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CONSOLIDATION OF CENTRAL COLUMNS
OF CIVIL MULTISTORY STRUCTURES
TO INCREASE THE CRITICAL BUCKLING FORCE

Marius BOTIS, Costel PLESCAN
Transilvania University of Bragsov, Department of Civil Engineering, Romania
e-mail: mbotis@unitbv.ro

ABSTRACT

Civil multi-story structures are used as office buildings or residential
buildings. The central pillars on the ground floor of the civil structures will have
the largest gravitational load and implicitly will be the pillars most stressed in
compression. In this paper, the authors propose to increase the critical buckling
load of the central pillars on the ground floor in the event that it is necessary to
strengthen these pillars, due to the change in the purpose of the building and the
modification of the loads on the floors. To increase the buckling load in the case of
these columns, it is proposed to increase the moment of inertia of the columns on
the base region. To highlight how the critical loss of stability load changes, a
theoretical model is made for the column with constant section and another for the
column with variable section in steps. Finally, the results obtained for the critical
load will be compared and it will be highlighted what is the increase in buckling
load for the pole with variable section in relation to the pole with constant section.

KEYWORDS: buckling force, multistory structures, moment of inertia

1. Introduction

Gravitational loads in the case of these
structures are permanent loads (self-weight of the
floor), quasi-permanent loads (self-levelling piles)
and useful loads. The gravity loads collected from the
floors through the beams drain through the pillars to
the foundations and finally to the good foundation
ground. For regular structures in plan and elevation
we encounter 3 types of pillars in terms of gravity
loads flowing through them. Corner columns that take
the load from ¥ of the area of a slab mesh, marginal
columns that take the load from % of the area of a
slab mesh and central columns that take the load from
the surface of a slab mesh. From fig.1 it can be seen
that the pillars on the ground floor have the largest
gravitational effect. The most stressed columns in
compression will be the central columns that collect
the gravitational load from all the floors above it.
Central columns on the ground floor are loaded with
the highest compression forces, therefore in their case
the increase of the critical force of loss of stability is
justified. If the loads with compressive forces become
high and at marginal posts, the cross-section at the
base can also be increased in their case as well. In
general, central columns have high compressive loads

due to gravity loads, and marginal columns are loaded
with high axial forces due to seismic actions that load
and unload marginal columns with compressive
forces. The solution proposed in the paper aims to
increase the cross-section of the pillars only at the
base. In this case, the foundation that will take over
the capable moment of the pole must also be checked.
In the case of the consolidation of a multi-story civil
structure where the incarnation on the floors has been
modified, the degree of compression stress on the
pillars on the ground floor is different. That's why the
area on which the section is died is done according to
the type of pillar, the degree of loading with axial
forces and the action to which the structure is
subjected. If the section enlargement were to be done
along the entire length of the pillars, then the space on
the ground floor would be considerably reduced.
Hence the need to increase the section of the pillars
depending on their position within the ground floor
and the degree of loading with the axial compression
force. The article presents the case of a pillar whose
cross-section is increased by half the length of the
pillar. Obviously, the civil structures to which the
consolidation is done can be metal or concrete. In the
case of metal structures, the consolidation is done by
welding additional elements and in the case of
concrete structures by adding perimeter concrete.
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Fig. 1. Gravitational afferents on the columns

2. Theoretical calculation model for
sliding embedded-recessed bar with
constant section and with variable section
in steps

We first consider the case of the bar with

constant section at which the critical loss of stability
force is determined.
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Fig. 2. The deformed shape of the bar with
constant section

For the bar in Fig. 2, write the equation of the
average deformed fiber on the deformed shape of the
bar to determine the critical load [1].

For a current section the bending moment
variation expression is:

Mx)=P-v—M (1)

From the approximate deformed mean fiber
differential equation, it follows:

d’v  M(x)
dx:  EIl
d?v P-v M

dx? ' EI ~ EI @)

The solution of the inhomogeneous second-
order differential equation with constant coefficients
is:

v(x) = v,(x) + v, (x);
v(x)= Cysin(kx) 4+ C,cos(kx);

Vp(x)=ci (3)
Py M
El EI'
M
UPZF

The general solution of the differential equation
and its derivative are:

v(x) = Cysin(kx) + C;cos(kx) + g; @
v'(x) = Cykcos(kx) — Cyk sin(kx).

The integration constants are determined from
the existence conditions of the deformed shape as an
equilibrium configuration:

x=10;
v(0) =0;
v'(0)=0; (5)
x=1
v'(I) = 0.
By applying the boundary conditions, the

homogeneous system of equations results:
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M M
Crt5=0-C=—7;

C,ksin(kl) = 0. (6)

The critical force of loss of stability results from

the condition that the determinant of the
homogeneous system of equations is zero.
C,ksin(kl) = 0; ©)

(kl)=nmn=1,23 ..

The first 3 values for critical instability forces
are:

for n=1
k2= Pcrl .
1~ ]
El ®)
w2 El
erl — Iz
for n=2
.Ifz _ Pcrz .
2 - ]
El ©)
4m?El
crl = I—z
for n=3
.Ifz — Pcra .
T EL’ (10)
oamlEl
cri = iz

For the bar with variable section in steps in Fig.
3, the critical load for loss of stability is determined
using the equation of the average deformed fiber, and
the balance is written on the deformed shape of the
bar [1].

The sectional bending stresses on the section
with stiffness module El and on the section with
stiffness module 4EI are:

MQEI(X)ZP.UZ — M.

(11)

N
7
X

Fig. 3. The deformed shape of the bar with
variable section

Using the stress variation expressions, the
differential equations of the average fiber deformed
on the 2 sections result:

dz'“l_ Mlz(x)_
dx? El '
d’vy, P-vy M
dxt ' EI EI'
v _ Mza(x)_
dx?2  4EI
d*v, P-v, M
dx? ' 4EI =~ 4El

(12)

’

If the notations are made,

P
4E1”

P _ oz
E—(ﬂ')

2,

]

(13)

then the differential equations of the two sections
become:

&z T =gp (14)
d?v, M
2 —
dx? + a1y BT

The solutions of the differential equations and
their derivatives are:

v (x) = € sin(2ax) + €, cos(2ax) +

]

P

F:
v, (x) = 2aC, cos(2ax) — 2aC, sin(2ax);
1,/ (x) = aCycos(ax) — aC,sin(ax).

vy (x) = Cysin(ax) + Cycos(ax) + (15)

Applying the boundary conditions yields:


https://doi.org/10.35219/mms.2022.4.01

A DE JGg
N OF s

e e
J,«j':-i’jﬁ - l/b’% THE ANNALS OF “DUNAREA DE JOS” UNIVERSITY OF GALATI
= I!I‘_'“ = %‘; FASCICLE IX. METALLURGY AND MATERIALS SCIENCE
& sucaens § N°. 4 - 2022, ISSN 2668-4748; e-ISSN 2668-4756

vl

Metallurgy and 2

\%? Matarials Sciance ‘({‘}
a3
L

Article DOI: https://doi.org/10.35219/mms.2022.4.01

Lo

x=0->1v(0)=0;
M M
CZ+F= 0— CEZ_F:

x=0-v'(0)=0;

2a€,=0-€, =0;

x=Lv(D)=v();
C,cos(2ax) — Cysin(ax) — Cycos(ax) = 0;

x =Ly (D) = 1" ();
2aC,sin(2al) + aCycos(al) — aCysin(al) = 0;
x=2Lv,'(21) =0
aCycos(2al) — aCysin(2al) = 0.

(16)

If al=x is written, the system of equations (16)
becomes:

M
—Cysinx — Cycosx — P cos2x = 0;

—Cqcosx + Cy45inx + 25in2x = 0;
Caco52x — Cy5in2x = 0. (17)
The system of equations (17) admits nontrivial
solutions if the determinant of the coefficients is zero.
Applying this condition results:

—5INX —coSx —cos2x
—cosx  Sinx 2sin2x | = 0.
cos2x —sin2x 0 (18)

After solving the transcendental equation above
in the Matlab program [2], the solutions are obtained:

x1=0
x2=-acos((2"\(1/2)*37(1/2))/6)=-1.1503
x3=acos((2"(1/2)*3"(1/2))/6) =1.1503

The lowest critical force is obtained for
x=1.1503, and is determined with the relation:
— I — X
X =ala= f‘
P 2
o _ gl = (f)
4E] I (19)

4E1-1,32 5292EI w2El
o = 3 = 5 =214 i
I I (20)

3. Results and conclusions

From the analysis of the results obtained for the
critical force of loss of stability in the case of the bar
with constant section and the bar with variable
section in steps, it follows:

- the critical force for a bar of length 2I,
embedded at one end and sliding embedded at the
other end is:

m2El
Pcr_ct = W

- the critical force for a step-variable bar of
length 21 embedded at one end and sliding embedded
at the other end is:

wiEI

P 4W

cr_var

=21

- the ratio between the critical forces in the case
of the bar with constant section and the bar with
variable section in steps is:

Pcr_var

=214

cr_ct

In conclusion, an increase in the critical loss of
stability force for the central columns on the ground
floor can be obtained by increasing the section of the
columns at the base.
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RESEARCH ON HEAT TREATMENT
APPLIED TO HIGH STRENGTH CONSTRUCTION STEELS

Marian-Iulian NEACSU

“Dunarea de Jos” University of Galati, Romania
e-mail: marian.neacsu@ugal.ro

ABSTRACT

The paper presents the research carried out on a laboratory scale in order to
establish the heat treatment parameters for the thick sheets used for naval
constructions (welded joints). Investigations were carried out on steel sheets with

two different chemical compositions.

In the same cooling conditions, returns were made at different times and
temperatures. For the different sheet thicknesses of 15, 20, 22 and 24 mm, various
heat treatment options were performed, by changing the cooling conditions of the
sheets, respectively the cooling speeds, conditions that can be achieved in the

industry.

The laboratory results showed that the required values for the mechanical
characteristics are obtained only by cooling in water under pressure followed by a
return at temperatures equal to or greater than 650 °C, a time greater than 70 min.

KEYWORDS: heat treatments, thick sheet metal,

mechanical properties

1. Introduction

For high-responsibility metal constructions
made by welding, such as ship hulls, the rules
recommend the use of thick steel sheets with high
mechanical property values [1, 2].

Obtaining these materials is done by adding
alloying elements within the limits of weldable steel
classes, by heat treatment [3, 4] if the technical
conditions are ensured, by controlled lamination or by
other methods.

Theoretically, the possibilities of improving the
values of the mechanical characteristics for thick
weldable steel sheets are multiple and depend on the
technical endowment of the metallurgical industry,
the experience and the possibilities of welding, which
ensure at least equal values in the area where the
sheets are joined with those of the base material for
the properties of plasticity, toughness, mechanical
strength and corrosion resistance [5].

For any of the methods by which it is possible to
improve the values of the mechanical and
technological characteristics, the specialty literature
gives a series of data and principle indications
regarding the brands of steels and the conditions in
which the set of required properties is obtained [5].

metal constructions,

In most cases, the mechanical transposition of
data from specialized literature, without a verification
of them in concrete manufacturing conditions, does
not allow the systematic obtaining of satisfactory
results in mass production [6]. For these reasons, it
was first necessary to carry out some laboratory
experiments, which take into account the possibilities
created in the metallurgical industry for improving
the values of the mechanical and technological
characteristics of thick sheets through heat treatment
[7]. The laboratory results were verified industrially
to determine the thermal treatment (quenching and
tempering) of the thick plates intended for the
construction of ship hulls, with the joint by welding.

When establishing the quenching and tempering
technology, it was aimed to ensure the obtaining of
some  physical-mechanical and technological
characteristics  corresponding to the quality
prescriptions, on an economically advantageous
scheme [7].

2. Experimental conditions

The studied materials were those provided by
the norms [2] for the construction of ship hulls with
welding. The recommended steels are produced in
electric furnaces. The composition of the two steels
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on which the experiments were carried out is shown
in Table 1.

Copper is prescribed as mandatory to improve
corrosion behavior. The minimum 0.020% Al content
is prescribed to ensure the austenitic grain equal to or
finer than the one corresponding to score 5.

The behavior of steel during heating and cooling
was studied in laboratory conditions by dilatometric
determination of critical points at different heating
and cooling rates. The Ms point was also determined
for the two steels on several chemical compositions.

Table 1. Chemical composition of the investigated materials

Chemical composition, %
Steel C si M S P Cr Ni Cu AI
max. max. max. | max. | max. min.
0.80... | 1.30...
1 0.12 110 165 0.035 0.035 | 0.30 0.30 |0.15-0.30| 0.020
0.80... | 0.50... 0.60... | 0.50.. | 0.40...
2 0.12 110 0.80 0.035 0.035 0.90 0.80 0.65 0.020

For the different sheet thicknesses of 15, 20, 22
and 24 mm, various heat treatment options were
performed, by changing the cooling conditions of the
sheets, respectively the cooling speeds, conditions
that are possible to achieve in the industry, namely:

cooling in still air or in pressurized air, total or
interrupted cooling by spraying water under pressure
of 2.5 and 6 at on both sides of the plate in the
laboratory installation sketched in Figure 1.

Al _

Fig. 1. The laboratory installation for the treatment of flat samples (sheets) of different thicknesses: a
- oven; b - controlled cooling device; 1 - water caisson; 2 - nozzles; 3 - centering support; 4 - water
or air supply pipe under pressure

For the same cooling conditions, returns were
made at different times and temperatures. The
conditions in which the optimal values of the
mechanical characteristics were achieved in the
laboratory were verified and completed in the
experiments on an industrial scale.

In industry, due to large cooling surfaces
[(1.4..3.15 m) x (8...15 m)] the panels deform

slightly during cooling and therefore it was necessary
to achieve the planning of the board at the
temperature of return, when the remaining voltages in
the board are also eliminated after planning.

The values of the mechanical characteristics
imposed by the norms for the two brands of steels are
presented in Table 2.

Table 2. The values of the mechanical characteristics imposed by the norms for the studied steels

Sheet thick The values of the mechanical characteristics
eet thickness
Steel [mm] Delivery R Rec As % |[Z,% |KCU2 at—40°C Bendin
status MPa MPa min | min. kgf.m/cm? g
1 10.32 | TeMPErING* 40 660| min.40 | 19 | 50 min. 5 180°, 2 a
recovery
2 10.32 | TeMPerING* 40 660| min.40 | 19 | 50 min. 5 180°,2a
recovery

-10-
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3. Experimental results

The values of the transformation points over a
wide range of chemical composition, covering the

prescribed chemical composition and ensuring the
values of the mechanical characteristics, are presented
in Table 3.

Table 3. values of transformation points over a wide range of chemical composition

Heating and cooling at 2.5 °C/min. Heating and cooling at 100 °C/min.
Ms °C
Steel Ac: Acs Az An Ac: Acs Ars Ari
1 715... 890... 880... 693... 720... 906... 717... 477... 387...
735 910 827 714 756 917 770 568 400
750... 900... 760... 910... 700... 420... 390...
2 760 910 800 678 778 918 730 520 423

This results in a variation of the critical points in
relation to the heating and cooling speeds and for
each speed the transformation temperature has
minimum and maximum values depending on the
chemical composition of the shot.

Based on these experiences, it was established
that for the thermal treatment of thick sheets, the
optimal austenitizing temperature in industrial
conditions is between 920...930 °C (plate
temperature equal to 920 °C), and the austenitization
time (heating and temperature maintenance) is 2...2.5
min/mm with the introduction of the plate directly at
a temperature of 930 °C.

Under these conditions, a real fine and
homogeneous austenitic grain results (Fig. 2) on the
basis of which the tempering structure is formed (Fig.
3). These conditions ensure the systematic
reproducibility of the characteristic values depending
on the austenitic grain size (R, Rc, Z, A5, KCU.).

The level of the values of the mechanical
characteristics varied depending on: the applied
cooling speeds, the temperature up to which the
cooling was done at speeds higher than the critical
speed, therefore depending on the structures resulting
from the decomposition of the undercooled austenite.

Fig. 2. Actual austenitic grain size (x100, Nital
attack)

The laboratory results showed that the values
imposed for the mechanical characteristics are
obtained only by cooling in water under a pressure of
60 MPa for a time equal to or greater than 20 s,
followed by a return to temperatures equal to or
greater than 650 °C, a time greater than 70 min.

Fig. 3. Structure of hardened and unhardened
plates (x100, Nital attack)

The laboratory simulation of the possible
treatment conditions to be achieved in the industry
allowed the establishment of the minimum
technological parameters for achieving the values of
mechanical characteristics on an industrial scale.

Taking into account the fact that industrially the
amount of metal is different, respectively the heating
and cooling speeds can be different than those
realized in the laboratory, the experiments led to the
establishment of the limits in which the technological
treatment process can be carried out to ensure the
assembly optimal properties, as well as chemical
composition limits.

For the coldest thicknesses (20 and 24 mm), the
optimal chemical compositions are indicated in Table
4.

-11-
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Table 4. Optimal chemical composition for the most common thicknesses

. Chemical composition, %
Steel Sheet thickness P > .

tee [mm] c Si Mn | S | P | AL Cr | Ni| Cu
max. |max. |min. | max. |max. | min.
0.09... | 0.85... |1.40.. 0.15...

. 20 012 110 165 0.03510.035|0.020 | 0.30 |0.30 030
0.09... | 0.90... |1.45.. 0.15...

24 012 110 165 0.03510.035|0.020 | 0.30 |0.30 030

0.09... | 0.80... |0.50... 0.60... [0.5... | 04...

2 22 012 | 100 | ogo |0035]003510.02017 65" |58 | 065

Industrially, both the austenitization conditions

and the tempering and tempering conditions were
verified. The range of tests done covered a wide area.
The cooling time with water under pressure was 90s
until the complete cooling of the sheet.

After tempering, a lower bainite structure is
obtained (Fig. 4) with a greater stability when
returning. Very wide annealing conditions were
experimented: annealing temperature  between
650...725 °C, and the recovery time for certain

Table 5 shows the limits of the values of the
characteristics for the sheet with a
thickness of 20 mm for a representative number of
batches that were subjected to a tempering heat
treatment with a holding time of 80 min at a
temperature of 700 °C (furnace temperature),
compared to the values obtained after the second
heating for recovery, (at 690 °C) for 60 min, the
results being presented in Table 6.

It follows that the technological parameters of

mechanical

heat treatment established ensure the values of the
mechanical characteristics within a small gap.

The bainitic structure, which is formed by
cooling with water at a pressure of 60 MPa for 20...90
s, gives after tempering a set of appropriate
properties, stable even when the material is reheated
either for a double tempering, or the heating during
welding in the thermal influence zone where the
temperature did not exceed Acl.

It should be noted that this structure is
influenced not only by the cooling conditions, but
also by the specific chemical composition of the steel
indicated for large-scale metal constructions (ship
hulls) with welded joints.

The changes in the values of the mechanical
characteristics after the second heating for recovery
are very small, which shows that the bainitic structure
is resistant to repeated heating (Fig. 5).

Due to the degree of dispersion and uniformity
in the distribution of the carbide particles formed in
the lower bainites, a high resistance (especially Rc)
results, as well as a good plasticity, which are
maintained during repeated heating at temperatures
lower than Acl.

The fact that through the cooling conditions of
the filler material, used in the welded joints of the
respective steel, a bainitic structure is also obtained,
means that the material will behave better in
corrosion compared to a welded joint where the
structure is different from that of the base material.

temperatures between 80 and 140 min.

Fig. 4. The structure of the board after a single
comeback (x100, Nital attack)

Fig. 5. The bainite structure of the sheet after
double tempering (x 100, Nital attack)

-12 -
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single recovery

Table 5. Values of the mechanical characteristics for the sheet with a thickness of 20 mm after a

After cooling in water and tempering at 700 °C, 80 min with planning
No. the test from the tempering temperature
paten R Rc As z KCU, at-40 °C
MPa MPa % % MPa

1 605..635 | 47.49 | 23.24 | 56.57 SQEiIéO

2 615..660 | 43.49 | 21.24 | 50..59 635955

3 550..565 | 42..50 | 20.24 | 55..58 03,79

4 610..620 | 47..49 | 20.22 | 50..53 108

5 560..590* | 45.49 | 21.24 | 58..61 68-5?14

Table 6. Values of the mechanical characteristics for the sheet with a thickness of 20 mm after a
double recovery

After the second heating to return to 690 °C, 60 min and a replanning at the
No. the test return temperature
batch R Rc As z KCU at
MPa MPa % % -40 °C, MPa

610...620 468...475 58...61 95...102

1 62,0 475 23..25 .61 10,2
620...645 500...525 59...61 69...81

2 64,5 525 | 2L 61 81
550...555 415...435 55...59 64...75

3 55,5 .43,5 25..21 .59 7,5
590...610 460...480 56...57 68...81

4 61,0 480 | 2123 57 81
550...600 405...470 62...65 68...78

5 /60,0 410 | 2526 65 7.8

4. Conclusions

The technological parameters of heat treatment
of thick sheets in an industrial environment were
established by modeling in the laboratory the
industrial conditions of heat treatment.

The verification on an industrial scale led to
obtaining sheet metal production with an optimal set
of mechanical properties, the values of which fall
within a small gap.

The temperature of the furnace was divided into
zones: at the entrance, on 1/2 of the length of the
furnace, the maximum temperature allowed in the
furnace (930 °C) is ensured, and on the next length,

the temperature prescribed for austenite (920 °C). The
total maintenance time is: 2...2.5 min/mm of sheet
thickness.

Heating at high speeds by introducing the sheets
into the furnace at temperatures higher than the
austenitizing temperature and maintaining in this area
until the temperature of the sheet reaches the
austenitizing temperature, then introducing and
maintaining the sheet at the prescribed austenitizing
temperature for the respective steel, ensures an
austenitic grain really fine and homogeneous on the
background of which the final structure is formed that
gives high properties to the steel.

The bainitic structure, which is formed during
cooling, confers after annealing a set of appropriate

-13-
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properties, stable even under the conditions in which
the steel is subjected to reheating either for a double
annealing or due to the thermal influence during
welding.

In order to ensure the flatness of the sheets, with
a smaller arrow or a maximum of 5 mm per linear
meter, it is necessary to carry out planning at the
return temperature, with an appropriately sized
machine.
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STUDIES ON THE USE OF ELECTRICITY
TO REDUCE THE CONSUMPTION OF COKE
IN THE DEVELOPMENT OF CAST IRON IN THE FURNACE
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ABSTRACT

The paper presents the studies carried out in order to reduce the consumption
of the volume of coke required for the production of pig iron in the furnace.
Reducing coke consumption is necessary because it is an increasingly expensive
material that increases the production cost of pig iron. Internationally, for the
partial replacement of coke, auxiliary fuels were generally used in the form of gas
or in liquid form, and the most used turned out to be methane. This process is
limited by the fact that the temperature in the furnace is difficult to ensure.

The studies carried out have demonstrated that, under the given conditions, it
is possible to directly introduce electricity into the crucible, the charge of the
crucible presenting properties of electrical resistance that allow the application of

additional electrical heating.

KEYWORDS: cast iron, furnace, coke, electrical current, methane gas

1. Introduction

In recent years, numerous improvements have
been made to the technology of producing pig iron in
smokestacks in order to reduce the specific
consumption of coke.

Very good results in industrial practice have
been obtained by using auxiliary fuels blown through
the wind mouths mixed with hot air, the temperature
of which has increased in a controlled and purposeful
way in order to compensate for the thermal deficit
caused by the combustion of carbon monoxide,
carbon and Hj, in the conditions in the furnace
crucible, of these fuels.

Worldwide, the use of auxiliary fuels made of
gaseous hydrocarbons has become widespread:
methane, coke oven gas; of diluted hydrocarbons:
fuel oil, tar; of coal in the form of dust or mixture
with liquid hydrocarbons. The type of replacement
fuel used is dependent on local economic conditions.
Of these, the most used is methane [1].

In the present state of the art, the amount of coke
that can be replaced in the aforementioned manner
with other fuels more economically advantageous
than coke is limited primarily because of the
temperature to which the air in the furnace can be
heated [2, 3].

Starting from the finding that the replacement of
coke with other fuels blown through the vents is
limited by the impossibility of ensuring by known
means the surplus heat necessary to maintain the
thermal level in the furnace crucible, the problem of
using electrical energy for this purpose was raised.

The use of electric energy in the manner shown,
aims to maintain the furnace in its operating
parameters and is thus fundamentally different from
the other electrothermal aggregates known for the
elaboration of cast iron, such as electric furnaces or
electric furnaces with a short vat [1, 3].

Although the main source of energy for carrying
out the processes in the furnace remains coke, the use
of electrical energy in the chimneys as addressed in
the present work, has the role of replacing more coke
with methane blown in at the vents. The electricity
input is a maximum of 100 kWh/t cast iron [1].

Several technological options can be considered
for the introduction of heat of electrical origin into the
flue:

- the introduction of electricity into the furnace
by means of wall electrodes, in the area of the wind
mouths or at the base of the display;

- additional heating by electrical induction of the
crucible;

- electrical superheating of the air blown into the
vents, which can be carried out with the help of the
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high-voltage electric arc, jet plasma or high-
frequency plasma, the use of resistors, electrical
induction with intermediate heat transmitters etc. [4].

2. Theoretical considerations

If it is provided that the thermal regime in the
crucible of the furnace does not change when an
additional quantity of methane is introduced, by
compensating by electricity for the thermal deficit
caused by the combustion of methane at CO and H; in
the presence of coke, the theoretical amount of
methane can be determined using the relationship [1,
4]

860

m = , Nm? CH/kWh (1)
g2—q1
in which:
m - quantity of methane (CH.);
860 is the caloric equivalent of kWh in kcal,
0: - the caloric content of methane combustion
products under the given conditions, without
taking into account the additional heat input,
kcal/Nm® CHyg;
g2 - the caloric content of the methane
combustion  products considered at the
theoretical temperature corresponding to the
normal operation of the furnace, kcal/Nm? CH4.

The combustion reaction of methane in the
presence of carbon from coke is [2, 5]:

CH4 + 1120, = CO + 2H;

In the case of air with 1% moisture that has the
composition: O, = 20.79%; N2 = 78.21%; H,O(v) =
1.00%, by burning 1 Nm3CHj, results: CO = 1.000
Nm?; H, = 2.0234 Nm?; N, = 1.8368 Nm?3, that is, a
total volume of combustion products Vg = 4.8602
Nm? [4].

The caloric content of the combustion products
is [5]:

0= 396 + QV + QCH4 - QHzO, kcal/Nm? CH,4 (2)

in which:
396 is the amount of heat resulting from the
combustion of methane at CO and H,, kcal/Nm?
CH4;
Qv - combustion air enthalpy;
Qchs - enthalpy of methane, kcal/Nm® CHy;
Qu:o - the heat of dissociation of water vapor
from the combustion air.
The calculation shall be carried out for tur =
1000 °C; 1100 °C; 1200 °C; 1300 °C and tcqs = 0 °C
and 600 °C, with the results listed in Table 1 [1].

The table shows that methane combustion
products have caloric content that increases with the
temperature of preheat of air and methane.

By burning carbon from the coke in front of the
air vents with a humidity of 1% results per 1 kg C:
CO = 1.867 Nm?; Hz = 0.044 Nm?3; N, = 3.429 Nm?,
respectively a volume of combustion products Vq =
5.340 Nm?,

Table 1. Caloric content of methane-burning
products [1]

T'Ae\::perat:;;h;:ne kcal/Nm® CH4
1000 0 1127.44
1100 0 1213.75
1200 0 1301.09
1300 0 1 389.09
1000 600 1 454.24
1100 600 1538.55
1200 600 1637.79
1300 600 1713.89

Calculation of the theoretical carbon-burning
temperature of the coke at the window holes is done
with the relation [4]:

2340+ Qy +Qc —Quzo = Co Vg "t (5

in which:

2340 is the heat resulting from the combustion

of carbon at CO, kcal/kg C;

Qv - combustion air enthalpy, kcal/Nm3 CHy;

Q¢ - carbon enthalpy that gets in front of the

wind, kcal/kg C;

Qw0 - the heat of dissociation of water vapor

from the combustion air, kcal/kg C;

C, - the average specific heat of diatomic gases,

kcal/Nms3 °C.

The normal combustion temperature, which
results in the use of pre-heated air at 600 °C, without
the insufflation of methane, ist = 1952 °C.

The enthalpy of CO and H; air methane
combustion products, considered at temperature t =
1952 °C, is [4]:

g2 = Vg - Co - t, kcal/Nm® CH,4
02 = 3336.6 kcal/Nm3 CH,4

If the value of enthalpy g is entered in relation
(2), it follows [1, 4]:
860

m = —————Nm3CHJ/kWh @)
3336,6—q,

-16 -
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By entering in the relation (4) the values in  methane possible to be introduced into the furnace
Table 1, the variation in the theoretical amount of  due to electricity is obtained (Fig. 1).

0.550 4
=
g 0.500
; ==@=Nethane
g 0.450 temperature=0°C
g
S
= 0.400 Methane
"g temperature=600°C
=
=
jg 0.350
<
0,300 L L L »

1000 1100 1200 1300
Air temperature, °C

Fig. 1. Variation in the theoretical amount of methane possible to insert into the furnace due to
electricity [1]

Figure 1 shows that the efficiency of the use of For the conditions of the calculation, it follows
electricity in smoke increases with the temperature of ~ that for methane at a temperature of 0 °C, an
air and methane. This is explained by the increased  additional 0.389 to 0.442 Nm® CH4/kWh and for
enthalpy of methane combustion products, which  methane preheated at 600 °C, between 0.457 and
leads to a reduction in the need for electric heat for ~ 0.530 Nm® CH4/kWh may be introduced.
the introduction of an equal amount of extra methane
into the furnace.

=
=]

=
(=]

Theoretical sconomics of coke, [kg cokedowh]
=
i

=
s

0.8 0.2 1.0 1.1 12
Adr temperature, “C

Fig. 2. The variation in the theoretical coke economy, which can be obtained in kg/kwh, depending
on the methane substitution index of coke, for different air and methane temperature values [2]

The theoretical coke economy that can be  inwhich:

obtained by using electricity in smoke is determined i - is the acceptable replacement ratio of 0.8 to
by the relation [5]: 1.2 kg/Nm?® CHg;
m - additional introduced methane, Nm3/kWh;
k=1i-m, Kg/kWh (5) k - quantity of coke, kg.
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When determining the actual electricity
consumption (from the grid), account shall be taken
of the electricity efficiency used.

Figure 2 shows the additional theoretical
economic variation of coke that can be obtained, in
kg/kWh, depending on the replacement index.

The additional methane consumption depends
on the replacement index between 1.25 and 0.83 Nm?3
CHa/kg of saved coke.

The additional heat that can be obtained by
Joule effect in the wind-mouth area is thermally
equivalent to overheating of the insufflation air. The
equivalent temperature increase is determined with
the relation [1, 4]:

860-E-q
CI' " V (6)
in which:
n is the efficiency of the electrical installation
(0.8t00.9);

E - specific electricity consumption in kKWh/t
cast iron, which is determined with the relation
[2, 5]:

k
E=—F+—
n-t-m (7)
Ci - the average specific heat of the air at the
insufflation temperature, kcal/Nm3.°C;
V - the amount of air in cast iron Nm?3t, which is
calculated with the relation [2, 5]:

Electrical

~ 220V transformer

K
—— cdf) +2,348-M

V=4300(a-
(a 100

(8)

in which:

K is the specific consumption of technical coke

under the studied regimes, kg/t cast iron;

a - fixed carbon content in coke, %;

Cat - carbon from coke to be consumed for direct

reduction and carburizing of cast iron, kg/t cast

iron;

M - specific consumption of additional methane

at the studied regime Nm?3/t cast iron.

It is preferable that before the application of the
electric intensification of the operation of the
furnaces, the classical ways of reducing the specific
consumption of coke are practically exhausted, while
raising the temperature of the hot air regime to the
maximum value compatible with the construction of
the capers and the normal operation of the furnace.

3. Experimental part

Due to the lack of experimental data on the
introduction of electrical energy through wall
electrodes into vertical-melting-vats furnaces, as well
as the electrical characteristics of the charge in the
crucible of the furnace, the experimental approach to
the problem was made in this direction. The studies
were done at a 250 m® furnace, where the possibility
of introducing electricity through the body of the
window holes and the mass of liquid cast iron from
the crucible of the furnace was investigated.

Blast furnace

Melting pot

Fig. 3. Experimental installation scheme

Prior to the installation of the electrical energy
installation, experiments were carried out that did not
require any significant technological changes. It was
investigated the possibility of passing electric current

through the crucible material between the plane of the
windpipe and the cast iron bath, respectively an
electrode in contact with it, inserted through the cast
iron outlet. The electrode was made up of a steel bar
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of 25 mm and 3 m long inserted through the plug of
the cast iron outlet and located about 25 cm in length
in contact with liquid cast iron.

The scheme of the installation is shown in
Figure 3.

Electrical measurements have shown that the
plug mass has sufficient electro-insulating
characteristics so that short-circuit current losses
between the metal electrode and the furnace mantle
through the plug mass are very small.

After the discharge of the cast iron from the
furnace, the metal electrode was knocked through the
centre of the outlet plug of the cast iron, until it
entered the cast iron bath. The transformer was then

connected to the grid and by adjusting the voltage
stages the current intensity and the power output in
the system varied. The measurements tracked the
current in the primary circuit of the transformer and
the voltage and current in the transformer secondary.

The results are shown in Table 2, which refers to
the phase of gradual voltage reduction.

According to the data in Table 2 recorded after
the experiments, under the conditions given at the
furnace it can be said that it is possible to directly
introduce electricity into the crucible, the crucible
load having electrical resistance properties that allow
the application of an additional electric heating.

Table 2. Experiments to introduce electrical energy into the crucible

Voltage stage _ Intensity (A) Secondary | Electrical power| Electrical resistance of
Primary |Secondary | voltage Uz (kW) 12Uz | the load in the crucible
of transformer I I2 V) (pt.cos ¢=1) of the furnace
8/8 190 1440 25 36.0 0.017
8/0 135 1120 21 23.5 0.018
7/0 70 850 17 14.6 0.020
6/0 50 720 14 10.5 0.019
5/0 10 580 11 6.4 0.019
4/0 - 500 10 5.0 0.020
3/0 - 448 9 4.1 0.020
1/0 - 408 8 3.3 0.020
4. Conclusions crucible’s load has properties that allow the

The electric intensification of the operation of
the furnace keeps unchanged the basic characteristic
of this steel aggregate to use mainly heat energy
obtained by burning coke.

