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ABSTRACT

The aim of this paper is to present the studies concerning behavior of the
refractory to metallurgical slag corrosion. The corrosion resistance at high
temperatures using the static method on samples containing chamotte or alumina
were performed. The corrosion degree of refractory plastic mass was established by
corrosion determination, and the corrosion rate and macroscopic image analysis
measurements. The analysis of samples subjected to macroscopic measurements
showed a better behavior in terms of corrosion resistance for alumina samples.

KEYWORDS: refractory plastic mass, cast iron, slag, chemical corrosion

1. Introduction

The most solicited parts in direct contact with
the cast iron and metallurgical slag are the tap hole of
the furnace and the cast iron gutters for the
transportation of the cast iron ladles. The maintenance
and correct operation of the tap hole cast iron have a
great importance for the normal operation of the
furnace in complete safety. It is necessary that the
amount of plastic used to seal, the outlet provide,
besides a good seal, a wear protective of carbon mass
of the crucible and the tap hole. A measure for
assessing the refractory plastic mass behavior during
utilisation is the chemical corrosion resistance. A
mass with a high chemical corrosion resistance
protects the surrounding area but also provides a
corresponding flow to technology.

Corrosion resistance, in this case, is considered
the property of refractory products that do not
degrade under the chemical action of cast iron and
slag. The corrosion intensity of refractory lining
depends on the chemical nature of the refractory
material and of the corrosive material that reacts with
the first. The temperature has an important role in
enhances of the corrosion process.

The chemical etching of the refractory by the
cast iron or steel occurs after a solid-liquid reaction,
quite slow and less important than the reaction of the
refractory material with slag. For this reason, the
studies are directed, particularly, to the system slag -
refractory material. There are many studies on the

chemical corrosion of refractories. In the following
part will be presented a few examples of the corrosion
processes, referring to the refractories Al,05-SiC-C
systems.

1.1. A review of the corrosion

mechanism study

The study of refractory etching by slag is one of
particular importance [1]. The refractory resistance
could be weakened by the dissolving action in liquid
slag. The slag etching on refractories in contact can
occur in two ways:

- corrosion - refractory wear and tear caused by
the chemical etching of slag;

- erosion - caused by mechanical action, namely
detachment and involvement of the slag material by
the slag refractory material [1].

The slag and metal infiltration in the refractory
grains, the mechanical erosion caused by moving
liquid slag and the slag chemical etching, all that
contributes to the loss of the refractory masonry [2].

The chemical corrosion can be defined, as it is
known [3] that refractory wear by mass loss, ie the
thickness of refractories exposed as a result of
chemical etching by a corrosive liquid. The refractory
and the liquid will react at the interface, reaching
chemical equilibrium in the contact area between the
refractory and corrosive liquid.

With the chemical reactions during corrosion,
physical changes occur that could accelerate the
corrosion process. The corrosion is the refractory
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wear by the loss of thickness and mass of the exposed
refractory due to chemical etching by the melt, in a
process where refractory and melt react, chemically
balanced in the contact zone between the refractory
and the melt. This is a key point because the
corrosion reaction continue until it reaches a steady
state. For the corrosion analysis and to anticipate the
chemical strategies to reduce the corrosion and wear
rate, some authors [3] propose phase equilibrium
diagrams. In this context, there are two possible
approaches: the first is to see the corrosion as a
chemical and physical process without a detailed
application of equilibrium phase diagrams, called
"phenomenological approach" and the second
approach involves wusing information from the
phenomenological approach in phase equilibrium
diagrams. This last option is necessary for a full
understanding of refractory corrosion [3].

Juergen Potschke and Thomas Deinet think that
the refractories in contact with molten slag and steel
show a wide variation of behavior in terms of
corrosion resistance. The corrosion is based on the
Marangoni convection.

References provide details on this topic [4]. The
diffusion process and the controlled chemical
reactions between the three phases - slag, refractory
and steel - lead to a concentration gradient affecting
the interfacial free energy of steel and slag,
minimization of them.

This causes a strong flow transmitted by
convection from the boundary between phases, which
causes a significant reduction and improvement layer
diffusion and mass transfer. A model was developed
to predict the corrosion rate. This paper presents a
contribution to understanding the experiments and
their  quantitative  expression. As a  first
approximation, the corrosion rate in mm/h can be
estimated as the difference between the refractory and
the slag saturated concentration and the initial
composition, regardless of the slag type and the steel
composition. These studies can develop depending on
the slag composition of steel and steel mills specific
conditions [5]. Local corrosion was studied on
alumina-graphite refractory interface and slag by
immersion tests and direct observation technique
using high temperature X-ray. Combining these
investigations with microscopic studies, a mechanism
for local corrosion was developed.

The mechanism is based on the cyclic
dissolution of alumina and graphite in slag,
respectively molten metal phases. It was found that
during the dissolution of refractory with alumina slag
film, movement induced Marangoni effect and the
evolution of gas bubbles can accelerate the
dissolution process [6]. William Smothers and A.R.
Cooper studied the situations when there is mutual

penetration of two interacting phases (refractory
material and liquid slag) beyond the border pan, in
the adjacent plan [9]. They have revealed that the
dissolution of the solid phase in a liquid phase (slag
in the present situation), decreases the rate of
diffusion through the liquid phase to exceed the
solubility limit in oxide components of the refractory
material.

The corrosion occurs due to heterogeneous
chemical reactions between liquid phases (slags and
other melts) and refractories. Reaction products can
exist in one of the following situations: moving, in
general, in the slag or melting, to form new
compounds, to diffuse into the surface lining or
refractory lining [9].

2. Materials and methods

The corrosion resistance study at high
temperatures using the static method (STAS 5193/1-
83) on a set of samples containing alumina or
chamotte were analyzed. To evaluate the corrosion
degree of refractory plastic mass, the corrosion
coefficient and the corrosion rate, macroscopic image
analysis measurements of samples were made.

Two types of refractory masses, noted A and B
were subjected to analysis.

The proportion of raw materials, the chemical —
oxide composition and physico-mechanical properties
of the samples are presented in Tables 1 and 2.

Table 1. Raw materials composition

Material quantity
Material used [%]

A B
Sand 25.0 -
Fire clay 15.0 -
Alumina - 39.5
Reactive alumina - 0.5
Clay 30.0 30.0
Coke breeze 10.0 10.0
Graphite 10.0 10.0
Silicon carbide 10.0 10.0
Phosphoric acid 27.65 27.65
Novolac 2.9 2.9
Hexamethylen 09 09
tetramine
Tehnocell 1.0 1.0
Meraklon 0.5 0.5
Ceramic fiber - 1.0

In Tables 3 and 4 are presented the variation
limits of the chemical composition for blast furnace
slag and cast iron analyzed.



