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Porous materials are usually applied in buildings industry such as concrete, plasters, or in special applications as isolators of
buildings, sonic barriers along the freeways to suppress the noise pollutions. The paper presents an experimental research
used for determination of main characteristics of porous composites from gypsum family with special applications, like these
thermal and acoustical panels, bandages and lightweight orthopedic corsets. The samples from gypsum and special
acoustic-gypsum with original receipts were been subjected at multiple tests by used modern dynamic installations to
determine their elastic characteristics. These new composite materials obtained from modeling gypsum plaster reinforced
with expandable polystyrene waste, or perlite, glass fibers, etc., which improved their sound absorption and thermal
properties. The quality characteristics of gypsum family with special applications depend on many factors, such as fabrication
process, granulation process, roast temperature, work temperature, environment, additive use, breakage, etc. In this way, a
new fabrication process of gypsum plaster by heating in a microwave field of clean breakage gypsum was used to obtain the
novel composites, which due to a great productivity, machining efficiency and high quality of materials. The results of

experiments confirmed the methods and installations used, which can be carrying on other sonic-materials.
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1. Introduction

Porous composites have known lately a large and
continuous development in many important sectors of
economy, such as industry, buildings, environment and
medicine.

Many composites are designed to retain porosity that
has poured structure specific usefulness, which can include
the capabilities of mass transfer and liquid retention, lighter
weight, enhance opacity and gloss, controlled spread,
imbibition and head conduction.

Porosity represents a desired property when weight,
optical and flux properties are of primary interest.

However, the presence of porosity in composites may
know down the material characteristics affecting their
performance in service that can be compensated by
applying an adequate designing, manufacturing and
engineering particulate-polymer composites with porosity
[1-10].

The tendency of introducing the green city’s buildings
and increasingly suppressing of noise pollution represents a
priority for the majority of world leaderships and material
manufacturers.

This problem can be resolved by applying multiple
solutions, such as using a proper management of noise
control and material with acoustic properties, which due to
enhance the indoor/outdoor environmental quality [11-15].

The thin, lightweight and low-cost materials that will
absorb sound waves in wider frequency regions are desired.
In this sense, polymers and composite materials have more
used for absorption of sound and reduction of noise.

The attenuations into particle layers are promoted by
two main processes and explain the high-absorption in
smaller gypsum plaster with addition of cellulose fibers,
mineral wad and cardboard, known as re-gyps, de-gyps
improves the sonic and thermal insulation of rooms.

The fabrication process of gypsum from natural
gypsum involves crushing and grinding the gypsum
mineral that is heating at 150°C [15, 20-23].

The main reaction to obtain the gypsum plaster is
dehydration or water elimination from the structure.

The calcium sulfate hemihydrate (CaSO,-1/2H,0)
formation takes place at a temperature of 95-120°C,
according to chemical reaction:

Caso, -2H,0 —CaS0, -1/2H,0+1-1/2H,0 (1)

If the temperature raising above 300°C until 700°C the
dehydration process going on resulting an anhydrous:

CasO, -1/ 2H,0 — CaS0, +1/2H,0 @)

Consequence of these reactions, the stable gypsum was
transformed into an unstable product (hemihydrate gypsum
plaster or anhydrous), which has always the tendency to
back in a hydrated stable state.

At treatment of hemihydrate at the temperature of
1200-1400°C, the death gypsum plaster is obtained.

The main properties of materials from gypsum family
are lightweight, acoustic and thermal insulation, fire
resistance, regulation of hygrometry, etc.
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The paper has the goal to present an experiment for
determination the main characteristics of porous
composites from gypsum family with special applications
like these thermal and acoustical panels, bandages and
lightweight orthopedic corsets.

The samples from gypsum and  special
acoustic-gypsum with original receipts were been subjected
at multiple tests by used modern dynamic installations to
determine their elastic characteristics. These new
composite materials are in conformity with UE norm,
obtained from modeling gypsum plaster reinforced with
expandable polystyrene waste, or perlite, glass fibers, etc.
In addition, a new fabrication process of gypsum plaster by
heating in a microwave field of clean breakage gypsum has
used to obtain the novel composites.

2. Experiment
2.1. Theory (theoretical fundamental)

Besides the gypsum plaster is a hydraulic aerial binder
material that by treats with water results slurry, reinforcing
by setting becomes a dielectric with losses [24, 25]. After
the gypsum plaster is getting in water, until at properly
setting, three phases are distinguished:

- Dissolving of hemihydrates in water, when occurs

self-hydration;

- Saturation solution in

oversaturation in dehydrate;
Separation of small-dehydrate particles that is surrounding
with water.