The use of electricity is limited, up to
consumption of the order of 100 kWh/t cast iron and
aims only at a reduction in the specific consumption
of coke on account of the increase in the amount of
auxiliary fuel inked through the window wings.

The calculations show that when using methane
as an auxiliary fuel it is possible to achieve a coke
saving of the order of 0.3 to 0.6 kg/kWh, depending
on the temperature of the air and the methane-inspired
blast furnace and the methane-coke replacement ratio.

The experiments carried out indicated that at the
furnace where the research was carried out, the

application of electric overheating by Joule effect.

Economically, large fluctuations in the price of
coke on the world market, with price fluctuations
sometimes reaching very high values, ensure a
sufficient margin of profitability of the studied
process and justify the research carried out in this
direction.
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VIBRO-ACOUSTIC ANALYSIS OF A SPHERICAL JOINT USING FEM

Doina BOAZU
“Dunarea de Jos” University of Galati, Department of Mechanical Engineering, Romania
e-mail: doina.boazu@ugal.ro

ABSTRACT

Vibro-Acoustic analysis gives the possibility of obtaining the level of sound
pressure depending on the frequency, as well as the evaluation of the acoustic

pressure in a point of interest.

The monitoring can be done using a microphone placed in an area of acoustic

sensitivity.

This paper highlights the possibility of monitoring the level of acoustic
pressure in the vicinity of some structural elements that can vibrate under the

action of external excitations.

The studied assembly is a spherical joint. All the changes in the acoustic
pressure level on the control direction of this assembly can indicate structural
changes at the level of the monitored joint, thus highlighting possible defects.

KEYWORDS: vibro-acoustics using FEM, spherical joint, dynamic response

1. Introduction

Acoustics is the study of generation,
propagation, absorption, reflection of the sound
pressure waves in a fluid medium, and some
applications for this analysis include [8-10]:

- design of spikers, acoustic filters;

- underwater acoustics;

- machinery.

Vibro-acoustic analysis is used in:

- noise reduction in machinery;

- noise reduction in buildings;

- noise reduction in vehicles;

- acoustic filters.

Typical quantities of interest in vibro-acoustic
analysis are:

- the pressure distribution in a fluid (air) at
different frequencies - sound pressure level;

- transmission, attenuation and dispersion of
acoustic waves.

A coupled acoustics analysis takes into account
the interaction fluid-structure [2, 5-7].

This is the case of vibro-acoustic analysis.

The 3D vibro-acoustic calculus using Ansys
Workbench requires [1]:

- define acoustics properties;

- apply acoustic boundary conditions and
specific loads;

- assigning
interfaces;

- post-process acoustic results.

acoustic-mechanics  structure

Fluid-structure interaction (FSI) is a term for
acoustic and structural body interacts via boundary
conditions that couples them.

The formation of coupled equation of motion for
FSI is shown below [3].

The finite element equation of motion for
acoustic pressure is:

[M, ]} + [K (0} = {F} 1)

[Mg¢]: Equivalent fluid mass matrix;

{p}: Vector of the second derivative of acoustic
pressure with respect to time;

[K;]: Equivalent fluid stiffness matrix;
fp}  Vector of unknown nodal
pressures;

{F:}: Vector of applied fluid loads.

The finite element equation of motion for
structural elements is:

acoustic

[ {0} + [K]{U} = {F.] )

[M.]: Equivalent structural mass matrix;

{0} Vector of the second derivative of
displacements with respect to time;

[K.]: Equivalent structural stiffness matrix;

{U}: Vector of unknown nodal displacements;
{F.}: Vector of applied structural loads.
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Additional terms and coupling matrix, [R] are
added to equation (1) and (2) to account for the
coupling of structure and fluid.

®3)
4)

[Mf] {5} + [Kf]{p} = {Ff} + Po [R]™{U}
[M){U} + [K){U} = (E}+ [R]{p}

Matrix equation is then formed from equation
(3) and (4) with added structural damping, [Cs] and

K p

o
0 R T

0 0

| e s M

®)

Sound Pressure Level or SPL is defined as
follows:

prms
L,=20log|—
? g (prgf)
Prey = 20 X 107%(Pa)
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2. Vibro-acoustic modeling of spherical
joint using fem

The paper highlights the possibility of
monitoring the acoustic pressure level in the vicinity
of some structural elements that can vibrate under the
action of external excitations.

The change in the acoustic pressure in the
control direction of the assembly can indicate
structural changes at the level of the monitored joint,
thus highlighting possible defects (gaps of
inadmissible sizes).

Monitoring can be done with the help of a
microphone placed in an area of acoustic sensitivity.

Vibro-Acoustic analysis gives the possibility of
obtaining the distribution of the acoustic pressure
depending on the frequency, as well as the evaluation
of the acoustic pressure in a point of interest.

The structure whose vibrations are of interest is
a spherical joint presented in reference [4]; the
spherical head of a steel rod is made of Structural
Steel and the bearing is made of Teflon / HDPE
polyethylene.

- AL
1
i @ Engineering Data
™3 |} Geometry

4 [@ mode

|
‘_/_.5 @ Setup
d 6

§F solution
7 @ Results

v
v
v
v
v
v

SISNIAISISS

F |

Harmaonic Acoustics

Fig. 1. Calculation modules for Vibro-Acoustics analysis in Ansys Workbench

The stages of work with the related modules and
the results of each module are presented in the
diagram from Fig. 2; the chaining of modules in
Ansys Workbench with the sharing of submodules is
shown in Fig. 1.

For this purpose, the frequencies and modes of
vibration are calculated in a determined range O-
10000 Hz (using MODAL module of Ansys
Workbench), then with the help of the Harmonic
Response module, the dynamic response of the
structure to the external excitation is determined, and
finally with the help of the Harmonic acoustics
module the pressure distribution is obtained in the
considered air enclosure.

In the Geometry submodule, the structure whose
vibration is of interest is created and an area of
suitable shape and size is defined around the

structure, an enclosure that will be considered full of
air and will become active only in the HARMONIC
ACOQUSTICS module (Fig. 3a).

For enclosure, a non-uniform cushion box with
the dimensions given in the Fig. 3b is used.

The properties of the materials for the forced
vibration analysis are given in Table 1, and the
properties for the acoustic simulation (for air) are
given in Table 2.

In the MODAL module, in the Model
submodule, the boundary conditions for the free
vibrations of the structure are imposed, obtaining the
natural frequencies and natural modes in the chosen
frequency range 0-10000 Hz (Fig. 4).

These results are transferred to the HARMONIC
RESPONSE Module; in order to obtain the forced
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vibration, a constant force excitation on the X control
direction and 5% damping are imposed.

As results, the speeds and accelerations
depending on the frequency can be obtained, results
that will be imported into the Acoustic Region in the
HARMONIC ACOUSTICS module, the only mode
in which the Air Enclosure becomes active, delimited
in this module by the Radiation Boundary.

The air enclosure mesh
resolution 7.

Boundary conditions for the MODAL analysis
are represented in Fig. 5; the horizontal arm is fixed
at the end and the vertical arm has imposed
frictionless support at its end.

Harmonic response corresponds to a constant
force excitation applied on the steel head of the
spherical joint on the command direction (Fig. 6).

is Adaptive with

Table 1. Properties for Vibro simulation

. Mass density Young modulus in . .
Materials (kg/m~3) compression (Pa) Poisson ratio
Structural Steel (for 7850 2 1eM1 03
structure)
Teflon (for structure) 2160 482e"6 0.42

Table 2. Properties for Acoustic simulation

. Mass density Sound speed
Material (kg/m™3) (m/s)
Air (for enclosure) 1.2 343

MODAL

- create the geometry (the structure and the air enclosure
around it)

- meshing the model

- imposes the boundary conditions
- the frequency range is established

- enclosure - off

The frequencies and modes in the frequency
range are obtained

HARMONIC :
- external excitation and damping are introduced

NSE

- enclosure - off

|

Speeds and accelerations depending on the frequency are
obtained

|

,

|

Acoustic pressure distribution depending on the
frequency is obtained

|

Fig. 2. The working stages in vibro-acoustic analysis and the results obtained in each stage

The type of element used in discretization of the
structure is SOLID187 [12] (number of nodes 7485,
number of elements being 1981).

SOLID187 element is a higher order 3-D, 10-
node element. SOLID187 has a quadratic
displacement behavior and is well suited to modeling
irregular meshes (such as those produced from
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various CAD/CAM systems). The element is defined
by 10 nodes having three degrees of freedom at each
node: translations in the nodal X, y, and z directions.
The element has plasticity, hyper-elasticity, creep,
stress stiffening, large deflection, and large strain
capabilities. It also has mixed formulation capability
for simulating deformations of nearly incompressible
elastoplastic materials, and fully incompressible
hyper-elastic materials [12].

The enclosure was discretized in 100808
elements of FLUID221 type - see reference [7].

FLUID221 is a higher order 3-D 10-node solid
element that exhibits quadratic pressure behavior.
This type of element is used for modeling the fluid
medium and the interface in fluid-structure interaction
problems.

Meshing of simulation model for acoustic
analysis should be sufficiently fine to capture the

mode shapes of the model.

L‘
0m 50,00 100.00 (mm)

N . )
2500 7500

Fig. 3a. Geometry of the system

[=]| Dretails of Enclosurel

Enclasure Enclosurel
Shape Box

Mumber of Planes 0

Cushion Mon-Uniform

[T FD1, Cushion <X value (=0} [30 mm
[ I FD2, Cushion =¥ wvalue (>0} |50 mm
|| FD3, Cushion =Z value (=0} [30 mm
|| FD4, Cushion -X value [=0]
| | FD5, Cushion -Y value (=0
|| FD&, Cushion -Z value (>0
Target Bodies

30 mm

30 mm

30 mm
All Bodies
Export Enclosure Yes

Fig. 3b. The dimensions of the enclosure
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Fig. 4. Boundary conditions

Fig. 5. The mesh of structure

Fig. 6. Harmonic excitation
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3. Results and discussions

In Fig. 7 and Fig. 8 are the representations of the
speed amplitudes as functions of the frequency,
respectively of the accelerations as functions of the
frequency (Bode diagrams).

These diagrams show the frequency of 2000 Hz
and the corresponding sweeping phase angle for
speeds and accelerations.

Fig. 9 shows the distribution of imported speeds
at the frequency of 186 Hz.

Fig. 10 gives the sound pressure level
distribution (for excitation Force = 10 N) in a section;
in the Fig. 11 the distribution of sound pressure level
corresponds to the excitation Force = 100 N.

In Fig. 12 is given the Microphone position (-50
mm, -50 mm, 0 mm) for Far field SPL Mic
evaluation.

In Fig. 13 is represented comparatively SPL Mic
vs Frequency for excitation force of 10 N and of 100
N; the SPL (sound pressure level) charts are similar,
only the sound pressure level is different. The
position of the Microphone is -50 mm, -50 mm, 0
mm.

3432863
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= 1554863
&8
Eioa64e3
o 4
B rpa3ea
2

B47395¢4
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2146724
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11524
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Fig. 7. Velocities vs frequencies
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Fig. 8. Accelerations vs frequencies
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0.000 0.050 0.100 {rm) o
N e )
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Fig. 9. Distribution of imported velocity

0.025 0.075

Fig. 10. Sound pressure level (excitation Force = 10 N) - section in the middle of the enclosure
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o)

Fig. 11. Sound pressure level (excitation Force = 100 N) - section in the middle of the enclosure

0.050 0.100 {m)

0,025 0.075

0.000 0.050 0,100 {m)
I

0,025 0.075

Fig. 12. Microphone position -50 mm, -50 mm, 0 mm
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Far field Mic vs Frequency

90
80
70
60
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40
30
20
10

Far field Mic (dB)

0 2000 4000

6000

8000 10000 12000

Frequency (Hz)

—&—SPL Mic (dB) -10N force

SPL Mic (dB)-100N Force

Fig. 13. SPL Mic for Excitation in the position -50 mm, -50 mm, 0 mm for excitation force 10 N and
100 N

4. Conclusions

Figures 10 and 11 show that the acoustic
pressure level depends on the excitation intensity; in
Fig. 10 the acoustic pressure level corresponds to the
exciting force F = 10 N, and in Fig. 11 the acoustic
pressure level corresponds to the exciting force F =
100 N.

For a certain position of the microphone and
different excitations, the variation curves of the SPL
are similar, but the acoustic pressure level depends on
the intensity of the excitation force (Fig. 13).
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A SENSITIVITY STUDY OF THE MAXIMUM STRESS
IN A RUBBER CIRCULAR RING
TO THE COEFFICIENT OF FRICTION USING FEM
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“Dunarea de Jos” University of Galati, Department of Mechanical Engineering, Romania
e-mail: doina.boazu@ugal.ro

ABSTRACT

The paper presents a sensitivity study of a rubber circular ring (O-Ring)
depending on the value of the coefficient of friction (design parameter) between the
ring and the surfaces between which it is mounted. The response value is the
maximum von Mises stress in the rubber ring. The influence of temperature was not

taken into account.

Through this sensitivity nonlinear analysis using finite element modeling, the
correlation between Equivalent maximum Von Mises Stress and Friction coefficient
can be established, determining a maximum stress level of the rubber ring to the
friction coefficient. This relationship is important for the preload stage of the gasket

functioning.

KEYWORDS: nonlinear analysis, rubber, contact, axisymmetric PLANE2D,

friction

1. Introduction

O-rings are one of the most widely used seals
today in industries like automotive, shipping,
machinery, energy. They have simple design, easy to
manufacture [5]. In the preload stage of functioning,
O-ring follows the principle: when compressing an
elastomer material between two surfaces, it changes
its shape. During this procedure, the material is
forced to restore its original shape and as a result,
contact pressure is developing [5].

Gyorgy Szab6 and Karoly Varadi in [5]
investigated the behavior of an O-ring made of NBR
rubber under extreme conditions. The effect of the
extreme initial compression, operating pressure and
extreme temperature conditions were examined.

The stresses in the O-rings made of elastomers
have been investigated in recent years, the studies
containing both simulations with finite elements and
experimental determinations.

George A. F., Strozzi A. and Rich 1. in reference
[2] developed a finite element stress analysis
computer program, FEMALES (an acronym for
Finite Element Mechanical Analysis of Large Elastic
Strain), at the University of Bologna, Italy. This
program was developed specifically for the analysis
of large deformations in elastomeric materials.

In [3] the authors studied the stresses and
deformations of the compressed elastomeric O-rings,
and Jeong-Hwan Nam, Jai-Sug Hawong, Dong-Chul
Shin and Bruno R. Mose studied the stresses of O-
rings using transparent type photo-elastic experiment

[4].

The most common materials used for gaskets are
Graphite, Rubber, Teflon, PTFE, and Compressed
Non-Asbestos Fiber (CNAF). These are soft gaskets.
It can be full face or inside bolt circle type [6, 7].

Non-Metallic gaskets can easily compress with
low tension bolting.

These types of gaskets are used with low-
pressure and also in low-temperature. However,
graphite gasket can be used up to 500 Degree
centigrade.

Rubber and elastomer gaskets are not used in
hydrocarbon services but used in utility lines.

Non-Metallic gaskets are the cheapest and most
easily available.

There are many different types of gaskets and
each are classified by material, function, and fields of
application. Typically, a gasket is manufactured with
a soft, hyper-elastic material and placed between two
separate surfaces.

The main types of Rubber Gasket Materials used
are:

- Neoprene;
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- Nitrile (Buna-N);

- Ethylene Propylene Diene Monomer (EPDM);
- Silicone Rubber;

- Viton®;

- Styrene Butadiene Rubber (SBR).

2. Material properties of the structural
elements

The structural elements and their dimensions are
shown in Fig. 1a (according to a scheme presented in
[9]). The circular rubber ring of the type shown in
Fig. 1b is crushed between the two steel plates.

| Top Steel Plate i %'g_?t@ | o $
Rubber Ring —— = Fa ! [ X
| Bottom Steel Plate ! w $
14 14 8

Fig. 1a. Structural elements of the system [9]

Fig. 1b. Neoprene O-ring

In the non-linear analysis, which involves
frictional contact between the steel plates and the
rubber ring, the behavior of the material of the steel

45

R

]
ra n ]

Stress (.10% [Pal

,_.
n

05

plates was considered linear elastic (Structural Steel),
while for the rubber ring the Neoprene Rubber having
Neo-Hookean material model from the library of
Ansys Workbench program was chosen (Initial Shear
Modulus Mu = 27104 (Pa) and Incompressibility
Parameter D1 = 1.4429E-7 (Pa"-1)); the Stress-
Strain curves for this Neopren rubber is represented
in Fig. 2.

The mechanical properties for the material of the
Structural Steel plates are:

- Young Modulus 2.1e11 N/m"2;

- Poisson ratio 0.3.

unia —

hiax  —

shea
Uniaxial Test Data »
Biaxial Test Data FJ
Shear Test Data

4 5 [

Strain [m m™-1]

Fig. 2. Stress-strain curves for Neoprene Rubber [8]
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3. Finite element model and
parametrization

The nonlinear model was created in the Ansys
Workbench version 19.2 program in the Static
Structural module.

In this study of sensitivity of circular ring
response to the friction coefficient value, the friction
coefficient was considered the design variable and the
maximum von Mises stress in the rubber ring was
considered the response quantity.

The elements of the structure are shown in Fig.
1a. The rubber ring is placed between the two circular
steel plates. Due to the double symmetry, the model
with finite elements can only be made on a quarter,
imposing specific conditions in the planes of
symmetry (zero displacements outside the planes of
symmetry).

The model can therefore be made on a quarter
with  axisymmetric 2D  elements, imposing
asymmetric contact conditions with friction between
the circular surface of the rubber ring (Contact) and
the steel plate (Target) Fig. 3. Since the contact is
made in 2D, it is between a circle and a line and for
the non-linear calculation, the option Interface
treatment > Adjust to Touch is activated. For the non-
linear calculation, the incremental calculation and
large displacement calculation options are activated.

The finite element discretization is presented in
Fig. 4.

The finite element used in the discretization is
PLANE183 with axisymmetric option (Fig. 5) [8].

Planel83 is a higher order 2D, 8-node per
element with has quadratic displacement behavior.
This element is more accurate in modeling curved
boundaries. The element Plane183 has two DOF —
displacement in x and y direction.

g ®

I Batal} @

X jarradaly
@

Fig. 5. The element PLANE183 with
axisymmetric option [8]

For the nonlinear analysis, it is advantageous to
apply the load in the form of prescribed displacement
(a half of the O-ring radius), the corresponding force
being evaluated as a reaction in the imposed
boundary.

The boundary conditions are presented in Fig. 6.
These boundary conditions are:

- A - Displacement on X direction (radial) —
Free and Displacement on Y direction (axial) — Zero;

- B - Displacement on X direction (radial) —
Zero and Displacement on Y direction (axial) — Free;

- C - Prescribed displacement on Y direction —
1.5 mm and Displacement on X direction (radial) —
Zero.

Fig. 3. Contact surfaces
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Fig. 5. Mesh using PLANE183 (size of element 0.5 mm)

Fig. 6. Boundary conditions

4. Results and discutions

The results obtained for the friction coefficient
value of 0.01 are presented in Fig. 7 and Fig. 8.

The distribution of total displacements is given
in Fig. 7, and the von Mises stress distribution is
given in Fig. 8. The maximum stress appears in the
centre of the rubber ring.

Schematic Project in the Ansys Workbench
analysis program is presented in Fig. 9.

In the sensitivity study, the value of the friction
coefficient as a parameter varies between 0.01 and
0.25 (Fig. 10). In Fig. 10 - Design of experiments,
both the values of the friction coefficient (variable

design) and the corresponding response values of the
maximum von Mises stress can be found.

To obtain the Response Surface, the Response
Surface Optimization Module was used, and then to
obtain the correlation of the parameters, the
Parameters Correlations module was used (Fig. 9).

The graphic representation of Equivalent
maximum Von Mises Stress vs Friction coefficient is
given in the Fig. 11.

The correlation between Equivalent Maximum
Von Mises Stress vs Friction coefficient for the linear
and quadratic trends has the graphic representation in
the Fig. 12, with the correlation functions and the
correlation coefficients in Table 1.
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0.0030265

0.0027721
00025177
00022633
0.0020088
0.0017544
0.0015 Min

Fig. 7. Total Deformation distribution (over the initial position)

362549
30216
24172
18129
12086
60431
1.2419e-6 Min

Fig. 8. Distribution of von Mises stress (over the initial position)
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Fig. 9. Project schematic
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Table of Cutline A2: Design Points of Design of Experiments:

A B C
P'1 - Frictional - Surface Body To Surface ) ;
i Mame - Body Friction Coeficient ¥ | P2-Equivalent Stress 2 Maximum (Pa) ~
2 1 DPO | 0.01 54388
3 2 DP1 § 0.05 54085
S 3 DP2Z | 0.09 79003
5 4 DPF3 | 0.13 90390
-] 5 DP4 | 0.17 99057
7 5] DP5 | 0.21 1.0493E+05
8 7 DP& | 0.25 1.0783E+05
= MNew Design Point
Fig. 10. Design of experiments
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Fig. 11. Equivalent maximum Von Mises Stress vs Friction coefficient

Linear Trend Line: y = 2. 4103E+05x + 55313; R2=95.726%
Quadratic Trend Line: y = -7.4304E+05x**2 + 4.3221E+05x + 46687, R2=99.6 —
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Fig. 12. Correlation Equivalent maximum Von Mises Stress “y” vs Friction coefficient “x” for linear

and quadratic trends
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Table 1. Trend lines for sensitivity study

Trend Lines Function Correlation

Linear y=2.41e5+»x+ 55313 R = 95.726%

Quadratic y=—7.43e4 » x* +4.322e5 » x + 46687 R =99.631%
5. Conclusions References

If the material curves for the O-ring are known,
the dependence curves of Equivalent maximum Von
Mises Stress vs Friction coefficient can be obtained
from the sensitivity analysis with finite elements.

Having the dimensions of the elements of the
system and the value of the coefficient of friction
between the O-ring and the steel surface and
performing a sensitivity analysis, the maximum von
Mises stresses in the centre of the O-ring can be
established.

A Dbetter correlation function between Equivalent
maximum Von Mises Stress and the Friction
coefficient is that corresponding to quadratic trend
(Table 1) and this relationship is very important for
the preload stage of the O-ring loading.

The maximum von Mises stress for this preload
stage of loading of the O-ring should be below the
value of 25 MPa.
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RESEARCH ON THE IMPROVEMENT OF THE MECHANICAL
PROPERTIES OF ALUMINUM ALLOYS
OF THE SERIES Al-Zn-Mg-Cu BY HEAT PROCESSING

Marian-Iulian NEACSU
“Dunarea de Jos” University of Galati, Romania
e-mail: mneacsu@ugal.ro

ABSTRACT

The paper presents the results of the research carried out on an Al alloy from
the 7000 series. The material was subjected to several variants of thermal and
thermomechanical processing. Research has been conducted on various artificial
aging temperatures of the material in combination with various aging time values.
Some samples were also subjected to plastic deformation, between quenching and
artificial aging, in order to determine the influence of this deformation on the

values of the final mechanical properties.

KEYWORDS: aluminum alloy, solution hardening, artificial aging, plastic

deformation

1. Introduction

The high mechanical properties, which
characterize the Al-Zn-Mg-Cu system alloys, are
obtained by plastic deformation and hardening
thermal treatment, the last operation being performed
under conditions similar to those applied to the other
light alloys that can be hardened by precipitation,
respectively putting in solution, quenching in water
and artificial aging [1].

Establishing the technological elements that
determine the heat treatment of Al-Zn-Mg-Cu type
alloys required a large volume of experiments, the
working conditions having a direct influence on the
material’s resistance to stress cracking corrosion [2].

In parallel with the classical processes, the
application  possibilities of  thermo-mechanical
treatment, isothermal treatment and thermal treatment
in steps to these alloys were studied, on the one hand,
and on the other hand, the mechanical properties that
could be obtained in each case.

During the thermal treatment of aluminum
alloys, supersaturation of the solid solution (putting in
solution), maintenance of the supersaturated solid
solution at ambient temperature (quenching),
precipitation, in the mass of the supersaturated solid
solution, of the excess phases, in the form of fine and
uniformly distributed particles (aging), which ensure
the hardening of the alloy [2].

The solution temperature Ts must be close to the
melting temperature Tt of the alloy; practically it is

accepted: Ts = Tt - 30 °C. The duration of the
operation is variable depending on the type of alloy,
the casting conditions, the geometry of the part and
the thickness of its walls. During the solvation
operation there is a substantial increase in the number
of vacancies (from 10 to 107%), due to the rise in
temperature [3].

The effect of quenching depends on the type of
alloy and the rate of quenching; the last parameter is
conditioned by the thickness of the part walls and the
cooling medium used. Tempering allows, at normal
temperature, to maintain the number of vacancies
from the solution temperature.

Since the transition of the alloy from the
hardened state to the aged state is not instantaneous,
intermediate, metastable states appear in the material
during the operation.

If the temperature does not exceed the ambient
one, in the hardened material there is a monophasic,
sub microscopic separation of atoms of the phase
dissolved in excess in the form of coherent
precipitates, which are deposited in the material of the
basic solid solution recipe, as agglomerations; sites
enriched in separate atoms form the GUINIER-
PRESTON zones [4, 5].

The changes that occur because of this in the
arrangement of the atoms in the network of the basic
solid solution produce a hardening of it called cold
hardening.

At slightly higher temperatures, metastable
precipitates of an intermediate phase appear, which
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differ, from the point of view of the crystalline recipe,  phenomenon is explained by the nucleating action of

both from that of the basic solid solution and from  dislocations on the hardening phases.

that of the stable precipitation phase [6, 7]. In other types of alloys, including those in the
Along with the appearance of this precipitation  Al-Zn-Mg-Cu group, the effect of the cold

process, a significant increase in hardness is also  deformation of the hardened material, on the

manifested, called hot hardening. mechanical properties obtained after aging, is
If the temperature continues to rise, the stable  practically nil or even negative [4, 8].
precipitation phase is finally reached. The decrease in The explanation of this different behavior lies in
hardness, which is often found at the end of this  the fact that the hardening of the alloys is essentially
process, is known as over aging. due to the formation of the Guinier-Preston zones
Cold hardening can take place either before or  during the artificial aging heat treatment and not due
simultaneously with heat hardening. to the reduction of dislocation mobility.
There are aluminum alloys, such as those of the
Al-Cu-Mg type, in which the introduction of 2. Experimental conditions
dislocations, through the cold plastic deformation of
the hardened material, increases the aging speed and The samples subjected to research were made

ensures obtaining higher quality figures than those in from the alloy of chemical composition presented in
which it would have arrived through aging, under  Taple 1.

similar conditions of the undeformed witness; the

Table 1. Chemical composition of the studied alloy

The
chemical | Zn Mg Cu Mn Cr Ti Fe Si Al
element
% 6 2 1 0.15 0.5 0.10 0.4 0.4 rest
The minimum mechanical properties of the - defined binary or ternary compounds: Al.Cu,
material, which had to be obtained after heat AlsFe and T(Al,MgsZns);
treatment, are those shown in Table 2. - binary eutectic: (a + Al,Cu), (o + T) and (o +
A|3F€).
Table 2. The imposed mechanical properties Figure 1 shows the microstructure, at room
temperature, of a sample taken from a semi-
Rm, Rpo.2, HB, As, continuously cast bar.
MPa MPa MPa % If the cast raw alloy is heated to about 460 °C,
500 400 160 8 so close to its melting point, only Al, o solid solution

] ) and B compound (Zn Mg) exist in its structure.
The alloy was developed in electric furnaces. In the specialized literature, the prescriptions for

The alloying was done in induction furnaces, casting the heat treatment of Al-Zn-Mg-Cu type alloys are as
in metal shells or by the semi-continuous method, and follows [4, 5]:

the homogenization of the cast bars in electrically - the solution temperature is in the range of 450-
heated furnaces, part of the semi-continuously cast 470 °C:
bars were extruded from @135 mm to ® 80 mm. - the heating duration, which depends on the
The heat treatment of the samples and parts was geometry and size of the piece, must be chosen
done in electric resistance furnaces with temperature so that the entire metal mass has a uniform
regulation between the limits: £10 °C at around 550 temperature;
°Cand £2 °C ataround 170 °C. - the tempering of the piece must be done within
Due to the large number of alloying elements, it 15 s maximum after leaving the mouth of the
contains, the investigated alloy has a complex furnace; in practice, sheets and profiles are
structure, which from the point of view of the way of quenched in water at room temperature, while
presentation in the microscopic examination depends forged parts are quenched in warm water (50-70
on i_ts condition. Thg phases that can be found at °C), in order to reduce the stresses generated by
ambient temperature in Al-Zn-Mg-Cu type alloys can too energetic cooling. Before artificial aging, the
be synthesized as follows: hardened parts are left to rest for about 16 h; if
- complex solid solution a of Zn, Mg and Cu in this term is not respected, the parts hardened by
Al and solid solution B (Zn-Mg); heat treatment have about 10% lower

mechanical properties;
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- working parameters, in the case of artificial
aging, depend on the chemical composition of
the alloy; generally, the temperature varies
between 105 °C and 200 °C, and the duration
between 4 and 24 h;

- in order to reduce the duration of the artificial
aging process, step aging is sometimes applied.

Fig. 1. Microstructure of a cast bar;
Magnification x250, Attack: 0.5 HF [4]

Figures 2, 3 and 4 show diagrams given in the
literature regarding the variation of the mechanical
properties of some semi-finished products from Al-
Zn-Mg-Cu type alloys used in the USA and
Switzerland, depending on heat treatment parameters.

-1
560
S SoPT=p; R
- 5201 ~—rd
~ 2
440 N 2
S 0] I A T I —
w10k t ¥ - + —
< 01 1 10 100 1000 10000 h

Fig. 2. The influence of time between solution
quenching and artificial aging of 7075 alloy
sheets, on the mechanical properties aged at 120
°C/24 hours (curves 1) and at 135 °C/12 hours
(curves 2) [4]

For the thermal treatment of the studied alloy,
furnaces with electric resistances were used, equipped
with devices for automatic temperature regulation and
internal air recirculation and with tempering tanks
that allow the water to be heated to about 50 °C.

In the framework of the research, samples taken
from extruded bars with cores 4 and 8 were used; the

chemical composition of the alloy being within the
prescribed limits.

650 120°C
600 133°C

< 550

3 500 ~ 160°C

et 12?} “‘\17000
350

0 8 16 24

Fig. 3. The influence of artificial aging
parameters on mechanical strength for the Swiss
alloy PERUNAL [4]

The experimental researches were carried out
after 6 variants of thermal processing according to the
schemes in Figures 4, 5, 6, and 7. In all cases, the
placing in the solution was carried out at 460 £ 5 °C/8
h, and the final cooling in the open air.

Within the six variants studied, the artificial
aging was done in classical conditions (Ia and Ig),
isothermal (I1), in two stages (111 and 1V) and in three
stages (V).

°C
3001 460°C
]
S 400
£
£ 300
=)
= .
& 200 air
ugec_ Iy Sopling
100 | o ~ I
. 120°C | N
i L
0 Il 1 |. !
A n e Time, h

Fig. 4. Treatment scheme according to variants
Iaand Ig

Treatment parameters for variants Ia and Ig
were:

- putting in solution at 460 °C/8 hours;

- quenching in water at a temperature of 50 °C;

- artificial aging at 120 °C/24 hours (1a);

- artificial aging at 140 °C/16 hours (lg);

- air cooling.
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Fig. 5. Isothermal treatment scheme according
to variant Il

Treatment technological parameters for variant
Il were:

- putting in solution at 460 °C;

- gquenching in water at a temperature of 50 °C;

- artificial aging at 140 °C/20 hours;

- cooling in the air.

°C
3001 460°C
@)
S 400
&
S 300
=]
5
= 200 60°C I_160'3C_T
120°C \' "=
100 T05°C TN ™
°C 1m o | i
50°C i : cu%liingl , cooling
l . 1 . |
0 T + T
=8 16 10 16 | | Time, h
fe 24 l+16-l

Fig. 6. Stepwise treatment scheme according to
variants Il and IV

For variants Il and 1V, the research consisted of
the following:

- putting in solution at 460 °C/8 hours;

-quenching in water at a temperature of 50 °C;

-artificial aging at 120 °C/24 hours (14);

-artificial aging at 140 °C/16 hours (Ig);

- air cooling.

7 o ;5 N°. 4 - 2022, ISSN 2668-4748; e-1SSN 2668-4756
N, Avrticle DOI: https://doi.org/10.35219/mms.2022.4.06
°C °C
___________ 5001 460°C
3001 600C o
450 —F ——— ——— — — 1 g o
E 300
400—  — — — — — — — — %
SRRl sl el & 200 RN
: ; 120°C X ! air
% wo——--——————- - 100 soC | X ! cooling
5 20—+ ——— — — — — - . ! L
& o —— 1 —— ] e 24 16— Time,
= .
1500 -4 — —140c_ _ Fig. 7. The two-stage treatment scheme
ool — L 4\( ] according to the V variant
I | air cooling
50— Jl— - T T T T Variant of treatment consisted of the following
0 ; ~ 1 sequence of specific technological operations:
O J 20 - Time, h - placing in solution 460 £ 5 °C/8 hours;

- water quenching at 50 °C;

- artificial aging 120 °C/24 hours +160 °C/16
hours + 175 °C/6 hours;

- air cooling.

The results obtained following the application of
these treatment variants are illustrated in Figures 8 for
Mechanical Strength and Yield Strength, 9 for Brinell
hardness and 10 for Elongation at break.

580
560
540

= 520
500
£ 480

R~ 460

440
420
400

i Y il St ke Rl
1 1 1 1 1 1

B

____1’_\____4____| 1 :

IA IB I 111 v \'%
Variants of treatment

Fig. 8. Variation of mechanical strength and
yield strength depending on the treatment option
adopted

165
160
155
<
E 150

g 145

140
135
130

1A B | 11 v \Y
Variants of treatment

Fig. 9. Brinell hardness variation depending on
the treatment option adopted
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Fig. 10. The variation of elongation at break
depending on the treatment option adopted

From these images it can be seen that the best
properties are obtained in the case of thermal
processing according to variants 1A and 1V.