THE ANNALS OF “DUNAREA DE JOS” UNIVERSITY OF GALATI.
FASCICLE IX. METALLURGY AND MATERIALS SCIENCE
N° 4-2012, ISSN 1453 — 083X

Table 2. Chemical and oxide composition, physical and mechanical properties

Composition Physical and mechanical properties
Experimental Si0, ALO, SiC C Fe,0, Appal:ent Appar.ent Compressive
masses density porosity strength
[%] [g/em’] [%] [N/mm’]
A 48.28 17.22 9.30 17.41 1.26 2.03 28 12
B 19.50 47.95 9.30 17.41 0.86 2.36 20 16

Table 3. Chemical composition of blast furnace slag, [%]

CaO SiO, Al O3 MgO MnO FeO
43 =44 34.1 =35 125+13.5 | 5.86+6.26 | 0.66+1.49 | 0.54 +0.66

Table 4. Chemical composition of cast iron, [%]

P

C Mn Si S
3.90 04+0.7 04+0.7 >(.003 0.08+0.10
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Fig. 1. Optical micrographs of sample A for polished surface in bright field (a) and dark field
(b) at various magnifications

Fig. 2. The optical micrographs of sample A for breaking surface
in dark field at various magnifications
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a b
Fig. 3. The optical micrographs of sample B for polished surface in bright field (a) and dark field (b)
at various magnifications
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Fig. 4. Optical micrographs of sample B for broken surface in dark field at various magnifications

The two refractory materials, noted A and B, Environment, “Dunarea de Jos” University of Galati,

were analyzed using optical microscopy (Figures 1-  with an Olympus BX51M metallographic microscope
4). image analysis are briefly presented.
The metallographic analyzed were conducted at In Figures 5, 6, 7, 8 the specimens appearance

the Faculty of Metallurgy and Materials Science and  after the corrosion measurements are presented.

Fig. 5. Fire-clay containing sample, Fig. 6. Alumina -containing sample,
subjected to the action of iron (Al) subjected to the action of iron (B2)

b TR Naano

u*‘._\q'-* el "‘ I‘ 1 ii..'.". J‘r

il : #%‘5
Fig. .7- Fire-clay COI?taining sample, Fig. 8. Alumina -containing sample,
subjected to the action of slag (A3) subjected to the action of slag (B4)

- 10 -
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Table 5. Texture description of samples

Basic . .. Grain
Sample materials Homogeneity Compactness Grain size distribution

A Chamotte, quarz, homogeneous 0rous coarse iregular
silicon carbide g p g
bauxite, quart .

B auxite, quartz, homogeneous compact fine uniform
silicon carbide

The four sets of samples were tested, two corresponding to mass composition B. Corrosion

corresponding to mass composition A and two

measurements are presented in Table 6.

Table 6. Corrosion measurements for analyzed samples

Sample The main component Corrosive factor
Al chamotte iron
B2 alumina iron
A3 chamotte slag
B4 alumina slag

3. Results and discussion
The corrosion degree of refractory plastic mass
was identified by determining:
1) corrosion coefficient, I [%];
2) corrosion rate, V., [mm/s].
3) macroscopic image analysis;

The resulting values from the determinations are
presented in Tables 7 and 8. In Figures 5, 6, 7, 8 in
samples with cast iron (A1 and B2) it was found that
samples having the chamotte refractory as aggregate
were deformed, while those which had used high
purity alumina remained undistorted (Figures 5, 6).

Table 7. Corrosion coefficient of analyzed samples

Initial Final Final . Initial Final Corrosion
. Coefficient .
Sample surface, surface, diameter, o volume, volume, coefficient,
So Sf Dif Vo Vf I
[mm’] [mm] [mm’] [%]
Al 600 704 34 1.20 14130.00 30294.72 214.40
B2 600 651 32 1.20 14130.00 28297.68 200.27
A3 600 1092 44 1.30 14130.00 50227.44 355.47
B4 600 651 32 1.20 14130.00 28297.68 200.27
Table 8. Corrosion rate of analyzed samples
Initial radius, Final radius, Time keeping, Corrosion rate,
Sample R, R T, V.
[mm] [s] [mm/s]
Al 15 17 7200 27.78X10'3
B2 15 16 7200 13.89x10-3
A3 15 22 7200 97'22)(10—3
B4 15 16 7200 13.89x10-3

In the structure of alumina samples (Figs. 6 and
8) two zones can be distinguished: one impregnated
with slag and an area unchanged. The impregnated
area, with thickness up to 1 mm grain consists of
slightly glazed with iron and silicon carbide crystals
unchanged diffused in glazed mass, mixed with metal
droplets. The unimpregnated area consists of large

portions (about 2 mm diameter) of glassy appearance
and black crystals with sharp angles of silicon
carbide. Samples with chamotte, after slag etching
resistance (Figs. 5 and 7) were deformed, if the
sample containing slag, there are three areas (Fig. 5):

- the working area, with up to 6 mm thickness is
coated with slag;

-1 -
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- the least modified area of about 1.2 mm
thickness is brighter than working area, but mass was
melted and compacted;

- the unchanged area is loose, opaque and
fragile.

The sample containing alumina is instead much
less etched by slag (Fig. 8). The silicon carbide
refractory mass does not change during heat
treatment.

4. Conclusions

Following corrosion measurements and the
corrosion degree of the refractory plastics mass, it
was found that:

& the action of cast iron on the refractory
material is less intense than the action of the slag.
Replacing the chamotte in the mass composition with
alumina increased the corrosion resistance of the
refractory mass at slag corrosion.

& the alumina sample (noted B) resulted in a
smaller corrosion coefficient and the corrosion rate is
lower than that of the chamotte sample (noted A).

& the analysis of samples subjected to
macroscopic measurements showed a better behavior
in terms of corrosion resistance for alumina samples.

= the test results for corrosion are related to
chemical and mineralogical composition, texture and
compactness, sample B having a homogeneous
structure with uniform grain distribution and more
compact than sample A, having strengths higher
corrosion than sample A;

= the alumina sample (noted B) is better in
terms of chemical stability, the resulting lower
corrosion coefficient values and the corrosion rate
being lower than the chamotte sample (noted A). This
conclusion is confirmed by the macrostructural
analysis performed in the fracture surface.

It can be appreciated that in set B, the amount of
alumina particles is higher, they are finely dispersed
and are physical barriers to crack propagation.

This led to the dispersion hardening phase
samples (a significant increase in compressive
strength) and on the other hand they have blocked
sample degradation by delaying the formations of a
network of intercommunicant cracks.
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ABSTRACT

This paper presents the results of simulating an isothermal frictional contact
between a polymeric block and a steel ring. The model takes into account the
elasto-plastic behavior of the polymeric materials and the friction coefficient of the
two triboelements in dry regime as determined from tests done on a block-on-ring
system. The results given by the model are compared to some characteristics of the
actual test ring (geometry of the wear track). The mechanical characteristic of the
polymer material were modeled in accordance to the results obtained from the

traction tests.

KEYWORDS: isothermal model, friction, stress and strain distribution, block-

on-ring tester

1. Introduction

Finite element models have been successfully
used to analyze contacts, but this takes a considerable
amount of time and a high computational cost [2].
Some of these techniques yield closed-form solutions
which  generally involve some simplifying
assumptions. Many of them are limited to a certain
range of geometries or loading conditions. Special
two and three-dimensional elements have been
developed for stress and displacement analyses in
tribological contacts [4, 5, 12, 13, 14].

Wear and friction, introduced as supplementary
processes in the contact models, make the model
closer to the actual one as friction modifies the stress
and strain values [1, 6-9, 10, 11].

2. The fem model of the bloc-on-ring
system with friction

In order to evaluate the contact in this particular
problem of block-on-ring contact with friction, the
authors used the program COSMOS/M version 2.9
[16].

The aim of this paper is to point out the
behavior of polybuthylene therephthalate (PBT) in
contact with friction and to evaluate the stress and
strain fields for different contact loads.