After these phases, the fine dehydrated crystals are
aggregate formed a rigid mass, without plasticity. The
passing from plastic state (slurry) in a rigid state indicates
the initial setting (incorporation of 1-1/2 water molecules),
representing the moment of stiffen mixture, named the end
setting. Reverse, by heating of gypsum is a loss of 1-1/2
water molecules resulting gypsum plaster. Starting from the
fact that hydrated gypsum plaster is a dielectric with losses
more used in electronic under form of isolator plates, and its
similitude with gypsum ore, occurs the possibility to heat
the gypsum ore by microwave energy [24, 25].

The microwaves are strongly interacting with dielectric
materials, due to water elimination from the compositions
[26, 27]. The fundamental physical relations of gypsum
available at heating of a dielectric with losin a microwave
field refer to dielectric losses occurring in a process of
water polarization inside of electromagnetic field. The
dielectric losses lead to absorption of caloric energy and
water loss by evaporation. In that situation, the electric
induction-D is getting by [24, 25]:

hemihydrates and its

D=E+4z-P ?)

where: E-is alternating electric field, which varies after the
law E = Ej exp(iat) , and P - total water polarization. The

power of lost energy getting into the heat, in volume unit is
[24, 25]:

Q =E-J (4)

where J=dP/dt — is current density of displacement in
dielectric; which it can be expressed and by [24, 25]:

2
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where: Eg-is variable electric field, e- real dielectric
constant, w- high frequency of electric field, and - angle of
lost. Analyzing (4) and (5), it results that in a dielectric with
losses, a variable electric field dissipates a thermal
energy-Qo.

To obtain a greater dissipated energy a more intense
electric field application is required.

The dissipated power can be also improving by raising
the frequency, which is easy to realize by microwaves.

The microwave generators with high-power are large
applied in heating industrial technique by using
high-frequency generators with high-power magnetrons.
Their advantages are that have a simple construction and
low costs [26-28].

The dissipated energy in a microwave range for
gypsum involves in research and heating testing can be a
resonant cavity of the microwave oven.

This cavity used for heating of dielectrics has a
parallelepiped shape with dimensions large compared to the
wavelength used.

The chatter frequency of resonant parallelepiped
cavity is expressing by the relation [24, 25]:

GG e

where: c-is light speed, a, b, d-cavity sizes, and I, m,
n-whole numbers.

The distribution of electric field-(E) and magnetic
field-(H) in a parallelepiped cavity of the microwave oven
is showing in details, in Fig.1.

2 |

z )
Fig. 1. Distribution of electric field-(E) and magnetic
field-(H) in parallelepiped cavity of microwave oven
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2.2 Fabrication of gypsum with microwave energy

A proper fabrication process of gypsum involves using
of microwave energy that based on its dielectric properties.
The experiment of heating gypsum ore in lab tests condition
used a microwave oven type Samsung GE82 with the
following characteristics:

- Power supply = 220V AC, 50Hz,

- Power consumption = 1300W,

- Microwave output power = 100/850W,

- Microwave frequency = 2.45GHz,

- Magnetron OM75P,

- Outside dimension = 489(W) x 275(H) x 406.5(D)

mm,

- Cavity dimension = 330(W) x 211(H) x 329(D) mm,

- Volume= 23 |, and net weight = 15kg.

For a uniform heating, inside of cavity is getting in the
parts in moving, on which put dielectric probe of gypsum
that has the grained of 5-20 mm and the weight of 200g.

The temperature inside of the oven was between of
200-300°C, which is rising in an extreme short time to
assure dehydration of gypsum.

The dehydration time was during of 30 min in a rough
vacuum. At the end of the cycle, it started a suction
installation from enclosure. After dehydration, the gypsum
plaster obtained has subjected to a stabilization heat
treatment during a few days into an oven, following by a
grinding and testing at hydration.

Fig. 2 presents a resonant cavity of the microwave
oven, in which is doing the heat of gypsum ore, where is a
rotation disk.

2 ~3 5

4

Fig. 2. Resonant cavity for heating of gypsum probes:

1 - is enclosure, 2-input of microwave energy, 3-couple of

wave, 4-rotated panel, 5-power adjustment, 6-granules of
gypsum ore.

Figs. 3-5 presented the microscopic structures of
powder of gypsum plaster obtained in microwave range
(plaster-m), comparative with structures of a-modeling
plaster and g-construction plaster, with the magnitude of
500X.

PR J‘ >

Fig. 3. Microscopic structures of a-gypsum plaster samples
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Fig. 4. Microscopic structures of f-construction
gypsum plaster samples.