During the tests, the influence of the cold plastic
deformation of the hardened alloy, as well as the
amount of time between the end of the quenching
operation and the start of the aging process, on the
mechanical properties of the artificially aged material
was also monitored.

In the samples that in the hardened state had
been cold forged (plastically deformed) at cores 4 and
8, mechanical properties were obtained, after artificial
aging, about 10% lower compared to those found in
the samples that did not undergo this deformation
intermediate plastic.

It was thus practically verified that the
hardening by heat treatment of Al-Zn-Mg-Cu type
alloys is mainly due to the formation of Guinier-
Preston zones.

A similar reduction in the mechanical properties
of the artificially aged material is also found in the
case when the duration of keeping the material in the
hardened state is less than 16 h.

3. Conclusions

The factors that condition the obtaining of high
mechanical properties of the studied Al-Zn-Mg-Cu

alloy, after the thermal hardening treatment, can be
concretized as follows:

- strict compliance with the prescribed heating
temperatures and durations, a tempering carried out in
max. 15 s from removing the part from the oven and
starting the artificial aging only after the time interval
indicated above (16 h);

- the use of precise furnaces in terms of working
temperature tolerances.

In the case of the studied alloy, the optimal heat
treatment parameters resulting from the tests
performed are:

- solution tempering at a temperature of 460 °C
with a holding time of 8 h;

- cooling (quenching) in hot water at 50 °C;

- artificial aging in stages: the first stage was
carried out at a temperature of 105 °C with a holding
time of 10 h followed by a second stage at a
temperature of 160 °C and an aging time of 6 h.

Cold plastic deformation of Al-Zn-Mg-Cu
quenched alloy was found not to improve the
mechanical properties after artificial aging.
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THE INFLUENCE OF THE WEAR OF THE REFRACTORY LINING,
OF THE TUNDISH, ON THE QUALITY OF THE STEEL
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ABSTRACT

The quality of steel and continuously cast semi-finished products largely
depend on the degree and control of the interaction between slag, gas, and
refractories, with the steel melt. In this work, through the analysis of some samples
from a used refractory lining of a tundish, with the help of optical microscopy, the
wear of the refractory layer was highlighted, due to the erosion and infiltration of
steel microparticles into the pores of the lining. The examination of the samples was
carried out in the interface area, metal-shotcrete, shotcrete-concrete, and the area

with refractory concrete.

KEYWORDS: tundish, erosion, infiltration, refractory lining

1. Introduction

The tundish represents the link between the steel
production, in the converter and its continuous
casting process. The quality of steel and continuously
cast semi-finished products largely depend on the
degree and control of the interaction between slag,
gas, and refractories, with the steel melt.

The elimination of impurity of the steel, with the
atmosphere, or with particles from the refractory
lining, as well as the technologies for making the
refractory lining of the distributor, have led to an
increase in the resistance of the refractory lining, at
the number of castings, and an increase in the purity
of the steel, from the point of view of the inclusions
[1, 3].

In the last decade, alumina-graphite (ALG)
refractories have emerged as a standard solution, for
operations from the tundish. Alumina-graphite
refractories offer good resistance to thermal shock
and increased resistance to contact with metal and
slag.

To prevent melt suction through the pores of the
tundish walls, a good thickness and density of the
refractory, as well as a low permeability, are required.
Oxidation is controlled by applying glazes to the
interior and exterior surfaces. The tundish lining is
important in the technological process. The lining
should be inert and not contribute to the growth of
exogenous inclusions in the steel [2, 8].

2. The refractory lining of the tundish

The refractory materials used to line the tundish
are often overlooked, in the importance of the
technological flow. The realization of the refractory
lining must take into account the following
considerations:

- refractory materials are materials that wear out,
and the user must take into account all the
factors that influence the quality of the
refractory material, in order to increase their
lifespan, and the impact on costs;
- the chemical composition of the refractory
material can be variable, because it is composed
of multicomponent raw materials, therefore it
should be tested;
- the quality of the refractory lining is of
particular importance and is also influenced by
the fixing method and the additives used;
- the temperature variation causes cracks for the
refractory material too, lose its resistance, break
and thus contribute to shortening the life of the
tundish;
- failures of the refractory lining must be
evaluated, taking into account all the data
related to materials, operations, maintenance and
the use of consumables, such as fluxes and
alloys, to determine the true cause, which leads
to the appearance of the defect.

Typically, the tundish liner is composed of three
layers. The working liner is made of high MgO
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material and is exposed to direct contact with the steel
[4,7].

The emergence of the technology of applying
the refractory lining, by spraying, led to an increase in
the life of the tundish. The thickness of the layer of

11/2=2 in. MgO
working lining

sprayed material is 40-50 mm, but an additional 10-
15 mm can be applied to the area of contact with the
slag. (Fig. 1).

Areas subject to a strong erosive flow require
refractories based on magnesite.

steel shell

6~7 in. castable
refractory

1f2=1in. insulating
material

Fig. 1. Cross-sectional view of a tundish liner

At the distributor from the continuous casting
machine, the refractory lining is made of shotcrete
TUNDEX, with the following physical and chemical

characteristics: - 50-75 % magnesium oxide; - 1-5%
glass, oxide and chemicals.

Table 1. Physical and chemical properties of the refractory lining

Physical state Color Odor pH Density Solubility
i , | partially soluble in the
solid (powder) grey odorless alkaline 15 [Zl(ﬁgscm following materials: cold
water and warm water

Table 2. Standard values of the TUNDEX 175 CS layer composition

MgO% | SiO% | CaO% Fe: O3%

Al O3% C% | Bulk density g/cm?®

73-78

15-20 1-2 0.6-1.2

<1 2-4 1.5-1.7

3. Optical microscopy of the samples,
from the tundish lining

Optical microscopy, is a method of analysing
the quality of concrete samples, the purpose of the
control being the determination of the existence of
degradation due to corrosion.

In optical microscopy, non-oxidized steel
strongly reflects light, and corrosion products, reflect
the light more attenuated, than steel, with a stronger
intensity, than aggregates and cement stone.

Steel and corrosion products are opaque in light
transmission. Aggregates are generally transparent in
light transmission.

The aggregate particle, in the upper and middle
portion of the image is subject to the chemical
reactions and thermal shocks that occur. The
aggregate particle is more porous inside, and denser
at the contact surface with the cement stone.

Alternating layers of ceramic material, silica gel
and corrosion products, deposited on the side faces of
the crack, can be seen in the images below (Fig. 2-5).

The examination of the samples was done with
an Olympus BX51M optical microscope, the samples
being taken from the used refractory lining, of a
distributor from the continuous casting machine.

Through microscopy, the wear of the layer due
to the erosion and infiltration of steel microparticles
into the pores of the lining was highlighted.

The impact zone of the melt with the blasted
surface of the distributor was highlighted, at 100X
magnification.

Examined:

- the area from

shotcrete - metal;

- the area at interface 2, respectively shotcrete-

concrete;

- the area with refractory concrete.

interface 1, respectively
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It can be observed a surface wear, highlighted
by the roughness of the contact surface. Also, the
steel particles penetrated the capillaries of the
shotcrete layer (Fig. 3).

It can be noted that both the shotcrete layer and
a good part of the concrete layer have been damaged.
The liquid alloy particles penetrated the capillaries,
due to the porosity of the material, as well as due to
the microcracks, which appear due to the temperature
gradient, and the pressure exerted on the walls of the
distributor.

Analysing the multitude of causes that lead to
the deterioration of concrete elements, it is noted that

most of them evolve, depending on a very important
characteristic of hardened concrete — permeability
(STAS 3518-89).

Permeability can be defined as the property (of a
material with a porous structure), which

quantitatively characterizes the ease with which a
fluid or vapor passes through it, under the action of a
pressure difference.

For concrete constructions, which are located in
environments exposed to wear, and in areas of intense
exploitation, obtaining concretes with a low degree of
permeability is essential.

1
100 pm

Fig. 2. The appearance of the sample, in the area at the shotcrete -metal interface
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Fig. 5. The appearance of the sample, in the area of the refractory concrete wall

4. Phenomenon of pores production

Pores represent any space in the concrete
structure (spherical or cylindrical), which is filled
with air or water, and which can have a winding
route, through the section of the concrete element.

In order to understand the complexity of the
concrete formation mechanism, as compact as
possible, it should be remembered that each of its
components (binder and aggregate) has its own
permeability, and that the products obtained as a
result of the reactions between them will influence, in
a certain way measure, the general permeability of the
mass [5, 6].

The dehydration of the hardened binder gels,
and its weak adhesion to the aggregate granules,

makes the concrete always represent a microporous,
with a microcracked system - gel pores. Thus, it can
be found that the permeability of the cement paste
varies over time, depending on the progress of the
cement hydration process.

Spherical pores appear due to the resettlement of
cement granules, according to their weight,
immediately after the preparation, transport, and
placing of the concrete. The excess water is collected
on top, from which the air included in the mixing is
separated in bubbles. The pores under the aggregates
(spheres), are finer than those created by the inclusion
of mixing air, and are not visible to the naked eye [7].

Capillary pores in concrete appear due to the
loss of excess water through evaporation (Fig. 6).

Fig. 6. The image obtained by optical microscopy of a pore that appeared in the lay of ceramic
material

Analysing the aspects presented, we can
highlight several factors that influence the
permeability of concrete of the tundish following
corrosion:

- fineness of cement grinding (the finer the

cement, the lower the permeability);

- cement dosage (increasing the cement dosage

reduces permeability);

- the type of cement (cements with additions,
require a larger amount of water, which can
increase permeability);

- concrete treatment after putting into work
(keeping fresh concrete in a humid environment
for as long as possible, it decreases
permeability);

- the use of additives in concrete compositions
(use correctly, they considerably reduce
permeability);
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- the existence of tensile stresses and
compressive stresses above the cracking limit
(increase permeability).

Corrosion can also continue in compact and
thick layers. In this case, the film of reaction products
does not adhere at the metal, but detaches as it forms
and falls. This detachment can occur for the following
reasons:

- the volume of the formed oxide is greater than
the volume of the original metal, and this
increase in volume, caused by oxidation, can
produce internal stresses that exceed the
adhesion between the corrosion layer and the
metal. These efforts are all the greater, as the
ratio between the volume of the oxide, and the
volume of the metal from which the oxide
originates, is higher;

- the formed oxide layer has a different

coefficient of thermal expansion than that of the

base metal and when the temperature of the
surrounding  environment  varies, internal
stresses arise due to unequal expansions.

The porosity of the layer of ceramic material is
an important factor that leads to the degradation of
the refractory lining of the tundish and is influenced
by a multitude of phenomena that were highlighted
previously.

5. Conclusions

The quality of the refractory lining is of
particular importance and is also influenced by the
fixing method and the additives used.

The wvariation in temperature causes the
refractory material to crack, lose its strength, break
and thus contribute to shortening the life of the
tundish.

The tundish lining is composed of three layers.
The working liner is made of high MgO material and
is exposed to direct contact with the steel.

Areas subject to a strong erosive flow require
refractories based on magnesite. At the tundish, from
the continuous casting machine, the refractory lining
is made of shotcrete TUNDEX.

The samples taken from a used tundish, from the
continuous steel casting machine were also examined
by optical microscopy.

Optical microscopy is a method of analysing the
quality of concrete samples, the purpose of the
control being to determine the existence of
degradations due to corrosion.

We highlighted through microscopy the wear of
the layer due to the erosion and infiltration of steel
microparticles into the pores of the lining.

We examined: the area at the metal-shotcrete
interface, the area at the shotcrete-concrete interface,
the area with refractory concrete.

Both the shotcrete layer and a good part of the
concrete layer were damaged. The liquid alloy
particles entered the capillaries, due to the porosity
given by the material, as well as due to the
microcracks that appear due to the temperature
gradient, and the pressure exerted on the walls of the
distributor.

Analysing the multitude of causes that lead to
the deterioration of concrete elements, it is noted that
most of them evolve according to a very important
characteristic - permeability.

For concrete constructions that are located in
harmful exposure and exploitation environments,
obtaining concretes with a low degree of permeability
is essential.

The durability of concrete decreases through the
degradation of the intimate structure due to the
phenomena of dissolution, expansion, cracking or
exfoliation.

The porosity of the ceramic material layer is an
important factor that leads to the degradation of the
refractory lining of the tundish and is influenced by a
multitude of phenomena that have been highlighted.
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ABSTRACT

Chitosan and chitosan derivatives are biomaterials of great scientific interest
for biomedical applications although some of the properties are limited as their
solubility in the aqueous medium. N-heterocyclic compounds are of interest for
chitosan alkylation and new derivatives can be obtained by modification of his
structure resulting thus new structures of biomedical interest Chitosan samples
from two sources were analysed, in which the dissociation is favoured in the
aqueous medium by the presence of a bipyridine salt, N,N'-bis(phenacyl)-4,4'-
bipyridinium dibromide. The synthesis of chitosan’ derivate was conducted in
aqueous medium at 60 °C, by magnetic stirring for 24 hours. The dissociation is
better and reduced the pH, to values lower than pH 6, which suggests the

achievement of favourable structural

arrangements between chitosan and

dibromide bipyridinium. The FTIR spectra parameters indicate the presence of
characteristic bands of the bipyridinium salt in the chitosan derivates structures,
with structural differences in their composition.

KEYWORDS: functionalized chitosan, bipyridinium salt, structure, FTIR

spectrometry

1. Introduction

Chitosan is a biomaterial with a very similar
structure to cellulose, which ensures the structural
integrity and protection of plants and animals, but it is
also useful in the medical field in formulations with
different functions and properties [1-6]. The only
difference between the chitosan and cellulose
structure is the amine group (NH2) in the C-2 position
of the chitosan structure instead of the hydroxyl
group (-OH), present in the cellulose structure [4].

Chitosan, the most widespread biomaterial is
considered a biopolymer that consists of N-acetyl-2-
amino-2-deoxy-D-glucopyranose and  2-amino-2-
deoxy-D-glucopyranose and is a compound that is
easily alkylated with several chemical compounds.
After purification, chitosan has a rigid crystalline
structure, through intermolecular bonding and
intramolecular ~ hydrogen  bonding,  showing
polymorphism. However, unlike plant fiber, chitosan

possesses net positive ionic charges, which enable it
to chemically bond with negatively charged
substances such as fats, lipids, cholesterol, metal ions,
proteins and macromolecules etc., making it a
biomaterial of wide interest [7-13].

By alkylation with chemical compounds (Schiff
bases, N-heterocyclic compounds) at the functional
groups in the structure formed by N-acetyl-2-amino-
2-deoxy-D-glucopyranose and 2-amino-2-deoxy-D-
glucopyranose, many reports have been made
structures of new derivatives of chitosan with relevant
properties and functions in medical and biomedical
applications, as well as in pharmaceutical and
industrial applications [6-7, 10, 13-16].

N-heterocyclic compounds are studied with the
aim to obtain new structures with chitosan, each new
compound confirming properties of biomedical or
pharmaceutical interest [18].

In this work we propose the informal structural
exploration in the obtaining of new derivative by
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synthesis between chitosan from two sources and an
organic compound, N-heterocyclic salt, from the class
of bipyridinium. The Fourier Transform Infrared
Spectroscopy (FTIR) has been performed for analysis
samples. The structure of chitosan is differentiated,
depending on the manufacturer, from which materials
it is obtained, and what degree of alkylation the final
product has, characteristics that can greatly influence
the structure and properties of new chitosan
derivatives.

2. Materials, synthesis and method of
structural analysis

In the synthesis to obtain new chitosan
derivatives, two different chitosan samples were used,
a commercial one marked CH; (Sigma Aldrich
Chemie GmbH; flakes, 85% degree of deacetylation)
and a pharmaceutical product CHs (capsules, with a
content of 15 g chitosan (93% degree of
deacetylation, obtained from the chitin of crustacean

The bipyridinium salt (S) used in the synthesis is
N,N'-bis(phenacyl)-4,4'-bipyridinium dibromide (M =
554 g/mol) obtained in our laboratory according to
the reference [19], the molecular structure being
reproduced below:

2 ety
Opet -0

- 0.2 g of chitosan (CH; and CHs respectively)
were weighed in two glasses and 50 mL of
distilled water was added. The procedure was
followed by heated samples to 60 °C, by
mechanical stirring (700 rpm) for 2 h, in
duplicated samples for each type of chitosan. It
was observed that the chitosan from both types
of samples does not completely dissolve, and the
pH analysed in the samples was 7.42 + 0.04.
Chitosan solutions were evaluated
conductometric and pH-metrically, but also at

shells), cellulose (filling agent), magnesium stearate
and silicon dioxide) (Figure 1.a). The schematic
structure of chitosan of N-acetyl-2-amino-2-deoxy-D-
glucopyranose and 2-amino-2-deoxy-D-
glucopyranose is shown below:

CHs
OH 0='<
NH o NH
HO HO
a OHO 0O g ©
NHz

Chemical analysis of CH. chitosan (fine grated)
by fluorescence spectrophotometry (XRF Niton)
indicates the presence of chemical elements such as:
Ca (1875 ppm), K (450 ppm) Cr (139 ppm), As (2.5
ppm) and Zn, Ni, Cu, Fe, Mn, Se etc., as proof of the
origin of chitosan from seaweed, chitosan being
known as a biopolymer with a high degree of
inhomogeneity [7].

(b)
Fig. 1. Chitosan ‘samples (a) and Bruker Alpha-P ATR FTIR equipment (b)

24 h and after 72 h, and there are no essential
changes.
- 25 mL were measured from the clear chitosan
CHc solution, 0.01 g of the chemical compound,
N,N'-bis(phenacyl)-4,4'-bipyridinium dibromide
salt was added (ratio between chitosan: salt of
10:1) and the mixture was heated to 60 °C, by
mechanical stirring (700 rpm), for 2 h. The
resulting samples were made in duplicates and
marked CH:S;. The pH and electrical
conductivity for solutions are measured using
the Constant C862 multiparametric analyser.
- at each remaining CH, chitosan solution, of 25
mL hydrogel (with undissolved chitosan) was
added 0.01 g of bipyridinium salt, obtaining the
solution/sample marked CH.S,. The samples are
heated to 60 °C, by stirring at 700 rpm, for 2 h.
The pH and electrical conductivity of the
solutions are measured also.
After the addition of the bipyridinium salt, the
solutions showed an intensive red colour, as an effect
of the protonation reaction of the N-heterocyclic salt,
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but colour disappears after 40 minutes of stirring, and
the pH change over time is obtained (value of 5.35 +

13,

\':\:\' i “/

- the same synthesis procedure is followed for
the sample of the pharmaceutical product
and the samples were marked CHy, obtaining
the chitosan derivative with the bipyridinium
salt, in the sample marked CH;Sy,
respectively CHsS;. The solutions have a pH
of 570 £+ 0.02 at sample CH:S; and
respectively of 6.50 + 0.02 at sample CHsS.

The samples synthesised marked CHcS2 and
CHsS, were filtered, resulting solid contents dried in
the oven at 100 °C, weighed and the overage masses
Were: McHese = 1.2566 g (T| = 62.5%), Mchrs2 = 1.1555
g (n=>57.5%).

Fourier transform infrared (FTIR) spectra of the
chitosan powder, salt and chitosan derivates were
recorded using a Bruker Alpha-P ATR (Germany)
with a Diamond Crystal ATR (Attenuated Total
internal Reflectance) accessory, over the range
between 4000 and 400 cm™* with a spectra resolution
of 4 cm™ (Figure 1.b).

3. Results and discussion

Synthesis experiments regarding the absorption
of N-heterocyclic salt, N,N'-bis(phenacyl)-4,4'-
bipyridinium dibromide (S) were carried out in
chitosan solutions, in aqueous medium, samples
purchased from two sources. The new compounds
obtained were analysed physic-chemical and the
investigation of structural characteristics was
provided. The chitosan, samples of CH; and CHs in
aqueous medium indicate a pH value higher than 6.3,
with average values of 7.40 + 0.04 being obtained, a
pH that does not favour total solubilization of them,
because the positive charge of the amino groups is
lost and thus chitosan becomes insoluble in water
[20-21]. Most of the characteristic properties for
chitosan are due to the primary amino groups that at
pKa of 6.3 are found in large numbers in the polymer
chain, for a lower pH, the ions of the NH3* group
transform chitosan into a water-soluble cationic
polyelectrolyte [21-22].

Through the heating process at 60 °C, between
chitosan and salt (ratio of 10:1) with mechanical

0.02 at sample CH.S1, and respectively of 6.70 £ 0.01
at CH.Sy).

" Zam
L/

|CHfS

__4
+| |ICHcS

stirring, after 2 h, pH values of 5.35 * 0.02 are
obtained for samples with CH.S1, which suggests that
through the addition of bipyridine salt, bridges are
created with the functional groups of the chitosan, the
derived compound being a new structure. The pH
value favours the solubility of chitosan in the aqueous
medium. The synthesis procedure in this medium
indicates a yield obtained of over 55%, with a higher
value for samples with CH.. There is possible that at
temperatures over 60 °C there is also a deterioration
of some properties.

Regarding the electrical conductivity analysis in
solutions, CH. shows values A of 110 + 10 pS-cm,
and the CHs solution indicates a less dissociation (52
+ 8 uS-cml), due to their excipients in structure.
When adding an equal amount (0.01 g) of
bipyridinium salt, in both types of samples,
dissociation is favoured in aqueous solutions, the
electrical conductivity value increases, with a greater
tendency for samples with CH¢ (780 £ 21 pS-cm™),
compared to samples with CH; (530 + 12 uS-cm™),
the explanation being the resistance of the excipients.

The samples of chitosan derivatives obtained
were dried at 100 °C and structurally characterised,
by using FTIR spectrophotometry, to identify the
structural chemical characteristics, obtaining useful
information regarding the spectral parameters, the
vibration’s characteristics associations of the various
types of bonds in structures, the existence and the
strength of the chemical bonds between chitosan and
the salt [23-24].

In Figure 2, the FTIR spectra of the chitosan
showed different bonds, indicating some structural
changes between the chitosan powders (CH¢, CHys).
The resulting spectra were compared with standard
chitosan taken as a reference to confirm the structure,
the results being consistent with the data reported by
Puvvada et al. [22]. There are structural differences in
the chitosan composition, the sample marked CHs
(with the excipients), suggests also the possibility of
different structural arrangements, which are not found
in the chitosan marked CH.. This similarity of the
spectra confirms the basic structure of the chemically
chitosan extracted from a different source.
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Fig. 2. FT-IR spectra for chitosan powder and in aqueous medium (CH; CHy), at 60 °C, 700 rpm

In the chitosan derivatives samples obtained
with the N-heterocyclic salt, N,N'-bis(phenacyl)-4,4'-
bipyridinium dibromide (S) (Figures 3-6), FTIR
spectra indicate essential changes for the higher
frequency area, up to 3500 cm™ and around 1500 cm"
1

The representative peaks for the chitosan
samples and for the new compounds are mainly
grouped in three regions. In the area of 3500-3300
cm, the existence of absorption bands confirms the

presence of hydroxyl groups (-OH), from the chitosan
structure. The broadband aspect of absorption
indicates association through hydrogen bonds.
Sample CHc, for example, showing a high absorption
capacity of water molecules (WAz = 355.29 %)
(Figure 4). The broad-band aspect of the absorption
for the chitosan derivative CH.S; (Figure 5) indicates
a somewhat more favourable association through
hydrogen bonds compared to the sample CH:S;
(Figure 6).

| CHcS
1 CHsS

Absorbance Units
-002 000 002 004 006 008 010 012 014
1 Il Il

T
3500 3000 2500

2000 1500

Wavenumber cm-1

Fig. 3. FT-IR spectra for chitosan solutions with addition of 0.01 g of N,N'-bis(phenacyl)-4,4'-
bipyridinium dibromide (S), in aqueous medium, at 60 °C, 700 rpm
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Fig. 4. Comparative FT-IR spectra of clear chitosan solutions, with addition of 0.01 g of N,N'-
bis(phenacyl)-4,4'-bipyridinium dibromide (S), in aqueous medium, at 60 °C, 700 rpm
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Fig. 5. Comparative FT-IR spectra of the chitosan’ derivate CH:S1 and CH.S,, in aqueous medium, at
60 °C, 700 rpm
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Fig. 6. Comparative FT-IR spectra of the chitosan’ derivate CH:S; and CHsS,, in agueous medium, at
60 °C, 700 rpm

The FTIR analysis of samples proved the  dibromide in structure of the new chitosan
N,N'-bis(phenacyl)-4,4'-bipyridinium  compounds (Figure 4) by the vcHarom absorption bands

presence

of
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positioned at 3054-3061 cm?, with a slight shift to the
left (2 cm™) compared to those find in the spectrum of
the bipyridinium salt (Figure 7). The FT-IR spectra at
N,N'-bis(phenacyl)-4,4'-bipyridinium dibromide (S)
were made on solid samples (crystals) and is a

confirmation a series of characteristic bands: 3040-
3000 cm™ (C-Harom), 1730-1722 cm* (C-Oester), 1700-
1670 cm™ (C=0), 1640-1630 cm™ (C=N), 1200 and
1100 cm* (C-O-C) [24].

Absorbance Units
0.08 0.10
L

0.08
L

0.04
L

0.02
L

T T T
3500 3000 2500

2000

Wavenumber cm-1

Fig. 7. FT-IR spectra of N,N'-bis(phenacyl)-4,4'-bipyridinium dibromide (S)

Of interest in the FTIR spectra is the region at
1650 cm, as an effect of the intense absorption due
in particular to the wvalence vibration of the
heterogeneous double bond C=0, component part of
the bipyridinium salt structure, position for samples
and derivatives. And the peak position at 1646 cm
supports new positions for amide bonds forming dn-.

The FT-IR spectral analysis highlights the fact
that, for the same functional group in the spectral
range at 1400-1490 cm?, the characteristic peaks are
more numerous in the chitosan derivatives spectra,
compared to the spectrum of the bipyridinium salt
[20]. At the same time, small shifts of these peak
positions to the right are highlighted, compared to the
FTIR spectrum of the salt, as a result of the complex
steric effects that appear in the new structures of the
chitosan derivatives.

More intense peaks appear in the chitosan
derivatives spectra, at 1191 cm, 1085 cm, 1049 cm-
! and 1014 cm™. The spectra also indicate the
positions of the absorption band, at 1100-1050 cm?,
which characterizes the molecular structure as a
whole and can be attributed to C-O or C-N bonds, the
peak position confirming the structure of the salt in
the chitosan derivative, by comparing it with the
spectrum of chitosan, when the position is shifted
from 1162 cm for vco, towards lower values. The
position at 1029 cm™, assigned for vc.o, is similar in
all spectra with chitosan and its derivatives, with a
shift of 3-5 cm™ to the left in samples with CH.

Spectra proved the presence of amino and
carbonyl functional groups on derivates, available for

binding with biological compounds. Chitosan CHy,
although it indicates links with the bipyridinium salt,
presenting a higher degree of deacetylation, is not
recommended for the continuation of our study, due
to the presence of excipients in the structure, which
affects the properties. Chitosan CHc, although it has a
lower degree of acetylation, structurally confirms a
chitosan derivative, with bipyridinium salt, promising
new properties, but there are studies that recommend
much higher degrees of deacetylation. Derivates of
chitosan are interesting biomaterials which could
promise a potential in the biomedical applications
[16, 18, 25-26].

4. Conclusions

The chitosan samples, from two sources, show
dissociation in aqueous medium, for weak basic pH,
which indicates less solubilization of their structure.
The dissociation is favoured by the presence of the
bipyridinium salt in the synthesis process for new
derivates, with notable differences between the two
samples of different origin. In the synthesis solutions,
for new chitosan derivates, the pH is reduced when
bipyridinium salt is added, which suggests the
achievement of favourable structural arrangements
between chitosan and N heterocyclic salt, in the
aqueous medium, the values pH reaching 6.3. The
FT-IR spectrum confirms the presence of the
characteristic bands for the bipyridinium salt in the
new structures, but indicates structural differences
that appear in their composition, and excipients
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influence the data. The mechanism study of the
reaction between chitosan with bipyridinium salt is of
interest, the nature/type of chitosan samples is
important and the degree of deacetylation of chitosan
has a decisive role in the synthesis process. Results
justify the usefulness of FTIR spectroscopy for
chitosan derivates structural investigation.
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ABSTRACT

The paper shows the method of making the equations of the mathematical
model that describes the dependence of several mechanical and casting properties
on the chemical composition of the cast irons of the second fusion and on the

casting conditions.

The chemical composition taken into account refers to the contents of C, Si

and Mn and the casting conditions analysed were:

casting temperature,

superheating time and superheating temperature.

After performing the specific mathematical

calculations, the specific

mathematical equations were obtained that describe the dependence of the studied
properties according to the parameters of the casting process taken into account.

KEYWORDS: casting temperature, fluidity, gray cast iron, mathematical

model

1. Introduction

The global energy crisis determines the use of
material resources that include low manufacturing,
processing and exploitation costs. Thus, the existence
and accessibility on the market of materials with
increasingly high mechanical performances is taken
into account.

The development and casting of cast iron is not
a simple but a complex process. This process depends
on many factors that have an important influence on
the mechanical properties of the cast iron parts thus
made [1, 2].

Cast irons are second fusion cast irons usually
produced in arc furnaces or induction furnaces. These
cast irons, if they are developed according to the
standards in force and if they are subsequently
applied to certain specific treatments, can compete in
properties even with some steels [2].

For the most precise management of the
elaboration and casting processes, it is useful to resort
to the establishment of mathematical models based on
which to find the most efficient agreement between
the values of the parameters of the two processes and
the values of the properties that these pieces must
achieve [3].

The construction of a mathematical model for
any process is conditioned by the fulfilment of some
contrary requirements that must be met in the most

balanced way possible. On the one hand, the
developed mathematical model must be quite simple,
be a representation of the real system with a certain
degree of abstraction, and on the other hand, it must
be a fairly faithful representation of the system it
models [4].

In the complete understanding of reality, it is
often necessary to know, understand and master the
connections between two or more phenomena,
quantified by variables.

This actually requires being able to build and
then use for forecasting, the so-called statistical
models or regression models, these being models that
describe the existing correlation between any two
variables and, in particular, between a variable and
time [5].

Most of the time, the foundation of these models
is based on a large volume of data and this is where
the software packages designed to assist the forecast
calculations prove their usefulness.

In regression modeling we start from the
following situation: given two variables X and Y,
studied in a population A, the question arises whether
between the two variables, respectively between the
phenomena described by them, there is a certain
dependence called correlation [4, 5].

A rigorous substantiation of the existence of a
correlation and then of the model that describes the
correlation, also called a regression model, can be
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done based on the calculation and interpretation of
some statistical indicators [5, 6].

In the case of some regression model, the
forecast based on the model is the more truthful, the
better the model is chosen to fit the data and the
smaller the forecast horizon.

Regression models are part of the category of
stochastic  (statistical) models, in which all
explanatory factors of a phenomenon, which do not
find their place directly in the model, appear
accumulated in the form of a random variable called
error.

A variable Y (the output parameter) that
quantifies the studied phenomenon can be explained
by regression on one or more explanatory factors X

(input parameters). If we have two or more
explanatory (predictive) factors, Xi, Xz, ..., Xp, then
the regression is called multiple and the
corresponding model will be [4, 6]:
Y = (X1, Xz, ..y Xp) Q)
2. Experimental conditions
The casting properties and mechanical

properties of some cast irons produced in electric
induction furnaces were investigated as a function of
chemical composition and casting conditions.

The cast iron was developed in the induction
furnace having as raw materials carbon steel waste,
superheated to 1550 °C. The modification process
was done in the silicocalcium pot.

The mathematical model that was proposed to
create is based on the active experiment method that
uses a number of data obtained by performing
programmed experiments.

The equation of the mathematical model is of
the form of equation (1) and written unfolded has the
form:

Y=Dbo+X1 -b1+X2-bo+ X3 -b3+X4-bat+ X5 -bs+ Xe -be, (2)

The independent variables of the proposed
mathematical model are the following:

X - carbon content, in %;

X2 - silicon content, in %);

X3 - manganese content, in %;

X4 - casting temperature, in °C;

Xs - overheating time, in °C;

Xs - overheating temperature, in °C.

The dependent variables of the proposed
mathematical model are:

Y - fluidity, in mm;

Y - linear contraction, in %;

Y3 - initial expansion, in %;

Y4 - tendency of hot crack formation, in %;

Ys - bleaching tendency, in %;

Ys - HB type hardness, in MPa;

Y7 - tensile strength, in MPa.

The chemical composition, the content of C, Si
and Mn, of the cast irons subjected to the experiments
is shown in Table 1.

Table 1. C, Si and Mn content of the cast irons
under investigation

%C %Si %Mn
Min 2.5 1.5 0.2
Max 3.5 2.5 0.6
The  experimental conditions  (pouring
temperature, superheating temperature and

superheating time) are those from Table 2.

Table 2. Experimental conditions

Nr.| Pouring Overheating | Overheating
crt.| temperature, | time, in min. |temperature,
°C in°C
1 1450 40 1580
2 1400 30 1530
3 1350 20 1480

After conducting the experiments, the basic
level, the upper level, the lower level and the range of
variation of the values for the six parameters
considered in order to create the equations of the
mathematical model for the researched process were
established. The upper level was denoted by (+1), the
lower level by (-1), the base level by (0), and the
variation range by Axi. Table 3 illustrates these
notations with their associated values.

Table 3. Initial calculation data

T\?aerllz\ﬁc:r?f X1 | Xe | Xs | Xae | Xs | X
Top Level (+1) 3.5 2.5 0.6 1450 40 1580
Base Level (0) 3.0 2.0 0.4 1400 30 1530

Lower Level (-1) 2.5 1.5 0.2 1350 20 1480

The range of 05 | 05 | 02 | s0 | 10 | s0

variation Axi
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Since k (the number of variables) is equal to  conditions: 1 = X1 X3 X5 = X1 X4 X6 = X2 X3 Xs = X2 X4 Xs
six, 26 = 64 experiments should be performed, but = X1 X2 X3 X4 = X1 X2 X5 X6 = X3 X4 X5 Xs, (3).
since the values of six coefficients have to be The experimental matrix for the 8 experiments is
calculated, | made a fractional program with a replica  shown in Table 4.
of 1/8 of 64, namely 8 experiments with the The values of the coefficients resulting from the

calculations are presented in Table 5.