The hypotheses characterizing this model are:

- the material loss due to the wear process is not
taken into account. This is a first step in modeling the
contact and the hypothesis is good enough for a
starting analysis as the authors made tests on a
performative tribometer and the wear parameter have
low values as compared to, for instance, the test done
with PTFE blocks [3, 4];

- the model is isothermal (the temperature is
kept constant at 20°C for the ring and the block);

- the material ring is hardened steel (elastic
behavior) and could be considered rigid as compared
to the block material (polymer);

- the block and ring materials are considered
homogeneous and isotropic;

- the mechanical properties of the steel ring
have been selected from the program library for a
steel with the hardness close to that of the rings and
for PBT, there were selected representative points
from the experimentally obtained strain-stress curve,
using the TESTOMETRIC M350-5AT equipment
[17], having a force cell of SkN, as recommended by
EN ISO 527-2, in the Laboratory of Polymeric
Materials Research  (Faculty of Mechanical
Engineering, "Dunarea de Jos" University of Galati).

The elements that have been used in this
simulation were:

- the modeling of the block was done with the
help of PLANE2D elements plane stress, with 4
nodes having a side of 0.1 mm (thus, the block model
contains 5,050 elements); the block width is 4 mm,;

- 13 -
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- the ring modeling used rigid elements type
BEAM2D with 2 nodes, the ring width is 10 mm;

- the contact modeling between the block and
the ring used contact elements type GAP, node to line
with automatically generated friction and the value of
the friction coefficient is set here at 0.2 as determined
from experimental tests.

Vs

W

| N RETN =l

b =
.

e
e,

- the values for the mechanical properties were
determined from tensile tests made on PBT bone
samples and the Poisson coefficient was set at v =
0.4), as given in literature [15].

The FEM model is presented in Fig. 1.

B Biock

eleinenl PLAMEID
pline wiees

- s

Fd ﬂ Rotation :__r'lrhll' EE AN

.H'.

Z {approach) L

e

Fig. 1. Model for the block-on-ring system

The calculation was done quasi-statically, the
friction coefficient being considered independent on
the sliding speed.

Models of materials:

- non-linear elasto-plastic model (von Mises
isotropic), using the information from the strain-stress
curve experimentally determined for PBT;

- linear model for the BEAM2D ring material
(hardened steel).

This contact model is a non-linear one, even if
the structure has small deformations. The equilibrium
is attended by incremental increase of the normal
force, imposing the displacement on the force
direction.

In order to solve the contact problem, the
Newton-Raphson method was used; generally, 6...7
iterations are needed, on each step for getting a
convergence with the help of this method [2, 5].

In order to get the contact points and the
stresses in this zone, the Total Lagrangian method
was used (the plastic deformations are small). The
incremental values is automatically set, activating the
clause “autostep”. The cases taken into discussion in
this paper are given in Table 1. The values of the
contact width on the PBT blocks were obtained by
measuring at room temperature (20...22°C).

3. Results and discussions

Analyzing the values in Table 1, one may notice
that the results obtained from the FEM modeling are
in good agreement with those experimentally
determined.

Figures 2...7 present the stress distributions for
the following stresses: von Mises, main stresses o;
and o, shear stress in plane xy and the strain
distributions for the cases of F=5 N and F=20 N.
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Table 1
F Imposed displacement Calculated width of the Measured width of the wear
Case of the block, Z contact track (experimentally)
[N] [mm]
1 1 0.0341 1.5 1.6
2 2,5 0.0151 1.79 1.3
3 5 0.0185 2.12 2.1
4 10 0.0539 2.94 2.8
5 20 0.1108 3.43 3.5

a)F=5N ¢)F=20N
Fig. 2. Influence of the normally applied load on the distribution of von Mises stresses

a)F=5N c)F=20N

Fig. 3. Influence of the applied load on the main stress 1 (o)

a)F=5N ¢)F=20N
Fig. 4. Influence of the applied load on the distribution of the main stress 3 (o3)
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a)F=5N ¢)F=20N

Fig. 5. Influence of the applied load on the shear stress (t,,)

a)F=5N ¢)F=20N

Fig. 6. Influence of the applied load on the total plastic strain distribution

B-B151ER

N _GROERE

a)F=5N c)F=20N
Fig. 7. Influence of the applied load on the distribution of the total deformation
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Fig. 10. Distribution of the values for the STRESS INTENSITY parameter
(difference between maximum main stress and minimum main stress, ¢;-03)

Figure 8 gives maximum values of von Mises = Mises stress asymptotically approaches the yield limit
stresses characterizing the PBT block as a function of  experimentally established for the polymer.

normally applied load. One may notice that von

—&—von Mises
T R — = main stress 1
——main stress 3
]| — —O—gshear stress tau Xy e
= —0
s /
520 w e —o\
10
N £ — —/ AN
0 T T T 1
0 5 10 15 20

Normalload (N)

Fig. 8. Maximum values of stresses in the polymeric block,

as a function of the applied load

Due to the elasto-plastic nature of the block, the  running program

evidenced an almost

linear

maximum von Mises stresses could overpass the yield  dependence of the maximum total strains and the
limit of the material (47.3 MPa, as determined from  maximum plastic strains with the normally applied

tensile tests). For the studied loading interval, the  load (Fig. 9).
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0.35 -

- —o—maximum plastic strain (mm)

—#—maximum total strain (mm) =

0.3

0.25

0.2

0.15

Strain (mm)

0.1
0.05 /

10 15 20

Normalload (N)

Fig. 9. Maximum strain in the polymeric block, as a function of the applied load

Figure 9 presents the dependence of the
maximum total strain and of the plastic strain on the
normally applied load. The value of the total
maximum deformation is very close to maximum
plastic one.

This FEM modeling could help the designer to
evaluate a frictional contact even without conducting
laboratory tests.

The conclusion from this figure is that the
material could support high loads because of its
elasto-plastic nature.

4. Conclusions

After running the model for several normally
applied forces, the authors have drawn the following
conclusions.

The zones with plastic deformations are small
as compared to the block size for all analyzed cases.
The deformations are transmitted toward the clock
interior, along the direction of the normal force. The
shape of the block in the contact zone has the
tendency of becoming that of a shoe, this explaining
the distribution of stress and good behavior of the
polymer at high forces (Figs. 6 and 7).

The block material could support high loads due
to local plastic deformations that do not allow the
generation of local high stress peaks.

The shear stresses (z,) have high values,
theoretically close to the shear limit (here considered
approximately 20% of the tensile limit for many
thermoplastic polymers [3, 4].

The distribution of the STRESS INTENSITY
parameter (the difference between the main stresses
o; and o3) is relevant for evaluating the damaged

zone of the contact, especially when the friction is
introduced (Fig. 10, for F=20 N). When this
parameter reaches maximum values, the zone is that
where the material could be broken and then dislodge
through wearing.

This model is useful for reducing the design
time and the time for evaluating the contact.

A FEM model will behave closer to the actual
one if experimentally determined parameters are
introduced. The model presented used the information
obtained from tensile tests, introducing points from
the stress-strain curve as obtained from actual tests
and information obtained from tribological tests
(here, the friction coefficient).
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ABSTRACT

The purpose of this paper is to present a method for determining the main
magnetic features such as magnetic induction B, magnetization M, the coercive
magnetic field He, permeability u, using hysteresis cycle chart.

The method can be used for:

-determining the amounts of phase with the existing magnetic properties of

ferrous alloys,

-determination of delta ferrite in austenitic steels and the weld seam weld

bonding of these steels,

-pointing to the deformation of martensitic transformation in cold austenitic

stainless steels and proper calibration,

intensity estimation of martensitic

transformation and the amount of martensite in the structure.

KEYWORDS: magnetic properties,

transformation

1. Introduction

Knowing the characteristics of magnetic
materials is important for achieving their selection
and use of equipment and technology in the industry
[1].

The purpose of this paper is to present a method
for determining the main magnetic features such as
magnetic induction B, magnetization M, the coercive
magnetic field Hc, permeability p, the hysteresis

o

S

a) H=0, M=0

hysteresis cycle, the martensitic

cycle obtained using the chart on the screen of an
oscilloscope.