946 P. A. Pop, D. Luca-Motoc

. .
Fig. 5. Microscopic structures of m-plaster samples
2.3. Materials
The samples used for experiments present original

receipts and were been manufactured in collaboration with
“Congips” Co from Oradea.

Table 1: The physics-mechanic characteristics of gypsum family

Characteristic Type of Samples
S Acg Abs DAbs Ort
Setting time
-Start 8 11 11 8
-End 20 20 20 16
[min]
Water of 48 70 70 116
normal
consistence
[%]
Bending 1.35 0.95 0.95 0.7
strength
[MPa]
Compression 4,45 2.4 2.4 2.75
strength
[MPa]
Density 670 680 680 720
[kg/m3]

There are used four types of gypsum (Tab.1), such as:

a. Special acoustic gypsum (Probe Acg), by adding
45% of modeling a-gypsum plaster, 5% of perlite
and 2% of expandable polystyrene (ESP), used for
acoustic panels.

b. Acoustic a-modeling gypsum plaster | (Probe Abs),
on the base of 93% of modeling a-gypsum plaster,
5% of perlite and 2% of expandable polystyrene
(ESP), used for acoustic panels.

C. Acoustic o-modeling gypsum plaster 1l (Probe
DADs) is similar with probe Abs, only painted with
dispersil to withstand the humidity for outside
acoustic panels.

d. Orthopedic a--modeling gypsum plaster (Probe
Ort), on the base of a-plaster gypsum-85% and
perlit-15%, used to fabrication of dressing and
lightweight orthopedic corsets.

In addition, it was used the reinforced matrix of
fiberglass with length of 30-35mm for enhancing the
mechanical properties of gypsum materials.

2.4. Elastic characteristics of gypsum materials

One’s main properties of gypsum family materials are
the sonic and thermal properties, also the lightweight for
medical applications, which involves knowing them elastic
characteristics.

In general, certain characteristics of materials can be
found in norms and standards, but less about of elastic
modulus, Poisson’s ratio, sonic-absorbent coefficient, etc.
that can be determined individual for each type of material.

For determination the elasticity modulus - E and
rigidity modulus - G of gypsum materials was used a
special dynamic installation composed from a mechanical
device to produce a vertical applied force on a gypsum
sample and an electronic system to acquisition and
interpretation of data, presented in Fig. 6 [29].

Fig. 6. Dynamic installation for determinations the elastic

modulus of gypsum: DAF-is device of axial force

application, Ev- gypsum sample, T, ,T,-strain gages, Wi,

W,-electronic Wheatstone bridges, PAD-A/D hoard, and
PC-computer.
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The calculus of elastically modulus of gypsum is based
on determination the longitudinal mechanical waves’
velocity passing through the gypsum sample, subjected to a
vertical concentrated shock.

In this case, a device of applied axial force (DAF)
produces the vertical shock force that is getting in the
gypsum sample (E,). The sample has a cylindrical shape on
which are fixed two strain gages (T, and T,), at a predictable
distance (I = 470mm).

Each strain gage is separately connected to one
electronic Wheatstone bridge circuit (W, and W,), type
“Switch & Balance Unite SB-10 with digital Strain
Indicator-P3500, which are linked to an A/D board (PAD)
type NI USB6251, and then to a PC.

The strain gages allow the acquisition of time signal at
start-t; and at end-t,, respectively, according to action of
vertical force through a cylindrical sample.

Therefore, the time of impulse is t =t; —t, that assures
determination of elastic waves velocity in the solid medium
[30], with the formula:

c=- @)

The elasticity modulus of gypsum sample is getting
with the formula:
E=c*p (8)

Between the elasticity modulus- E and rigidity
modulus- G exists the relation:

_E
T 201+

©9)

For measuring the shock time of vertical applied force
passing through gypsum cylinders was used MATLAB
R12b Program by two original and special programs:
“Dquest-2m” for data acquisition and “Evaluare-1.m” for
calculus and plot the diagram of time.

The dynamic tests used for determination the elastic
modulus of gypsum has made for two types of gypsum,
casting under cylinder form with length of 500mm.

On the surface of the cylinder are mounted two strain
gages at a predictable distance of 470mm between them.

For each type of gypsum test has made 10
measurements (5 measurement tests at each end of the
cylinder) by applying a vertical force with DAF, obtained
an average shock time passing through the cylinder
gypsum.

