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ABSTRACT: Gypsum plasterboard that incorporates various combinations of polyurethane foam waste and
polypropylene fibers in its matrix is studied. The prefabricated material was characterized in a series of stan-
dardized tests: bulk density, maximum breaking load under flexion stress, total water absorption, surface hard-
ness, thermal properties, and reaction to fire performance. Polypropylene fibers were added to the polyurethane
gypsum composites to improve the mechanical behavior of the plasterboard under loading. The results indicate
that increased quantities of polymer waste led to significant reductions in the weight/surface ratio, the mechani-
cal strength and the surface hardness of the gypsum, as well as improving its thermal resistance. The polypro-
pylene fibers showed good adhesion to the polymer and the gypsum matrix, which enhanced the mechanical
performance and the absorption capacity of these compounds. The non-combustibility test demonstrated the
potential of the new material for use in internal linings.
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RESUMEN: Caracterizacion de placas de yeso con residuos de espuma de poliuretano reforzadas con fibras
de polipropileno. Este articulo presenta un estudio experimental basado en la reutilizacion de residuos
de poliuretano en una matriz de yeso para elaborar una placa de yeso laminado. Las placas fueron car-
acterizadas mediante los ensayos normalizados de densidad aparente, carga de rotura maxima a flexion,
absorcion total de agua, dureza superficial y reaccion al fuego. Se han introducido fibras de polipropileno
en la matriz con el objetivo de aumentar la resistencia mecanica del material. Los resultados muestran que
el incremento de residuo polimérico en el material implica importantes reducciones de peso, resistencia
mecanica y dureza superficial, a la par que se mejora su resistencia térmica consiguiéndose valores simil-
ares a los comerciales. Las fibras de polipropileno mostraron una buena adhesion con el polimero, mejo-
rando el comportamiento mecanico y la capacidad de absorcidn. El ensayo de reaccion al fuego confirmo
que los residuos de poliuretano pueden ser empleados en la fabricacidén de placas de yeso laminado en
cumplimiento con la normativa.

PALABRAS CLAVE: Placas de yeso; Residuo de espuma de poliuretano; Fibras de polipropileno; Ensayo de no
combustibilidad
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1. INTRODUCTION

Prefabricated gypsum products have increasingly
been used in construction over recent years, funda-
mentally because of their environmental benefits as
lightweight products, which imply savings on mate-
rials and haulage costs, and greater ease of on-site
assembly. Moreover, the fire retardance properties
of these products are generally very good (1, 2).
Gypsum plasterboards (GPB) are extensively used
as internal partitions and ceilings. Their use permits
effective spatial layouts inside buildings, thereby
improving living conditions and safety (3). Waste
management is an acute problem in modern-day
society, due to rising demand for goods and services,
both in industrialized countries and in the so-called
emerging economies. Increasing amounts of solid
waste are produced, placing constraints on the avail-
ability of landfill sites, with a consequent rise in dis-
posal and dumping costs (4). The current research
examines the viability of introducing various wastes
of industrial origin in a gypsum matrix (5-8). The
aim is to reduce the weight of the gypsum and to
improve its thermal properties. All of this has the
purpose of obtaining lightweight, insulation mate-
rials that outperform conventional materials, reduc-
ing haulage costs, improving energetic efficiency,
and exploiting recycled waste products (that would
otherwise be dumped). A lighter weight that allows
quicker assembly and improved thermal character-
istics that require no further insulative layers, rep-
resent two implicit advantages of these materials in
prefabricated products (9, 10). Numerous references
in the literature refer to the incorporation of differ-
ent waste products in prefabricated plasterboard, in
order to improve certain physical and mechanical
properties. The use of Expanded Polystyrene (EPS)
as a shredded material added to the gypsum plas-
terboard matrix was analyzed in (11). This waste
product is a by-product of packaging collected from
municipal recycling schemes that is subsquently
milled. Other studies have been conducted on con-
struction panels prepared with a mixture of gypsum
rubber from end-of-life tires (12) and gypsum cork
waste (13), both of which are characterized by their
low density, as well as on the addition of recycled
paper to plasterboard (14). Polyurethane foam waste
has been studied in lightweight plaster materials
with enhanced thermal properties in (15), although
no references have been found on the use of this type
of waste in the preparation of gypsum plasterboard.