A ferromagnetic sample can be considered as
consisting of fields of magnetization with magnetic
moments oriented randomly, so the total magnetic
moment is zero proof figure la [3], [4]. If the
evidence of such an external magnetic field is
applied, the fields tend to be guided by the direction
field, which produces a total magnetic moment
nonzero figure 1b.

b) H£0, M£0

Fig. 1. View on orientation magnetic domains

Magnetic moment of unit volume is called
d m ,and is measured as the
av

magnetic field H in A/m. Between magnetic
induction B, magnetic field H and magnetization M
is the following relationship:

magnetization -

Beulioi |orH
Dependence of B and H of M is a linear

function of ferromagnetic materials that, with
increasing field, tending to increase the
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magnetization saturation value Ms, OC curve, figure
2 [2].

Decreasing to zero field is found that
magnetization decreases only up to the Mr, called
remanent magnetization and to cancel the
magnetization, demagnetize the sample, should apply
a magnetic field of opposite sign first -Hc value. The
field is called the coercive field Hc. Growing up in
this new field so again reach saturation value -Ms,
the magnetizatiei the point on the curve D and the
decrease is obtained, -Mr, with the new sense of the
field. Purpose of reversing the field again and raised
her son to obtain the saerple demagnetization +Hc

(Al

Fig. 2. Shape of hysteresis cycle

2. Layout

Schematic diagram of the facility is shown in
figure 3. Supply circuit is made from an AT to have
an adjustable voltage. Bc identical coils are solenoids
that produce their center on their axis of symmetry, a
known magnetic field intensity H.

(H=1.2 x104 / m, for a current of 1A through
their turns). The two coils are connected in opposition
probe Bs and Bc are placed inside the solenoids in
their center, each having 5200 turns each. Coreless
transformer is Bh, the mayor crossed the stream
causing the solenoids magnetic field Bc. Thus to

——[ R _}+—

en(em) C __ edley)

»
»

Fig. 4. Integration circuit

saturation value and then to +Hmax. Magnetizatiei
variation curve corresponds to a change in the field
from +Hmax. to -Hmax. and again to +Hmax. cycle
is called hysteresis, figure 2. Using a magnetic field
produced by an AC frequency of 50Hz, the sample
will be magnetized and demagnetized with this
frequency. If by any means whatsoever is applied to
X plates of an oscilloscope with a voltage
proportional to the magnetic field applied e, sample
and the Y plates of the oscilloscope e, apply a
voltage proportional to the magnetization, then the
oscilloscope screen will appear that the sample
characteristic hysteresis cycle.

Im:s;ﬂywj
B

Fig. 3. Electrical schema of experimental

measurements
obtain a  transformer  secondary  voltage:
do dH
== Si N (D:B.S:ﬂOH.S

T T

where: 1, is the magnetic permeability of
vacuum, S is the average size of the transformer
secondary turns Bh and H is the magnetic field
created by electricity transformer primary of the
circuit.

This voltage is directly proportional to ey with
current and hence the circuit is proportional to the
magnetic field Be:

dH

eH:C17 s Cr=—u,S

)
R Integr.

~ 220V ~5V

mA@

R,

Fig. 5. Electrical transformer and integrated circuit
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To have the X terminals of the oscilloscope
voltage proportional to field strength magnetic ey, will
have to be integrated voltage ey. Voltage integrated
circuit for ey is composed of an electrical resistor
with resistance R and a capacitor with capacitance C,
figure 4. Figure 5 is shown coupling an integrated
circuit in a transformer.

Choose R so R>> Xc, where Xc = 1/w.C is
capacitive reactance of the capacitor . In these
circumstances, the electric current in the circuit can
be approximated by i = ey / R. How voltage across
the capacitor is collected e, = Q / C where Q is the
way electric charge accumulated on any plates of the
capacitor is related to the intensity of electric current
in the circuit through the relation ¢ = J idt .

Follows:
. €n
0 _‘-ldt _[ R dt 1
. = = = = = J.eHdt
C C C R.C
ex:L Cldidt:Kl.H,where :K1=i
R.C dt R.C

Since R>> Xe, electric voltage e, (that is
integrating well ey), is much lower than the voltage
ey, choose R / Xc = 100-1000, and sometimes
provides an amplification of the tensions at the
entrance to the oscilloscope.

X terminals connected to the oscilloscope, e,
voltage will cause a horizontal line with length
proportional to the amount of magnetic field intensity
H. In the absence of a ferromagnetic sample probe
within any of the coils, the voltage across pick Y is
zero. The two voltages obtained from the two probe
coils are equal in magnitude and opposite in phase,
the probe coils are identical but connected in
opposition. The two coils are crossed by flows Bs
magnetic ®; = po.NHS, ®,=po.NHS respectively,
where N is the number of turns and S turns average
surface coil probe. Bo=poH. Since these flows can be
written as: ®=NSB, ®, = NSBy respectively. Total
flow becomes @, = ®;- ®, =0.

When the coils in a probe, eg a coil probe, place
a ferromagnetic sample with relative magnetic
permeability 1, and section and flows through is s the
two coil magnetic probe are: @,'=N.B, (S-s) + NBS,
respectively ®@,'= NSBy, B= .H = p.ur.H. Given the
link between magnetic field intensity H, the sample
relative magnetic permeability [, its magnetization is
M=H (l-'l-r'l)

Total magnetic flux becomes: @', = ®,"-®, P', =
N.By (S-s) + NBS-NSB( = Ns (B-By), or:

@'t =NsH pg (ur-1) = Ns po. M.

Because the magnetic field varies in time, be
produced by an alternating current, and that the
sample magnetization M varies over time and
consequently in the total magnetic flux ®@'. The two

coil induced

M-

circuit a voltage probe appears

do ' am

eM:— dt :—N.S./UOT:

where C, =N.s.u,

Integrating and this voltage can be applied to Y
plates of an oscilloscope ey voltage directly
proportional to the sample magnetization M.
ey=K,.M, where K, is a constant. Applied ey voltage
oscilloscope entry Y, will cause a vertical line on the
screen, whose length is proportional to the
magnetization M. The composition of the two
voltages ex and ey is obtained on the oscilloscope of
the sample studied hysteresis cycle M = f (H) .

aM
T odt

2.1. Calibration facility

Calibration facility can be done using a sample
whose magnetic characteristics were determined
following previously on other plants or process
described below.

a) Calibration of horizontal. Since the coercive
field of the sample is measured horizontally, the
magnetization is zero, it must be known accurately
represent the magnetic field in units of a division on
the oscilloscope. If the screen has 50 divisions,
knowing the value of the field of reading an ammeter
electric current intensity, determine the division.

The hysteresis cycle of the test chart is read
corresponds to the number of divisions that Hc,
multiplying it with the value in A / m, of a division in
determining the value of Hc in A / m

b) vertical calibration. This can be done using
an adjustable AC and uc = Um.sin(w.t) known type
which can be regarded as being generated by a time-
varying magnetic flux form:

D, = —Iucdt = —_[Um.sin (@ .t )at

D, = (;”’ cos (@.t)= @, .cos (w.t)

where: ¢, maximum flow calibration.

If the maximum length @, corresponds
Im=50mm, then the flow corresponds to a certain
length @y, ly spot oscilloscope vertical deviation.