For determination of sound absorption coefficients of
gypsum has used an impedance tube type AFD
1000-AcoustiTube (Kundt’s tube) according to DIN EN
ISO 10534-2, with an inner diameter of 200mm and range
frequency of 50-2000Hz. The measuring results allow a
direct computation of rated sound absorption sample in
front of an acoustic material according to DIN EN 1SO
11654 [31].

PC

DAS Ii

17 Mic. 2" Mic.
Sound source Test sample holder
— L
— —— Backplate

Fig. 7. Scheme of installation of impedance tube with two
microphones transfer-function method that used for
determination of sound absorption coefficient

Inside of the impedance tube is generated a plain sound
wave that is sent against to a gypsum sample in front of a
reverberant termination.

The resulting sound pressure is measured by two
microphones of ICP '4” in front of sample.

The sound absorption coefficient of material is
determined by evaluation the incoming and reflected sound
energy by a Data Acquisition System to a PC that used an
MATLAB R12b Program for interpretation of data (Fig. 7).

The samples have a cylindrical shape with a diameter
of 100mm and a thickness of 25mm. Each test was repeated
with at least five samples to obtain the average results, and
made at the temperature of (20 + 2) °C and relative
humidity of (60 + 10) %.

3. Results and discussion
3.1. Fabrication of gypsum with microwave energy

Analyzing the microstructure of samples from Figs.
4-6, can be observed that between samples of
S-construction gypsum plaster (Fig. 4) and m-gypsum
plaster (Fig. 5) exist a similitude of grain structure, which
means that the gypsum plaster, obtained in a microwave
range at temperatures of 200-300°C and normal pressure, it
is a variant of construction gypsum plaster. For
determination of other main characteristics, it is necessary a
great quantity of material, which can obtain only in big
ovens or pilot stations.

The a-modeling gypsum plaster manufactured at
“Congips”Co. is successful used in fabrication of sound
absorption panels with size of 600x600x24.5/50 mm, and in
orthopedic technique to obtain the dressing and lightweight
prosthesis orthopedic (Fig. 8).



948 P. A. Pop, D. Luca-Motoc

-
- 3

Fig. 8. Microscope structure of o-modeling plaster
impregnated in orthopedic dressing, magnitude of 500X

It knows that in medical fields, the gypsum material
required specific treatment vs. engineering applications. In
this sense, it was integrated the a-modeling gypsum plaster
with g-modeling gypsum plaster by adding white cement,
dehydrated lime, and as accelerators potassium sulfate,
gypsum particles, retarders-borax, colloids, and the
filter-silica and resin.

The disinfection made with silver
compounds or solutions with the antiseptic aim.

These using of a-modeling gypsum plasters in
orthopedic technique are yet in research phase.

Some researches and tests employed a good
collaboration between authors, “Congips” Co. of Oradea
and “Rehabilitation Clinical Hospital” of Felix Spa.

The results of experiment showed that microwave
energy could be using in the fabrication process of gypsum
materials, at normal pressure and short time, which means
high quality of materials, a great productivity and low costs.

The research and tests in lab and pilot station are not so
expensive and easy for doing, and must be continuing to
obtain new efficient gypsums by using microwave energy.

and other

3.2. Elastic characteristics of gypsum materials

3.2.1. Determination of elastic modulus

The tests used for determination of elastic modulus of
gypsum family materials were been applied to three types
of samples (denoted of Acg, Abs and Ort) under cylindrical
shape by using an original installation, presented in Fig. 6.

Determination of propagation time passing through the
cylinder (Fig.9) is made for the difference between the
number of acquisition points for first strain gage (red color

is the initial time) and second strain gage (blue color is the
final time), which is reported at the acquisition system rate
of 1/250000.

Cylinder of special acoustic gypsum

Acoustic Gypsum
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Fig. 9: Diagram for determination of propagation time
passing through acoustic gypsum cylinder-Acg

The average propagation time for the cylinder Acg is
tacg= 2.950+10™s and knowing the predictable distance
between strain gages of 470mm can be determined the
propagation velocity of waves passing through the sample,
by used (7), and that is 1593 m/s. The values of Ex, and
Ghagg are presented in Tab.2.

Table 2: The values of E and G for the materials of gypsum family

MATERIALS E G
[GPa] [GPa]
Acg 1.700 0.644
Abs 1.165 0.441
Oort 1.054 0.399

Cylinder of acoustic a-modeling gypsum plaster

Acoustic gypsum plaster
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Fig. 10: Diagram for determination of propagation time
passing through acoustic a-modeling gypsum plaster
cylinder-Abs
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The average propagation time for the cylinder Acg is
tas= 3.591¢10s and knowing the predictable distance
between strain gages of 470mm can be determined the
propagation velocity of waves passing through the sample,
by used (7), and that is 1309 m/s.