The objective of this study is to examine the reuse
of polyurethane waste, which is incorporated in the
gypsum matrix, for the manufacture of prefabri-
cated elements. We also aim to study the effect of
polypropylene fibers on the mechanical properties
of those elements. Several different types of fibers
such as polypropylene fiber, polyamide fiber, and
glass fiber have been extensively used in gypsum

boards because of their specific advantages (16-18),
although no results have been reported on the use
of both polyurethane and polymeric fibers. The
challenge is to manufacture lightweight gypsum
plasterboard for use in the construction industry,
thereby improving the thermal properties of these
traditional materials and, at the same time, recycling
polymer wastes, which would otherwise be dumped
in landfill sites.

2. RAW MATERIALS
Gypsum

Construction gypsum 1is classified as B1/20/2
in Standard EN 13279-1 (19), the specifications
of which stipulate an initial setting period of
over 20 minutes, with a compression resistance of
> 2 N/mm?. According to the manufacturer’s speci-
fications, this gypsum presents a purity value of
87.66%. X-Ray Diffraction (XRD) for the purposes
of mineralogical characterization identified calcium
sulfate hemihydrate as its main component. The real
density stood at 2320 kg/m? and laser diffraction of
the granulometry indicated that 50% of the sample
presented sizes of below 50 um.

The gypsum was first oven-dried at 40 + 2 °C over
24 hours; after cooling and homogenization, it was
placed in a watertight container for use in the tests.

Polyurethane foam waste

Polyurethane Foam Waste (PFW) was taken
from waste generated in the manufacture of
insulative panels in the refrigeration and con-
struction industries. Following crushing, it is pre-
sented as a dust with a granulometry of between
0-0.5 mm, with real density and bulk density values
of 1080 kg/m? and 72 kg/m?3, respectively.

Polypropylene fibers

The PP fibers (F2) were supplied by Grupo
Pumma (Paviland®). The fibers were approximately
30 um in diameter and 12 mm in length with a
tensile strength ranging between 300 and 400 MPa.
Elemental analysis (CHNS) indicated the presence
of carbon, hydrogen, nitrogen and sulfur in the fiber.
In (Table 1), a Scanning Electron Microscopy (SEM)
image shows the fiber alignments and dimensions.

3. EXPERIMENTAL

Specimen preparation of the Gypsum Plasterboard
(GPB)

The sample reference numbers, fiber percentages,
and the Polyurethane Foam Waste/plaster (PFW/p)
ratio by volume of each sample are listed in (Table 2).
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TaABLE 1. Elemental analysis (CHNS) and SEM of PP fibres
Element Carbon Hydrogen Nitrogen Sulfur
% 85.57 0.08 0.04
SEM
TABLE 2.  GPB Samples, volume ratio, water/conglomerate ratio, weight/surface ratio,
bulk density, surface hardness and water absorption
Volume Water/ Weight/ Bulk Surface Water
ratio (PFW/  (conglomerate) surface density Hardness Absorption

Series no. Sample plaster) ratio ratio (Kg/m?) (Kg/m®) (Avg. O, mm) (Avg.%)
‘Comercial ~ GPB ST ’ . 9.60 744 16.33 31.87
Reference GPB RS 0/1 0.47 21.23 1416 11.33 27.36
Series [ GPBO0.5 0.5/1 0.52 19.45 1297 13.22 32.66
(0% F2)

GPBI1 1/1 0.60 18.03 1202 14.33 40.81

GPB2 2/1 0.82 14.32 955 16.56 61.59
Series 11 GPB RS2F2 0/1 0.47 18.90 1350 9.83 21.15
(2% F2)