Table 4. Matrix of the experiment

e':‘(; Xo | Xi | Xo | Xs | Xa| Xs | Xe| Y1 | Y2 Ys Ya | Y5 | Yo | Y7

1 |[+1]-1|-1]-1]-1|-1]-1] 163 |1.8|0.015| 83 | 100|429 |35.0
+1 [ +1 | -1 | +1[-1|-1]+1| 573 |14 |0.057|315]| 48 | 235|235
+1 | +1|-1]-1[+1|+1]-1]1210]|1.0|0.170| 7.0 | 60 | 248 | 18.3
+1 -1 | +1 |41 -1 |+41]-1] 450 | 1.5 0.050 | 52.5 | 100 | 415 | 29.4
+1 -1 | +1|-1|+41]-1]+1] 540 |15| 0015|335 | 74 | 277 |30.0
+1 | +1 | +1 |41 |+1]-1]-1]1033|1.0]0015| 2.0 | 59 | 235 15.0
+1 | +1 | +1|-1|-1]+1]|+1] 840 | 15| 0.040 | 15.0| 54 | 212 | 13.6
+1 ] -1 -1 |+1 |41 | +1 ]| +1] 455 | 2.8 ] 0.030 | 55.5 | 100 | 415 | 14.4

(N[O~ |W N

Table 5. Values of regression coefficients

Property bo b1 b2 bs b4 bs bs
Y1 645.5 256 57.75 -30.25 | 1515 | 80.75 -56
Y> 1.56 -0.34 -0.19 0.11 0.01 0.14 0.24
Y3 0.045 | 0.025 | -0.015 | 0.015 | 0.005 | 0.02 | -0.017
Ya 35 -21.25 -9.25 -0.4 -10.5 -3.5 -1.1
Ys 74.3 -19.1 -2.62 2.37 -1.12 | 4.12 -5.37
\6 308.3 -75.8 -23.5 16.8 -14.5 14.3 -23.5
Ys 22.9 -5.3 -0.9 -2.3 -3.5 -4.0 -2.5

The equations of the mathematical model whose
coefficients were calculated are:

Y, = 645,54 256 - X; + 57,75 - X, — 30,25 - X5 + 151,5- X, + 80,75 X — 56 X; (4)
Y, =156 —-034-X, — 0,19 X, + 0,11 X; + 0,01- X, + 0,14 X: + 024" X, (5)

Y; = 0,045 + 0,025 - X; — 0,015 - X, + 0,015 - X5 + 0,005 - X, + 0,020 - X5 — 0,017 - X,
(6)

Y,=35-—2125-X,—-9,25- X, —0,4-X;—10,5- X, —35-X. —1,1-X, (7
Y. =743—-191-X, — 2,62 X, + 237 Xz — 1,12 X, + 412 X: — 5,37 X, (8)
Y, = 3083 —758-X, — 23,5 X, + 16,8 X3 — 14,5 X, + 14,3 - X; — —23,5 - X, (9)

Y, =229-53-X,-09-X,—23-X:—35-X,—40-Xs —25-X,  (10)

c—3.0 5i—-2.0 Mn—-0.4 Tr—1400 Teupr—30 Teupr—1530
where: xy = —— X3 = —— X3 = L Xy = x5 = Ty =
0.5 0.5 0.2 50 10 50
3. Conclusions - with the increase of carbon and silicon content,

the fluidity of the alloy increases and the linear
From the analysis of the equations of the  contraction, the tendency to form hot cracks and the

developed mathematical model, the following tendency to bleach decrease;
conclusions result:
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- hardness and tensile strength decrease as the
carbon and silicon content increases;

- from equation (4) it can be seen that the
casting temperature and the overheating temperature
have a strong influence on the fluidity of the alloy,
being directly proportional to it;

- the longer the overheating time, the more it
leads to a decrease in the strength characteristics of
the cast alloy, according to equations (9) and (10);

- the superheating temperature has a not very big
but similar influence to the superheating time on the
mechanical characteristics (mechanical strength and
hardness) as shown by equations (9) and (10).
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PHYSICO-CHEMICAL ANALYSIS OF DRINKING WATER
FROM THE TOWN OF BARLAD, VASLUI COUNTY

Gina Genoveva ISTRATE, Irina-Nicoleta PENI$OAR§
“Dunarea de Jos” University of Galati, Romania
e-mail: gina.istrate@ugal.ro

ABSTRACT

The quality of drinking water was investigated in two localities from Vaslui
county (Bdrlad and Valeni) by comparison with a sample from Galati county. A
number of parameters such as pH, turbidity, conductivity, nitrates, nitrites,
temporary hardness, dissolved oxygen were analysed for each water sample
collected during the month of May. The obtained values of each parameter were
compared with the standard values set by the local standards, Law no. 458/2002

regarding the quality of drinking water.

KEYWORDS: drinking water, physico-chemical analysis, nitrate, pH value,

hardness

1. Introduction

Water is an essential constituent of living
matter, having a role in the development of vital
processes. For the adult human body, water represents
approximately 60% of its body weight. Drinking
water is important to public health, whether it is used
for domestic use, recreational purposes, or food
production. Improved water supply and sanitation and
better management of water resources can boost
countries' economic growth and contribute greatly to
poverty reduction [1].

The water quality of Romania is monitored
according to the methodological structures and
principles of the Sistemului de Monitoring Integrat al
Apelor din Roménia - S.M.lLA.R. (Integrated Water
Monitoring System in Romania), restructured
according to the European Directives’ requirements.

A number of scientific procedures and tools
have been developed to assess drinking water
contaminants. These procedures include the analysis
of wvarious parameters such as pH, turbidity,
conductivity, total suspended solids (TSS), total
dissolved solids (TDS), temporary and total hardness,
dissolved oxygen. These parameters can affect the
quality of drinking water, if their values are in
concentrations higher than those of the safety limits
established by the World Health Organization (WHO)
and other regulatory bodies. Therefore, drinking
water quality survey by researchers and government
departments has been regularly conducted all over the
world [2-4].

Nitrates are a common pollutant of drinking
water, with a major source being the use of fertilizers
in agricultural activities, and in some countries nitrate
levels in drinking water supplies have increased due
to more intensive agriculture and animal husbandry.
Nitrates in water are dangerous because they turn into
nitrites, either by boiling or in the body, and nitrites
affect haemoglobin and metabolism. The exposure
limit for nitrate in drinking water set by the World
Health Organisation (WHO) and adopted by many
countries, is 50 mg/L NOs (nitrate ion). Several
epidemiological studies have investigated the possible
association between chronic exposure to nitrates in
drinking water and the risk of bladder, colon or rectal
cancer [5-6].

The determination of microplastics or antibiotics
in drinking water is also very topical. The number of
scientific publications on microplastics in surface
water and in drinking water has increased
exponentially. These indicated that microplastics are
frequently found in drinking water sources. The
effects on human health are not yet known, but plastic
often contains additives such as stabilizers or flame
retardants, as well as other toxic chemicals that can be
harmful to animals or humans who ingest them [7, 8].

In order to carry out the water quality study,
four samples of drinking water were collected from
different areas: one sample of well water and one tap
water from the town of Valeni — Vaslui county; one
sample from the tap of the public supply system in
the town of Bérlad and one sample from the tap of the
public supply system in the town of Galati. The water
samples from Galati and Valeni, Vaslui county, were
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analysed in order to compare the tap water of the
public supply system of Bérlad.

2. Experimental results

2.1. Determination of water turbidity

The turbidity of the water is due to the presence
in water of very fine particles (organic and inorganic)
that are in suspension and that do not settle over time.
Turbid water is an epidemiological danger because
suspended particles can constitute a support for
pathogenic germs.

Turbidity represents the optical scattering effect
of a light flux when passing through a fluid medium
that contains particles in suspension or in a colloidal
state.

The quantitative determination of the turbidity is
done in the laboratory with the turbidimeter (Figure
1). The determination of turbidity is based on the
Tyndall effect, according to which turbid water
becomes bright if a light beam passes through it, due
to the fact that the suspended particles laterally scatter
some of the light rays [9].

Fig. 1. Turbidimeter HACH

The measure unit used in measuring turbidity is
the Formazin Nephelometric Unit (FNU). Figure 2
shows the results obtained after the turbidity
determination.

From the chart it can be seen that the water
sample that has the highest turbidity value is the
Vileni well water - 1.2 FNU, while the other samples
have values close to 0.4 FNU. From the analysed
samples, none of them exceeded the maximum value
allowed by the legislation in force, according to Law
458/2002 including subsequent amendments and
additions. The maximum admitted valued is 5 FNU.

Therefore, all analysed samples are within the
maximum limit allowed by the law in force.

14 , 126
1.2
2
= 0,8 1
=
3 06 0,38 0,42
= § A2 o
5 0.4 : 0,27
C
0
Villeni well Galati Birlad Vileni

Sampling areas

Fig. 2. Results obtained from the determination
of turbidity

2.2. Determination of water pH

The water’s pH is one of the most important
factors when it comes to water quality, irrespective of
whether it is well water or drinking water from the
public supply system. Law no. 458/2002 regarding
the quality of drinking water stipulates a pH between
6.5-9.5. Water that has a pH between 0-7 is
considered acid, the pH 7 of the water shows that the
water is neutral, and above the level of 7 pH units the
water has a basic character, it is alkaline.

The pH determination for this article was carried
out with the HACH multiparameter with the special
pH probe. Figure 3 shows the results obtained after
the pH determination.

10 1

8 -

9.01
oo 719 7,55
6 -
4 -
2 -
0 -

Vileniwell Galati Birlad Valeni
Sampling areas

pH [pH units]

Fig. 3. Results obtained from the determination
of pH

From the above chart, it can be seen that the
water sample with the highest pH is the one collected
from the public supply system of Bérlad with a value
of 9 pH units that has an alkaline character, while the
other analysed water samples have close pH values
between 6.69 to 7.55.

According to Law no. 458/2002 regarding the
quality of drinking water, the pH value of the
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drinking water must be between 6.5 and 9.5 pH units.
All analysed water samples do not exceed the
maximum value allowed by the legislation in force.

2.3. Determination of water conductivity

Conductivity is a measure of the water’s ability
to conduct an electrical current. Conductivity in water
is affected by the presence of dissolved inorganic
solids, like chloride, nitrate, sulphate, and phosphate
anions (ions that carry a negative charge) or sodium,
magnesium, calcium, iron, and aluminium cations
(ions that carry a positive charge).

The basic unit of conductivity is the siemens.
Conductivity is measured in micro siemens per
centimetre (ps/cm).

Conductivity is measured with the HACH
multiparameter and a probe for determining
conductivity. The voltage is applied between two
electrodes in a probe immersed in the water sample.
The voltage drop caused by water resistance is used
to calculate the conductivity per centimetre. The
indicator converts the probe measurement in micro
siemens per centimetre and displays the result to the
user.

1000 A
900 -
800
700
600
500

873 859 874
E 571
300 : I
0 :

400
200
100

Vialeniwell Galati Birlad Valeni
Sampling areas

Conductivity [uS/cm]

Fig. 4. Results obtained from the determination
of water conductivity

From the data presented in figure 4, it can be
seen that the highest value of conductivity is the
Valeni tap sample, i.e., 874 pS/cm, and the lowest
conductivity was obtained by the drinking water from
the public supply system of Barlad.

According to the legislation of Romania, the
admitted value for the water’s electrical conductivity
is 1000 pS/cm, which indicates that the analysed
samples are within the limits imposed by the
legislation.

2.4. Determination of hardness

The water hardness is the total concentration of
calcium and magnesium ions from a water sample
and is indicated as calcium carbonate concentration.
Temporary hardness is a part of the total hardness that
disappears on boiling.

The main natural sources of hardness in water
are polyvalent metallic dissolved ions from
sedimentary rocks, seepage and leaks from soils.
Calcium and magnesium, the two main ions, are
present in many sedimentary rocks, the most common
being limestone and chalk.

Water hardness is measured in hardness degrees
(German - °dH, French - °TH, English - °e, American)
and in mE/L (milliequivalents/liter of water).
Romania the German hardness degree is used (°dH).

45,0 +
40,0
35,0 -
30,0 -
25,0 -
20,0 -

15.0 1 11,5248
10,0

0,0 - l

5.0
Vileniwell  Galati Vileni Birlad
Sampling areas

Temporary hardness
[german degrees]

Fig. 5. Results obtained from the determination
of temporary hardness

After determining the temporary hardness of the
analysed water samples, it was observed that the
lowest value was obtained for the water sample
collected from the public supply system of Bérlad,
with a value of 11.52 German degrees, and the
highest value is from the Vileni tap water, with a
value of 39.2 German grades.

2.5. Determination of nitrates

Nitrates are also found naturally at safe and
healthy levels in some foods (such as spinach and
carrots) and come from natural processes such as
plant decomposition. Nitrates are in many fertilizers
used on yards, golf courses and crops. Other sources
of nitrates include discharge from sewage systems
and animal waste.

Natural processes can lower the level of nitrates
in drinking water — usually less than 3 mg/L. The
health concern is with nitrate levels above 10 mg/L.
High level of nitrates in water can be the result of the
leak or leaks from fertilized soil, sewage, landfills,
animal feedlots, septic systems, or urban drainage. It
can be difficult to identify the source of nitrates in
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drinking water because there are a lot of possibilities
[10].
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Valeni Valeniwell Birlad Galati

Sampling areas

Fig. 6. Results obtained from the determination
of nitrates

According to the attached chart in figure 6., it
can be observed that the highest value for nitrates was
obtained by the well water sample from Vileni —
Vaslui county, with a higher value than the other
samples, i.e., 11.4 mg NOgs/L, followed by the other
samples with low values. The lowest value was
obtained by the sample collected from the public
supply system of Galati.

Romanian legislation imposes a maximum
admissible limit for nitrates in water of 50 mg NO3
/L, which means that no sample exceeded the
maximum amount allowed by law.

In Romania, nitrate poisoning is still a
problematic reality, especially in the north-eastern
region of the country.

2.6. Determination of nitrites

Nitrites are a salt or ester anion of nitric acid
that can be naturally or artificially present in
groundwater. Nitrites come from fertilizers through
water drain, sewage and mineral deposits. Nitrite is
used in food production for curing meat products
because it inhibits the growth of bacteria.
Unfortunately, it can also stimulate bacteria growth
when it is introduced in high levels in a body of
water.

—_ 0,773
= 08
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=I1]
g
g 0.4
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A
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Valeni Vileniwell Birlad Galati
Sampling areas

Fig. 7. Results obtained from the determination
of nitrites

High levels of nitrites are toxic for people and
animals, especially for babies. They can enter the
body as nitrates, a nutrient that is essential for plant
growing and it can be transformed in nitrites that
disrupt the ability of haemoglobin to deliver oxygen
in the bloodstream [10].

According to the above chart, it can be seen a
high difference between the highest and lowest value.
The highest value of nitrites can be found in the water
from the public supply system of Valeni with a value
of 0.773 mg NO2/L, while the other samples have
close values. The lowest value was obtained for the
water sample from the public supply system of Galati,
0.013 mg NO27/L.

The Romanian legislation provides an
admissible maximum limit of 0.5 mg NO2/L.
Therefore, it can be observed that the tap water
sample from Valeni — Vaslui county, exceeds the
maximum concentration allowed by law with a value
of 0.22 mg NO7/L.

2.7. Determination of oxygen content in
waters

Oxygen is a soluble gas and it is found in water
as O, molecules. The presence of oxygen in water
conditions the existence of the vast majority of
aquatic organisms. All waters that are in contact with
the atmospheric air contain dissolved oxygen while
underground waters are low in oxygen. The solubility
of oxygen in water depends on atmospheric pressure,
air temperature, water temperature and salinity.

The volumetric (iodometric) method was
proposed in order to determine the oxygen.

10 8.82
8

6.52 6.58
i I I 5.46
O I

Vileni Valeniwell Birlad Galati

Sampling areas

=

Oxygen dissolved [mgO2/L]
[S%]

Fig. 8. Results obtained from the determination
of oxygen dissolved

The concentration of dissolved oxygen is
expressed in mg OJ/L or by the degree of water
saturation with oxygen. The saturation degree
represents the ratio between the quantity of oxygen
found in the analysed water sample and the quantity
of oxygen dissolved in water under saturation
conditions [10].
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Oxygen dissolved in water oxidizes the
manganese hydroxide in manganic hydroxide which
in the acidic environment removes iodine from
potassium iodide in an amount equivalent to the
oxygen dissolved in water and which is titrated with
sodium thiosulfate in the presence of starch solution.

In the chart presented in figure 8, it can be seen
that the highest value of oxygen content in water was
determined for the water sample from the public
supply system of Vileni with a value of 8.82 mg
O2/L. The lowest value was obtained by the water
sample collected from the public supply system of
Galati with a value of 5.46 mg O/L.

From the presented data, it can be observed that
the highest value for oxygen saturation is obtained for
the tap water sample from Vileni — Vaslui county
with a value of 99.932%. The well water sample from
Valeni and the water sample from the public supply
system of Béarlad have close values of 78% and the
lowest value was obtained for the public supply
system with drinking water of Galati, i.e., 65.179%.

3. Conclusions

Following the determinations made, we can
conclude that:

- all analysed water samples do not exceed the
maximum value of pH, conductivity, temporary
hardness, nitrates and oxygen dissolved allowed by
the legislation in force;

- the highest value of nitrites can be found in the
water from the public supply system of Valeni with a
value of 0.773 mg NOy/L. The Romanian legislation
provides an admissible maximum limit of 0.5 mg
NO2 /L. Therefore, it can be observed that the tap
water sample from Vileni — Vaslui county, exceeds

the maximum concentration allowed by law with a
value of 0.22 mg NO7/L.
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TRENDS ON REINFORCED POLYMER COMPOSITES - A REVIEW
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e-mail: mihaela_gorovei@yahoo.com

ABSTRACT

In recent years, the interest in using fiber reinforced composites (FRC) has
increased due to their potential to replace traditional materials in various
applications. The advantages of polymer composites from natural fibres are:
biodegradability, high performance, market availability and low price. This article
is based on a review that discusses both polymer composite materials and typical
applications by other authors on fiber reinforced composites (FRCs).

KEYWORDS: polymer, fibres, composites

1. Introduction

The development of composite materials plays a
crucial role in the advancement of technology [1-5].
Considering that both industrial and technological
requirements are continuously increasing in fields
(energy, naval, aerospace and automotive), there is a
need for devices based on high-performance materials
that can perform more than one function. This
frequently involves the ability to respond in a
controllable way to a certain physical or chemical
stimulus, changing at least one of the material
properties in direct correlation with the external
stimulus [6].

Fiber reinforced composite materials are used in
various industries due to their mechanical strength,
modulus and  corrosion  resistance.  Polymer
nanocomposites based on carbon nanostructures for
strain and temperature self-sensing have been
proposed as the next generation of materials that are
expected to overcome the well-known problems of
inorganic sensors, such as complex processing,
brittleness, narrow sensing range, and high sensitivity
[7-10]. The polymer blend is the addition of two
polymers at the macromolecular level, and the phase-
separated morphology will influence the mechanical
performance of the blend. Due to the poor reactivity
of polymer-based materials with modifiers, poor
adhesion between the epoxy and the modifier can
result, and that can lead to a reduction in the
mechanical properties of the composite. Therefore,
the characterization of polymer matrix composites is
essential [11].

For the synthesis of polymer-based composites
there are, at least, two processes that are governing

the formation of polymers and associated composites:
direct processing and in situ preparation. The direct
mixing method involves synthesizing the desired
nanomaterial and then dispersing it into the polymer
matrix either by solution or mechanical dispersion. In
the case of preparing composites based on in situ
polymerization, the polymeric material creates a
microenvironment to produce the desired metal/metal
oxide from the precursors through series of chemical
reactions. This process is of particular interest
because the particle size and morphology could be
easily controlled [12]. Analysing current trends, it can
be seen that fiber reinforced thermosetting composites
are among the most important materials. Due to the
reliable mechanical performance of fiber reinforced
polymer (FRP) composites, they have gained a huge
market opening with inherent properties such as high
corrosion resistance, high strength and improved
fatigue resistance. These properties are superior
because they are based on the interfacial bonds and
cross-links between the matrix and the fiber.
Thermosetting matrices such as epoxy, vinyl ester
and polyester are commonly used as polymer
matrices.  Among  them, epoxy resin is
commercialized as a structural adhesive and as a
polymer matrix for FRP composites [13].
Modification of epoxy resin (EP) with nanofillers has
been extensively explored over the past three decades.
Nanomaterials  including  carbon  nanotubes,
nanofibers (VGCF), organoclay, graphene oxide
(GO) and its derivatives, functionalized aramid
nanofibers (FANF) have been used in EP modification
[14].
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2. Kevlar fibres

Due to its unique properties, Kevlar fiber has
become very popular as reinforcing material in
composite materials, and its applications are
considerably increasing [15-17]. Composite materials
reinforced with synthetic fibres have become
significantly popular over the years [18-20]. Among
the synthetic fibres, poly-aramid fibres known as
Kevlar fibres are mainly used for applications in
industrial and advanced technologies such as ballistic
armour, helicopter blades, pneumatic fittings, sports

goods [21-23]. Their application has become
considerably very wide due to its excellent
mechanical properties, lighter weight, unique

flexibility, corrosion resistance, ease of manufacture,
etc. [24-26]. Compared with other synthetic fibres,
Kevlar fiber has an elongation of fibres significantly
lower and higher tensile strength and modulus [27].
They also exhibit very good properties at high
temperatures for a polymeric material [28-30]. The
glass transition temperature of Kevlar fiber is around
360 °C and it does not melt like nylon [31-33].

3. Polymer matrix composites (PMCs)

PMCs are promising materials for
engineering applications due to their
properties such as self-lubricating properties,
excellent chemical stability, electrical insulation
properties, and wear resistance [34-37]. They have
applicability in the aerospace, marine and sports
industries. Also, other applications include the toy
industry, coal handling equipment in power plants,
bearings, transmission pumps, cosmetics and medical
devices [38-42]. The advantages of polymer
composites from natural fibres are: biodegradability,
high performance, availability on the market and low
price [43-48]. Hybrid composite is the material made
from natural fibres and carbon fibres [49-51]. Interest
in fabric-reinforced thermoplastic matrix composites
has increased in recent years due to their faster
processing possibilities compared to traditional
thermo-resistant matrix composites [52, 53]. Textiles
pre-impregnated with thermoplastic resins can be
heated above the melting point of the matrix in
seconds using infrared heaters and can be formed into
a three-dimensional (3D) component [54-62], which
involves significantly longer cycle times shorter than
autoclave processing or resin transfer techniques [63-
72]. Advanced fabrication techniques such as local
reinforcement by tape placement is also facilitated
due to the presence of the thermoplastic matrix [34].
Improved performance, shorter cycle times and
reduced density are some features that have made
woven thermoplastic composites attractive for the

many
superior

aerospace and automotive industries [73-76]. Polymer
matrix composites can be fabricated by various
methods such as liquid casting, compression
moulding, resin injection, and injection moulding, all
of which belong to autoclave manufacturing methods
[77-79]. In the field of external strengthening and
repair of existing structures made of traditional
materials such as concrete and masonry, fiber
reinforced polymer (FRP) [80-84], has attracted much
attention worldwide due to its ease of application,
ability to limit impact aesthetic of repair works to the
original structure and its appropriate reversibility for
historical or artistic reasons [85-89]. Currently,
almost all FRP applications [90-92], involve FRP
made with glass fiber (GFRP) [93-96], carbon fiber
(CFRP) [97-102], and in a smaller measure aramid
fiber (AFRP) [103-117].

4. Epoxy resin

There are different types of epoxy resins, such
as bisphenol A diglycidyl ether, cycloaliphatic epoxy
resins, trifunctional epoxy resins, and tetrafunctional
epoxy resins [118]. The global commercialization of
epoxy resins market reached USD 25.8 billion in
2018, and for the year 2022 it is estimated to be
around USD 34 billion [119]. Among these,
bisphenol A diglycidyl ether is the most widely used
in the coating industry due to its low cost and many
desirable properties such as hardness, gloss and
chemical resistance. Epoxy resin is one of the most
common thermoset resins widely used as composite
matrix and high-performance coatings due to its
excellent characteristics such as: mechanical strength,
chemical resistance, low shrinkage and electrical
insulating properties [120-122]. Since the 1950s,
various reports have appeared in the literature
detailing the complex internal nanostructure of epoxy
resin [123]. One of the disadvantages of epoxy resin
is the brittleness caused by the tight three-
dimensional (3D) polymer network. In recent years,
efforts have been made to solve the problem of
fragility. The hardness of epoxy can be improved by
using elastomers, thermoplastic materials, nanofillers
[124]. The most common component of epoxy resins
is diglycidyl ether bisphenol A (DGEBA). DGEBA is
industrially synthesized by reacting bisphenol A
(BPA) with a large excess of epichlorohydrin under
alkaline conditions [125]. The behavior of the resin
depends on certain factors such as time, temperature,
curing speed and pressure on the curing process.
Characterization of the cure-dependent thermo-
mechanical behavior of a fast-curing resin under
process-relevant conditions remains a challenge [126-
128]. It is known that when properly cured, epoxy
resins exhibit a high crosslink density. When used as
matrices in polymer composites, brittle resins can
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produce composites with low damage tolerance [129-
131]. Epoxy resins are frequently used as matrix of
fiber reinforced composites. Matrix cracking has been
shown to occur throughout the fracture process of the
composite, particularly under fatigue loading.
Brittleness of epoxy resins is the main source of
composite failure, which can trigger composite
defects such as delamination and debonding [132].

5. General presentation of the
applications of composite materials

Cheng Chen et al. [133] performed a
comparative analysis of natural fiber reinforced
polymer and carbon fiber reinforced polymer for the
strengthening of reinforced concrete beams. Due to
the large amount of impregnated epoxy resin, the cost
advantage of natural fibres was offset, and the overall
cost efficiency of NFRP laminates ranged from 60%
to 160% compared to CFRP laminates.

Sebastian Huayamares et al. [134] used
unidirectional glass fiber reinforced epoxy, carbon
fiber reinforced quasi-isotropic epoxy, and quasi-
isotropic glass fiber reinforced epoxy to compare
three-point bending and torsion methods to determine
the viscoelastic properties of fiber-reinforced epoxy.
This study showed that an irregular sample width can
result in large dispersions in storage modulus values.
Torsion tests, on the other hand, gave results that
were consistent for fiber-reinforced composites
regardless of specimen length, providing a more
suitable method if materials are scarce and specimen
length must be limited. Absolute values for
viscoelastic properties cannot be directly compared
between the three-point bending and torsion methods.
At three-point bending, the storage and loss moduli
were always higher than those measured in the
torsional modulus for all of the studied composites.

This demonstrates that three-point bending
measures higher moduli than torsion, regardless of
fiber orientation, fiber type, or epoxy resin used for
the two devices and test modes specified in this study.

Abdel-Hamid I. Mourad et al. [135] investigated
the effect of nano additives on the damage resistance
of a newly developed Kevlar fabric. Three types of
nano additives were investigated: (1) silicon carbide
(SiC), (2) aluminium oxide (Al.Os), and (3) carbon
nanotubes. Damage was mainly observed in and
around the impact area. The addition of small
amounts of nano additives to Kevlar composites
effectively improved the damage propagation
resistance and interlaminar shear strength of the
fabricated composites. In addition, increasing the
nano additive content an improvement in the energy
absorption capacity of the composites, especially with
SiC and Al;Os is observed, as the number of damaged

layers and the percentage of damaged area decreases.
Among all the samples examined, the lowest number
of damaged layers with the smallest damaged area
was obtained with the addition of 0.5% by mass.

Ali Tabatabaeian, and Ahmad Reza Santhosh G.
and Rajath N. Rao [136] fabricated polymer hybrid
composites based on thermosetting resins using
different hybrid fibres/fabrics with and without castor
oil. The effect of reinforcements and/or castor oil on
mechanical and thermal behaviours were evaluated.
The results showed that the tensile, flexural and
impact strength of composites with castor oil
increases compared to composites without castor oil.
The thermal behaviour was evaluated using DMA,
the results showed an increase in the damping
properties of the composites with castor oil. Lower
glass transition temperature for castor oil composites
indicated better damping behavior at higher
temperatures.

Bo Yang et al. [137] analysed the nesting effect
on laminates. They found that compared to increasing
the length of the main flow channel, decreasing the
width is a more significant factor in reducing
through-thickness permeability. The results also show
that a considerable degree of Nesting can occur due to
unidirectional displacement, the total thickness can
decrease by up to 5-6%, and the through-thickness
permeability reduction can reach up to 80%.
Bidirectional fabric displacement leads to a greater
degree of Nesting, the total thickness decreases by
more than 12%, and the through-thickness
permeability decreases by more than two orders of
magnitude.

Dhanush Kumar et al. [138] analysed the tensile
behavior of Kevlar and glass fiber reinforced hybrid
polymer composite as a function of cut-out size and
position. Based on the experimental results obtained
after subjecting the Kevlar and fiberglass reinforced
composites to tensile testing, the authors state that the
strength of the plates was improved by making the
holes further from the centre, where the load carrying
capacity was higher and the concentration factor upon
request it was smaller. The authors stated that by
moving the holes away from the centre a higher load
capacity is obtained. It was also observed that the
strain hardening coefficient increases linearly from
sample 1 to sample 5 indicating higher resistance to
necking before fracture. This means that the boards
can be stretched longer by moving the holes away
from the centre.

Silvio Leonardo Valenca et al. [139] evaluated
the mechanical behavior of epoxy composite
reinforced with plain Kevlar fabric and glass/Kevlar
hybrid fabric. Thanks to the values obtained after the
mechanical tests, it can be seen that the structures
developed with Kevlar and glass fiber hybrid fabrics
have transferred the highest values of mechanical
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strength and specific stiffness, becoming a new
alternative for use as a structural laminated composite
in the industrial market.

Xu W., et al. [140] performed experimental and
analytical characterizations of finite interlaminar
crack growth of 2D woven textile composites. The
authors concluded that: the interlaminar static fracture
resistance of the woven composite material
determined by the double compliance method is
consistent with that of the ASTM methods. The
relative difference between the average fracture
resistance obtained by these methods is less than 3%.
The crack growth length can be accurately calculated
using the dual compliance method, this advantage
will significantly simplify the measurement of the
strength at break of woven textile composites. The
fracture strength of the unstable crack is given, in this
paper, by using the dual compliance method. The
fracture strength during unstable crack growth is
lower than the initial fracture strength and results in
the unstable growth of finite cracks.

Velmurugan V., et al. [141] performed an
experimental evaluation of the mechanical properties
of natural fiber reinforced polymer composites. The
authors found that jute reinforcement with nylon
fillers exhibits higher flexural strength compared to
the combination of nylon and spider silk fillers in the
flexural test. Reinforcement of the composite with
spider silk and nylon fillers with epoxy matrix
achieved higher toughness, and reinforcement with
jute and nylon fillers with epoxy matrix achieved
higher flexural and tensile strengths.

Murugan R., et al. [142] investigated the static
and dynamic mechanical properties of glass epoxy
composite fabrics and hybrid carbon composite
laminates. Carbon laminate has higher mechanical
strengths than glass laminate, except impact
resistance. The variation in tensile strength and
impact strength between the hybrid laminates is
minimal, and the H2 hybrid layout has a higher
flexural strength than the H1 hybrid laminate. The
glass transition temperature, T4 of the H2 laminate
has been changed by 5 °C to the glass laminate,
which facilitates the higher operating temperature.
The hybrid laminate with carbon fiber as the wrap
layer, H2, performs better than another hybrid
arrangement H1 and proves to be a good alternative
for the glass laminate.

Jun Misumia and Toshiyuki Oyama [143]
fabricated low-viscosity, high-strength epoxy resin
modified by in situ radical polymerization method to
improve the mechanical properties of carbon fiber
reinforced plastics. In order to obtain both good
mechanical properties, including the strength and
toughness of the cured resin and the reduced viscosity
of the uncured resin composition, the radical in situ
polymerization method was applied to the epoxy resin

for the CFRP matrix. The results demonstrated that
the in situ radical polymerization method can be
effective for improving the fracture strength of CFRP
laminates while maintaining the low viscosity of the
uncured resin composition.

Mawarnie Ismail, et al. [24] studied the
mechanical properties of composites made by
reinforcing epoxy resin with bidirectional glass fibres
and short RH fibres. The total fiber content for each
sample was 30% and 70% by mass for the epoxy
resin. The mass distributions for the RH fiber were
between 5%, 10% and 15% by mass, while 25%, 20%
and 15% by mass for the bidirectional glass fiber. It
was indicated that its mechanical properties tend to
decrease when the RH fiber content exceeds 5% by
mass.

Kiran M. D., et al. [144] evaluated the breaking
strength of carbon fiber and epoxy composite with
different carbon fiber thicknesses. The composites
were fabricated using hand-stretching technique by
infusing 200 gsm, 400 gsm resin and hybrid carbon
fabric laminate. The fracture toughness of the hybrid
carbon fiber composites was studied using the single-
edge notched beam method at room temperature (25
°C). From the experimental results, it was found that
the epoxy composites reinforced with 200 gsm carbon
fiber resist at breaking better compared to the
composites reinforced with other fibres.

Goli E., et al. [145] developed a homogenized
thermochemical model to simulate the production of
unidirectional composites made of carbon fibres
embedded in a thermoset dicyclopentadiene (DCPD)
matrix using frontal polymerization (FP). The
reaction-diffusion model is then solved using the
finite element method to investigate the temperature
evolution and degree of hardening during the
manufacturing process. The results reveal two
different processing regimes: At lower fiber volume
fractions, the polymerization front speed increases
with fiber volume fraction due to the increase in the
effective thermal conductivity of the composite. At
higher fiber volume fractions, the frontal velocity
decreases with increasing fiber content due to the
reduced heat source generated by the exothermic
reaction.

Dai S., et al. [146] fabricated six types of 3D
woven composites from carbon fiber and epoxy
matrix. They studied the influence of fiber
architecture on the tensile, compressive and flexural
behavior of 3D woven composites. Four orthogonal
weaves and two blocking angles were tested with the
primary loading direction parallel to the warp
direction. The mechanical performance was found to
be affected by the distribution of resin-rich regions
and the waviness of the load-bearing fibres, which
were determined by the fiber architectures. Bonding
points in resin-rich regions were found to be the sites
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of damage initiation in all fabric types under all
loading conditions, which was confirmed with both
visual observation and image correlation strain maps.