The values of Eys and Gpps are presented in Tab.2.

Cylinder of orthopedic a-modeling gypsum plaster
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Fig. 11. Diagram for determination of propagation
time passing through gypsum cylinder-Ort

The average propagation time for the cylinder Ort is
tor= 3.885¢10™s and knowing the predictable distance
between strain gages of 470mm can be determined the
propagation velocity of waves passing through the sample,
by used (7), and that is 1210 m/s.

The values of Eqy and Goy are presented in Tab.2.

In general, there are used multiple methods for
determination the elasticity modulus of construction

1

materials, where for gypsum are based on stress-strain
diagrams obtained from compression tests of gypsum
samples.

Paper [18] presents a method for determination of the
gypsum board for fire protection by subjected the sample at
load and deflexion in three-point bending test, in
conformity with ASTM E-119, obtain the values of E =
(1.7-2.5) GPa.

For a gypsum reinforced with cellulose fibers [12] that
used the same mechanical tests was obtained the values of
E = (3.88-7.43) GPa.

As an average value of normal gypsum can be
considering the value of 2GPa, which are could differently
sizes in function of its receipt and type of gypsum, and of
course by the application fields.

Analyzing the results of our experiments, where the
gypsum materials with special applications (acoustic/
thermal isolator of buildings and medicine) and original
receipts, the average values of E = (1.054-1.7) GPa can
consider acceptable.

In addition, these results confirmed the methods and
installation used for determination of E applied on gypsum
family materials, and carrying on the research to extend on
other construction materials or some metals, as Cu and Al.

3.2.2. Determination of sound absorption coefficients

The tests used for determination the sound absorption
coefficients of gypsum family materials were been applied
to three types of samples (Acg, Abs and DAbs) under
cylindrical shape by using an installation with impedance
tube type AFD 1000-AcoustiTube, presented in Fig. 8.

The installation was set to the frequency of (50-2000)
Hz with a rate of 50Hz.
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Fig. 12. Diagrams of sound absorption coefficients of gypsum family materials
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Analyzing the diagrams of Fig. 12, we can observe that
the best result of sound absorption coefficients along entire
frequency range of testing has the samples of acoustic
a-modeling gypsum plaster (Abs).

Very near with (Abs) kept the similar samples —
(Dabs), painted with dispersil to withstand the humidity for
outside acoustic panels.

By painting of samples, the sound absorption
coefficient had an average decrease size of 4%, which are
acceptable for their applications.

In addition, the acoustic gypsum samples - (Acg) had a
significant improvement vs. normal gypsum, in special at
medium and high frequency.

For the Abs-samples, the maximum values of sound
absorbing coefficients are ap,s = 0.935 at 2000Hz and
oaps = 0.912 at 900Hz, respectively.

Similar for Dabs-samples, the maximum vales of
apaps-COefficients are lower with 6%, such as apaps = 0.880
(2000Hz) and opaps = 860 (900Hz).

The acoustic gypsum samples have the higher
aacg-values lower vs. Abs-samples with 9% at 2000Hz by
Oacg = 0.852 and with 12% lower at 900Hz by aacg = 0.805.

At low frequency, the best results are at 250Hz, such as
0aps = 0.812, apaps = 0.752 and oaeg = 0.482.

As a general conclusion can be affirmed that all the
gypsum family samples presented a good acoustical
behavior on medium and high frequency, which
recommend them for using as isolator panels of buildings
and sonic barriers along the highways or in front of main
public institutions.

4. Conclusions

This paper represented a complex study that focused
on presentation of practical and original solutions for
determination the elastically characteristic of gypsum
family materials with special applications in isolators of
buildings, sonic barriers along the freeway, dressings and
lightweight orthopedic corsets.

For testing, has used four types of gypsum from special
acoustic gypsums and modeling gypsum plasters with
original receipts, subjected at multiple tests by modern
installations to obtain elastically modulus and sound
absorbing coefficient of gypsums.

A novel fabrication process of gypsum by heating in
the microwave field of clean breakage gypsum has used to
obtain new composites with superior properties and high
productivity, demonstrated that gypsum is a natural
dielectric material with losses.

The experimental results confirm the methods and
original installations used at testing, and higher properties
of these new composites from gypsum family, especially
for the acoustic alpha-modeling gypsum plaster with both
inner and outside applications.

The future study would be carrying on to determination
of new efficient gypsum plasters with special applications
and implementation a pilot station of microwave energy for

heating of gypsum to extend this process at the industrial
scale.
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