GPBO0.5 2F2 0.5/1 0.52 17.96 1283 11.00 25.59

GPBI 2F2 1/1 0.60 16.87 1205 12.89 32.03

GPB 2 2F2 2/1 0.82 13.44 960 18.11 51.31
Series 111 GPB RS4F2 0/1 0.47 20.26 1447 9.44 21.41
(4% F2)

GPBO0.5 4F2 0.5/1 0.52 19.05 1361 10.89 26.00

GPBI1 4F2 1/1 0.60 17.70 1264 12.44 3291

GPB2 4F2 2/1 0.82 14.46 1033 16.44 50.91

(*) Comercial Standard Plasterboard Type A (EN-520)

The mixtures were prepared by partial substitu-
tion of the gypsum for the waste product in amounts
of 0.5, 1, and 2 parts by volume (p + PFW). They
were then tested on the shaking table (slump-flow
test, with an average spreading diameter of 165 = 5
mm), to determine the quantity of water needed for
acceptable workability (Table 2). Suitable admix-
tures were also employed to enhance workability.

A series of reference specimens were manufac-
tured with no waste products in their components
(GPB RYS), to quantify the effects of the waste aggre-
gates on the prefabricated products. Commercial
plasterboard (GPB ST) was also analyzed under
the same conditions as the plasterboard investigated
in this paper; although its complex mixture of raw
materials (paperboard, additives, lighteners, fibers)
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significantly influenced the final results that were
only taken as a reference.

The procedure to prepare gypsum plasterboard
(GPB) consisted of progressive additions of PFW
to the plaster, in substitution of the various propor-
tions of gypsum by volume (1/1, 1/0.5 1/2). The dry
components were homogenously mixed, after which
the water was added and mixed in line with standard
EN 13279-2 (20). A series of (300 x 400 x 15 mm)?
molds were filled with the mixture and any excess
wiped away, to accelerate the drying process. In this
way, a series of three specimens for each dosage and
each test were prepared to conduct the tests.

Finally, after curing at a temperature of 24 °C
and at a relative humidity of 50 + 1% for 7 days,
all the test specimens were then dried to a constant
mass at 40 * 2 °C and cooled to room temperature
prior to testing.

Fiber reinforcement of the plasterboard was
done in the mixing phase. The fibers were evenly
dispersed in the water, before adding the water to
the mixture (gypsum + PFW). Dosages of 2% and
4% by weight of gypsum were added.

Test methods

Characterization of all the plasterboard speci-
mens tested bulk density, flexion strength, water
absorption rate, water retention capacity, and surface
hardness. The instructions in Standard EN 520 (21)
were followed, which establishes the specifications
and the test methods for gypsum plasterboard.

The flexural strength of the plasterboard repre-
sents the maximum stress within the material prior
to rupture. The (400 X 300 X 15) mm? specimens were
subjected to controlled loading up until fracture
took place. Fiber behavior in the gypsum matrix was
also evaluated through the load-displacement ratio.

Total water absorption capacity was deter-
mined as the percentage increase in the mass of a
specimen were held underwater over 2h + 2 min.
Percentage water retention was measured in terms
of sample weight loss after oven-drying at 40 °C
over 48 h and was determined using the following
equation: Water retention (%) = Ww —Wd/Wd x 100,
where Ww is the wet weight of the sample and Wd is
the weight of the sample after drying.

Shore C hardness determines the surface hard-
ness of the plasterboards by establishing the
indent left by an exerted force on each test speci-
men, measured in Shore C units, from 0 (softest)
to 100 (hardest). In this test, the surface hardness
of the plasterboard was defined by the exterior
mark of a small steel ball dropped from a speci-
fied height.