In [147], the authors investigated a new epoxy
resin matrix carbon fiber reinforced composite with
viscoelastic sandwich layers by co-reinforcement
technology. After testing, it was found that the
addition of 0.1 mm thick damping film in laminates
could lead to a 1.34% decrease in tensile strength and
a 1.30% increase in flexural strength of the
composites, reaching up to at 878.5 MPa and 766.3
MPa. However, the bending strength decreased with
increasing thickness of the damping layer. The new
co-reinforced damping composite exhibited high
shear strength. The co-reinforced damping
composites studied in this paper exhibited excellent
damping properties.

In [148], the authors conducted a study that
provides a low-cost solution to improve the
mechanical and electrical properties of carbon fiber
reinforced polymer composites by incorporating
ultra-thin sheets of carbon nanotubes (CNTSs) between
CFRP layers (laminates). For this purpose, dry carbon
fiber fabrics are first sandwiched between CNT
sheets. The fabrics are then stacked and infused with
epoxy to form a CFRP with interlaminated CNT
sheets. Unlike the typical approach where micron-
sized long CNTSs are randomly distributed in a CFRP
for reinforcement, this study uses 100nm-thick CNT
sheets made of aligned and ultra-long (0.3 mm)
nanotubes. Despite their negligible mass fraction of
only 0.016%, interlaminar CNT sheets enhanced
CFRP flexural strength by 49%, interlaminar shear
strength by 30%, and mode | fracture strength by
30%. X-ray micro-tomography has shown that
samples with interlaminar CNTs are significantly
resistant to delamination and crack propagation.
Moreover, the in-plane electrical conductivity of
these composites increased proportionally with the
mass fraction of CNTs, giving a maximum
improvement of 278% over the reference sample for
0.048 mass% of CNT sheets.

6. Conclusions

- composite materials show a wide interest from
researchers who approach a problem that starts from
the matrix, reaches the reinforcement and the
characterization of the materials;

- a lot of research considers composites with
polymer matrix - either thermoset or thermoplastic;

- working models and interpretations of the
results are proposed and, within certain limits, they
are acceptable;

- many studies are carried out that take into
account small variations of the matrix properties to
identify the response of the composite;

- many studies refer to the matrix-reinforcement
interphase (or other elements immersed in the
polymer) to increase the utility value of the
composites;

- we did not find bibliographic references
regarding the analysis of the properties of polymer
junctions, although in the design of the properties of
composites a solution is to use layered matrices;

- some studies carried out at CCDCOMT aimed
at the analysis of composites with a layered matrix
consisting of the same polymer but modified in a
different way for certain depths in the composite (the
modifications being produced either by the
introduction of solvents or by the addition of organic
or inorganic agents).
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ABSTRACT

Recent and extensive reports on the development of preparation methods that
can lead to obtaining various nanostructured polymeric materials, including the
preparation of nanoparticles, nano-capsules, nano-gels, nano-fibres, dendrimers
and nano-composites, have been presented in the literature to provide a picture of
the complexity of the field, and the diversity of approaching methods. From the data
presented by various researchers, it appears that by ensuring a rigorous control of
the nano-structuration of polymers and/or by adding nano-particles to the polymer
matrices, improvements in structural and functional properties can be achieved in a
significant number of polymer systems as a response to the continuous demands of
industrial advanced sectors. Until now, most of the studies on polymer blends have
been related to the control of their physical and chemical properties, their barrier
properties or their electrical conductivity. This paper briefly presents various
applications of resins (thermoset polymers) used to synthesize some polymer

materials and blends.

KEYWORDS: nano-fibres, thermoset polymers, synthesis

1. Introduction

Miscible polymer blends offer great design
capability over shape memory effect (SME) with
controllable mechanical properties and stimuli
sensitivity by simply changing the constituent
compositions. However, understanding the
thermodynamics behind those IMMs on miscible
polymer blends has not yet been explored [1-3]. For
the advancement of polymer science and polymer
technologies, the chemical characterization of the
polymer mixture remains the fundamental analytical
study [4-6]. Mixing polymers and inorganic nano-
materials opens new paths for synthesizing flexible
composite materials and improves the macroscopic
performance of the materials [7-9]. Polymers can be
in raw form (filaments, powders, resins and reactive
agents) for various categories of use [10].

Recently, increased attention has been imposed
on the environment, what causes an impediment to
the use of thermosetting resins  [11-13].
Thermosetting resins are known to be cheaper in
terms of processability compared to thermoplastics,
which require high production costs and higher
energy  consumption  [14-16]. Even though

thermoplastic resins have advantages such as:
recyclability, thermoformability and weldability, they
have not yet reached the same technological maturity
as thermosetting resins. Thermoplastics have the
ability to form liquids during the heating process and
become hard when the cooling process takes place
[17-21].

2. Epoxy resins (ERS)

Epoxy resin is considered one of the most
important  thermoset polymers, having in its
composition at least epoxy groups in the molecule. It
comes in three forms: liquid, solid or viscous [22-24].
According to the latest reports, epoxy resins currently
have the highest sales percentage (about 70%) in the
thermosets market, the main advantages being
excellent mechanical properties, thermal stability,
outstanding electrical and chemical insulation and
low cost [25-32]. Epoxy resin (EP) is most often used
in the electronic and electric field (design of tiny
electronic components, generators, motors, voltage
distribution  networks or electrical insulating
materials) [33-37]. Due to the poor weathering
resistance and high brittleness of epoxy resin, it is
necessary to improve the performance of the EP
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matrix to meet the requirements of composite
materials [38-44]. Epoxy resin can be modified by
both chemical and physical methods. According to
studies in the literature, chemical modification
involves quite high costs and some deficiencies of the
complex technology [45-47]. On the other hand,
physical modification of EP is the most used method.
The main types of modifiers are inorganic
nanoparticles, rubber particles and thermoplastics
[48-50].

3. Polyurethane resins (PUs)

Polyurethanes are a class of polymers that
exhibit three types of behaviour: thermoplastic,
thermoset, and elastomer. PUs present versatile
properties both thermally and in terms of mechanical
and chemical aspects [51]. Compared to epoxy resins,
PUs shows better fatigue and damage resistance
properties. At the same time, they have the advantage
of being synthesized with various vegetable oils to
replace petrochemical products with renewable or
recycled materials [52-54]. In  most cases,
polyurethanes are used for sealing, or for protection
against condensation [55, 56]. Polyurethanes belong
to the category of foaming materials, with high
porosity, light weight and good energy absorption
capacity, being excellent for packaging and damping
sensitive objects [57-59]. Linear polyurethanes have
good toughness and re-processability, but have poor
solvent resistance [23, 60-62].

4. Vinylester resins (VER)

Vinylester resins (VERs) are used in various
commercial applications (automotive parts, coatings,
adhesives, military and aerospace applications,
moulding compounds) due to their high hardness, low
exothermic heat, low volume shrinkage and low cost
[39, 63-67]. Nature provides us with a variety of plant
biomass that we can use as raw material for the
production of precursors and chemical substances
(plant oils, tung oil, cashew nut shell liquid (CNSL),
lingo-cellulosic, fatty acid dimers) for new VERs [68-
72]. Materials containing VE can be used as neutron
shielding material for radioactive  material
transport/storage containers [73]. Fibre reinforced
plastic (FRP) manufacturers are using vinylesters
because they offer greater resistance to attacks in
aggressive chemical environments, or other types of
acids and caustics [72, 74, 75].

5. Thermosets and thermoplastics
applications

Yan Wang and his collaborators [76], developed
a multi-scale simulation scheme by which they

generated the atomic structure of epoxy resins. The
simulation scheme they proposed provides a
reasonable use of the advantages of the DFT method
in dealing with systems involving the breaking and
formation of chemical bonds. This multi-scale
simulation strategy provides a possible investigation
scheme to study such an epoxy resin system, which
can also be applied to study other similar composite
materials with complex network structures.

Ruowen Tu and Henry Sodano [72] fabricated
high-performance  vinylester resin-based nano-
composites by direct ink writing with dual UV-
thermal curing. The fracture strength of dual-
imprinted and reinforced VER nano-composites was
also 16% higher than MEKP-reinforced pure cast
VER.

In [77], the authors synthesized the organo-
silicon additive-modified epoxy resin RSN-6018
through the condensation reaction between the
organo-silicon intermediate (RSN-6018) and the
epoxy resin (E-20). The results of mechanical
property testing showed that the incorporation of
RSN-6018 organo-silicon improved the hardness of
the cured ER films.

Apriany Saludung and his collaborators [78]
incorporated epoxy resin into the geopolymer matrix.
The improvement of mechanical strengths and alkali
binding properties of naturally hardened geopolymer
by adding epoxy resin can lead to extensive
application of geopolymer binder in the construction
industry.

In [39], researchers created a high-performance
permeable concrete with polyester and epoxy resins.
From the tests carried out, they concluded that:
increasing the resin content improves the
compressive, tensile and flexural strength, while an
increase in the size of the coarse aggregate and the
use of epoxy resin instead of polyester resin decreases
the previously listed strengths.

Valentino R., et al. [57], carried out an
experimental study on the mechanical behaviour of
two polyurethane resins used for geotechnical
applications. Experimental measurements showed
that resin density and confining pressure are closely
related, and for the same type of resin under limited
conditions, the mechanical response is constant.

Peng Y.-J., et al. [51], designed a composite
material consisting of polyurethane and epoxy resin
with multi-level structure and high performance. Such
a well-established structure—property relationship
could further provide guidance for the fabrication of
high-performance recyclable material with precisely
controllable microstructures and behaviours.

In [32], the authors studied the changes in
structure, mechanical and adhesion properties of
vinylester resins after aging. Chemical and structural
changes were observed in vinylester resins after aging
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in a climatic chamber. Most changes occur in the first
three days.

Banna M. H., et al. [63], analysed the effects of
two acidic aqueous solutions on polyester and
bisphenol A epoxy vinylester resins. For both resins,
the average hardness increased more after two weeks
of exposure and then decreased after four weeks of
exposure due to a relationship between hardness,
micro-hardness indentation depth, and microstructure.
Acid exposure affected the polyester resin more than
the bisphenol epoxy vinyl ester.

Yang X., et al. [80], produced a type of solvent-
free epoxy-modified silicone resin transparent coating
with high transparency and low volume shrinkage.
The silicone layers that were obtained have a
transmittance greater than 95% and a hardness of 5H
after UV curing with a percentage of 3% by mass for
20 s time interval. It was found that the silicone resin
materials obtained have good thermal stability, a
good adhesion and a fairly low volume shrinkage.

In [64], researchers improved the thermal,
impact and tensile properties of unsaturated
thermosetting polyester (UP) by blending with
thermosetting ~ vinylester (VE) and  methyl
methacrylate (MMA). UP blended with 30%VE and
10%MMA had the highest impact strength (an
increase of 17.6%), higher tensile strength (an
increase of 45.5%) and higher elongation at break (an
increase of 26.9%) compared to pure UP. The
addition of VE and MMA to UP led to an increase in
the toughness of UP as a result of disruption of the
chain network links of UP, resulting in a decrease in
structural stiffness, and an increase in the plastic
strain fraction.

The enhancement of solvent resistance and
thermo-mechanical properties of thermoplastic acrylic
polymers and composites by reactive hybridization
has been studied [81]. Both unreinforced polymer
blends and glass fibre reinforced composites have
been studied. The authors' findings showed that
incorporating reactive PPE into a reactive acrylic
resin to produce a hybrid matrix system is a simple
and effective strategy for increasing solvent
resistance.

Luo D., et al. [82], incorporated FesO4 and SiO;
nano-particles into epoxy modified silicone resin
(ESR) as a coating for soft magnetic composites
(SMC) with improved performance. On the one hand,
the introduction of FesOs reduces the magnetic
dilution effect, which is beneficial for magnetization
and permeability. On the other hand, the
incorporation of SiO, prevents the agglomeration of
FesOs4 nano-particles and leads to an increased
electrical resistivity as well as increased mechanical
strength of SMCs.

Wei Y.-Y., et al. [83], fabricated both photo-
polymerized and thermo-polymerized silicone

hydrogels with different surface microstructure and
wettability. It was found that the surface of silicone
hydrogels prepared by thermal polymerization was
significantly more hydrophilic than the surface made
by photo-initiation polymerization. ATR-FTIR and
SEM as well as XPS analysis indicated that the
chemical composition and elemental distribution of
the two hydrogels were similar. However, AFM
images showed that the silicone hydrogel prepared by
photo-polymerization has a lot of tiny pores on the
surface, so air bubbles can be stored. Whereas, the
surface of silicone hydrogel obtained by thermal
polymerization has some tiny slopes.

In [84], researchers devised a method by which
they recycled waste thermoset unsaturated polyester
resins into oligomers for the synthesis of amphiphilic
aerogels. Styrene-maleic acid copolymer (SMC) was
obtained by cleavage of ester groups from waste
thermoset unsaturated polyester resins (WTUPR).
The degradation occurred at 180 °C in glycol with
potassium carbonate as a catalyst for 5 h, and the
resulting potassium salt of SMC (SMC-K) could be
very easily separated by precipitation using ethanol
with a vyield of 63.8%. Good compressibility and
strength of the aerogel were demonstrated.

Zheng C., et al. [85], developed a negative ion
implantation system to study the surface modification
of room temperature vulcanizing silicone rubber
(RTV SR) for cell biocompatibility. They concluded
that the main reason for the improved hydrophilicity
is that the implanted ions result in a new surface
atomic bonding state and a new morphology. Based
on the XPS and ATR-FTIR results, it can be deduced
that ion implantation breaks the hydrophobic
functional groups of RTV SR and generates
functional groups. SEM demonstrated that cracks
appear on the implanted surface of RTV SR.

Sultania M., et al. [71], conducted studies on the
synthesis and curing of epoxidized novolac vinyl
ester resin from materials from renewable resources.
It was concluded that the synthesis of low viscosity
vinylester resin from renewable resource materials
such as cardanol could reduce the use of harmful
chemicals such as styrene during curing of such resin.
The cure temperature was found to be very close to
the cure temperature for VER of epoxidized phenolic
novolac resin cured using 40% styrene. The curing
time, using 40% styrene, for the CNEVER sample
was lower than for the PVER sample. Also, the
curing time is the shortest when the CNEVER sample
is used without styrene. Undoubtedly, the cost of the
resin will be lower than that of already existing
VER:s.

Malucelli G., et al. [54], synthesized adhesives
based on polyurethane resins. They investigated the
hardening reaction and the influence of surface
properties on adhesion. Curing Kinetics of the PU
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resin, evaluated by FTIR spectroscopy, revealed an
asymptotic trend, with a reaction completed after
approximately 100 h. The results of the adhesion
measurements of the PU adhesive on different
substrates were in total agreement with the surface
properties of both the resin and the substrates.

Cristiana Ittner and Maria Felisberti [65],
studied the influence of three silicone-based additives
to modify the properties of vinylester resin. The study
of the curing Kinetics revealed that these additives
influenced the curing kinetics. The influence of these
additives is directly related to the
initiator/catalyst/promoter system used in curing,
which can accelerate or delay the reaction depending
on the presence or absence of DMA. The use of DMA
as a peroxide decomposition promoter in the initial
stage of resin curing in the presence of silicone-based
additives results in an increase in the reaction
enthalpy and a decrease in the activation energy. This
suggests that the curing mechanism is modified due
to silicone-based additives.

Zhao H., et al. [86], analysed the curing kinetics
of four epoxy resins using a diamine-terminated
polyether as curing agent. It has been shown that a
diamine-terminated polyether (DAPE) can enhance
the flexibility of epoxy systems, which is attributed to
the unique chemical structure. The results showed
that the curing reaction can be described by the
Sestak-Berggren (SB(m,n)) kinetic model and fits
well the experimental curves. According to the tensile
test and DMA test results, the strengthening effect of
DAPE was successfully achieved on four epoxy
systems. The cure is modified due to the silicone-
based additives presence.

Pragnesh Dave and Nikul Patel [87], prepared
unsaturated poly(ester-amide) resins based on epoxy
resins (UPEA). These UPEAs were then treated with
acryloyl chloride to obtain acrylated UPEA resin (ie
AUPEA). Interacting mixtures of equal proportions of
AUPEA and vinyl ester epoxy resin (VE) were
prepared. The general advantages of the produced
PEA formation are as follows: the intermolecular
reaction with bismaleimides formed UPEA with good
chemical resistivity and moderate thermal stability.
The glass fibre reinforced composites of all PEAs
were laminated and exhibited excellent strength
properties and good mechanical and electrical
properties.

In [88], a silicone-epoxy copolymer was
prepared by synergizing the o-allylphenol-modified
(UC-233) and  methoxy-terminated  silicone
methylphenyl intermediate (PMPS-S). SEM and
DMA revealed that the comb-shaped silicone-epoxy
copolymer showed better compatibility due to the
pre-chemical grafting reaction. In addition, TGA
showed that the thermal stability of the comb-shaped
silicone-epoxy  copolymer was improved and

maintained the excellent mechanical properties of the
epoxy resin. TGA-FTIR shows the thermal
degradation  process that methoxy-terminated
methylphenyl silicone intermediate (PMPS-S) and
phenyl hydrogen-containing silicone oil (UC-233)
could inhibit the degradation of epoxy resin.

In [67], the synthesis and the investigation of a
new brominated vinyl ester resin are presented. The
DMA results demonstrate that all resin formulations
comprising Br-VER exhibit improved mechanical
performance compared to the commercial vinylester
resin. Rheological studies on the resin compositions
showed that, compared to the commercial resin
(Derakane 510A-40), the synthesized Br-GVER has a
significantly lower viscosity and a longer lifetime (9
hours vs. 2 hours), thereby eliminating the need for an
inhibitor when used for applications such as resin
infusion.

Studies have been conducted on the preparation
and super-hydrophobic surface properties of RTV
silicone rubber [89]. The authors concluded that the
preparation of the super-hydrophobic surface by
physical deposition has the advantages of simple
processing, low cost and large surface area
preparation. In addition, SR has outstanding high
temperature resistance. Therefore, this super-
hydrophobic material is suitable to be applied at both
room temperature and high temperature, and has
wide-scale application prospects.

In [90], a study was conducted on the
modification of room temperature vulcanized silicone
rubber (RTV) by microencapsulated phase change
material (MEPCM). MEPCM blended RTV has been
shown to have better thermal insulation than regular
silicone rubber. As the mass ratio of MEPCM
increases, it takes more time for the modified RTV to
cool to 0 °C. The decrease in volume resistivity of the
modified RTV can increase the leakage current,
which is also a good aspect for anti-icing.

Goram Gohel and his collaborators [91], used
epoxy resins and carbon fibres to manufacture sports
helmets. Overall, detailed manufacturing and
certification tests performed on helmets have shown
significant potential for using the composite shell as a
viable alternative to conventional helmet material
systems in terms of achieving increased safety.

In [92], researchers studied the effects of
graphene on various properties and applications of
silicone rubber and silicone resin. They found that
graphene has high electron mobility, thermal
conductivity and mechanical properties at room
temperature. As a typical carbon nano-scale filler,
graphene added to the polymer matrix can improve
the performance of the polymer.

Vincent Joseph and collaborators [93],
combined rigid epoxy resins with platinum-catalysed
soft silicone rubbers for additive manufacturing of
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soft robots. By adjusting the composition of the
hybrid resins, the elastic modulus can be tuned over
an unprecedented ratio of five orders of magnitude
(from 20 kPa to 2 GPa) with remarkable interfacial
strength (from 1 to 3 kJ m?). The significance of this
new class of hybrid resins is demonstrated by the
fabrication of various functional devices relevant to
wearables, healthcare and soft robotics. Overall, these
hybrid resins open new frontiers for manufacturing
the next generation of soft robots using unique
continuous additive manufacturing processes.

In  [94], researchers synthesized and
characterized new room temperature vulcanized
(RTV) silicone rubbers using polyhedral oligomeric
Vinyl-Silsesquioxanes  (POSS)  derivatives  as
crosslinking agents. The results showed improved
effects of POSS on thermal stability, mechanical
properties, and hardness compared to PDMS
polymers prepared with the traditional tetra-
functional cross-linkers TMOS and TEOS. The
improvements in thermal properties, mechanical
properties and hardness could be attributed to the
synergistic effect of increasing the dimensionality of
the cross-linked networks in new RTV silicone
rubbers resulting from the special three-dimensional
structure of the new POSS cross-linkers, that are
plasticizing self-bonds.

Jitendra Kumar Katiyar and Abdul Samad
Mohammed [95], studied the tribological properties
of polymer composite coating on silicon wafer. It was
concluded that: SU-8/talc/PFPE composite exhibited
a hydrophobic surface with higher thermal stability,
higher mechanical properties, lower friction
coefficient and smaller wear rate, making it a
potential candidate to be used in MEMS fabrication.
The results of the wetting test showed that the surface
of the SU-8 coating changed from hydrophilic to
hydrophobic after mixing it with PFPE.

In [96], a new strategy to improve the
tribological properties of the polymer by coating with
amorphous carbon growing in situ on the surface was
realized. The cross-linked structure of the in-situ
transition layer served as a barrier to the diffusion of
organic polymer chains, followed by the continuous
epitaxial growth of the pure aC matrix with
continuous carbon plasma treatment. Surface and
cross-sectional micrographs showed that the thickness
of the in-situ transition layer was about 35nm. The
degree of graphitization of aC coatings increased with
increasing carbon plasma treatment time. The in-situ
transition layer provided strong adhesive strength
between the aC coating and the EPC substrates
through chemical bonding. The aC segments
contributed to the low coefficient of friction and wear
rate of EPC substrates with aC surface coating.

Bharadwaja K., et al. [97], evaluated the
mechanical and tribological performance of epoxy-

SiO2 nano-composites. In order to obtain a high-
quality dispersion of epoxy-SiO, nano-composites,
ultrasonic mixing was used and the results revealed
that the bending properties of the epoxy matrix with
the introduction of nanoparticles, the hardness and
impact resistance, as well as the wear and friction
coefficient of the nano-composite were significantly
reduced by adding 1% of the volume of SiO;
nanoparticles to the epoxy matrix. The high
mechanical  properties of epoxy-SiO; nano-
composites together with good abrasion, allow the
material to normally replace fibres in composites as a
partial or full replacement.

The tribological behaviour and mechanical
properties of PET and PDMS [98], were evaluated at
the nano-scale with respect to environmental
conditions. Based on the experimental results, the
following conclusions can be drawn: the adhesion
force of PET increased near Tg, but showed a similar
value at other temperatures. As for PDMS, the
adhesion increased steadily with temperature. PET
friction was dominated by the deformation
mechanism, while PDMS friction is well correlated
with adhesion. Despite its softness, PDMS showed no
evidence of wear, while significant wear was
observed for PET.

A tribological analysis of bulk polymers used in
high load applications was carried out in [99]. Four
polymers polyetheretherketone (PEEK),
polytetrafluoroethylene  (PTFE) and  aromatic
thermosetting polyester (ATSP) were analysed.
Researchers have found that high-performance bulk
polymers exhibit high tribological properties
compared to unfilled polymers. Comparing the four
polymers it was concluded that ATSP exhibited better
wear resistance while maintaining a moderate COF.

Massimiliano Avalle and Elisa Romanello
[100], performed the tribological characterization of
modified polymer blends. The results indicated
beneficial effects on wear rate. Silicone can be an
interesting material for polyurethane and for
polyamide, and graphite raised some problems in
combination with polyamides. In the case of carbon
nanotubes, the harmful influence of polyurethane,
CNT caused the formation of residues that
prematurely damage the surface.

6. Conclusions

Thermoset resins, as well as thermoplastics, are
increasingly used to form composite materials to
replace metals. Considerable efforts are being made
in all industries to replace metals with composite
materials. The main driver of these efforts is low
price and improved mechanical properties.

Another benefit of using resins is that the
recycled materials can be used to make other objects.
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Following the regulations on environmental
protection, the management of waste from parts or
scrapped vehicles requires that all materials used in
engineering be recovered and recycled.

Unfortunately, recycling of thermoset matrix
composites is currently limited. Thermoplastic matrix
composites offer the potential for recycling or
reforming.

Even though epoxy resins are used in a wide
range of applications, their poor break strength limits
their  applicability  especially in  structural
applications.

The hardness of the epoxy could be improved by
changing the chemical composition of the resin with a
flexible madifier or by reducing the crosslink density.

The toughness of the epoxy resin could be
improved, without suffering thermo-mechanical
damage, by adding a filler material (rubber,
thermoplastic or rigid) as a second phase.
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ABSTRACT

Sintered copper-tin alloys are used to obtain products with numerous
applications. Some bronze parts such as filters or bushings for self-lubricating
bearings can only be produced by specific powder metallurgy technologies. Metal
filters represent an important fraction in the field of sintered products. In the paper,
measurements of the intergranular bridges were made on the samples obtained by
sintering the spheroidal powder from the CuSn12 alloy. Free casting in graphite
moulds followed by sintering was used (9 experiments, 3 temperatures x 3
durations). With these data, the coefficients from the Kuczinski equation were
determined. Thus, the correlation between the desired porosity for a filter-type
product (expressed by the size of the intergranular bridge) and the sintering

technological parameters can be established.

KEYWORDS: Kuczynski equation, CuSn12 powder, sintering intergranular

bridge, bronze powder filter

1. Introduction

Metal filters are made of sintered materials with
porosity over 30%, with communicating pores used in
installations that use fluids. The materials, shapes and
sizes of these filter components are very diverse and
adapted to applications in numerous fields.

There are the following types of materials used
for the production of metal filters: spherical powders,
irregular powders, fabrics and fibres.

For most metal filters obtained by sintering,
spherical powders of: bronze, brass, nickel, stainless
steel, titanium, silver, etc. are generally used.

1.1. Forming procedures of bronze filter
elements

The formation of filter elements obtained from
powders can be done: without pressing or by
pressing. Press forming processes include: die
pressing, rolling, extrusion, injection moulding, etc. It
should be noted that in order to obtain products with
sufficient strength, without using high compaction
pressures, additional materials must be used (paraffin,
polymers, etc.). Otherwise, by applying high
compression pressures, which ensure the mechanical
resistance necessary for transport and handling to the
sintering furnace, too small porosities can be reached,

which disqualifies the product from the category of
filters. Non-press forming refers to the processes: free
powder casting, free spreading and smoothing, slip
casting, spray deposition, vibration forming, etc.
Each process has several technological variants of
application of powder formation.

1.2. The pouring freely in the mould

The powder is poured freely into a mould (form)
and then subjected to heating for sintering together
with it, (Figure 2.1). It represents the simplest method
of forming parts from powders, without compression.
The homogenization of the powder distribution in the
mould cavity is done by vibrating the mould.

The materials from which the forms are made
are relatively expensive (refractory alloys, ceramic
materials, graphite, etc.), which is a disadvantage, in
addition to a relatively short life cycle (considering
the repeated thermal cycles to which they are
subjected) [2]. The forms made of metal alloys must
be subjected to superficial treatments which form
layers of stable chemical compounds at the sintering
conditions (temperature and protective atmosphere in
the furnace). Thus, welding of the form with the
sintered product contained therein is avoided [1].
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a) Cylindncal mold b) Conical mold

YY)

¢) disk mold

Fig. 1.1. Powder freely poured into moulds and
sintered

In this work, free casting in graphite moulds was
chosen for obtaining the samples, because it is the
simplest method, but also because during sintering,
graphite provides the protective environment
corresponding to the used CuSn12 alloy.

1.3. Kuczinski's equation

The sintering process is governed by the
following mechanisms of material transport: diffusion
(surface, at grain boundaries, in volume), viscous
flow, evaporation-condensation, which develops the
formation of sintering bridges (Figure 1.2) [1].

f/ﬁ\\ 7N \’”’l\"\/

A / /
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Fig. 1.2. Principle diagram of the formation of
intergranular bridges during sintering

The studies of the sintering process on regular
geometric models of the ball-ball type, led to the
establishment of the general form of the law of
growth of sintering bridges [1]:

oK@ -1

r.m

L1

where:

x - half-thickness of the sintering bridge;

r - radius of the powder particle;

7 - sintering time;

K(t) - coefficient depending on the sintering

temperature t;

m, n - constants dependent on the type of

material transfer mechanism during sintering.
The constants m and n are presented in the literature,
with relatively concordant values, according to
various sources, depending on the mechanism of the
predominant material transport [2].

1.4. Manufacture of bronze filters

The sintering of bronze filters formed by free
pouring is widely used to obtain filter elements with
high permeability. The bronze powders used have
dimensions between 0.2+0.8 mm, with a spheroidal
shape. Forming vibration is usually applied for
controlled compaction.

For powders with spherical particles of the same
diameter, a porosity of 26% can be reached, for a
theoretically perfect arrangement. In practice, friction
between the particles prevents this level of maximum
compaction from being reached, and a porosity of 60
or even 70% can be achieved. By using spherical
powders with a certain particle size distribution and
controlled vibrations, porosity can be reduced to 35-
45%.

In industrial practice, bronze filters are sintered
at temperatures above 800 °C, with a maintenance of
20+60 minutes, in a protective environment.

2. Experimental research on the sintering
of CuSn12 alloy powder

2.1. Objectives of experimental research

The purpose of the experiments was to establish
the correlation that exists between the parameters of
the sintering thermal treatment (sintering temperature,
t [°C] and holding time at the sintering temperature, t
[min]) and the size of the intergranular sintering
bridges, x [um] in the case of products with high
porosity, such as filters formed by free pouring from
CuSn12 powder. We started from the hypothesis of a
correlation like the Kuczinski equation, aiming to
find the particular form of this expression for the
chosen powder.

2.2. Experimental procedure

The samples were formed in a graphite mould.
In this way, the conditions of protection during
sintering (reducing environment), the simplicity of
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processing the form, but also the avoidance of
welding of the powder to it, were ensured. The mould
was made up of two semi-cylindrical components. In
one of the parts, a parallelepiped cavity with the
dimensions: 38 x 4 x 1.5 mm was processed. (Figure
2.1).

_ 3
Fig. 2.1. The mould with the two semi-
cylindrical components used for the free casting
of CuSn12 powder samples

After pouring the powder into the mould cavity,
a slight vibration was made by applying very light
blows to the mould and the excess was removed by
scraping. The appearance of the powder prepared for
sintering, before mounting the "cap" (which closes
the mould cavity), can be seen in Figure 2.2.

’J ' S anth
.“ u’
4!:-"
=

Fig. 2.2. The graphlte mould Wlth the powder
prepared for sintering

In order to preserve as well as possible during
sintering, the reducing environment (generated by the
presence of graphite), the shape was inserted into an
aluminium tube. The ends of the tube were plugged
with ceramic felt plugs (Figure 2.3).

Sintering was done in an electric furnace with a
LENTON tubular enclosure, with automatic control
of the heating regime.

The analysis and measurement of the powder as
well as the sintered samples was done with a
stereomicroscope (Carl Zeiss Jena), equipped with a

TOUPCAM L3CMOS14000KPA digital camera. The
software used for image acquisition and processing
was ToupCam ToupView.

Fig. 2.3. The furnace used for sintering and the
aluminium tube (to maintain the reducing
environment), plugged with ceramic felt plugs,
which contains the graphite form

Statistical analysis of the data obtained by
measuring the powder particles under a microscope
led to the results in Table 2.1 and Figure 2.4.

Table 2.1. Granulometric characterization of

CuSn12 powder
Average diameter, dm[um] 348
Standard deviation, [um] 39
Main sintering parameters: sintering

temperature, t, [°C] and holding time at sintering
temperature, z, [min] were used to establish the
experimental program according to Table 2.2.

Table 2.2. Experimental program for CuSn12
powder sintering

Temperature, t, [°C] Time, 7, [min]
800 20 | 40 | 60
900 20 | 40 | 60
920 20 | 40 | 60

The sintered samples (Figure 2.5) were
investigated by optical microscopy in order to
determine the dimensions of the intergranular
bridges: 2x [um] and the diameters of the particles
joined by them: d1, d2 [um]. The appearance of one
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of the sintered samples (t = 880 °C, r = 60 min)
analysed by optical microscopy is presented in Figure
2.6. For each of the 9 samples, corresponding to the
experienced sintering regimes, 38 sets of
measurements were made. A set comprises the size of
the bridge between two particles and their diameters.

Granulometric distribution of CUenl2 powder

=

1148

" ':1'4 | {‘ *
Fig. 2.5. Appearance of a sintered sample and
the mould used for it
1 19 1 )

4

ﬁg'é‘ ,k# ,;P ,;,3‘ & f‘f" DLameter,d [zm]

E

Frequency [

Fig. 2.4. Granulometric curve of the powder
used

- o
owie Setp Caphre Image Process Layer Meassemests Options Window Melp

22 | Mcometer (um »x 0% LML R A

Fig. 2.6. The appearance of one of the sintered samples (t = 880 °C, = = 60 min) analyzed by optical
microscopy

2.2. Results obtained program (3 durations x 3 temperatures) are

summarized in Table 3. The r value represents the

The measurements made on the 9 sintered  average of the 76 particles, taken into consideration,
samples according to the established experimental ~ in the case of each sample.
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With the data obtained, it is possible to identify
the particular forms of the Kuczinski equation (1.1)
valid for each level of the sintering temperature used:

n

X

Table 2.3. The average sizes of the intergranular
bridges and of the particles joined by them

Sintering Average values
(38 bridges, 76
Sample parameters particles)
0gamtperature, t " .
[°C], time T [min] [um] | [um]
1 t=880; t=20 61 165
2 t=880; t=40 65 164
3 t=880; t=60 67 167
4 t=900; t=20 72 168
5 t=900; t=40 76 165
6 t=900; t=60 82 174
7 t=920; t=20 82 207
8 t=920; t=40 73 164
9 t=920; t=60 84 165

Using the data obtained from the measurements
made, on the three samples obtained at the
temperature of 880 °C, with the maintenance
durations of 20, 40, and 60 minutes, it is possible to
formulate, starting from the general form of the
relationship, a system of three linear equations where
the unknowns are n, m and K(t).