But &y=0=p(N.s.M=®¢ ,ly/l,.., Follows:

q)C.m lY _ Um ZY
to.Ns 1,
Maximum voltage is related to the actual value

22U,
UmZ\/E.UQ,,MzidlY

M = —
oy, Ns [,

@.u, Ns I,
For our installation we: U,=16V, ©®=314 s for
v=50Hz, pe=4n 10”"H/m, N=5200 turns, 1,,=50mm.
We can write M=K,.1,/l,,, where
N2U,

K, = —L=10,22 A.m / mm
@.uy.N.s [

m
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Measuring ly in millimeters vertically Mr. and
Ms, and knowing. section sample s can be determined
and the residual saturation magnetization of the
sample studied. Knob vertical amplifier must remain
in the same position during the measurement and
calibration. The equipment allows the determination
of the coercive field Hc magnetizatiei residual
saturation of the M, and Mg with an error of about 8%
satisfaction measurements for samples with the same
series and cross section of the same material. You can
also determine the maximum magnetic permeability
Umax = B/ H =y AM/AH,

M> H in the coercive field because at this value
of the displacement field occurs irreversibly block
wall that delimits the areas of evidence leading to a
marked rise in ferromagnetic magnetizatiei it. Energy
losses in the magnetization are proportional to the
area enclosed by the hysteresis cycle.

Thus the density of energy loss will be:

- -
wo= H, §) M . d H
Energy losses per unit volume, a hysteresis
cycle is calculated as the product of magnetic
permeability of vacuum |, and area of hysteresis
cycle M= f (H) expressed in units of physical
quantities M and H.

3. Working mode

Carry istalation in figure 3. It connects to an
adjustable voltage source, an autotransformer. Adjust
autotransformer with a suitable amount of electric
current through the coils Bce, 1A or 2A is
recommended. Connect the voltage output from
integrated circuit boards deviation X, Y of the
oscilloscope respectively.

Hysteresis cycle falls on the oscilloscope for
parts handling it centered vertically and buttons that
amplifications potentiometers on the oscilloscope's
horizontal. Plot to scale on graph paper on screen
hysteresis cycle. Read the Graphic Divisions for X,
Xmax, Yr, Ys appropriate physical quantities Hg,
Hmax, M,, and Mg respectively.

Hysteresis cycle area is evaluated by counting
the squares of graph paper. Hmax is determined by
applying three simple rule worth knowing that a 1A
current intensity magnetic field strength value is
1.2x10* A/m.

Hc is determined by applying three simple rule
given that the corresponding graph is linear horizontal
scale:

)5 P Kinax(mm)

HC e e Xc(mm) HC:Hmax~XC/Xmax

The sectional area of the sample s were
calculated in m’. Magnetizations remanent and
saturation is calculated with:Mys=K,Ys) /s where:
K,=0,22 A.m/mm.

Magnetization My, mm corresponding to a
vertical axis of the graph is determined using the
formula: My = K,./s.

Hy of the magnetic field intensity corresponding
to mm on the horizontal axis of the graph is finished
by applying three simple rule:

Hinaxeevevevevenenennn. X max(mm)

Hyoooooooee 1(mm) Hy=H pnax./Xmax

Calculate: s)=Ho.M, (in A*m?) for Imm? cycle
area and then the hysteresis cycle area: A, =p-So
where p- number mm?® in the cycle graph area.

The density of energy losses in the
magnetization arising from the relationship:
W=Lo.Acy and is expressed as: w/m>.

Plot the tangent to the graph figure 6, in the
vicinity of the coercive field, -H¢ and calculate its
slope tg a=AM/AH , so:

AM=M, x number of squares in which the
vertical tangent.

AH=H, x number of squares in which the
horizontal tangent

Maximum magnetic permeability of the sample
is determined by the relationship:

Wmax=Wo- AM/AH (H/m).

A

Fig. 6. Hysteresis cycle and determination of
magnetic permeability

- 23 -



B, STIN
Sl ,T" 4
FONDATA
1976

THE ANNALS OF “DUNAREA DE JOS” UNIVERSITY OF GALATI.
FASCICLE IX. METALLURGY AND MATERIALS SCIENCE
N° 4-2012, ISSN 1453 — 083X

4. Conclusions

The method can be used for:

-determining the quantities of phase with the
existing magnetic properties of ferrous alloys,

-determining the amount of delta ferrite in
austenitic steels and the weld seam weld bonding of
these steels,

-martensitic transformation highlighting the cold
deformation austenitic stainless steels and proper
calibration, intensity estimation of martensitic
transformation and the amount of martensite in the
structure.
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ABSTRACT

In this paper the authors made measurements and registration of vibration by
using accelerometers posted on the top backup rolls. This is a new way for predict
the damage in the rolling mill equipment and the precision of laminated strip. Also
is need this technology for monitoring the strip shape combined with a complex
system of control for technological parameter of rolling mill process All these
monitoring systems is necessary because the demands on the quality of rolled strip

is happened in real time.

KEYWORDS: prediction, monitoring, strip shape, mill chattering

1. Introduction

The control of rolling mill process, consist in
two ways. The first way is to analyze the rolling mill
that deformed the material and second is to
continuous recorded of drive and work parameters. It
is the way to know where is the future damage that
can to appear in the mill machine system and the
possibility to prevent the malfunction and the default
for the sheet dimension (rolled strip thickness
differences).

Dynamic analysis of plate and strip mills is in
the idea of reducing the weight of these assemblies,
the failure to avoid excessive size and time required
for certain parts dynamic. This analysis is done by
comparing the initial vibration signal (at the
commissioning of the mill) with the vibration signal
measured after a certain time of operation.

Monitoring of parameters is practically the
feedback from those who participate in the iterative
process of optimizing the operation of the mill
process. The measurement and calculation procedures
described below apply known.

The innovations elements are accessibility,
flexibility, speed and power. Necessary hardware
features dynamic measurements can be grouped as
follows: size mechanical transducers (strain gauge,
force cells, displacement transducers, accelerometers,
etc.).

The whole transfer function or functions derived
from measurements of time recorded even if they
were obtained by simultaneous acquisition can be
used for graphical representation of distortions.

In case of transfer functions can be simulated
deformations that occur under the action of forces
other than those actually used for measurement. For
example, disposing of transfer functions measured
with the excitation pulse can simulate and plot the
likely deformations under the action of a certain
frequency sinusoidal forces. They can also be
identified frequencies at which parts deformation is at
maximum. Of all the research results made the
current problem is to analyze the conditions for
scientific working of rolling mills, the identification
and quantification disturbing factors and finally,
modern design, for increasing resistance, reliability,
reduce consumption, ensure continuity processes and
product quality finished [1]. All this led to the
development of a general concept for the
establishment of dynamic influences on complex
machinery and quantification of the dynamic forces.
The modern analysis of the tensions leads to the
design with a minimum of approximation and
uncertainty of sub-assemblies of equipment [2].

One of the main measures in the design and
optimization systems for machinery important action
is to determine the size of dynamic moments that may
occur during operations.
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2. Experimental procedure

2.1. Measurement of vibrations on the cold

rolling mill machine

The equipment for measurement of vibration is
described, with the main orientation for viewing and
analysis of three-dimensional deformations of
complex structures subjected to vibration stresses.
The measurements were made with transducers
placed upright, horizontal and axial position-on
cylinders support in the operator side.

We have not registered print and sudden wave
variations in the thickness of rolling strip. During the
measurement we are recording signals during normal
operation of the vibration sources in rolling mill
machine work.

The conditioning has functions to convert the
transducer output voltage in the standard signal (the
voltage is between + 1V and = 10V with low
impedance) to conduct or offsetting characteristics
transducer linearity and limit the frequency of the
field required. For acquisition board we use A / D
conversion (National Instruments AT-MIO-16E2),
computer (PC compatible). The last three components
are part of the experiment, using Lab VIEW
application. Without going into details of the
transducers may be worth noting that virtually no
restrictions on the type of sensors used or the
manufacturer.