Scanning Electron Microscopy (SEM) produced
images of the interface between the different mate-
rial components. A FSEM HITACHI S-4800 SEM
was employed, with an acceleration current of 20 kV
and a current intensity of 20 1A, with a variable
working distance, and an EDX Bruker XFlash-5030
silicon drift detector.

The thermal resistivity and the fire reaction
indexes of the samples were measured. Thermal
resistivity was taken from thermal conductivity
results presented in previous works (15) in accor-
dance with standard EN 12667 (22). The non-com-
bustibility test was applied to evaluate the behavior
of the samples at high temperatures, in accordance
with standard EN ISO 1182 (23). The tests were
conducted in an open vertical furnace (Figure 1),
in which the specimen was placed within a cylindri-
cal space with a diameter of 75 mm and a height
of 150 mm. During the test, the electronically con-
trolled furnace temperature was increased at a con-
stant rate, from room temperature to 800 °C in 2 h,

Refractory tube

Fumace temperature
measurement

Heating coils s

Insulation

Temperature
measurement in specimen
Specimen holder

FIGURE 1. Scheme non combustibility test.
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after which it remained at 800 °C for a further 60
minutes (24). In this test, temperature increases were
measured by the furnace thermocouple, the duration
of flaming and the mass loss of the sample, in cylin-
drical samples of 45 mm in diameter, and 50 mm in
height, which had previously been conditioned in a
ventilated oven at temperatures of (60 = 5) °C, over
24 hours.

4. RESULTS AND DISCUSSION OF
CHARACTERIZATION TEST RESULTS

Bulk density

It may be seen from the results shown in (Table 2)
that the density continued to drop as further waste
products were introduced in the mixture. The reduc-
tion in average density by dosage, taking GPB RS
as the reference dosage, varied between 5% and
38%. As the amount of polyurethane increased,
larger amounts of water were necessary to ensure
the workability of the mixture, which also meant an
increase in the porosity of the material and, in con-
sequence, a reduction in its bulk density. In addi-
tion, the incorporation of a material with a lower
real density than the base matrix was a further fun-
damental factor in the reduction of the plasterboard
density. The result was coherent with the character-
istics of the material in use, as the polymer waste
presented a real density of 1080 Kg/m? as opposed
to the plaster density of 2320 Kg/m?. This reduc-
tion in density meant a reduction in the weight by
surface unit of the material, which dropped even
further as more waste was incorporated in the com-
position of the plasterboard. Accordingly, a reduc-
tion as high as 48% in the weight/surface ratio was
obtained for the GPB2 sample with regard to GPB
RS. The incorporation of 2% fibers in the mixtures
involved no significant variation with regard to the
density of the compound material, which was simi-
lar in all cases. However, the density increased from
2-8% at higher percentages (4%). In comparison
with the standard series, an increase in bulk density
that ranged from 94% for reference gypsum plas-
terboard (GPB RS 4F2) to 38% for dosages with
high polyurethane contents (GPB2 4F2) in the case
of Series I1I (with 4% of PP fibers) was observed.
This increased density may be due to the specific
additives and aggregates of the commercial gyp-
sum board, which were not applicable to the plas-
terboard used in this study.

If we establish a relationship between bulk density
and water absorption, water absorption increased,
as was expected, when the bulk density of the GPB-
PFW samples decreased. This may be explained by
the increasing demand for water as the percentages
of polymer increased, which leads to higher porosity
in the plasterboard.

Flexural strength (measured as breaking load flexion)

