finally, a test was performed with 2000 mL of slurry, with a stirring speed of 250 revolutions per
minute to maintain GRPW in suspension. The other acid leaching parameters were kept constant (90 °C,
1 hour, 5 wt% H2SO4 solution, GRPW/solution ratio of 1:3 wt/wt). It was found that the purity of the treated
sample using 2000 mL of slurry was similar to that of the treated sample using 350 mL of slurry.

Acid leaching at 90 °C for 1 hour using a 5 wt% H2SO4 solution has led in this work to more than 96
wt% purity in the recycled GRPW. According to another quality target, the calcium sulphate dihydrate
(CaS04.2H20) content in the recycled GRPW should be higher than 96 wt%. In this study, the
CaS0.4.2H20 content was calculated theoretically using TGA data. Figure 8 displays the TGA and DTG
profiles for the GRPW feedstock before and after acid leaching at 90 °C for 1 hour using a 5 wt% H2SO4
solution. Acid leaching causes an increase in weight loss of around 0.5 wt% at 240 °C, which could be
caused by the removal of impurities and the increase in CaSO4 content seen in Figures 5 and 6,
respectively. The first devolatilisation peak at around 135 °C in the DTG profiles (peak 1) is associated to
the removal of water when CaS04.2H20 converts into CaS0a4.4H20. The second devolatilisation peak
(peak 2) corresponds to the removal of water when CaS0Qs."42H20 converts into CaSOa4. The DTG profiles
of both samples are similar, showing only a small reduction in the maximum devolatilisation rates (peaks
1 and 2) after acid leaching. The CaS04.2H>O contents in GRPW feedstock and GRPW after acid
leaching determined with TGA data were 93.0 wt% and 96.3 wt%, respectively. Therefore, acid leaching
of GRPW at 90 °C for 1 hour using a 5 wt% H2SO4 solution increases the CaS04.2H,0 content above 96
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wt%. Future work will focus on the mechanical properties of the recycled gypsum to validate its application
in plasterboard manufacturing.
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Figure 8. TGA and DTG profiles of the GRPW feedstock before and after acid leaching at 90 °C for 1 hour using
a 5 wt% H2SOs4 solution.

4. CONCLUSIONS

Hydrocyclone separation and acid leaching have been evaluated separately and combined to achieve
calcium sulphate dihydrate (CaS04.2H20) content and chemical purity in recycled gypsum from
refurbishment plasterboard waste above 96 wt%. The chemical purity of gypsum was calculated in this
work as the sum of SO3, CaO, SiO,, Al203, Fe203, Ni2O3 and SrO contents. The main findings of this work
are:

e Hydrocyclone separation at room temperature for up to 3 hours did not have any significant impact on
the chemical composition of gypsum from refurbishment plasterboard waste. Therefore, this process
alone is not effective for waste gypsum purification.

¢ Acid leaching of gypsum from refurbishment plasterboard waste at 90 °C, for either 30 minutes using
a 10 wt% H2SO4 solution or 1 hour using a 5 wt% H2SO4 solution, achieved 96.5 wt% chemical purity
and 95.5 wt% CaSO0s in the recycled material.

¢ Anincrease in stirring speed or slurry volume did not impact the efficiency of the acid leaching process.
On the contrary, adding the waste gypsum to the acidic solution at 90 °C prevented the removal of
impurities. Therefore, the impurities in gypsum from refurbishment plasterboard waste were dissolved
during the heating stage of the acid leaching process.

e The recycled gypsum obtained after acid leaching at 90 °C for 1 hour using a 5 wt% H2SO, solution
also had a calcium sulphate dihydrate content above 96 wt%.

e Acid leaching of the sample from the hydrocyclone’s underflow after 3 hours residence time had
slightly higher purity (97 wt%) than that of the waste gypsum feedstock after acid leaching (96.7 wt%).
However, its CaSO4 content (94.4 wt%) was similar to that of the waste gypsum feedstock and much
lower than that in the acid-leached gypsum (95.6 wt%). Therefore, there is no technical advantage in
the use of hydrocyclone separation for the purification of gypsum from refurbishment plasterboard
waste.

e Overall, crushing and sieving of refurbishment plasterboard waste to less than 250 um, followed by
the prepararation of a slurry with gypsum/solution ratio 1:3 wt/wt, and acid leaching in a stirred and
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heated tank (heating rate of 3-4 °C/min) at 90 °C for 1 hour using a 5 wt% H2SO4 solution will produce
recycled gypsum from refurbishment plasterboard waste with calcium sulphate dihydrate content and
chemical purity values above 96 wt%.
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