Minimum necessary to perform the full range of
dynamic measurements is two channels of input and
output channel.

Analog output channel can be used to generate
the excitation signal and the two signal input channels
to measure real and that the excitatory response [4].
By using multiple input channels and therefore more
transducers, the exact same results are obtained but in
a shorter time (shorter working time is not
proportional to the increasing number of channels).
Excitation signal generated by computer can be
designed to cover a whole range of frequency and
type can be selected by scanning sinusoidal noise
type with limited bandwidth or pulse.

Vibrations of the functional parts of the mill
frame are investigated by simultaneous recording of
signals with two transducers (Fig.1). One of them is
mounted on the backup roll (drive side) and the other
is mounted on the other backup roll (operator size).

The vibration parameters (displacement,
frequency and acceleration) are done automatically,
without supervision. Partial results are saved
periodically. If processing speed is very low we can
eliminate disturbances that exceed the useful signal
amplitude. The results are stored as average power
spectra. Obtaining power spectra may take a while the
order of minutes or hours.

Due to the modularity and compatibility of
National Instruments products, system acquisition can
be completed with programmable filters, galvanic
isolators, analog multiplexers, bridges and other load
cells.

Acquired signals are standard signals in the +
10V voltage, single or differential, which enables
connection to most types of existing sensors and
signal conditioner. Acquisition system may include,
besides the signal generator and digital PID
controllers, DSP processors, in a series of products
the company National Instruments Motion Control
for controlling the operation of sources of vibration,
hydraulic or electro [5].

For the first date the experiments were made on
a laboratory cold rolling mill for steel strip in two
phases, from February to October 2012 - with
performance equipment and up-to-date acquisition
equipment like: line of data acquisition: transducers,
preamplifiers, filters, analog-digital converter; modal
analyzer, with data acquisition in Lab VIEW
programming environment. It was realized 115
different charts [5], have been made by this
equipment. To make the measurements of:
displacement, accelerations  and  frequency,
transducers were fixed upper and lower cylinders
support of considered rolling mills by the vertical and
horizontal direction. (Fig. 1).

Fig. 1. Accelerometers mounted on back-up of
the cold rolling mill, (in the equipment
laboratory), for vibration measurement
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The experiment that we made, lead to particular
trends of mechanical properties and may be utilized
for optimization of work parameters steel in a cold
strip rolling mill, reflecting the specific requirements
for a relation between strength and plastic properties
of laminated carbon steel.

Other experiments were performed on the cold
rolling mill machine for steel strip (LBR1-Arcelor
Mittal S.A). It observe that in the last cages of the
milling tandem respectively four and five, there are
the recorded the lowest values for displacements,
acceleration and frequency vibrations. These values
represent the latest stage in the achievement of the
finished milling product [5].

The measurements were performed on 28 cold
rolled carbon steel strips, after which the change was
made on the working cylinders. The frequency of
vibrations are influenced by the speed of rotation of
the cylinders, rolling force, the tension between
frames, emulsion used - the characteristics of
vibrations and they were recorded during mentioned
periods of time - On the surface of the last 5 rolls
rolled- before the change of working cylinders, we
see traces and printings were noticed belonging to
these cylinders.

3.3. Results and discussions

The measurements that are made on the
laboratory equipment and in parallel on a real cold
milling  machine, showing the amplitude,
accelerations and frequency spectrum of vibrations
that occurred in the rolling mill process. The
accelerometers are mounted on the lower and upper
cylinders support, on the operator and the drive side.

Vibration measurement in cold rolling mill has
been carried out with accelerometers being mounted
on the work and bottom roll chocks. Strip thin was
0.4mm. Such result is obtained if we suppose that
upper housing do not represent symmetrical stack
part. Thick strip stable rolling was available at the
high speed without chatter.

Rolling mill machine had the same technical
condition and almost the same rolling parameters
(steel type, work rolls, loads, speed between entering
and exit from mill machine).

Even with a little output thickness deviations
(aprox. 0.lmm) strip mechanical properties are
preserving. It influences on damping properties of
steel strip in the roll bite. Harder strip corresponds to
less damping. Work rolls bending influence only high
frequency to 980Hz [6]. Strip variable stiffness in the
roll bite may be considered like an excitation
parameter in the mill machine. Experiments with the
mill drives rotation under the working loads and
speed without strip between the works rolls shown
that vibration signals is in another patterns It will be
noticed by comparing these data that the highest

value of movements was on cylinder upper support
(Action part). This is due because of the existence of
some vibrations coming from the chain of cinematic
shareholders.

The acceleration measured and recorded
maximum (shareholders) was about 4.4m/s* and from
the operator side was about 3.8m/s”[5].

After measured and recorded of accelerations
we can say:

- the highest amplitude of vibrations has been
emphasized in area of drive mechanism.

- the vibrations caused the appearance of some
wavy parts on the surface band (exemplified for a
sheet with thickness output of 0.3mm and width of
1660mm (in the Arcelor Mittal milling area-LBR1)
with up to about 20-40mm distances between pikes of
waves. At mill speeds between 600-1150m/min, the
vibration frequencies measured not exceeding 460Hz.

Vibrations in the range of frequencies 5-90Hz
corresponding couplings, gearing, box gears, flaws in
the camps.

Vibrations in the range of 125-300Hz
frequencies corresponding to common problems like
games in interspaces positioning system, wear in the
camps, lubricant used.

Frequency in range of 100-300Hz is
characteristic for positioning system and those
interspaces, for the quality of surface of working
cylinders. It is noticed a growth of vibrations
amplitude of cold rolling mill machine in this range
of frequencies.

Frequency in range of 500-900 Hz, show a wear
stressed of decks of cylinders support, of their camps
(with games in the interspaces), determined the marks
in the wave shape due the printing that existing on the
surface of rolled strips.

This can lead to the interpretation of surface
defects that occurred due to some reasons presented
to a point but correlated with the state of wear rolling
mill in general, the working cylinders support, the
lubricant used.

Experiments in tandem operation revealed: the
tendency of growth of vibrations amplitude at high
speeds lamination where arise as to increase the speed
of rolling with about 50% per rolling mills, registered
a magnitude vibrations Growth of around 35% per
frame [7].

On the other hand, the band widths with narrow
and heavy manifest the same tendency of increasing
amplitude vibrations, unlike bands with great width
and thickness, where the effect of damping vibrations
is considerably higher.

Measures to reduce the load in stage design are:

-choice of cinematic scheme rationale without
links liabilities;

-the establishment of real physical processes
that occur in equipment with consideration and the
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mass  distribution, electric
characteristics;

-use computer modeling to determine the
parameters of simulation-optimal, cinematic and
dynamic;

-rational location of the drive mechanisms;

-use of transmission without long or
complicated parts;

-design adequate for action and work parts of
rolling mill machine.

game engine and

4. Conclusions

As a major conclusion of the investigation on
the basis of which have some researches contracts
concluded with ARCELOR MITTAL S.A. and
completed - is a pressing need reduction and possible
elimination vibrations in order to increase reliability
of all the rolling and the production of endless bands
in accordance with standards International.

In conditions which do not take into account the
effect of varying tasks, and in particular of the
dynamic errors appear to dimensioning of machinery
components, with repercussions all over the reliability
and quality production.

In the researcher made was the following:

1. Under the action tasks variables (interior and
exterior system), the chain of cinematic equipment to
distort, charging the forces and resistance of the
materials from which they are made the components,
by installing the phenomenon of fatigue. This is the
most frequent cause of the deterioration of equipment
subassemblies.