The flexural strengths of the specimens with dif-
ferent polyurethane contents, both with and without
fibers, are shown in (Figure 2). The breaking load
decreased with the increase in the quantity of poly-
urethane waste. This reduction in resistance might be
related to the lower content of gypsum in the sam-
ples, which represents the structural skeleton of the
composite material (25). The breaking load appeared
to increase with the addition of polypropylene fibers.
A 2% presence of fibers led to improvements in the
performance of the plasterboard in comparison with
the plasterboard without fibers; rising from 5% in
GPBO0.5 to 10% in GPB1. A 4% presence of fibers
was needed for any further increase in the break-
ing load under flexion. The incorporation of larger
amounts of waste progressively strengthened the
plasterboard, up until dosages of equal parts (1/1);
moving from 11% in (0.5/1) mixtures to 24% in (1/1)
mixtures. However, the influence of variations in
the percentage of polypropylene fibers on flexural
strength, in dosages with higher amounts of polyure-
thane (2/1), was not so clear. This result was prob-
ably due to the high polymer (PP and PFW) content
in such a small thickness (15 mm) of board. There
was no significant improvement of plasterboards
with fibers, but without polyurethane (RS), which
may probably be explained in terms of the elastic
modulus of the compound. Further research similar
to other studies in the literature (26) would be neces-
sary in this field to find an explanation for this effect.

If we compare the results of the gypsum plas-
terboard in mixtures (1/1) with fibers (GPB1 F2)
with those of the commercial boards (GPB ST), in
a transversal sense, values of around 16% and less
for fracture loads under flexion were obtained. So,
the results were acceptable up until dosage (1/1), all
the more so as the boards in this study had no paper
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FIGURE 2. Breakind load flexion.

Materiales de Construccion 66 (324), October—December 2016, e100. ISSN-L: 0465-2746. doi: http://dx.doi.org/10.3989/mc.2016.06015


http://dx.doi.org/10.3989/mc.2016.06015

6+ L. Alameda et al.

lining and no additives, which therefore implies
weaker mechanical properties in comparison to the
commercial gypsum board.

Load versus displacement

An important aspect of this work consisted
in determining the behavior of gypsum plaster-
board prepared with polyurethane foam wastes,
so as to examine the practical application of these
recycled materials in prefabricated elements for
use in interior partitioning. However, only those
boards reinforced with polypropylene fibers (F2)
could be selected, and, from among them, those
with the most significant physical performance
(GPBI).

The relationship between load versus displacement
of gypsum plasterboard with polyurethane (GPB1)
and PP fibers (0%, 2% and 4%) is shown in (Figure 3).
It may be seen from the results that creep increased
in proportion to the increase in fiber amounts in each
dosage, up until breakage, when the plasterboard was
unable to withstand further loading. This effect is
very important, as the elastic properties of the mate-
rial actually increased. Another interesting point
observed during the fracture load test under flexion

035 1

0.30 A

025 il
g4y L

Load (KN)

0.02 0.80 2.39 4.42 7.20 10.90
Displacement (mm)

FIGURE 3. Load versus displacement of GPB 1 and PP fibers.

was the maintenance of the fracture load over time
in series GPB1 4F2. The implicit assumption in these
results is that the new mixed material is flexible, in
dosages with a ratio of 1/1 and 4% of PP fibers; even
after breakage, the plasterboard continued to show
the sort of resilient behavior that could reduce the
risk of panel collapse (27, 28).

A good internal structure of the matrix and
its components can be seen in the SEM images
(Figure 4-a), in which the polyurethane waste is
surrounded by a crystalline gypsum structure that
gives it a solid bond of great stability. The images
of the GPB1 4F2 sample show the presence of poly-
urethane films inside the matrix, the continuity of
which appears to be interrupted by the majority
presence of gypsum crystals.

In (Figure 4-b), fiber bonding with the gypsum
matrix may be seen, in which the fibers show accept-
able adherence to the gypsum-polyurethane matrix.

Surface hardness

Increased dosages of the waste implied a reduc-
tion in the surface hardness of the material. It may
be seen that the diameter of the surface imprint
increased when the mixture incorporated higher
amounts of waste (Table 2). This increase in imprint
size is perhaps due to the existence of a larger per-
centage of pores, which supports the possibility that
these compounds may be penetrated or incised by
other material. Reductions of surface hardness of
up to 47% occurred in samples GPB2 in relation
to the reference specimens (GPB RS). (Figure 5)
shows the relationship between the surface hardness
results obtained in this work and the Shore C hard-
ness results obtained in previous studies on 40 X
40 x 160 mm? specimens (15). A correlation between
both parameters was observed, indicating good pro-
portionality with a fit to a polynomial line (R? =
1). If we compare the hardness results of both the
GPB PFW samples and the commercial boards, an
increase of 9% was observed in the GPB2 gypsum
plasterboards.