By applying the logarithm function of the
Kuczynski expression can be obtained:

xi'!
g (%) =lg ®®)-0) 2.2)

After processing:
nlgx —milgr —lgK(t)=Igt (2.3)

For the sintering holding time of 20 minutes the
relationship becomes:

1lg0,061 —mlg0,165 — IgK(t) = Ig1200 (2.4)

If we also use the data obtained for the
maintenance times of 40 and 60 minutes, we finally
obtain the system of three equations, which contains
the sought parameters as unknowns:

nlg0,061 —mlg0,165 — IgK(t) = lg1200
nlg0,065 —mlg0,164 — IgK(t) = lg2400
nlg0,067 —mlg0,167 — IgK(t) = lg3600 (2.5)

It can be seen that the values for r and x have
been converted to millimeter and those for = durations
to seconds

Solving the system of equations allows
identifying the coefficients n, m and K(t) so that the
Kuczynski equation for samples formed by free
casting in graphite molds, from CuSnl12 powder
sintered at 880°C has the form:

12

— = (10—12.92) T

X

(2.6)

r

The other two relationships are obtained
following the same procedure. Thus for the
temperature of 900 °C:

_xll.l-t o024

—r = (10775 2.7)
and for 920 °C:

a7 —4,14

The three equations 2.6, 2.7, 2.8 can be written
in the form:

lgit)+6lgir—1292

x=10 12 ,for t = 880°C
lglt)+7.71lg(r)—9.84

x=10 1114 ,for t=900°C
lgit)+443lgiri—414

x=10 374 ,for t=920°C

(2.9)

which allows highlighting the more important role of
the temperature factor, compared to the one
represented by the holding time, regarding the
evolution of the size of the intergranular bridges during
sintering (K(t) has the maximum value, 10414, at 920
°C).

3. Conclusions

Based on what is presented in the paper, the
following conclusions can be expressed:

1. 9 experiments were programmed, with the
parameters of temperature variation and holding time,
to identify the coefficients of the Kuczynski
relationship, which could describe the evolution of
intergranular bridges during the sintering of products
formed by free casting, (filter-type products with high
porosity) from spherical CuSn12 bronze powder.

2. A set of equations was obtained that describe
the evolution, as a function of time, of the
intergranular bridge, for a spheroidal powder with a
known particle size distribution, sintered at a
temperature in the range of 880-920 °C.
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3. The Kuczynski equations, customized for the
three experimental temperatures, implicitly also
include the effects of using a powder with a relatively
extensive particle size distribution - the particles of
the powder used were spheroidal, with sizes that fall
within a relatively wide range, with diameters
between 250 and 500 pm.

4. In addition to the dimensional inhomogeneity,
the uneven oxidation of the powder particles, which
was observed during microscopic analysis, should be
noted. The non-homogeneous superficial oxide film
in thickness, although it influences the sintering
behavior, cannot be taken into account by the
Kuczynski equation. That's why the obtained
equations should be refined through additional
experiments, under the conditions of using a more
dimensionally homogeneous spherical powder and
with a uniform and as low degree of oxidation.

5. As expected, the obtained equations highlight
the much greater influence of the temperature factor,
compared to that represented by time, on the
evolution of sintering expressed by the variation of
the size of the intergranular bridge.

6. It is necessary to establish the quantitative
link between the size of the intergranular bridges of
the sintered product and its porosity. Thus, it will be
possible to correlate the desired porosity with the
required sintering regime, based on Kuczynski-type
relationships.
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of Engineering, “Dunarea de Jos” University of Galati, 47 Domneasca, 800008 Galati, Romania
e-mail: elena.herbei@ugal.ro

ABSTRACT

Thin polymeric films with dielectric properties become a very important part
of today’s devices, being indispensable in industry, electrical applications and not
only. Nowadays polymeric materials have attracted attention in academic and
industrial research due to the miniaturization at the micro and nanoscale of
different electronic devices. Polymers in general are used for their light weight,
good mechanical strength, dielectric properties, and optical properties, which make
them multifunctional materials.

This paper presents research on polymethyl methacrylate (PMMA) thin films
obtained by the sol-gel method. The optimization of thin film PMMA layers has
been a problem due to the importance of using the polymer in the different
electronic domains. Thin films of PMMA with different thicknesses were deposited
onto glass and silicon wafers in order to measure dielectric properties. For
dielectric properties, the PMMA thin layer was inserted in a metal-insulator-metal
structure (MIM). In order to observe the morphology and roughness of thin film,
optical microscopy, scanning electron microscopy and atomic force microscopy
have proceeded.

The dielectric constant (k) was calculated using the electrical capacitance
formula. The I-V and C-V curves showed a dielectric behavior with a leakage
current between 101 and 108 A and a constant capacitance in the bias range + 5
V.

KEYWORDS: thin films, polymeric films, dielectric properties, polymethyl
methacrylate

1. Introduction

The development of TFTs devices based on thin
layers of polymer compounds by sol-gel became a
good solution and gain special attention to the low
cost obtaining.

Because of its low cost and high output like
transparency, thermal stability, electrical insulation,
and mechanical resistance, the thin film layer of
PMMA has sparked interest for use as an insulator in
electronic and optoelectronic devices [1]. It has also
good optical properties (transparency in a wide range
of wavelengths from near ultraviolet to near-infrared)
[2, 3]. For the preparation of polymeric thin films,
different types of PMMA in anisole [4] toluene, DMF
[5], chloroform [6], benzoyl peroxide (BPO 98%) to
start the polymerization of MMA and to obtain
PMMA solution at 70 °C [7] or alcoholic solution [8],

or with the value of molecular weight from 495 to
996 Kw were used. There are several methods in
order to obtain thin layers of PMMA as ALD [9, 10],
ink-jet printing [11] but the most used is sol-gel
process due to its versatility and low-cost method [10,
12].

In order to use PMMA as dielectric gate in TFTs
requires a lot of conditions to be promising materials.

Transistors parameter depend on the interface
formed between dielectric and semiconductor layers,
where the trapped charge has a strong influence on
the device’s electrical behavior [13].

The low leakage current density is highly
desirable for the fabrication of stable TFTs for low-
power consumption electronic devices [7, 14].

In different papers [3, 15, 16], the capacitance
density of the polymeric dielectric layer was
measured on the same MIM device in the frequency
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range from 1 kHz to 1 MHz and the results are
promising in order to use PMMA gate in TFTs.

In this paper, we have investigated a PMMA
anisole solution to prepare thin films by spin coating
method, one of the most used sol-gel method, for the
simple and low- cost process. We fabricated a MIM
device, represented by Al top-electrode/PMMA
films/Si/Ta layer substrate, to study the dielectric
properties of the obtained polymeric thin films and to
calculate their dielectric constant.

2. Experimental

2.1. Preparation of sols and thin films

PMMA (495 kw) in anisole was purchased from
MICRO CHEM and used for the preparation of
hybrid films. Polymeric solution (25%) was prepared
by magnetic stirrer at room temperature. First the
solution was deposited on glass substrate to have one
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* 796 mm >

———

u
0
Q,

0,40 rm

200 mm

< 0.20 mm

0,30 mm.

ww g’y
-y

$0.20mm

z 760 mm
3

BETmm B o

020

s
3 3 3
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Fig. 2. Schematic representation of electrodes
areas

2.2. Thin films characterization

The roughness was investigated with atomic
force microscopy and for surface and cross-section
morphology of the polymeric thin films was used a

and two layers of PMMA with 100-150 nm thickness.
The deposition was done by spin-coating method at
2000 rpm for 30 seconds.

After optimisation of the thickness the solution
was spin coated for 30 seconds in air, onto the n-
doped Si substrates covered with a layer of 100 nm
tantalum (Figure 1a). The as-deposed films were
thermally treated on hot plate at 120 °C for 30
minutes.

Before film deposition, the substrates were
cleaned using the following procedure: washed in
water for three times, dipped in isopropanol for 1
minute and cleaned with water, dried with nitrogen
stream and hotplate for 5 minutes at 120 °C. To have
a MIM structure, after PMMA deposition (Figure 1b),
metallic aluminium contacts (Figure 1c) were
thermally evaporated through a shadow mask with
different areas (180, 320 and 680 um diameters)
resulting a multi-layer structure (Figure 2).

Fig. 1. a) Si substrate with Ta (100 nm); b) PMMA layers on Si substrate; ¢) MIM structure

scanning electron microscopy (SEM) using a EOL
JSM-7500F/FA microscope.

The 1-V and C-V curves of the hybrid films
were measured by including them into a Metal-
Insulator-Metal (MIM) structure (Fig. 3), using
Agilent 4156 and HP 4277A Analysers, respectively,
at1 MHz.

First electrode
(M)

Al e\edrodes-BOOnm

meSSS
>
2nd electrode(M)

Fig. 3. Schematic representation (a, b) of MIM
structure used for the measurement of |-V and C-
V characteristics of thin films

3. Results and discussion

In Figure 4a and 4b are presented the AFM and
SEM images of PMMA layer by comparison. The
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structure of film is homogenous the entire surface
having a specific relief as a honeycomb do to the high
molecular weight. The thermal treatment applied for
stabilisation is modifying the structure.

From the AFM roughness we can observe that is
between 15 to 25 nm (Figure 5).

2 3 45 6 7 8 910

1

0

01 2 3 456 7 8 910

um

Figure 6 shows the I-V and C-V characteristics
of the investigated films, at gate voltages from 4 to +4
V. The leakage current density is 10 to 10 A/cm?
Further studies are considered to correlate the
dielectric behaviour of films with the effect of
temperature, number of layers and duration of post-
deposition thermal treatment.

Fig. 4. a) AFM and b) SEM images of PMMA layer

Fig. 5. AFM image of a central PMMA layer

1E-5

K51
K52
K53
K54

— T
0 2 4 6
VG(V)

Fig. 6. I-V characteristics for PMMA layer

From C-V (Figure 7) curves of the investigated
PMMA film, dielectric constant was calculated. The
values were determined in the voltage range from -55

to + 55 V, at 1 MHz. The dielectric permittivity of a
material is proportional to its electronic polarization.
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% w7

The measurements showed a dielectric
behaviour enough homogenous without breakdown
leakage. The values of dielectric constant measured

on different electrodes area varied from 3 to 4 as in
Table 1.

5.75¢10"' | 2
& 5.70x10"" e ———
(6]
5.65x10""
T T T T
30 20 -10 0 10 20 30
u)

Fig. 7. C-V characteristics for PMMA layer

Table 1. Electrical capacitance and dielectric va

lues of PMMA layer for different electrodes area

Electrode area Electrical capacitance C (F) *10* .
*10 cm? Area 1 Area 2 Area 3 '
2.054 (K1) 42.32 42.04 40.67 3
8.043 (K2) 1.536 1.464 1.504 3.2
32.17 (K3) 5.511 5.295 5.291 3.8
128.7 (K4) 0.2049 0.1972 0.1971 4
i [4]. Shekar B. C., Sathish S., Sengoden R., Spin coated nano
4. Conclusions scale PMMA films for organic thin film transistors, Phys. Procedia,
. . . . . vol. 49, no. 0, p. 145-157, doi: 10.1016/j.phpro.2013.10.021, 2013.
PMMA dielectric thin films for flexible  [5]. Tippo T., Thanachayanont C., Muthitamongkol P., Junin

electronics were successfully prepared by sol-gel
methods below 200 °C. The I-V curves show a
leakage current between 10 and 10® A and a
constant capacitance in bias range £ 4 V. Dielectric
constant varying from 3 to 4 was obtained for
different electrodes area films. Further investigation
will be continued to establish the variation of
dielectric constant on different point of thin film of
the sample.

References

[1]. Nassier L. F., Shinen M. H., Study of the optical properties of
poly (methyl methacrylate) (PMMA) by using spin coating method,
Mater. Today Proc., vol. 60, p. 1660-1664, doi:
10.1016/j.matpr.2021.12.213, 2022.

[2]. Valcu E. E., Musat V., Jank M., Oertel S., Sol-gel
preparation of ZrO2-PMMA for thin films transistors, Rev. Chim.,
vol. 65, no. 5, p. 574-577, 2014.

[3]. Musat V., et al., Low-Temperature and UV Irradiation Effect
on Transformation of Zirconia-MPS nBBs-Based Gels into Hybrid
Transparent Dielectric Thin Films, Gels, vol. 8, no. 2, doi:
10.3390/gels8020068, 2022.

C., Hietschold M., Thanachayanont A., The effects of solvents on
the properties of ultra-thin poly (methyl methacrylate) films
prepared by spin coating, Thin Solid Films, vol. 546, p. 180-184,
doi: 10.1016/j.tsf.2013.05.022, 2013.

[6]. Mohajerani E., Farajollahi F., Mahzoon R., Baghery S.,
Morphological and thickness analysis for PMMA spin coated films,
J. Optoelectron. Adv. Mater., vol. 9, no. 12, p. 3901-3906, 2007.
[7]. Syamala Rao M. G., et al., ZrHfO2-PMMA hybrid dielectric
layers for high-performance all solution-processed In,Os-based
TFTs, Mater. Res. Bull,, vol. 150, no. December 2021, doi:
10.1016/j.materresbull.2022.111768, 2022.

[8]. Emanuela E., Herbei V., Musat V., Oertel S., Jank M.,
High-k dielectric inorganic-organic hybrid thin films for field effect
transistors (FETFT), p. 64-68, 2013.

[9]. Schroder S., Strunskus T., Ababii N., Lupan O., Magariu
N., Faupel F., New vapor deposited dielectric polymer thin films
for electronic applications, p. 94-96, doi: 10.52326/ic-
ecco.2021/el.02, 2022.

[10]. Forte M. A, Silva R. M., Tavares C. J., SilvaR. F. E., Is
poly(Methyl methacrylate) (PMMA) a suitable substrate for ALD?:
A review, Polymers, vol. 13, no. 8, doi: 10.3390/polym13081346,
2021.

[11]. Buchheit R., Kuttich B., Gonzalez-Garcia L., Kraus T.,
Hybrid Dielectric Films of Inkjet-Printable  Core—Shell
Nanoparticles, Advanced Materials, vol. 33, no. 41, doi:
10.1002/adma.202103087, 2021.

[12]. Sathish S., Shekar B. C., Dip and spin coated nanoscale
transparent PMMA thin films for field effect thin film transistors

-90-


https://doi.org/10.35219/mms.2022.4.14

’,,-\'-_'J'\' DE Zj'ijjsrp .
p N

Fascicle X
Metallurgy and

\@, Matarials Sciance
2 2
e ¥

&
4

l £ THE ANNALS OF “DUNAREA DE JOS” UNIVERSITY OF GALATI
it FASCICLE IX. METALLURGY AND MATERIALS SCIENCE
; g N°. 4 - 2022, ISSN 2668-4748; e-ISSN 2668-4756

Article DOI: https://doi.org/10.35219/mms.2022.4.14

and optoelectronic devices, J. Optoelectron. Adv. Mater., vol. 15,
no. 3-4, p. 139-144, 2013.

[13]. Morales-Acosta M. D., Quevedo-Lopez M. A., Alshareef
H. N. Gnade B., Ramirez-Bon R., Dielectric properties of
PMMA-SiO; hybrid films, Mater. Sci. Forum, vol. 644, no. March,
p. 25-28, doi: 10.4028/www.scientific.net/MSF.644.25, 2010.

[14]. Herbei E. E., Busila M., Alexandru P., Epure S., Musat V.,
Dielectric Behaviour of PVP 360 and PVA for Thin Flexible
Transistors Application, Mater. Plast., vol. 59, no. 1, p. 1-7, doi:
10.37358/MP.22.1.5554, 2022.

-01-

[15]. Pantano M. F., Pavlou C., Pastore Carbone M. G.,
Galiotis C., Pugno N. M., Speranza G., Highly Deformable,
Ultrathin Large-Area Poly(methyl methacrylate) Films, ACS
Omega, vol. 6, no. 12, p. 8308-8312,  doi:
10.1021/acsomega.1c00016, 2021.

[16]. Aras G., Orhan E., Selcuk A. B., Ocak S. B., Ertugrul M.,
Dielectric Properties of Al/Poly (methyl methacrylate) (PMMA)/p-
Si Structures at Temperatures Below 300 K, Procedia - Soc. Behav.

Sci., vol. 195, p. 1740-1745, doi: 10.1016/j.sbspro.2015.06.295,
2015.


https://doi.org/10.35219/mms.2022.4.14

A DE JGg
s N Og N

THE ANNALS OF “DUNAREA DE JOS” UNIVERSITY OF GALATI
FASCICLE IX. METALLURGY AND MATERIALS SCIENCE
N°. 4 - 2022, ISSN 2668-4748; e-ISSN 2668-4756
Article DOI: https://doi.org/10.35219/mms.2022.4.15

REAL-TIME ASSEMBLY OPERATION RECOGNITION
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ABSTRACT

This research is concerned to propose a computer vision algorithm to track
manual assembly task. Manual assembly in case of electronics parts are used
largely in automative industry. The phases tracking of assembly could also be used
for learning purposes such in case showed in this research, checking the assembly
of an electronic educational board. The algorithms used for detection of different
components are CNN (Convolutional Neuronal Network) as well as blob detection.

KEYWORDS: computer vision, assembly operation, recognition

1. Introduction

Manual assembly in case of electronics parts are
used largely in automotive industry. The tracking of
phases of assembly could also be used for learning
purposes such in case showed in this research,
checking the assembly of an electronic educational
board. There are authors that used cameras such as
Kinect® to investigate the position in 3D space of
assembly line in order to assess there are minimum
errors. Though robotics has advantages in industry,
however manual assembly work cannot be avoided.

Recently concept in manufacturing Industry 4.0
underline the benefits using sensors on large scale
and process in a “BIG DATA” set in order to extract
best optimization for the industrial process. The data
processed is used to eventually improve to maximum
the manufacturing processes.

Nowadays, computer processing capabilities, as
long with the computer vision algorithm available,
allows the introduction of surveillance camera to be
used on extensive scale in order to assess phases of
assembly. There are previous works [1-6] attempted
to utilize visual sensors to predict the pose in robotics
task in assembly. Several researchers considered
reconstructing 3D parts [7-10] in order to control the
assembly process. At first glance, object recognition
is very known topic in manufacturing with few
challenges not solved. However, in case of assembly
the identification and recognition of correct position
of wires and parts with limited visibility while the
operator is continuing the assembly process is a
challenge. Object recognition is used in industry for
decades for automated machine and robot to
recognize parts and manipulate to certain position.
The assembly process of electronic components such

as in case of automotive electric parts, we well as in
case of surveillance for educational purposes showed
important challenges. Many approaches of assembly
surveillance are taking into account of identifying
parts using features such as colour, specific shape and
of course using artificial intelligence algorithm such
as CNN (Convolutional neural networks) versus
manual assembly task on a production line [11-13].

This research is concerned to propose a
computer vision algorithm to track manual assembly
task.

2. Experimental procedure

We considered that the camera is located 1.5
meters above the scene. The table height position
allows a good estimation of proportion taking into
account that electronic boards have low height. The
illumination is variable, as in case of a school class,
influenced by outdoor luminosity. The CNN network
has trained with 50 images for each category: sensor,
pin location (with the number written on the board)
and electronic board.

We manually cropped every pin component
along with the number written on the board. These
specific classes cannot be found on public trained
data base, except the electronic board.

Input images are resized to 224 x 224 x 3 for
matching the convolutional layer. Convolutional
neuronal network identification is used for electronic
board, pin location and sensor. The algorithm is
depicted in Fig.1.

In order to identify the wire, we used blob
identification considering the specific colours of the
wires and shape. Several challenges occur in this
stage in case the wire positioning is overlapping. The
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task is composed of three steps, the wire connection
of a sensor to the electronic board. Each step is assed
at the end of each step (Fig. 2). The position of the
hands is in a specific position as showed in Fig. 5.
The recognition of this position triggers the computer
vision assessment in order to determine the correct
wiring. In this case there are specific ports where
wiring should be done.

Input image
Alignment

Hand position

Detection of
hands position

{colour blob
identification}

Detection &
Localization Board position

(CNN)

Pin positioning
(CNN)

Wire position
{colour + shape
identification}

Y
cnnﬂsrﬁguun
|
Fig. 1. Algorithm for scene understanding of
assembly operation

Human
actions

Computer
vision

Human
actions

When the hands are in a specific position the
software processes the scene. We need to stress some
limitation in the proposed algorithm. Firstly, the
algorithm is not considering important illumination
variation. Secondly, for the educational application
real cases, the input data could vary in an important
manner concerning illumination.

3. Results and discussions

As discussed above, the proposed approach can
be used in many domains, such as industry or for
educational surveillance purposes. We show a proof-
of-concept application utilizing simple testing case
(Fig. 4). This research used a single web camera to
assess assembly operations on an electronic board by
recognition of wires position connection to specific
pins. Each step of the assembly is processed only
after the hands are allowing the camera to see the
entire scene. Also, the background might be with
variation of patterns. In case of industry, illumination
could be maintained constant as well as the
background. We used one single electronic board for
training while the real case scenario should include
different models.

Currently, the proof-of-concept application
developed is tested with a limited data for the
described specific assembly task.

Human
actions

Computer

I Computer
vision

vision

Fig. 2. The assembly steps surveillance
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Fig. 3. Operation of assembly

Fig. 4. Visualization of the pins location and wire connection
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Fig. 5. Identification of hand position

4. Conclusions

The proposed algorithm is able to recognize
position, no matter the rotation or position of the
boards in the scene. It has been shown that it is
possible to identify position of wires connected to
specific pins on the boards. This was achieved by
using shape identification using CNN to be carried
our using different colour parts, such as in case of
educational applications. Though only 2D image
processing was used, the algorithm shows to be
robust. Colour recognition of board was used as this
is not subject to changes, such in case of industrial
applications. Several advancements should be made
for future development:

1) The algorithm capabilities should be tested by

using a stereo vision;

2) Detection precision can be

incorporating 3D part estimation rate.

increased

References

[1]. Alzubaidi L., Zhang J., Humaidi A. J., et al., Review of deep
learning: concepts, CNN architectures, challenges, applications,
future directions, J Big Data, 8, 53, 2021.

[2]. Zhang Z., Peng G., Wang W., Chen Y., Jia Y., Liu S,
Prediction-Based Human-Robot Collaboration in Assembly Tasks
Using a Learning from Demonstration Model, Sensors, 22, (11),
4279, 2022.

[3]. Wenjin T., Md Al-Amin Haodong C., Ming C. L.,
Zhaozheng Y., Ruwen Q., Real-Time Assembly Operation
Recognition with Fog Computing and Transfer Learning for

Human-Centered Intelligent Manufacturing, Procedia
Manufacturing, vol. 48, p. 926-931, ISSN 2351-9789, 2020.

[4]. Nottensteiner K., Sachtler A., Albu-Schéaffer A., Towards
Autonomous Robotic Assembly: Using Combined Visual and
Tactile Sensing for Adaptive Task Execution, J Intell Robot Syst
101, 49, 2021.

[5]. Levine S., Pastor P., Krizhevsky A., Ibarz J., Quillen D.,
Learning hand-eye coordination for robotic grasping with deep
learning and large-scale data collection, Int J Robotics Res., vol.
37, p. 421-436, 2018.

[6]. Tobin J., Fong R., Ray A., Schneider J., Zaremba W.,
Abbeel P., Domain randomization for transferring deep neural
networks from simulation to the real world, Intelligent Robots and
Systems (IROS), 2017.

[7]. Hennersperger C., Fuerst B., Virga S., Zettinig O., Frisch
B., Neff T., Navab N., Towards MRI-based autonomous robotic
US acquisitions: a first feasibility study, IEEE Transactions on
Medical Imaging, 36, (2), p. 538-548. 2017.

[8]. Ganin Y., Ustinova E., Ajakan H., Germain P., Larochelle
H., Laviolette F., Marchand M., Lempitsky V., Domain-
adversarial training of neural networks, JMLR, 2016.

[9]. Ren S, He K., Girshick R., Sun J., Faster R-CNN: Towards
realtime object detection with region proposal networks, Advances
in Neural Information Processing Systems, 2015.

[10]. Ping L., Ji L., Zeng Y., Chen B., Zhang X., Real-time
monitoring for manual operations with machine vision in smart
manufacturing, Journal of Manufacturing Systems, vol.65, p. 709-
719, ISSN 0278-6125, 2022.

[11]. Howard A., Andrew G., Menglong Z., Bo C,
Kalenichenko D., Weijun W., Weyand T., Andreetto M.,
Hartwig A., MobileNets: Efficient Convolutional Neural Networks
for Mobile Vision Applications, arXiv abs/1704.04861, 2017.

[12]. Teng X., Yu Q., Luo J., Wang G., Zhang X., Aircraft Pose
Estimation Based on Geometry Structure Features and Line
Correspondences, Sensors, 19, 2165, 2019.

[13]. Yang H., Jiang P., Wang F., Multi-View-Based Pose
Estimation and Its Applications on Intelligent Manufacturing,
Sensors (Basel), 20, (18), 5072, 2020.

-05-


https://doi.org/10.35219/mms.2022.4.15

A DE JGg
/.g-\‘\ Og.

ol e SN
A
&~ )
£ Ll ®
e LA s =
| = > 1978 <
\2 =4
\Z Fascicle X 3/
A Metallurgy and &
Waterials Sciance A/

\@/,‘ %

~E >~

THE ANNALS OF “DUNAREA DE JOS” UNIVERSITY OF GALATI
FASCICLE IX. METALLURGY AND MATERIALS SCIENCE
N°. 4 - 2022, ISSN 2668-4748; e-ISSN 2668-4756
Article DOI: https://doi.org/10.35219/mms.2022.4.16
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ABSTRACT

The subject of this research is the use of CFD techniques to identify the
impact of using shutters in case of tiny house. Low temperatures and the aim to use
as less energy amount as possible need solution. The composites shells allow
designing efficient shutters that is isolating in an important manner windows. The
CFD software allows to identify the air currents and the areas where heat is lost

due to the extreme weather conditions.

KEYWORDS: CFD, modeling, simulation, house

1. Introduction

Nowadays energy crisis is concerning not only
about the price of energy but also about its
availability. It is publicly available information that
different countries announced the possibility of
blackout scenario. A lot of total energy consumption
is concerning the heating of residential buildings.
House design was previously taken into account
relative low price of energy available on the market.
However, nowadays reality show that this calculus
should be updated [1-4].

The windows are causing a high amount of heat
losses for most houses due to their relatively large
area and thin dimension. These elements are thereby
an important factor in insulation for tiny houses, for
their specific characteristics such as the fact a small
volume in a single room building [5-6]. All the walls
are exposed to the elements. Their direct contact with
the outdoor conditions makes one of the most
important parts of the house, as the source of heat
loss.

While the comfort means a wider surface of
window to allow the owner a great view to nature, the
thermal restrictions indicate to minimize the windows
surface. Also, the natural light need translates to a
wider surface condition to design.

Computational fluid dynamics (CFD) deals with
the mechanics of fluids by using numerical models
that is simulating the real case scenarios to estimate
fluid flow and thermal transfer [7-9].

The principle of finite element simulation is that
a structure, both fluid and part, is divided in multiple
sub-parts called “finite element” and the model

allows studying the interaction between these
elements. The operation of separating or partitioning
the part or the fluid domain is called “discretization”
and is an important phase of simulation as the
complicated parts, such in case of complex surface
objects often cannot be completed by automated
algorithm but manual operation should act [10-12].

When a building is heated, and this can be seen
in case of extreme weather condition, the heat can be
stored in its thermal mass, which is advantageous for
buildings made of bricks or other materials that store
heat. However, in case of tiny house made of
composite panel is not an advantage over the classical
buildings.

The best way to optimize window surface is to
use store in order to be used during night, when the
low temperature occurs or in case of low temperature
during the entire day. This improves heat transfer
between space outside taking into account glass
thickened and thermal characteristics. In addition,
insulation could be applied to the outer surface of the
wall to keep the heat stored in the building.

2. Experimental procedure

In this research we aim to show the importance
of the outer window shutters. The simulation of a tiny
house heating is performed to calculate the thermal
efficiency in extreme winter scenario to establish if
shutters are efficient. The parameters are average
mesh size 100 mm for fluid and 10 mm for parts. We
considered the real dimensions of a tiny house 2000 x
10000 mm. The tiny houses are made of SIP
sandwich composite made of 50 mm. We considered
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heating system and outside temperature of 20 Celsius
degrees.

3. Results and discussions

Following  the  numerical experiments
performed, the trajectories of the air currents are that
described in Fig.1 We observed that there is a
movement of the air currents from the heat source to
the ceiling, where the air mass is colder. There is also
a disordered and non-optimized motion in 3D space.
Fig. 2 shows that there is a fairly good movement of
the air mass in the vertical section in the sense that

there is an upward rotational movement between the
connecting sources.

The simulation was performed transiently and
the situation represented in Figures 1, 2 and 3 is 20
minutes after the heating system has been switched
on. We can note there are an important amount of
thermal energy that is lost in the window area and
also this is affecting the current in the tiny house in
the sense that the currents are transferring the heat to
the window. We also compared with the case of using
shutters composed of 130 mm of 20 cm wood 80
foam and 20 cm wood the effect of insulation means
30% less heat loss. We considered that the shutters
are in contact with the wall and is perfect contact
allowing 50 mm of air insulation.

Fig. 1. 3D model of the tiny house design

Fig. 2. Wall temperature of the tiny house

Fig. 3. Air temperature variation at a height of 50 cm to the ground in the tiny house
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Fig. 4. Air fluid temperature in a horizontal plane of the tiny house

Fig. 5. Fluid trajectories in the tiny house and the temperature associated with each trajectory line

4. Conclusions

- CFD techniques allow the simulation of
heating/cooling/ventilation of houses;

- The shutter allows improving 30% heating
efficiency;

- The simulation for the solar input depending
on the geographical positioning and the season should
be further taken into account for the location of a tiny
house;

- Tiny houses have some particularities that
mean special restrictions in relation to their design.
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ABSTRACT

The subject of this research was to study the effect of sintering time on the
dimensional characteristics of some powder metallurgy (PM) materials. The
powders used in this study are prealloyed iron-based powders with Cu, Ni and Mo.
The powders were single pressed at 600 MPa and the disc specimens have the
dimensions of 8-6 mm. The green compacts were sintering in a laboratory furnace
at 1150 °C for 60, 75 and 90 minutes and air-cooled to room temperature. The
density of green and sintered specimens, the porosity and the dimensional changes

were evaluated.

KEYWORDS: powder, sintering, dimensional stability

1. Introduction

Powder metallurgy (PM) has been regarded as a
green manufacturing technology for producing high
quality technical components. The conventional PM
method (Fig. 1) entails creating a formulated mixture
of metal powders, pressing the mixture into
appropriate shapes, and then heating (sintering) the
compacted powder at a temperature to achieve the
desired density and strength [1-3]. The dimensional
changes are critical in the production of PM
components. An important goal is to manage the
dimensional change that occurs during the sintering
treatment in order to achieve the required part
dimensions. The dimensional changes are influenced
by both the powder properties and the process
parameters. Several factors influence the dimensional
changes of PM products, including particle size,
alloying element addition, compaction density,
sintering time and temperature [4-6]. The temperature
and time sintering process have an impact on the
shrinkage of the specimens.

The alloying elements have a significant
influence in the chemical composition of the
powders, which helps to improve the mechanical
properties of sintered parts [7-9]. In theory, sintered
steels and conventional steels are both affected in the
same way by the alloying elements. In general, all the
alloying components increase hardenability. For
example, due to its relatively minor impact on
compressibility, molybdenum (Mo) is one of the
primary pre-alloyed elements utilized in powder

metallurgy [10, 11]. Nickel (Ni), as an alloying
element, raises the sintered density due to the fact that
during sintering, nickel is in solid state and forms the
as-called Ni-rich areas in the sintered microstructure,
which provide a local ductility [12]. Copper (Cu),
increases the strength and hardness when the typical
amounts of copper used as an alloying element are
1.5-3 wt.%; any more can cause iron to expand [13,
14]. An investigation regarding the dimensional
changes in some iron-based P/M alloys were
investigated in this paper.

Aditives
(lubricants or liants)

ot

Raw materials

vy

| Mixing |
| Compa;tion |
Sintering =L Primary processing
| Heat tiatment |
Final proauct < Secondai: processing

Fig. 1. Process flow diagram of powder
metallurgy
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2. Experimental procedure

The analysed specimens in this paper were
prepared from pre-alloyed iron base powders. In
Table 1 is showed the chemical composition of the
analysed powders and Fig. 2 provided the particle

size distribution of analysed powders. The analysed
powders were mixed with zinc stearate 1% as a
lubricant. In the next step, the homogenous powders
were cold compacted at 600 MPa in cylindrical
specimens with ¢8 x 6 mm dimensions using a
uniaxial steel matrix.

Table 1. Chemical composition of analysed powders

Powder type Cu Mo Ni C
Py 1.50 0.50 1.75 <0.01
P2 1.50 0.50 4.00 <0.01

After the compaction step, the green samples
were sintered in a laboratory furnace at 1150 °C for
60, 75 and 90 minutes (Fig. 3). The density of green,
sintered specimens, the porosity and the dimensional
changes were evaluated. The sintered compacts'
volumetric dimensional change was calculated, which
were accurate to within £0.01 g and + 0.001 mm,
respectively. All the test results were the average of
three experiments.

35

30

25

20

mp2

Weight retained (%)
o

4150 +100 5 -45

Sievegslzae (1um) Hl

Fig. 2. Particle size distribution of analyzed
powders

Fig. 3. The aspect of sintered sample

3. Results and discussions

The density and dimensional changes of
compacted, green, and sintered specimens were
calculated. Table 2 displays the green and sintered

density and represents the average values for each set
of three samples.

A micrometre with a digital display was used to
measure the dimensions of the pressed and sintered
samples. The total porosity is defined as the
percentage ratio of void spaces to total bulk volume
of the material. The conventional method from
density technique was used to calculate porosity.

The total porosity of the compact, in volume
percent, is calculated using the following equation:

Pe=100 (1 - ps/py) [%] o)

where ps, pr and p¢ are the sintered density and
theoretical density. In Table 3 are detailed the
porosity values of the sintered specimens. The
processing parameters such as: powder particle size
distribution, alloying elements, green density,
sintering temperature and time have influence in the
porosity of P/M parts [15, 16].