2. Main sources demands are dynamic forces of
inertia period starting and braking; games in
components from inside the spaces of the cinematic
chain entrapment - working; wear subassemblies;

faulty execution and assembly, fault of positioning
system; the usage of the decks cylinders; hardening
band;

4. We can appreciate that the most important
dynamic effect, in the cold rolling mill, is mainly due
to the positioning system, with take in consideration
the kinematic chain, which will transmit the
necessary torque and rotational speed of the engine
through the gearbox and coupling rods from working
cylinders. The experiment should be supplemented by
additional vibration analyses explaining other types
of damage that can appear in work for rolling mill
machine.

5. Work rolls surface temperature
essentially parameter vibration existence

Vibration frequency harmonics may be used for
diagnostic of friction forces. Stands synchronization
control is a real method to control the vibration
parameters in cold rolling mill machine in work.

is an
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ABSTRACT

This paper presents a simulation program use of feeders exothermic and
insulating plates. High quality casting is considerably improved by using

solidification simulation flow and cast.

KEYWORDS: feeder exotermic, simulation flow, thermal gradient

1. Introduction

To improve the quality of large castings by
preventing the appearance of defects in their walls
during solidification process can used the exothermic
feeders. Also the solidification process can be
improved by computer simulation.

Achieving a high temperature gradient between
the feeder head and part (thermal nodes are powered)
can be obtained by using exothermic mixtures (as
powdery or made up).

2. Improvement of casting technology by
exothermic feeder head

The exothermic feeder head is provided with a
coating mixture that in contact with liquid metal
releases heat, as a result of the exothermic reaction
between its components.

There are two kind of exothermic feeders:

- low-temperature  gradient  (50-100K)
performed as plates and inserts;

- high-temperature gradient (400-500K) carried
by metalothermic load.

The heat released by exothermic mixture is
based on exothermic reactions (reduction-oxidation).
This type of reactions can be divided into three
categories:

- Goldschmidt's reaction, i.e. aluminium
oxidation under the action of an oxide (iron oxides)

- aluminium oxidation under the action of
oxygen from atmosphere or under the action of
chemical combinations that produce oxygen

- combustion of the organic materials (charcoal,
sawdust etc.).

Goldschmidt's reaction occurs according to the
following equation:

2A1+ F€203 =2Fe A1203+ Q (1)
2A1 43 FeO = 3Fe +ALO; + Q @)

Materials for exothermic feeders heads are
divided into five groups:

- active components which come directly into
the oxidation process like aluminum powder,
aluminum chips and, ferrosilicon powder;

- oxidizing components (that provide oxygen
needed to carry out the exothermic reactions) like iron
oxides, manganese oxides, iron ore, piroluzit,
hematite, sodium nitrate or potassium nitrate,
chlorides and fluorides;

- catalysts (special additives for oxidation
process control) like fluorides of alkali metals,
cryolite and cupola powder;

- inert components (that ensure slowing of
exothermal reaction and the lowering of temperature
exothermic reaction) as quartz sand, chamotte
powder, wood flour etc.;

- binder as bentonite, sodium silicate, clay,
dextrin and, resins.

The components of exothermic mixture (i.e. the
substances that participate in the exothermic reactions
and the substances that are thermally inert) cause the
reactions with thermal effect. As result this has
influence towards the ignition temperature and the
burning rate of the mixture.

For these reasons, these exothermic mixtures
are chosen depending on the nature alloy (iron, steel,
nonferrous alloys), the geometry of the parts and the
casting conditions too.
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In addition, the exothermic mixtures must also
meet others characteristics:

-exothermic coating must be sufficiently
resistant to mechanical action generated by liquid
metal flow;

-after reaction finishing the exothermal shell
must have the good thermal insulation properties;

-the products of exothermic reactions cannot
develop other chemical reactions with the cast metal;

-low cost exothermic mixtures.

Additionally to exothermic feeders heads can be
used the exothermic powders.

These are placed above alloys after casting.
Their role is to protect the surface of casting alloy to
atmosphere contact and provide a supplementary heat
input.

Exothermic materials used to realize exothermic
heads are chosen depending on the alloy. For the steel
parts the composition of these materials are given in
Table 1.

Tablel. Exothermic material for carving large pieces of steel

0,
Product Aluminum Slag e It/(l):ltlegl:l;efe Sodium MnO,Oin slag
name Fluorine - Yo
powder furnace ore silicate

EXO-1 14 46 12 10 18 4.30
EXO-2 14 40 20 8 18 6.21
EXO-3 14 34 30 4 18 6.32
EXO-4 14 28 40 4 14 7.81
EXO-5 14 20 50 4 12 13.20

Exothermic mixtures are classified according to
the nature binder:

a. Exothermic mixtures with resins

Last time "FOSECO" made a series of
exothermic mixtures for feeders heads used for
different alloys. These improve a higher removal
index (75-80%). The four types of mixtures named
Feedex is given in Table 2.

Table2. Types of mixtures Feedex created by

"FOSECO"

Type of mixture Water content, %
Feedex 3 4
Feedex4 5

Feedex 50 10
Feedex 93 7..9

b. Exothermic mixtures with dextrin

Exothermic mixtures with dextrin have lower
hygroscopicity. As result the bushings made of these
mixtures can be maintained until the molding up to 2
... 3 days. The utilization of these mixtures is limited
because dextrin is a poor material.

¢. Exothermic mixtures with sodium silicate

The bushings made of exothermic mixtures with
sodium silicate are less hygroscopicity and can be
maintained during a longer time (within 6 days), if
the humidity not exceed 2%.

d. Exothermic powder mixtures to cover the
upper surface of the feeders

The addition of the exothermic powders to
feeder surface is the most simple and common
practical solution. On liquid alloy surface develops a
strongly exothermic reaction (the heat released is in
accordance with the composition of the mixture and
with its amount). On alloy surface a slag layer is
created that minimizes the heat loss by radiation (the
heat released by feeder surface condition is 15 ...
20%).

A prescription for the exothermic mixture that
can be placed on the alloy surface is as follows (mass
%): 10 % aluminum powder; 4% iron ore; 3%
manganese ore; 3% cryolite, 80% chamotte powder.

In order to improve the efficiency of the
exothermic heads wused for large castings the
insulating boards can be used. They are made of the
same material as exothermal heads.

Insulation board is presented in Figure 1.

Fig. 1. Example of insulation board
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3. Simulation of the solidification alloy computer simulation. MAGMA program is used in
this application.
Other solution to improve the quality of large Following some images of the variation of the

castings by preventing the appearance of defects in  solidification front and the temperature areas, are
their walls can be the solidification process by  presented.
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Fig. 2. Variation of the solidification front and the temperature areas

Flow simulation and solidification simulation
using computer program MAGMA lead to efficient
casting process.

Also the implementation of this program leads
to the optimal placement of feeders with
minimization of the heat loss.

4. Conclusion

The using of the exothermic feeders for large
steel castings increases the removal index;

The insulating boards that surround the feeder
lead to a smaller loss of heat transferred to the walls
shape. The alloy of feeder is maintained longer as
liquid.

The application of these methods leads to a
healthier walls surface of castings and to a lower
processing time.

The solidification simulation using MAGMA
program leads to improving of large castings quality
by preventing the appearance of defects in their walls.
Also the metal consume is reduced.