FIGURE 4. SEM of GPBI 4F2 Sample.
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FIGURE 6. Relationship between total water absorption and
water retention of GPB.

Total water absorption and water retention

With regard to the total water absorption test,
the results show that a percentage of the average
total absorption of the different dosages increased
in line with the incorporation of higher proportions
of polyurethane waste.

As shown in (Table 2), the increased presence of
waste in the mixture implied greater water absorp-
tion. This capacity increased considerably in the
case of the GPB2 plasterboards (60%); 50% greater
than in the commercial plasterboard.

The absorption capability of the boards was
reduced when fibers were introduced in the mix-
ture; to such a point that their percentages were
hardly significant. For example, in dosage (0.5/1)
with fibers at 2%, the absorption percentage was
around 25.59%, very similar to the 26% of the
GPBO0.5 4F2, but less than the reference dosage
GPBO0.5. If the reduction of the absorption by
dosages is calculated in percentage terms (%), it
is notable that the reductions in absorption stood
at around 20%, both for the family of reference

specimens RS and for mixtures (0.5/1) and (1/1), at
fiber percentages of 2% and 4%. In the (2/1) mix-
tures, the absorption rates fell slightly less, at any
fiber concentration, by around 17%. This reduc-
tion in total absorption capability is explained by
the hydrophobic characteristics of the polypro-
pylene fibers (29). A relation between the water
retention capacity of the material and the results
of water absorption was established for GPB with
different proportions of fibers (Figure 6). A corre-
lation between both parameters may be seen in all
samples, which varies in a proportional way, fol-
lowing a linear-type tendency, in accordance with
the equations shown in (Figure 6).

5. THERMAL PROPERTIES

Over recent years, a great deal of effort has
gone into promoting energy efficiency in build-
ings, with new regulations on mandatory insula-
tion of the external envelope. An effective way
of saving energy is to improve the thermal insu-
lation of buildings by applying insulative materi-
als to walls and floors (30). However, these kinds
of materials must show acceptable fire retardant
behavior, which can be measured in terms of the
flammability of the material in the presence of
fire. In this study, the non-combustibility test pro-
vided data on the combustibility of the gypsum
plasterboard.

Thermal resistivity

One way of measuring the insulative capa-
bilities of gypsum plasterboard is through the
determination of its thermal conductivity. This
parameter has been determined in earlier studies
(15), in which the analysis of the thermal resistiv-
ity of gypsum plasterboard samples in relation to
their densities were shown to correlate well. In all
cases, the incorporation of the waste in the mix-
tures produced a reduction in the weight per sur-
face and an improvement in the thermal resistance
and the insulative capacity of the material. This
improvement was not only due to the lower den-
sity of the material, but was also dependent on the
type of waste. Consequently, the GPB with PFW
plasterboards, characterized by their closed cell
structures with a lower thermal conductivity coef-
ficient than the other waste products, showed the
best behavior (31).

On the other hand, when compared with the
specifications of other commercial prefabricated
elements, such as commercial standard gypsum
plasterboard (GPB ST), it was found that for dosage
(2/1), reference values of over 0.060 m*K/W were
reached (Table 3). Thus the values obtained were
similar to other construction materials used in
partition walls.
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Tasie 3. Thermal resistivity of conventional prefabricated materials e=15 mm (32)

Sample Density (Kg/m®) Thermal resistivity (m*-K/W)
Commercial gypsum plasterboard (GPB ST) 753 0.060
Cellular concrete prefabricated 800 0.065
Prefabricated concrete with expanded clay 700 0.068

Parameter GPBI GPBI 4F2

Temperature rise of furnace

(C) Ge

Duration of sustained flaming <5
(s)

Loss of mass 26.1

(%)

2.4

<5

271

FIGURE 7. Non combustibility test results_ EN.