The dimensional change (ALDGs) in % for

sintered specimens were calculated using the
following relation:
ALDGS = [(Ls - Lp) / Lp] x 100 % 2

where: LS is the length of sintered sample and LP is
the length of pressed sample, in mm.

The dimensional change analysis (Table 4)
shows that the sample P, has a smaller dimensional
change from die size than P;. The powder type is the
major contributor to the final dimensional change
values in this case.

It is critical in powder metallurgy that the
dimensional changes of structural parts during
sintering be as small as possible. Copper alone can
cause dimensional growth when is added to iron,
whereas nickel alone can cause contraction [17].
Green density and compaction also have a strong
influence. The green densities of two powders
mixture compositions are found to be highly related
to the applied pressure during compaction, the green
density rapidly increasing as the compaction pressure
increases.
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Table 2. Green and sintered density of analysed alloys

P%\;vpdeer stfgmcii?;gy, Sintered density, (g/cm?®), ps
pressed at 600 | sintered at 1150 °C | sintered at 1150 °C | sintered at 1150°C
MPa and 60 minutes and 75 minutes and 90 minutes
P1 6.72 6.91 7.03 7.08
P2 6.80 6.98 7.07 7.11

Table 3. The total porosity of analysed alloys

State Powder type Porosity, (%)
Sintered state P1 12.31
(at 1150 °C and 60 minutes) P, 12.11
Sintered state P1 11.76
(at 1150 °C and 75 minutes) P, 11.43
Sintered state P1 10.95
(at 1150 °C and 90 minutes) P, 10.31

Table 4. The dimensional change analysis

Dimensional change
State Powder type in sintered state
(%)
sintered Py -0.06
(at 1150 °C and 60 minutes) P, -0.05
sintered P1 -0.06
(at 1150 °C and 75 minutes) P, -0.04
sintered Py -0.04
(at 1150 °C and 90 minutes) P, -0.02
4. Conclusions References

- When manufacturing PM parts, dimensional
accuracy is crucial, especially for parts with near-net
shapes;

- Densities in sintered state are ranging from
6.91 to 7.08 g/cm?® for sample P; and 6.98 to 7.11
g/cm?® for sample P.. A good compression behavior is
observed for samples Py;

- Sintering does not completely eliminate
porosity; rather, it changes it. In comparison to
sample Pi, sample P, had lower porosity for all
sintering times of 60, 75 and 90 minutes;

- The porosity is decreasing with increasing
sintering time. The samples with the lower porosity
are in the sintered state with a high sintering time of
90 minute and 4% Ni, of 10.31% for P, and 10.95%
for Py;

- The shrinkage of the specimen is affected by
parameters such as sintering time, but the sintering
temperature has a greater influence.
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ABSTRACT

Waste management is seen as a filter between the anthroposphere and the
environment. Therefore, these substances must be eliminated from the products’ life
cycle and managed in a way that does not harm the environment or human health.

At the same time, into consideration it must be taken that a significant part of
plastic products belongs to the group of long-life goods and accumulates in the
anthroposphere for years. Even if some dangerous additives are forbidden or
replaced with more ecological alternatives, years or decades after the
manufactured goods have been produced for various application sectors, plastics
that contain these kinds of substances appear in the waste streams of the above-
mentioned long-life goods.

Therefore, the knowledge regarding the plastic waste quantity, the level of
information of the population, as well as the citizens’ attitude towards selective
waste management are important aspects for the efficient design of the future action
plan for plastic waste management.

This study tries to analyse the attitudes that the citizens of the “Plantelor’
neighbourhood of Braila Municipality have regarding the environment and their
ecological behaviour.

At the same time, we propose to obtain a perspective upon the citizen’s
knowledge from that area regarding the actual environmental problems and the
way in which they adopt sustainable behaviours in a circular economy in order to
issue a warning. This is necessary in order to create some educational programs in
partnership with public institutions and to be informed about the 3R philosophy.

s

KEYWORDS: plastic recycling, circular economy, waste management,
pollution risks, action plan

1. Introduction

In the last 30 years, plastic materials became one
of the most frequently used materials for the
manufacturing of a wide range of products that are
used in different industrial sectors. They are usually
used in the packaging industry, for manufacturing
automobile parts or electronics, but also for furniture
and sports equipment [1-4].

Their characteristics, like durability, strength,
lightness and low price, contributed to the
replacement of many products made out of traditional

materials, like wood, but it also allowed creating
various innovative products [1-4].

As a consequence of continuous consumption
that is also rising due to the pandemic context, the
increasing amounts of generated waste have drawn
the attention of several environmental institutions or
associations at national and international level [5-8].
Taking into consideration that the consumption per
citizen is constantly increasing, the necessity of
developing some population awareness campaigns
regarding the environmental benefits brought by the
selective collection of waste is imperative [5-8].
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Plastic waste, produced mainly out of products
of petroleum processing, that is from non-renewable
resources, is perceived as valuable from the point of
view of material recovery [5-9].

Generally, recycling is the most used solution
for solving plastic waste problems [5-9]. However,
when recycling is not the most feasible solution due
to its high thermal power, plastic waste is seen as a
potential alternative energy source of interest [5-9].

Moreover, because plastic decomposes very
slowly, it takes a lot of space in landfills to dispose of
it. All of these aspects contribute to debates regarding
the most efficient treatment of this waste fraction
from an environmental and economic point of view
[1-8].

Another important problem related to plastic
products is the fact that various auxiliary substances
and additives are used during polymer production and
product manufacturing. [5, 6].

Among them, there are stabilizers, antioxidants,
flame retardants, etc. Some of them contain or
contained dangerous substances, for example, toxic
heavy metals or toxic organic compounds that may
cause endocrine disruption among consumers [5, 6].

After adhering to the European Union (EU),
Romania had to adapt its legal regulations to EU
standards, including those of environmental policy.
The need to implement these standards, among
others, the Directive of Packaging and Waste
Packaging [10], to the Romanian law, has increased
the awareness of decision-makers in Romania
regarding the issue of planning and adequate
development of waste management systems [9].

The recovery of material and energy from waste
is seen as feasible solutions to the problem of the
increasing amounts of waste, also perceived as a step
towards sustainable development in modern societies
[9].

However, the problems of using some dangerous
substances in  production and manufacturing
processes, the limits regarding collecting and the
quality of waste contribute to the complexity of
designing an adequate managing process of plastic
material waste [9].

Romania is still at the beginning of developing
its own management system. Therefore, the analysis
of the current situation in eliminating waste,
estimating the waste quantity generated and
investigating environmental problems and resource
conservation issues related to plastic waste
management is important in this regard [3].

Industrialization and the rise of the living
standard have brought impressive amounts of waste
that, unfortunately, affect the environment through
climate change, have a negative impact on the fauna
and flora, and last but not least, upon our health [3].

By decomposition, waste from landfills releases
methane, a gas that is over 80 times stronger than
carbon dioxide and when they are illegally burnt, they
release high levels of carbon dioxide into the
atmosphere. Both are greenhouse gases that warm the
planet and change the climate [3].

It was observed that open landfills release 91%
of all methane emissions from landfills and about
40% of the world’s waste is burned in this way.
Moreover, these gases are unseen long-term dangers
for the population that cause diseases, like asthma,
cancer, cardiovascular diseases, genetic disorders in
new-borns, low birth weight, infectious diseases, etc
[3,5, 6].

Last but not least, due to ingesting plastic and
garbage, many species of animals, birds and marine
mammals are affected. Their stomach is not capable
of digesting the ingested objects [3, 5-6]. The United
States Environmental Protection Agency calculated
that in 2017 the total municipal waste generated was
267.8 million tons. This figure increased by 5.7
million compared to 2015, while in 2019, in the
European Union, 225 million tons of municipal waste
were generated, that is 502 kg per person, slightly
more than in 2018 (495 kg). Per capita, Denmark
(844 kg) was the country that generated the most
important amount of municipal waste in 2019, while
Romania ranked last (280 kg) [3].

In the EU, environmental efforts have been
intensified by implementing initiatives that may lead
to a climate neutral Europe by 2050. Particular
attention is paid to the circular economy that aims to
reduce waste and ultimately reduce its impact on the
environment, production and consumption, thus
bringing benefits to both society and people [11].

Even if the circular economy, the latest research
subject both for theoreticians and for practitioners,
has different definitions, the most used one refers to
reduction, reuse and recycling activities for economic
prosperity and environmental quality [11].

Circular economy transforms goods and
products that are no longer used in future resources
for other people, thus, minimizing waste [12], and
having environmental, economic and social
implications for both the industry and consumers [8].

In March 2022, the European Commission
presented a new Action Plan to support Circular
Economy that focuses on preventing and managing
waste and its purpose is to stimulate economic growth
and competitiveness, as well as maintain the leading
position of the Union in this field [3].

The fact is that the base policy for good waste
management should be centered on the 3R principle
(reduce, reuse and recycle). Attention should be paid
to reducing the amount of waste before it is generated
and then trying to reuse it or, if this is not possible,
selectively collect it for recycling [3].
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Things are not looking too good for Romania. In
May 2020, our country was threatened with the
beginning of an infringement procedure by the
European Commission because it did not make any
progress since 2014 regarding municipal waste
management. It did not comply with the decision of
the Court of Justice of October 18, 2018, to close 48
illegal landfills, besides the original 68, in important
cities of Romania, that represent real dangers to the
population’s health [3].

According to the Report of the European
Commission of 2022, Romania is still struggling with
waste management, having low municipal waste
recycling (14%) and high waste deposit rates (70%).
At the moment, Romania recycles only 15% of the
collected waste, with a target of 50%, which is highly
unlikely to be achieved by 2050 [3].

According to the Revised Framework Directive
on Waste, that established more ambitious recycling
objectives until 2035, the authorities must assure that
the quantity of municipal waste from landfills is
reduced to 10% or less until 2035 [3].

Measures that could lead to an improvement of
the actual situation are absolutely necessary, and for
this to happen people should be aware of the impact
that waste can have on the environment and also the
importance of reducing the waste quantity that is
generated and the benefits of reusing and recycling it.
It was reported that in the top European pollution-
related deaths, Romania is in third place, with 19%,
after Bosnia Herzegovina and Albania [3].

The transition to a circular economy depends on
the way in which people and organizations adopt
values and behaviours that aim to reach the “zero
waste” objective and to make consumers aware of the
environment, as well as the importance of
sustainability at local, national and international
levels [3].

But to reach this element, these practices must
be known so that people understand the way in which
their behavior damages the environment. The starting
point for achieving education in the circular economy
is represented by environmental education initiatives
that ensure the development of knowledge, values
and attitudes that lead to actions in this sense [3].

In order to protect the environment, reduce
pollution and save natural resources, it is necessary to
reduce, reuse and recycle waste. These actions are
also known as the 3R, Reduce, Reuse, and Recycle,
and from a simple marketing motto, it became a
lifestyle for many people [3]. According to the Web
of Science database, a search on the topic “plastic
recycling management” presents 1921 publications
between 1990-2022 with a significant increase in
articles between 2017-2022 (1305 publications) [13].
However, for the topic “selective behaviour of plastic
recycling”, 25 publications between 2001-2022

resulted [13]. In Romania, 3 case studies were
published regarding the topic of selective waste
collection [3, 14, 15]. The purpose of this study is to
increase public understanding and shape the
community’s perceptions of the dangers of plastic
pollution and available solutions. Thereby, giving
more power to people and organizations to take
action.

Everyday plastic waste has a negative impact on
the ecosystem, habitats, human health and sustainable
development in the entire world. Despite the vast
scale of the problem, the general public and other
important stakeholders have not been adequately
involved and educated about how they can become
part of the solution [3].

Mass public awareness can help the way in
which plastic is viewed, used and managed as waste.
Education and involvement are part of the strategic
action plan of the city and can include consumer
awareness campaigns, business awareness campaigns,
documentaries, school initiatives and clean-up
activities among others [3].

The purpose is to increase the public’s
understanding and to form the community’s
perceptions regarding the dangers of plastic pollution
and the solutions available, in order to give power to
take action to more organizations and people. Actions
community can include changes in purchasing habits
and individual attitudes, increased recycling behavior
and sorting, responsible practices and business
processes.

2. Materials and Methods

2.1. Description of the selected location

Braila, as a county, is located in a plain area, in
the South-East of Romania. It occupies small portions
of Salcioara and Buzau Plain and part of Baraganul
Plain and a part of the inferior meadow of Siret. To
the East, Braila includes the Great Braila Island and it
is a county that represents 2% of the entire country’s
surface. Braila’s neighbours are Galati to the North,
Tulcea to the East, lalomita to the South and Buzau to
the West [16]. The Braila municipality is formed of
41 neighbourhoods and it has a total number of
residents of 201 414 [17, 18].

“Plantelor” neighbourhood is located in the East
part of Braila and it is the last set of blocks before the
city’s exit to the Municipality of Galati. It is
delimited in the North by Str. Plantelor, in the East by
Str. Abatorului, in the South by Blvd. Dorobantilor
and to the West by the Str. Calea Galati. It is formed
of 9 blocks and 6 houses (1022 residents).

According to Braila’s County  Waste
Management Plan 2020-2025 (CWMP), in Braila, the
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economic operators who carry out the activity of
collecting household waste and similar to them are:
AD ECO, BRAI CATA and RER ECOLOGIC
SERVICE [16].

After collecting, the waste is deposited within
the municipality of Braila, at the Muchea deposit.
TRACON SRL is the operator that administrates this
deposit until 2028. The capacity of this deposit is
2,130,710 m® with a number of 4 storage cells. The
current occupied capacity is 1.033.857 m3. Separate
collection of usable fractions (paper, cardboard,
plastic, metal) is done at the Vadeni sorting station
with a projected capacity of 30,000 t/year and the
recovery is done at Eco Metal Recycling SRL Galati
[16].

In Braila, operators have set up platforms for
separate collection of recyclable waste, equipped with
58 bell containers of 2.5 m® / 278 containers of 1.1 m®
or 116 big/bag pens of 1.5 m?, which are insufficient
compared to the total number of inhabitants. This is
basically where the problem starts: the fact that most
of the time the population does not selectively collect.
According to the CWMP, the municipal waste
generation index is permanently increasing. If in 2014
the index was 280 kg/inhabitant x year, in 2018 it
increased to 382 Kkg/inhabitant x year. Another
problem is the amount of household waste collected
separately. If in 2014 the amount was 3080
kg/inhabitant x year, in 2018 it increased very little to
3,299 kg/inhabitant x year [16]. According to the
2020 European Commission’s Report, Romania still
struggles with waste management and it has low
municipal waste recycling (14%) and high landfill
rates (70%). At the moment, Romania recycles only
15% of collected waste, with a target of 50% that is
highly unlikely to be achieved by 2050 [3].

2.2. Description of the method

In order to carry out the research and collect
data, a questionnaire was applied, in order to observe
the attitude of citizens regarding the selective
management of waste. The target population was the
citizens that live in Plantelor neighbourhood of Braila
city. The data was gathered between May-July 2022.
Initially, a classical approach was attempted of
distributing questionnaires among the population, but
without any success, because people are mostly
reserved and politely decline saying that they do not
have time to answer our questions. As a result of the
citizens’ attitude and following the premise that
people spend quite a lot of time in the online
environment, | made this questionnaire with the help
of https://docs.google.com/. The questionnaire was
anonymous and its average completion time was a
maximum of 15 minutes. Completing the

guestionnaire was voluntary and citizens could
withdraw at any time from completing it. Also, no
rewards were given for this activity. For reasons of
anonymity and confidentiality, the respondents’ e-
mail addresses or other personal data were not
collected. Plantelor neighbourhood is quite small and
it has approximately 1022 inhabitants. The total
number of respondents was 100 people.

The questionnaire was designed with a number
of 17 questions in order to reveal the citizens’
knowledge and their behavior regarding the selective
collection, if they are involved in green campaigns
and if they know the environmental benefits brought
by selective collection.

3. Results and discussion

The results of the answers given by the citizens
of Plantelor neighbourhood (Braila Municipality) are
presented in Figures 1 to 17. The first questions from
the questionnaire were to find the person’s sex, age
and level of studies of the people who completed this
questionnaire. In Figure 1 (a-c), the charts are shown
in the form of bars with the distribution of the answer
and their percentage.

From Figure 1(a), it can be observed that people
who have completed this questionnaire are 63%
women and 37% men. From the analysis of Figure
1(b), it appears that 53% of the surveyed people
belong to the age category of 20-40 years, 41% to the
category of 40-60 years, 4% to the < 20 years
category and 2% to the > 60 years category. From
Figure 1(c), it can be observed that most respondents
have higher studies (60.8%), 34.2% secondary studies
and 5% have graduated vocational school. The second
question of the questionnaire was designed to find out
if the population understands what selective
collection means (Figure 2).

From Figure 2, it can be observed that 51% of
the questioned persons answered that the meaning is
to protect the environment, 19% answered that it
means recycling different types of materials, 18%
answered “to contribute to the health of the
population”, 10% to make a civic action for the area
where they live and 2% that they “do not know”.

The third question is likely to find out if the
population knows the meaning of the 3Rs (Reuse,
Recycle, Reduce).

From the analysis of Figure 3, it turns out that
52% of the questioned people know the meaning of
the 3R, 38% do not know and 10% have never heard
of this terminology.

The fourth question of the questionnaire is
designed to find out which are the fractions that
citizens selectively collect most often (Figure 4).
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(a) Sex of the respondents

female

n‘ale _

(b) Age of the respondents

=60 ' 2%

<20 - %
0% 10% 20% 0% a0% S0% 60% 70% 0% 10% 20% 30% 0% s0% 60%
(c) Level of education

High school

Vecational school .

0% 10% 20%

Universiy studies _

Fig. 1. Distribution of answers for a) respondents’ gender, b) respondents’ age, and c) level of
education

What does selective waste collection mean to
you?

I don't know ' 2.00%

To support the recycling of various
materials _

To make a civic gesture for the locality in -
who live

To contribute to the health of the
population

0% 10% 20% 30% 40% 50% 60%

Fig. 2. Distribution of answers for “What does
selective waste collection mean to you?”’

Are you familiar with the term 3Rs?

I'have never heard of thisterm -

0% 10% 20% 30% 40% 50% 60%

Fig. 3. Distribution of answers for “knowing the
meaning of the 3R terminology (Reuse, Recycle,
Reduce)?”

Figure 4 shows that the fraction most often
collected is the fraction of plastic materials with a
percentage of 50%, followed by paper, glass, organic
waste and metal.

Which fractions are selectively collected most
often?

VEE |
Organic waste _
Glass |

paper |

riastic |G

0% 10% 20% 30% 40% 50% 60%

Fig. 4. Distribution of answers for “Which
fraction are selectively collected most often?”

The fifth question is to designed to find at what
time interval they do selective collection (Figure 5).

The frequency that they do this selective
collection is 2-3 times per week with a rate of 41%,
but it is worrying that 14% of the respondents admit
that they never do this action. The sixth question is to
find the people’s reason who answered “Never” to
question number 5 (Figure 6).

Figure 6 shows that 16% have answered “that
they are not interested in this aspect”, 38% answered
that “they do not have where to do this thing”, 29%
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that “they do not have the necessary information for
this collecting system” and 17% have answered that
there are no necessary conditions for selective
collection at any time. These answers are worrying
but they reflect reality. As mentioned before in the
materials and methods section of this article, the
number of bins is insufficient and the distance
between houses and the collecting points is too long,
thus making citizens give up the selective collection.

Which is the frequency of selective collection?

Less often than those mentioned _
e
At two weeks -
23imes fweek

0% 5% 10% 15% 20% 25% 30% 35% 40% 45%

Fig. 5. Distribution of answers for “Frequency
of selective collection?”

The seventh question is meant to clarify which
of the people are in charge of waste disposal in their
homes (Figure 7).

Figure 7 points out the fact that 59% of
respondents say that the wife is the one who takes
care of this matter, taking into consideration the fact
that the highest frequency of completing the
questionnaire was female. We can understand this
because they are more concerned with household
chores than the opposite sex.

If you answered "NEVER" what is the reason?

There are no necessary conditions for
selecting waste for any occasion

I'have no information about this collection
system

I do not care

e
I'do not have where _ 38%

0% 5% 10% 15% 20% 25% 30% 35% 40%

Fig. 6. Distribution of answers for “The reason
for non-selective collection?”

The eighth question is about the fact that
citizens are interested to find out what happens with
their waste after it has been collected from them. This
is quite an important question because knowing the
route of waste makes the population aware of
environmental risks and benefits, as well as
appreciating the people who often deal with sorting
them manually.

As we can correlate certain answers presented in
Figure 8§, this question confirms the population’s lack
of interest towards this problem. Henceforth, the high
number of people who answered that they “never” do
selective collection.

Who usually takes care of the disposal of waste
from your household?

Grandparents  [ISEEN
fFather [ 5.40%
Mother |ElE08
kids |l 3%
Husband  [IEEE
wife I

0% 10% 20% 30% 40% 50% 60% 70%

Fig. 7. Distribution of answers for “Who takes
care of waste disposal most often?”’

The ninth question is to find out if citizens know
the containers’ colour code (Figure 9).

Figure 9 shows that 51% of respondents have
knowledge about the significance of each colour and
know what type of waste must be thrown in that
container. 16% answered that they do not know the
colour code and 33% answered that they know some
of them.

The tenth question was conceived with the
purpose to find out if citizens from the chosen area
for this study are aware of the risks of non-selective
collection.

Do you know the route of your waste?

| do not care I 1%

v I

0% 10% 20% 30% 40% 50% 60%

Fig. 8. Distribution of answers for “Do you
know the route of your waste? ”

Figure 10 shows that 86% of respondents
answered with “yes”, 13% answered with “I do not
know” and 1% with no.

Until this question, we can conclude that most of
the respondents to this questionnaire were females
and the age category is between 20-40 years,
relatively young persons, with higher education. Most
people know what selective collection means, they
often do it for many types of materials, but they do
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not know what happens to their waste after it has
been sorted. Special attention must be given to people
who do not know about this system. After the
analysis of this questionnaire, 14% of respondents
answered that they never did selective collection. The
situation in the field (waste thrown near the bins,
fractions thrown into other types of containers than
the ones they should be, etc.) is much more worrying
because the number of those who do not do this thing
is greater.

Do you know the color code of the containers for
selective waste collection?

- -
0% 10% 20% 30% 40% 50% 60%

Fig. 9. Distribution of answers for “Do you
know the colour code of the containers for
selective waste collection?”

Question number 11 asked under what
conditions they would accept to do selective
collection. The distribution of the answers is
presented in Figure 11.

Is waste a hazard if it is not collected separately?

I don't know -

0% 20% 40% 60% 80% 100%

Fig. 10. Distribution of answers for “Is waste a
hazard if it is not collected separately?”

From the analysis of Figure 11, it appears that
45% of the questioned people answered: “if there
were suitable spaces arranged”. This is an actual
problem, as mentioned in the materials and method
section. The containers distributed at the level of
Braila municipality for selective collection are not
enough in relation to the total number of inhabitants.
A proportion of 29% answered that “if there were
more collection points near their home” and a
proportion of 16% answered, “if there were
information campaigns on what happens after the

recycled waste is collected”. Is it worth noting that to
this question 6% of respondents said that being
penalized by an additional tax would lead them to do
so and 5% answered that they would do so if
recycling also had a direct social purpose.

Under what conditions would you agree to
selectively collect your waste and dispose of itin
special places?

if | were sanctioned / additional fee | EE8

If recycling also had a direct social purpose |38l

If there were more information campaigns T

about what happens to recycled waste

If there were more collection points, closer T S

to my home
If there were properly arranged spaces | NES N

0% 10% 20% 30% 40% 50%

Fig. 11. Distribution of answers for “Under
what conditions would you agree to selectively
collect your waste and dispose of it in special
places?”

Asked if they know the environmental benefits
brought by selective collection (Figure 12), people
answered 54% with “yes”, 33% with “approximately”
and 13% with “no”.

When asked about the sources from where they
found about the environmental benefits brought by
selective collection (Figure 13), 45% of the
respondents said the main source was the internet.

Do you have information on the environmental
benefits of selective waste collection?

Approximatively

0% 10% 20% 30% 40% 50% 60%
Fig. 12. Distribution of answers for “Do you

have information on the environmental benefits
of selective waste collection?”

Question fourteen (Figure 14) regarding in what
way the authorities should determine the population
to selectively collect, 32% answered that more bins
should be available for the inhabitants, 31% answered
more information programs, 19% said that those who
do not selectively collect should be fined and 14%
consider that the school, church and NGOs should do
more information campaigns. 3% of respondents
answered with “T do not know what authorities should
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do” and 1% consider that all answers should be
applied in order to determine citizens to selectively
collect.

If you answered ,,YES" where did you get the
information?

From children, friends, family members

From mass media

Local radios

le% |
From nternet |
[ - S
L%
|

Local television

0% 10% 20% 30% 40% 50%

Fig. 13. Distribution of answers for “Where did
they receive information about the benefits of
selective collection?”

The statistics for the answer to question number
fifteen “Are you involved in greening activities?” are
given in Figure 15.

From Figure 15, it can be seen that around 55%
answered that they are little involved, 22% with “no”,
22 with “yes” and 1% with “I do not care”. The lack
of involvement from the authorities, the neglect of the
citizens and other considerations only make us take a
step back in the fight against our country’s poor waste
management and how to dispose of it. The fact is that
all these actions will be reflected in the increase in
product prices and sanitation fees.

How should the authorities inform the
population about the mandatory selective
collection of waste?

All of the above options (without the "L.. |- 1%
Idon't know |EEE

Should be sanctioned those who do not...

[ S
[ 77—

Make it available to the population many... IS
N

More information programs

0% 5% 10% 15% 20% 25% 30% 35%

Fig. 14. Distribution of answers for “How

should the authorities inform the population

about the mandatory selective collection of
waste?”

For question number 16: “From which source of
information would you prefer to find out more
information about the environmental projects carried
out by the authorities” (Figure 16), 10% answered
that they would prefer local television stations and
40% that they prefer the Internet as a communication
method.

Question 17: “Would you agree that the waste
collection tax be calculated according to the amount
of waste you generate?” (Figure 17).

Are you involved in greening activities?

I do not care j,l'D
v
0% 10% 20% 30% 40% 50% 60%

Fig. 15. Distribution of answers for “Are you
involved in greening activities? ”

Like many EU countries that have the “polluter
pays” principle, this question is meant to find the
citizens’ opinion on this principle. From the statistical
analysis of the answers presented in Figure 17, it can
be seen that 54% of respondents agree with the
increase of the waste collection tax according to the
amount of waste they generate, 29% do not agree and
17% answered: “I do not know”.

Which source of information would you prefer to
find out more about the environmental projects
carried out by the authorities?

From the church NN 13%
From school N 10%
From Internet I 10%
From massmedia [N 3%
Local radios NG 19%
Local television NN 10%

Fig. 16. Distribution of answers for “From
which source of information would you prefer to
find out more about the environmental projects
carried out by the authorities?”

Would you agree that the waste tariff/taxto be
calculated according to the amount of waste you
generate?

0% 10% 20% 30% 40% 50% 60%

Fig. 17. Distribution of answers for “Would you
agree that the waste tariff/tax be calculated
according to the amount of waste you
generate?”
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We consider that by applying this principle,
citizens would be more aware/pay more attention to
the amount of waste that they generate/to the way of
collecting, as long as their incomes are affected.

4. Conclusions

Research on global production of plastic
materials and environmental pollution showed that
plastic waste is a major environmental problem. The
effect of plastic waste on marine organisms, people
and the environment are of public concern and calls
for the need to save ecosystems and the lives within
them. Despite the fact that plastic materials are used
in daily life, toxic chemical substances used in
production must be carefully monitored in order to
ensure environmental and health safety. Reducing the
community’s exposure to toxic substances from
plastic waste will increase the chances of a clean
environment and a healthy society. There is an urgent
need for government agencies and health authorities
to adopt and apply environmental laws that will
monitor the production, usage and elimination of
plastic materials. Moreover, some harmful chemical
constituents used in the production of plastics (for
example phthalates, BPA, etc.) must be forbidden in
consumer goods and in plastic products that are in
direct contact with food, beverages and children.

From the statistical analysis of the study case,
we can conclude that most of the questionnaire
respondents are females. Even though the study
identified gender differences through the fact that
women are more aware and involved in
environmental protection activities, regardless of
gender, the young generation should harness their
knowledge in this field and adopt these behaviours
that may lead to a sustainable future. The age
category is between 20-40 years, relatively young
people, with higher education. Most people know
what selective collection means and they usually do it
for several types of materials, but they do not know
what happens to their waste after it has been sorted.

Special attention must be given to people who
do not have knowledge about this system. From the
analysis of this questionnaire, 14% of people
answered that they never do selective collection.

The situation in the field (waste thrown near the
bins, fractions thrown into other types of containers
than the ones they should be, etc.) is much more
worrying because the number of those who do not do
this thing is greater.

Although a large part of the population does
selective collection only for certain fractions, it can
be observed that the lack of information regarding
what happens with their waste after it is collected,
makes the citizens’ attitude hostile towards greening
activities.

For the question of how they would prefer to be
informed regarding the environmental benefits of
selective collection and the obligation of selective
collection, respondents consider that the involvement
of local authorities should be by television, Internet,
churches, schools and installing more available bins
for the citizens would help and improve the system.

Moreover, by raising awareness and assessing
the impact of our behaviours towards the environment
through education, by adopting a sustainable lifestyle,
production and consumption practices, we will be
able to reduce the pressure on the planet’s resources.

Taking into consideration that Romania still has
a lot of problems in the field of environmental
protection, it is possible that this solution provided by
blockchain technology, which is still in full
development, will help solve these problems quickly.
This technology has the potential to change social
behaviours, involving more interested parties,
especially citizens, and can stimulate the waste
management process and lead to the ultimate goal of
“zero pollution” cities.

We consider that in order to fight and reduce the
persistent environmental pollution with plastic
materials, we need tougher laws that must be
respected and applied accordingly. This should
include the need for a global convention on plastic
pollution that forces plastic manufacturers to declare
all the ingredients in their products and warn
consumers about the potential health effects of these
constituents.

Another measure would be adequate
management of plastic waste through well
implemented environmental management. Moreover,
an emphasis should be put on educational and public
awareness campaigns. And last but not least, the use
of bioplastic as an alternative.

Even though the study offers some answers
regarding the environmental problems that Romania
faces, it is important to identify the people
responsible for solving them. There are also
limitations of the undertaken study, taking into
consideration that the perspective of only a part of the
population was questioned.

Therefore, in order to fix the deficiencies, the
first solution to the waste problem is to organize
awareness and educational campaigns for the
population. By providing theoretical knowledge and
by organizing extracurricular activities, universities,
high schools, kindergartens, churches can contribute
to cultivate environmentally responsible mentalities
that will lead to the adoption of sustainable habits.

From this point of view, it would be necessary
to carry out additional studies on the questioning of
more citizens from several geographical areas and on
different categories of the public. There are other
variables that can influence attitudes towards
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environmental protection and reuse and recycling
behaviours (background, place of origin, how the
legislation in the field is applied, living standard,
economic status, local culture and beliefs, details
about living conditions, etc.) and that can be inserted.
This objective could be realized by performing
subsequent qualitative and quantitative analyses that
will surely lead to a better understanding of the
citizens’ behavior.
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ABSTRACT

The main objective of this paper is to realise a review on fundamental
research regarding the development of new and efficient methods to determine the
mechanical, thermal, tribological, and thermo-mechanical properties of composite
materials, analysing the results obtained through various graphs and diagrams
accompanied by demonstrations and explanations from the specialized literature.
Developing new materials or improving the properties of existing materials has
been and is a concern of researchers. The chemistry of complex combinations
represents one of the most important fields of scientific research, both in terms of
theoretical investigations and practical applications. The interest shown towards
complex combinations is justified by the contribution brought by the accumulation
of knowledge about inorganic chemicals, polymers as well as about epoxy resins
and polyvinyl ester, of course also about the design, formation and analysis through
mechanical tests (compression, tension, three-point bending), thermal, tribological
of composite materials modified with various modifying agents.

KEYWORDS: modified polymers, composites, complex combinations, epoxy

resins

1. Introduction

Many current industrial fields are in continuous
development, both in terms of products and the
materials used to make them. This fact has recently
led to the replacement of classic (heavy) materials
with modern materials, often plastics or composites
[1-6]. Due to some of their higher characteristics, the
applications of composite materials are numerous in
fields such as: electronics, chemistry, medicine,
optics, construction, sports, cars, agricultural
machines,  automobiles,  electrotechnics, etc.
Composite materials have some physical and
chemical characteristics clearly  superior to
conventional materials (metals, wood, plastic,
concrete), but they also have weak points. Despite the
fact that there are factors that could stop the wide use
of composite materials such as: high costs, elaborated
research, lack of testing standards, the advantages of
using these materials, in the long term, will establish,
worldwide, a considerable increase in applications
created from composite materials. Composite
materials became the first to allow researchers to
modify their internal structure, both by combining

them at the molecular level and in preferential
directions with the aim of obtaining clearly superior
properties to the original materials [7-9]. Thus, the
diversity of composite materials, their properties and
behaviours are limited only by the imagination of
human nature, giving a multitude of possibilities, of
associations, of course, taking into account the
performances and costs defined as research objectives
[10-12]. Starting with the second half of the 19th
century, the chemical modification of natural
materials had generated a really boom of the diversity
of polymers produced in the laboratory [13-15]. It is
difficult to list what exactly around us does not
contain polymers, starting with the surrounding
objects and ending with aerospace applications [16,
17].

Tuttle M. E., in his work [18], claims that the
function of a matrix, of a composite material, is to
provide a relatively rigid environment that is able to
transfer the effort to the fibrous components of the
material. The function of the reinforcement in a
composite material is to take the loading stress
transferred through the matrix. The load must thus be
distributed between the matrix and the reinforcement
[19]. The reinforcement is included in the matrix
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material (via interphase bonds) [20]. In the formation
of composites, an important aspect regarding with the
choice of matrix and reinforcement is the provision of
a high-quality interphase that ensures the transfer of
stresses from the matrix to the reinforcement without
being directly affected. Technological additions have
the role of catalyst, accelerator, flame retardant
agents, protection against ultraviolet rays [21].
According to studies, both the matrix and the
reinforcement of a composite material can be
obtained from different types of materials [22]. The
classification of composite materials can be done
according to the type of matrix material,
reinforcement material, how the composite is made,
use, mechanical, physical or chemical properties, etc
[23].

2. Polymer matrix

To make the composites, the most common
matrices used are metallic, ceramic or polymeric, of
which, due to the very low prices, the polymeric ones
are the most common, however, the remarkable
properties of the ceramic matrix composites
(especially those related to thermal resistance) make
them preferred for aerospace applications [24]. On the
other hand, metal matrix composites are preferred for
underwater applications because metals are much
easier to treat in terms of corrosion resistance, by
painting, coating with various protective layers or
chemical passivation, etc. [25]. Regarding polymer
matrices, at present, the trends are especially related
to obtaining polymers or modified polymers with
properties as close as possible to those of metals [26].
The matrix defines the shape of the landmark,
protects the reinforcement from the action of external
factors and keeps its geometry predefined in the
design, so that the functionality of the part is ensured
[27]. The choice of matrix type is made according to
the technology of forming composite materials [28,
29].

Depending on the type of polymer, composite
materials can be formed with thermoplastic or
thermoset matrices [30]. If, in the case of
thermoplastic materials, all technologies involve
bringing the raw material into the melting phase
followed by injection, the polymerization being
ensured by cooling the material in the mould, in the
case of thermoset polymers, the polymerization or
polycondensation is ensured by use of catalytic
agents, usually called hardeners [31]. Composite
materials with a thermoplastic matrix are relatively
easy to separate, while composites with a thermoset
matrix are extremely stable and the reinforcement or
additive can no longer be extracted from the matrix
[32].

The molecular configurations, and the properties
manifested by polymers at the macroscopic level, in
the liquid or solid phase, depend on the
configurations of the molecular chains, and this
dependence can be explained on the basis of the low
or high mobility of the polymer molecules under the
conditions of heating the material, or the external
mechanical loading of it [33-35]. If in the case of
thermosetting polymers, the chemical bonds that are
made between the polymer chains are covalent bonds,
in the case of thermoplastic polymers the bonds
between the polymer chains are hydrogen bonds or
van der Waals bonds [36]. In the case of
thermosetting polymers, heating leads at most to the
breaking of covalent bonds, which leads to the
oxidation of the material and its destruction [37]. The
most important difference between thermosetting
polymers and thermoplastic polymers is their
behavior at temperature and pressure. Thermosetting
polymer matrices are hydrothermally sensitive and
can degrade at moderately high temperatures (70 °C —
80 °C in the presence of water) by absorbing moisture
[17, 38]. An increase in temperature leads to gradual
softening of the polymer, up to a certain point,
indicating a transition from a glassy behavior to an
elastic or elasto-plastic behavior. The temperature at
which this transition occurs is called the glass
transition temperature Tg, which decreases with
increasing humidity [39]. An increase in temperature
beyond this transition point causes the polymer to
undergo a rapid transition from rigid solid behavior to
elasto-plastic or elastic solid behavior. As a result, the
dominant properties of the matrix (shear strength and
stiffness) are reduced and the material becomes too
soft for use as a structural material [40-42].

3. Thermoset matrix

Thermosetting matrices are characterized in
particular by: limited life time, long formation cycle —
due to the cross-linking times necessary to reach the
degree of hardening, the hardening process in the
matrix can lead to the appearance of products with
small molecules, which causes the appearance of
bubbles and pores in the final product, processing
waste is not recyclable [43]. The most commonly
used thermoset polymers are epoxy, polyester and
vinylester resins, and all of them can be single-
component systems or two-component systems and
are in the liquid phase at room temperature. Resins
are heat treated at high temperatures (or sometimes
just at room temperature) to obtain the final shape
[44]. The formation of composite materials with
thermosetting matrix offers the following advantages:
very easy processing, because in the initial phase the
resin systems are in a liquid state, the wetting of
fibres or particles with thermosets is relatively easy,
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thereby avoiding voids, porosity and dry areas in
formed composite materials, the heat and pressure
required in the processing of thermosets show lower
values than those required in the processing of
thermoplastics [45].

Unsaturated polyester resins — properties depend
on molecular weight and chemical composition. The
increase in  molecular mass determines the
improvement of the main mechanical properties, the
increase in hardness, resistance to temperature and
chemical agents [46]. The specific properties of
unsaturated polyester resins are [47]: easy acquisition
and quick access to raw materials, fast solidification,
no production of secondary elements, dimensional
durability and positive mechanical properties of the
reinforced form, multiple colouring characteristics as
well as transparency, high chemical resistance to the
action of different non-oxidized acids and alcohols
[48]. It is also present the following disadvantages:
high shrinkage during the forming process, poor
flame behavior, low resistance to hot water and
alkalis [49].

Vinylester resins — the mechanical properties of
the hardened resins, especially the tensile and flexural
strengths, depend on the molecular mass of the epoxy
resin used in the synthesis (they are obtained by acid
or acrylic reactions with the reactive oxiranic groups
in crosslinked epoxy resins under the action of UV
radiation), have good dielectric properties, those
based on epoxy resins with methacryloid end groups
show particular chemical resistance to the action of
acids, bases and solvents [50-52].

Epoxy resins — are generally more expensive
than polyester or phenolic resins, but have very good
mechanical, chemical and electrical characteristics,
forming at temperatures between 50 °C and 130 °C,
hard materials and dimensionally stable during
curing, have structure that ensures good adhesion to
most of the reinforcement materials, they are resistant
to the action of acids and solvents, very resistant to
the action of alkaline substances, very good electrical
insulating materials, thermally stable at temperatures
up to 260 °C and very little hygroscopic [53-55].
They have mechanical properties dependent on the
loading or reinforcing agent, the thermal properties
depend on the chemical structure and the hardening
method [56]. In the case of epoxy resins, the cross-
linking of polymer chains is very important, and leads
to improved mechanical performance. This process is
carried out by using chemical cross-linking agents,
which also contribute to the polymerization and
hardening of resins [57]. In the case of an epoxy
resin, the polymerization is due to the specific groups
(epoxy), the cross-linking of the chains being a
consequence of the use of hardeners, for this the
mixture recipe must be extremely balanced. Thus, if
the hardening-crosslinking agent is a primary or

secondary amine, it is necessary that the ratio
between the number of mobile hydrogen atoms in the
respective amine and the number of epoxy groups has
to be 1:1 [58]. This aspect leads to the possibility of
controlling the reaction by establishing the amount of
the strengthening-crosslinking agent [59]. Most
studies of polymer composites are focused on epoxy
matrices due to this polymer's versatility and ease of
handling. In general, manufacturers deliver it in liquid
form (bi-component), they recommend it for use in
additive strategies with various agents — especially
carbon nanotubes [60].

4. Composites with polymer matrices

Polymer matrix composites contain a wide
variety of long, short fibres and powders fused
through and within a polymer matrix. Unlike ceramic
matrix composites, in which reinforcements are used
to increase fracture resistance, in the case of polymer
composites reinforcements are used to increase
mechanical strength and material persistence [61].
Composites with a polymer matrix are created so that
the mechanical loads of the structures exposed to the
loads are taken over by the reinforcements, and the
role of the matrix is to bind the fibres or other
reinforcing elements and to transfer the loads between
them [62-64]. Polymer matrix composites are often
grouped into two broad categories: reinforced plastics
and advanced composite materials [65]. Here the
difference is made based on the level of mechanical
properties (e.g., strength and stiffness), although this
is not a sufficient criterion for the delimitation
process of these materials [66]. The most used
properties of composite materials with polymer
matrix are: low density, high mechanical strength
along the reinforcement (long, ordered reinforcing
fibres) [67].

Recently, these materials have been studied with
increased attention that can be applied to the
construction of structures for the aircraft industry
(military, at first, and civil). Their cost, often very
high, still remains an important obstacle in expanding
the area of use in commercial fields [68]. The most
advanced polymer composites are created by a
complicated way of adding layer by layer (lay-up)
[69]. Ceramic composites, compared to polymer
composites, show performance results in production
(especially military aircraft) [70]. In some cases, it
could even be concluded that technology has
surpassed the scientific understanding of these
materials and their behavior [71].

In order to create more efficient versions of
materials and for an effective design, studies are
needed in the field [72]:
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1. Materials processing - new cheaper ways like,
cost and knowledge of how the forming method
adjusts the final characteristics of the materials;

2. Increasing the impact resistance of polymer
composite materials in order to ensure the
effectiveness and durability in service of the
structures [73];

3. Increasing the resistance to the delamination
process, the studies that have already been carried out
confirm the conclusion that this process is the only
one that can lead to the destruction of these materials
[74].

5. Nanomaterials and nanostructures

Nanotechnology is the science of designing,
manufacturing and applying nanostructures or
nanomaterials. Also, nanotechnology studies the
relationships between the physical properties and
dimensions of materials [75]. Nanotechnology
operates with materials or structures of nanometric
scalar order [76]. We call nanotechnology any
technology that results in a nanometric product: fine
particles, microlithography [77]. If we take into
account the increasingly close collaboration between
engineering and medicine in the nanotechnological
field, we inevitably come to the conclusion that
nanotechnology represents an important link in the
development process of humanity in the years to
come [78].

Among the main components of the science of
nanomaterials and nanotechnology, the following can
be highlighted: fundamental studies of the properties
of materials at the nanoscale level, the development
of nanotechnology both for the intentional creation of
nanomaterials [79], as well as the search for the use
of natural objects with nanostructured elements [80],
the creation of finished products using nanomaterials
and the integration of nanomaterials and
nanotechnologies in various branches of industry and
science, the development of tools and methods for
studying the structure and properties of
nanomaterials, as well as methods of control and
certification ~ of  semi-finished  products for
nanotechnology [81]. The term nanotechnology was
first proposed by N. Taniguchi in 1974 [82].

6. Applications of composite materials

Mishra et al. [83], stated that many researches
are ongoing to improve the mechanical and
tribological ~ properties of these engineered
biocomposites by filling the appropriate amount of
inorganic nanoparticles such as ZrO,, SiO,, CusS,
ZnO, CuO and TiO; in polymer matrices. The
analysis revealed that the incorporation of inorganic

nanoparticles into a natural fiber reinforced polymer
composite improved the mechanical and tribological
properties, also improved the thermal stability and
flame resistance, and reduced the water absorption
capacity of the biocomposites.

Chuan Li, et al. and his work [9], fabricated
phase change composite materials using inorganic
salts for thermal energy storage at medium and high
temperatures. It was concluded that the performance
of the selected salts in various aspects directly
influences the thermal loading/discharging behavior
and also the thermal energy storage capacity of the
composite. In cases where heat transfer is viewed as a
restriction, thermal conductivity additives are
required to improve heat transfer in salt-based
composites.

In [84], a new type of functionalized silicone
polymer was designed and synthesized. The DMA
test showed that the functionalized silicon polymer
preserved the heat resistance of the epoxy composite
material to a certain extent while strengthening the
epoxy. SEM images of the fracture surface of the
composites confirm that the novel silicone polymer
PSOL-(N-TMSPrVaC) is uniformly dispersed in the
epoxy resin. The impact resistance reaches the highest
value with 3.0 phr PSOL-(N-TMSPrvaC), the
percentage was increased by 18.2% compared to pure
epoxy resin.

Polymer matrix composites were produced from
type | collagen fibers as reinforcement and epoxy
matrices with varying fiber volume fractions, namely
10%, 20%, 30% and 40% [85]. The obtained results
were tabulated and the following conclusions were
drawn: the specific wear rate of the composites
decreased as the percentage content of fibers
increased, from the investigation the minimum wear
rate for collagen reinforced composites of 30%
volume loading was observed of 15 N, collagen fibers
embedded in epoxies can considerably reduce
abrasive wear losses. At a fiber composition of 30%
volume fraction, the best wear resistance property
was obtained.

In the paper [86], materials based on Multicast
polyurethane resin and ISO 2 hardener and copper
wires were designed. Based on the results of the
experimental tests, in the case of the characteristic
curves for the specimens reinforced with three copper
wires, an increase in the maximum force can be
observed, compared to the unreinforced specimens,
by 17.51% and a significant increase in the maximum
elongation, by 42.25% compared to of the
unreinforced specimens. Glass fiber reinforced
polymer (GFRP) laminates, a range of thermosetting
resins and an infusible thermoplastic resin were used.
SEM showed a transition from matrix-dominated
failure in the dry state to failure at the fiber-matrix
interface in wet and organic-wet specimens. The
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overall performance of the infusible thermoplastic
was good compared to marine resin systems,
however, environmental performance could be
improved if the thermoplastic resin is used in
conjunction with a fiber size that is tailored for use
with acrylic resin systems.

Researchers [87], used vinyl ester (VE) resin for
additive manufacturing of high-performance vinyl
ester resin by direct writing with UV-thermal dual
curing ink. The printed and dual-cured VE
nanocomposites achieved a Young's modulus of 3.7
GPa and a tensile strength of about 80 MPa, which
exceeds by about 10% conventionally cast pure VE
cured with methyl ethyl ketone peroxide (MEKP)
and, by also indistinguishable from the tensile
properties of cast VE nanocomposites with the same
composition. The fracture toughness of dual-
imprinted and reinforced VE nanocomposites was
16% higher than MEKP-reinforced neat cast VE.

The influence of resin-based bonding agents
loaded with different inorganic filler content, with or
without adhesive, on the micro tensile strength,
biaxial bending strength and adhesive interface
morphology of bonded ceramic specimens were
investigated [88]. It was shown that increasing
inorganic filler content of experimental resin-based
bonding agents strengthened bonded feldspathic
ceramics. The bonding agent with high filler content
produced significantly higher viscosity and film
thickness. In contrast, bond strength was lower and
structural reliability decreased if no adhesive was
used.

The role of heat diffusion on the occurrence of
instabilities during the frontal polymerization of an
adiabatic channel of neat DCPD resin and
unidirectional ~ carbon/DCPD  composites  was
investigated [89], through a numerical analysis based
on a thermo-chemical reaction-diffusion model.
Numerical study performed on the neat resin showed
how these FP-driven instabilities diminish and the
wavelength and amplitude of the thermal peak present
at the front decrease as the initial monomer
temperature increase, leading to an increasingly the
most stable of the front. Although these thermal
instabilities can influence the quality of the
manufactured polymer component, they do not affect
the speed of the polymerization front.

Micro fluidization [90], has been proposed as a
very promising method to prepare low MWCNT
modified epoxy suspensions with improved thermal
properties. Sonication was performed for the same
purpose for performance comparison. Micro
fluidization was found to have the ability to disperse
MWCNTs more homogeneously compared to
sonication, thus improving the final thermal
properties of the composite. The time to prepare the
suspension by micro fluidization was shown to be

approximately 9.3 times less than the processing time
required to prepare the same suspension by
sonication. In short, given the characteristics of the
near-spontaneous flow field, micro fluidization can be
used to various applications of any nano filled
modified thermosetting polymers that require very
high-quality requirements in terms of particle size of
the dispersed phase, particle size distribution and
stability of the resulting suspension.

In [91], fast remote response cross-linked
recycled polyurea nanocomposites were synthesized
by a two-step method involving in situ photo-induced
polymerization and hot compression. The dynamic
nanocomposites exhibited excellent and fast photo-
induced self-healing abilities and regained their
mechanical properties after damage. This aspect can
be attributed to the synergistic effect of the dynamic
exchange reactions in the CPU matrix and the
efficient photo-thermal effect of the filler materials.
The nanocomposite prepared using 1% CNT
exhibited excellent toughness, high elasticity, high
tensile strength, efficient photo-thermal shape,
memory effect and good recyclability.

Radiation-synthesized inorganic-organic hybrid
nanoparticles of inorganic nanoparticles (Ag and
Ce0>) in aqueous dispersions containing radiation-
synthesized poly(N-vinylpyrrolidone) (PVP) nanogels
(NG) were obtained [92]. The experiments showed
that there are strong interactions between the
inorganic precursors (Ag* and Ce®) and the nanogel
before irradiation. The two hybrid systems (Ag/NG
and CeO,/NG) were characterized using X-ray
diffraction (XRD) and transmission electron
microscopy (TEM). XRD confirmed the formation of
crystalline Ag and CeO,. TEM proved that the
inorganic nanoparticles are uniformly distributed
infon the nanogel. Both XRD and TEM confirmed
that the inorganic particle size is controlled by the
nanogel.

An extrinsic welding method using interfacial
covalent bond exchange reactions (CBER) has been
investigated to enable strong and repeatable welding
of conventional thermosetting composites [93]. Dip
treatment and welding time have been shown to
significantly affect joint strength. By choosing
appropriate immersion and welding conditions,
appreciable bond strength has been achieved for
epoxy composites. Also, higher resistance could be
available for longer welding time.

Researchers [94], made a completely bio-based
heat-resistant epoxy network by curing a renewable
luteolin-derived epoxy resin (DGELU) with a furan-
derived hardener, 5,5'-
methylenedifurfurylamine(DFA), anti-flammable and
non-toxic for coating applications fire retardant. For
comparison, a control sample was prepared by curing
commercial petroleum-based epoxydiglycidyl ether of
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bisphenol A (DGEBA) with a petroleum-based
hardener, 4,4’-diaminodiphenylmethane (DDM). The
storage modulus at 30 °C and tensile strength of cured
DGELU/DFA were 82.5% and 23.2% higher than
those of cured DGEBA/DDM. The benzopyrone unit
of the luteolin structure led to exceptional
carbonization, and the carbon yield for thermal
decomposition in nitrogen cured DGELU/DFA was
3.2 times higher than that of cured DGEBA/DDM.
The results proved that a bio-derived, anti-flammable,
high-strength, and non-toxic heat-resistant epoxy
network was successfully developed for highly safe
epoxy coating applications.

Polyurea has been used as a reinforcing filler for
anti-corrosion and wear-resistant application of epoxy
resin [95]. The polyurea nanofiber-reinforced
composite layer mainly improved the anti-corrosion
performance from three aspects: (a) the polyurea
nanofibers were arranged in a staggered arrangement
and acted as an excellent barrier for corrosive
solutions, the physical barrier effect of the filler was
fully applied in coverage; (b) reduction of coating
defects resulted in less corrosive environmental
infiltration; (c) polyurea nanofibers can evenly
distribute the internal stress caused by the expansion
of corrosion products and reduce blistering in the
coating.

In this paper [96], a new visco-plastic model
was developed to predict the rate-dependent nonlinear
mechanical behavior of an epoxy resin. The presented
model was based on a potential function in which a
combination of the second and third invariants of the
deviatoric stress tensor as well as the first invariant of
the stress tensor was realized. A set of tensile and
shear tests at different constant strain rates were
performed to investigate the rate dependence of the
resin and derive model parameters. Under shear
loading, the nonlinearity of the resin stress-strain
curve was significantly more evident than that under
tensile loading, even at low strain rates. The initial
modulus and strength of the resin increased with
strain rate under both tensile and shear loads,
however this was more significant under shear
loading.

A multiscale model was developed and it can
simulate the influence of synthetic conditions (such as
molar ratio) on the structure and physical properties
of thermoset resins (e.g., phenolic resin) by
introducing a comprehensive reaction model that
includes the addition reaction [97]. The effectiveness
of the model was validated by verifying the influence
of primary synthetic index, i.e., molar ratio, on the
physical and thermal properties (i.e., density and
glass transition temperature) of Resol resins. This
model can help to develop more efficient and suitable
synthetic conditions to obtain products exhibiting the
desired material properties.

A new class of high-performance resins based
on dicyanoimidazole (DCI) reactive group with
flexible structural modification has been developed
[98]. This work first introduced a new type of high-
performance thermosetting resin  with flexible
molecular modification capability based on DCI
cross-linking groups. Preliminary studies have shown
that the synthesized aliphatic-containing DCI model
compound (PDBDCI) has higher curing reactivity
than phthalonitrile and benzonitrile, and its cured
products also exhibit better thermal properties than
most thermosetting resins, including phthalonitrile
resins containing aliphatic compounds. In conclusion,
due to flexible molecular modification, high
reactivity, unique aromatic heterocyclic structures,
excellent thermal and thermomechanical properties,
and easy industrialization, DCI resins present a wide
range of application prospects in the field of high-
performance thermosetting resins and even functional
polymers.

The authors [99], of a new flexible binder with
improved mechanical properties for bridge deck
applications. This research studied the preparation
process, microstructural morphology and mechanical
properties of a newly developed thermosetting
polyurethane (TPUA) modified asphalt binder. The
results showed that the viscosity of TPUA was
greatly affected by the preparation temperature and
the rate of viscosity increases with the increase of the
preparation temperature. The curing time was
determined by the change in the absorption peak of
the infrared spectra of the NCO groups. When the PU
modifier content exceeded 30% by mass, the
polyurethane resin (PU) formed a continuous polymer
network in the asphalt binder, and the PU had
relatively good compatibility with the asphalt binder.
In general, the mechanical properties of asphalt
binder were substantially improved by incorporating
PU resin, generating a flexible binder with favourable
application prospects, and PU had relatively good
compatibility with asphalt binder. TPUA still showed
the characteristics of a viscoelastic material at
medium and low temperatures.

Waste thermoset unsaturated polyester resins
(WTUPR), potassium carbonate, glycol, and
polyvinyl alcohol were used to obtain styrene-maleic
acid copolymer (SMC) [100]. The hydrophilic
carboxylate/hydroxyl groups and the hydrophobic
benzene ring structure of SMC endowed the airgel
with amphiphilic properties after physical cross-
linking with PVVA. The concentration of SMC-K has a
significant impact on the performance of AAs, and
AAs with SMC-K/PVA ratios of 1:1 or 2:1 exhibited
hierarchical pore structures, low densities, good
mechanical properties, and affinity/high absorption
for water and organic liquids. The good
comprehensive performance makes AA a candidate
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for fast and efficient absorbents. This study provides
a new route for high value-added reuse of waste
thermosetting polymers.

In [101], the rational design of a functionalized
silicone polymer for the modification of epoxy-based
composites was carried out. The tensile strength of
PSOL-(N-TMSPrVaC)/EP composites was improved
by 8.9% compared to pure epoxy resin when the
content of PSOL-(N-TMSPrvaC) was 0.5 phr. The
impact strength of PSOL-(N-TMSPrVaC)/EP
composite reaches the highest value with 3.0 phr
PSOL-(NTMSPrVvaC). It was increased by 18.2%
compared to pure epoxy resin. SEM images of the
fracture surface of the composites confirmed that the
novel silicone polymer PSOL-(N-TMSPrVaC) was
uniformly dispersed in the epoxy resin. In addition,
the DMA results showed that the thermal stability of
the composites was preserved, while the hardness is
improved.

Studies have been conducted on composites
based on HTV and RTV silicone rubber and carbon
nanotubes for sensors and actuators [102]. HTV and
RTV silicone rubber were used as rubber matrix and
CNT as nanofiller. This study showed that the
incorporation of CNT nanofillers significantly
improves the mechanical and electrical properties of
rubber nanocomposites. TEM investigations showed
that the CNTs had 1-D morphology, diameters of 12—
15 nm, and aspect ratios of 70-75. The compressive
modulus after incorporating CNTs into HTV rubber
nanocomposites at 3 phr was improved by 65% and
the tensile modulus was improved by 96%. Similarly,
the compressive modulus in  RTV  rubber
nanocomposites at 3 phr improved by 110% and the
tensile modulus improved by 105%. Addition of 3phr
of CNTs in HTV and RTV rubber nanocomposites
led to decreases in electrical resistance to 13 kQ and
0.3 kQ. Similarly, the actuation displacement was 2.3
mm (a 920% increase) for RTV silicone and 1.55 mm
for HTV silicone rubber (a 1025% increase) from 2 to
12 kV. In addition, strain sensors showed a higher
measurement factor for RTV silicone rubber than
HTV rubber. The flexible piezoresistive strain sensor
showed >100% stretch.

Silicone rubber, silica nanoparticles, benzoyl
peroxide, and europium nitrate were used to study the
effect of fluorescence labelling on the mechanical
properties of silica-filled silicone rubber [103]. It has
been shown that when the filler loading reaches 30
phr, especially 40 phr, fluorescence labelling rarely
affects the mechanical performance of filled silicone
rubber. Therefore, the optimal filler loading is 40 phr
for investigating the properties of silicone rubber
filled by fluorescent labelling of the SiO filler.

An electrically conductive carbon fiber
reinforced plastic (CFRP) was developed for
lightning protection by infusing the carbon fiber (CF)

fabric with a thermoset resin [104]. The new CFRP
fabrication method used a liquid dispersion of heat-
resistant resin based on styrene derivatives, including
micron-sized polyaniline (PANI)/dodecyl benzene
sulfonic acid (DBSA) composite particles. The results
indicated a non-uniform distribution of PANI-CP
particles between the CF fabric layers and the
presence of very small particles on the surface of the
CFs inside the bundles, which contributed to high
electrical conductivity. Non-uniform particle size
distribution was found to increase the density of CFs
in bundles.

Sprayed polyurea (SPUA) was used to develop a
nonlinear  visco-hyperelastic tensile constitutive
model over the wide strain rate range [105]. The
mechanical properties of SPUA were shown to be
strain rate sensitive, i.e., the elastic modulus and
tensile stress increase with increasing strain rate,
while the strain at fracture is linearly negatively
correlated with the logarithm of the strain rate. SPUA
is a material sensitive to strain rate, dynamic elastic
modulus dependencies, tensile stress.

In [106], an effective strategy for improving the
interfacial adhesion of immiscible methylvinyl
silicone elastomer/thermoplastic polyurethane blends
were addressed by developing a hybrid Janus particle
with an amphiphilic brush. According to SEM and
AFM analyses, the modified Janus particles were
stably located and ordered at the polymer blend
interface due to the asymmetry structure of the
particles and the interaction between the polymer
matrix and similar short polymer chains on the
particles. Furthermore, the elongation at break, 300%
strain and tensile strength of the blends were also
significantly increased due to the compatibilizing
effect of the modified Janus particles.

Three types of epoxy systems and glass-coated
cobalt-based microwires (GCM) were used to predict
the interfacial shear strength before use for fiber-
reinforced thermosetting composites based on the
impedance-stress effect of ferromagnetic microwires
[107]. The local interfacial stress induced by the resin
microdroplets significantly improved the microwire
impedance, but the stress concentration reduces this
improvement effect. The increase in impedance has a
non-monotonic linear relationship with the total
embedded length, and the absolute value of the slope
for the descending side shows the same trend as the
IFSS of the GCM-3/resin composites. The proposed
IFSS prediction method using Co-based microwires
can dramatically simplify the testing process and
reduce industrial costs, facilitating the performance
optimization and application of advanced fiber-
reinforced polymer composites.

A novel healing kinetics modeling methodology
was established to facilitate matrix formulation [108].
The proposed kinetic curing methodology established
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an explicit link between material chemistry and

material modeling overcoming the traditional
limitations of standard curing Kinetics
phenomenological  techniques and  reducing

experimental effort and development time for resin
formulation. The Formulation Ratio Superposition
(FRS) approach has been shown to satisfactorily
approximate the kinetics of ternary mixtures on a
wide variety of amine/epoxide systems. Matrix
formulations can be tailored to specific design
requirements controlling reaction intensity and
reaction time by changing the constituent functional
group fraction. Characterization of the curing Kinetics
of the binary blend and matrix parameterization of the
constituent functional groups provided greater design
flexibility, as complex matrix formulations can be
tailored to improve hardness, damage tolerance, and
environmental stability.

This paper [109] is an overview of
manufacturing defects in fiber-reinforced resin matrix
composites, including: resin defects, fiber defects,
interface defects, and processing defects. To
characterize the defects of composites, the authors
synthesize the non-contact detection of composite
defects and prospect the development of composite
defects in the future. This article analyses and
discusses the generation mechanism, distribution, and
optimization methods of manufacturing defects in hot
press moulding, resin transfer moulding, and additive
manufacturing moulding. The main manifestations of
defects produced by the carbon fiber reinforced
composites processing process are: delamination;
rupture; burrs. Delamination is the most serious
machining defect, which results in many engineering
application problems such as decreased strength and
short lifetime in composite structures.

The static and dynamic compressive and tensile
response of highly elastic polyurea was investigated
in [110]. Curing of thermoset resin and thermoplastic
resin, resin infiltration process in hot pressing, resin
transfer moulding and 3D printing were described in
this article. The formation mechanism of fiber
reinforcement defects such as fiber puckering and
curling in composites was introduced, and the
influence of these defects on the bending and
compression properties of the composites was
analysed, and showed that fiber misalignment defects
would seriously reduce modulus, strength. and the
stability of the supporting structures. The main
manifestations were delamination, breakage and
burrs, which seriously affected the strength and
reliability of the connection between components.

7. Conclusions

As a conclusion, efforts to develop
nanostructured polymeric materials have attracted

attention due to the increasing importance of these
materials in the engineering industry, aerospace
industry, food industry or biomedical applications.
Also, in this paper, the deepening of some aspects
regarding the influence of modifying agents as well
as their concentrations on the mechanical behavior of
the formed materials intended for the study was
sought.

Following the analysis of the obtained
experimental results, the following conclusions can
be displayed: internal properties of materials such as
solubility, polymer-payload interactions, polymer
chain flexibility, surface charge, stereochemistry,
surface  chemistry,  molecular ~ weight and
crystallization ability, etc. They must be considered
for choosing the appropriate preparation method and
for the appropriate processing.

From the review, it follows that controlling the
nanostructure of polymers and adding nanoparticles
has led to improvements in structural and functional
properties in a number of polymer systems in
response to the continuous demands of advanced
industrial sectors.
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ABSTRACT

Material identification has been proved to be of important interest for
different fields such as industrial automation, autonomous robots The autonomous
robots for garbage collection, such as aquatic-cleaning [3] or garbage gathering
[6] need the algorithm for identification of materials. Automatic conveyer
identification for garbage collection and segregation also use algorithm for

material identification.
Convolutional Neural Network.

In this paper is proposed an algorithm based on

KEYWORDS: material identification, waste management, convolutional

neural network

1. Introduction

Material identification has been proved to be of
important interest for different fields such as
industrial automation, autonomous robots,
autonomous navigation or autonomous car. In case of
industrial application material identification resumes
to find the exceptional cases where the material
structure indicates there is the correct part selected. In
recent years, using the latest computer vision
algorithms, semantic description of the scene is taken
in to account, where all the objects in the scene, such
as tree, car, street, buildings are identified in order to
identify the road and dangerous situation for driving.
One of the components of the scene identification
could be also the material identification of objects.
For autonomous navigation, such in case of delivery
autonomous robots already available for public use,
the identification of an area with snow is very
important, as this might cause blocking the robot.
Researchers use classic computer vision algorithms,
such as image filters and conduct quantitatively
analyse of the material. For instance, a Canny
algorithm filter followed by contour identification
might indicate by the amount of certain dimension of
contours a certain material.

Concerning Artificial intelligence there are
various initiative for to develop different material

databases: CUReT database or Flicker Material
Database. Databases contain different material
samples taken at different illumination levels.

OpenSurfaces data base has more than 110,000

segmented materials. Understanding of the material
composition of a scene is paramount in the scene
understanding problem, such in case of automated
system to collect garbage.

Fig. 1. Example of material identification
problem [1]

The autonomous robots for garbage collection,
such as aquatic-cleaning [3] or garbage gathering [6]
need the algorithm for identification of materials.
Automatic conveyer identification for garbage
collection and segregation (Fig. 2) also use algorithm
for material identification. While the shape detection
is one of the phases of identification, there are objects
that have the same shape but different material. In
such a garbage collector system a robatic-like arm or
actuator collects garbage automatically through a
conveyer transporting different objects. For which we
are designing an arena for the machine. The actuator
is controlled by a software that is processing image
from a camera located above the conveyer. The
software send command to the robotic arm to collect
the stationary waste [3].
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Fig. 2. Examples of waste objects images from the created database: a) HDPE; b) PET green; c) PET
dark; d) PET transparent; e) PET blue; f) PET teal; g) PET multicolour; h) ‘other’; i) aluminium
can; j) multiple objects scene

2. Experimental procedure

We  considered that different  objects
representing garbage, as in case of a garbage
conveyer, are located 600 mm above the scene. The
conveyer is transporting the garbage with the speed of
0.3 meters/s. Though the speed might produce a
distorted image the algorithm is correctly identified
the objects.

IMAGE

Blob analysis

The algorithm is described in Fig. 3 The image
is filtered in order to obtain blob analysis to identify
parts in image with the same characteristics. The
algorithm is using CNN (Convolutional Neural
Network) to identify 3 types of material, namely
paper, fabric and plastics. The test images consisted
of 30 different images containing the 3 types of
materials. As seen in Fig. 7 the false positive
identification produces the identification the object
made of metal as one in the three classes indicated.

Predicted

- label

Fig. 3. Algorithm for material recognition

3. Results and discussions

We used own set for training of 100 images for
each type. The recognition rate is about 80% and the
false positive detection rate is 15%. The trained set
included objects that are different from the testing test
set. The trained set was obtained using different
illumination. The algorithm needs lower computer
resources. We used an i5-11260H processor on a
computer with 16 Gb. The image is acquired with a
Logitech C505 webcam. The resolution used is 1200
X 800 pixels. The processing speed is in the range
200-300 ms. We note that not all images acquired in
the video stream is processed as some are blurred and
are not processed. We used own algorithm to detect
blurred images, with a speed of 20-30 ms per frame.

In case a blurred image is detected the algorithm for
detection of material is not used and we skip to the
next image. The blob analysis is applied to each
image in 5 different filters in order to identify
materials with the same texture. The texture with
many information is quite hard to detect. Using blob
analysis followed by CNN network we obtain
satisfying results. However further development
needs to use several filters in order to obtain better
results. Also, better results should be obtained using a
higher number of images to be trained. In figure 6 is
depicted the scene acquired by the camera to be
processed by computer. Several materials are on the
scene. In Figure 7 is shown the identification results.
In this picture is shown a false positive identification,
the software identifies as plastic the metal part on the
conveyer.
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Conveyer

Fig. 4. Conveyer used for material identification

o

Fig. 6. Detection of different materials Fig. 7. Detection of different materials
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4. Conclusions

The study of material detection for garbage
collection shows that the task of identifying materials
in garbage is a challenging task. Using blob analysis
followed by CNN network we obtain satisfying
results. However further development needs to use
several filters in order to obtain better results. Also,
better results should be obtained using a higher
number of images to be trained.
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