Reaction to fire performance

The thermal behavior of the samples, confirmed
by the non-combustibility test, gives us an idea of
their fire retardance properties. The results of the
non-combustibility test (Figure 7) confirmed that
the samples that incorporated polyurethane in their
composition, and specifically, the GPB1 sample,
presented flaming times of less than 20 seconds with
a temperature increase of below 50 °C and losses of
less than 50% in their mass. This result indicated that
even if we only take the contribution of the materi-
als to fire reaction into account, their composition
corresponded to Euroclass A2 (non-combustible)
in accordance with the European fire reaction clas-
sification of building materials for homogeneous
products (33). In the case of the plasterboard with
polyurethane foam waste fibers at 4% (GPB1 4F2)
the fire behavior was similar to the results of the
sample without fibers, with a Euro class A2 clas-
sification. Other researchers have noted the good
behavior of polypropylene fibers and their contri-
bution to the development of fire resistant materi-
als (34). However, the non-combustibility test is not
sufficient to classify examples that include polyure-
thane components. CTE D-SI validation of sample
GPBI as (B-s2-d0) (35) may require an assessment
of its performance in accordance with EN ISO
1716 (36) to determine gross calorific value and the
EN 13823 (SBI) test (37). Nevertheless, if we take
Spanish Royal Decree 110/2008143 (38) as a refer-
ence, then a plasterboard system mechanically fixed
to a metallic substructure with Euro class type E
insulation (40 mm polyurethane foam) is classified

as (B-s1, d0). On that basis, we may affirm with a
degree of certainty that the new material, having
been placed as interior plasterboard on a double-
layer dividing wall, will comply with all specifica-
tions in the relevant legislation.

6. CONCLUSIONS

A study involving the manufacture of gypsum
plasterboard that incorporates polyurethane waste
aggregates reinforced with polypropylene fibers has
been presented in this paper.

1. Reductions in the bulk density of the material
were in all cases obtained, which were greater
when larger amounts of waste were included
in the final mixture. In turn, the weight/surface
ratio yielded reductions of up to 48% of the
GPB 2 type material, which implies a significant
reduction in weight for the installation of pre-
fabricated products.

2. The maximum breaking load under flexion fell
progressively as larger amounts of polyurethane
waste were included. This reduction was linked
to the lower content of gypsum in the final
matrix of the composite mixture. The inclu-
sion of fibers in the gypsum matrix improved
the mechanical behavior of the material, raising
its breaking load and extending its creep behav-
ior, whereby the elastic behavior of the material
prevents its collapse and prolongs its working
time. SEM images of the gypsum-waste inter-
locking with the fiber matrix showed good
adhesion between both components. A strong
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physical bond was also observed between the
three materials that ensured good stability of
the composite.

Total water absorption was directly proportional
to the water retention capacity of the material
and was better in the mixtures that incorporated
the polyurethane waste. The incorporation of
fibers reduced this capability, probably due to
the hydrophobic characteristics of the polypro-
pylene fibers, which initially absorbed water
before expulsing it during the setting process.
There was a good correlation between the
values obtained with other surface hardness
measurement techniques which allowed us to
predict hardness values for other types of mix-
tures with polymer waste products. The values
were comparable to those of the commercial
plasterboard.

The fire reaction performance of the plaster-
board that incorporated polyurethane in a (1/1)
ratio presented good behavior in terms of its
temperature increase in the oven. The sample
presented no flammable properties. Its use as a
construction material for internal linings may
therefore be considered to comply with the
Spanish Building Code (CTE DB-SI), high-
lighting the potential use of this new material in
internal linings.
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