The result of the simulation program, the
exothermic feeder and the insulating plates use, could
be a better quality of castings and shortening of the
labor time.
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ABSTRACT

The 316 austenitic stainless steel powders are typically used in applications
requiring good corrosion resistance, mechanical strength at high and very low
temperatures, good ductility, wear resistance, associated in some cases with
adequate porosity. The paper presents some experimental research on the
production of sintered 316 stainless steel powders and their characterization in
terms of microstructure and wear resistance.
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1. Introduction

The increasing development of the technology
for obtaining parts by powder metallurgy and extend
their scope of application is due to the advantages
presented [1, 2, 3, 7, 8]:

» full use of raw materials compared to other
manufacturing processes that use the material at a rate
of 50%;

» low energy consumption;

» complex shapes parts obtained, with high
accuracy and good surface quality, elimination of
mechanical ~ processing needed for  other
manufacturing processes;

» high reproducibility, even for complicated
parts in terms of shape;

» flexibility in design and manufacturing;

» isotropic properties due to structure;

» superior mechanical properties: high
hardness, up to 60-65 HRC, ultimate and impact
strength, good wear resistance and elongation
properties, resistance to fatigue;

» fine and controlled structure;

» new unique properties, related to pore
structure and represented by the self-lubricating and
filtering abilities;

» low cost of large series fabrication
compared to forging, casting or cutting technologies.

The technological process of manufacturing
sintered parts includes the following phases:

» obtaining powdered materials;

» making homogenous the powder or powder

mixture with the desired chemical composition;

» obtaining tablets of metal powders by
pressing or other means;

» presintering and sintering of powder tablets
at high temperatures in a protective atmosphere;

» secondary operations: calibrating the
sintered parts, machining or other finishing processes
of the sintered parts, oil or easily fusible alloy
impregnation of the sintered parts;

» reception and control
products.

Special attention has been paid in recent years
to obtain products of high corrosion-resistant steels
with ferritic or austenitic structure.

The 300 series austenitic alloys are typically
used in applications requiring good corrosion
resistance, mechanical strength at high or very low
temperatures, good ductility, wear resistance,
associated in some cases with an adequate porosity
(filters) [4, 5, 6].

The 316 austenitic stainless steel powders are
designed for manufacturing various parts in machine
manufacturing industry (valves, gears), in the
petrochemical industry (filters, test probes), the
energy, food, medicine, and photographic industries.

With austenitic stainless steels, nickel along
with chromium are the main alloying elements. The
influence of Ni is opposed to that exercised by Cr, so
that with increased Ni content there is an extension of
the y range and a narrowing until progressive
disappearance of the range o and o + 7.

Nickel is dissolved in Fe y and extends the life
range by acting on the lowering of temperatures
below the critical transformation points.

of the sintered
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According to specialized references [9, 10]
nickel causes in stainless Cr-Ni steels two important
phenomena:

*the extension of the austenitic range and
increased austenite stability;

*the stabilization of phase o (FeCr) at high
temperatures and its occurrence at lower
concentrations in chrome, as compared with stainless
steels alloyed only with chromium.

In the case of a steel containing a major amount
of Ni (8-13%), the mixed range (o + y) occurs with a
low carbon content and high temperatures (1400 °C )
and the austenitic field becomes very large.

Nickel also contributes to better corrosion
performance: resistance to corrosion in air, sea water
and acids.

Molybdenum increases the corrosion resistance
(pitting) in H,SO, solutions, chloride and organic
acids. This paper presents some experimental
research on the production of sintered powder 316
stainless steel products and their characterization in
terms of microstructure and wear resistance.

2. Experimental conditions

To obtain sintered parts, a powder of 316
austenitic stainless steel with the following chemical
composition was used: 0.03%C; 17.1%Cr; 12.09%Ni;
0.51%Si; 2.5%Mo; 0.84%Mn; 0.012%S; 0.03%P;
rest Fe.

Fig. 1. shows the aspect of 316 austenitic
stainless steel powder.

Fig. 1. Aspect of 316 austenitic stainless steel powder

The 316 stainless steel powder in Figure 1 has
an irregular shape specific to water atomisation.

The microhardness determined on the polished
section of the particles under a load of 50 g was
HV0A05:939.6 MPa.

The pressing process used was cold pressing,
with universal machine for mechanical tests. The 316
powder compaction pressures used were 540, 628,
726, 863 MPa. Compact samples are cylindrical with
dimensions of approximately 8x6 mm. The powder
tablet sintering was carried out in an electric oven.
The sintering temperature was 1150°C and the
exposure time to this temperature was 60 minutes.
The samples were placed in a ceramic cylinder, where
graphite was added.

Graphite has an important role in the cooling
stage to prevent air intake in the cylinder, thus
providing protection to the atmosphere. After
sintering, all samples were cooled slowly.

The main purpose of sintering is to reduce
porosity. The sintering process is often accompanied

by changes in the material, some of them desirable,
others not so: changes occur in the mechanical
strength, hardness; particle size and shape are
affected; there is variation in pore shape and size, the
chemical composition and crystalline structure may
change too due to the appearance of the chemical
reaction processes in solid phase.

The microscopic analysis of sintered samples
was performed by a Neophot 2 microscope with
computer data acquisition.

HV,; microhardness determined on the sintered
powder tablets was conducted on a PMT-3
microhardness meter of 100g load.

316 stainless steel sintered samples were
subjected to wear test on a rotary disk with sand
paper. The method consists in the successive
pressing, under identical conditions, of two 8x6mm
samples onto a rotating disk covered with 120 grit
sand paper. A radial displacement mechanism of the
specimen with 0.5 mm / rev provide spiral running on
the rotating disc surface. A device for applying a load

- 34 -



THE ANNALS OF “DUNAREA DE JOS” UNIVERSITY OF GALATI.
FASCICLE IX. METALLURGY AND MATERIALS SCIENCE
N° 4-2012, ISSN 1453 — 083X

of 6.229 N provides perpendicular pressing of the 3. Results and discussions

specimen on the sandpaper to 0.123 N/mm? pressure. The microscopic analysis of the pressed tablets
At a disk speed of 25 rev/min, a length of 11.6 m was  performed with a Neophot 2 microscope reveals the
run. presence of pores and their shape (Fig.2).

726 MPa - 863 MPa

Fig. 2. Microstructure of 316 stainless steel at different pressures
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726 MPa 863 MPa

Fig. 3. Microstructure of 316 stainless steel samples, attack-free

Fig. 2 shows that porosity decreases with Fig. 3 it shows that porosity decreases with
increasing pressure. The microscopic analysis  increasing pressure. The microstructure of the
performed on the sintered samples with a Neophot 2 sintered samples under electrolyte attack with 50%
microscope is illustrated in Fig. 3. HNO:s solution is presented in Fig. 4.

.

726 MPa 863 MPa
Fig. 4. Microstructure of sintered 316 stainless steel, electrolyte attack, solution 50% HNOj;
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From Fig. 4 shows the microstructure of the
samples consists of austenite. The HV;
microhardness determined on samples of sintered
powder was HV,,;= 3120.2 MPa, Fig. 5. The 316
stainless steel sintered samples were subjected to
wear test on rotary disk with sand paper.

The results, as average of three determinations,
are presented in Table 1. Analyzing Table 1 and Fig.
6 one can say that the 316 stainless steel powder is
recommended to be pressed at pressures higher than
about 863 MPa to ensure superior resistance to wear.
Pressing at low pressure leads to a lower compaction

which results in lower wear resistance. The sample
porosity was determined by the linear segments
method. Porosity variation vs. formation pressure is
presented in Fig. 7. It can be seen that with increased
pressure porosity is reduced both in the middle of the
samples and at their edge.

Wear variation vs. average porosity is presented
in Fig. 8. It can be seen that with decreasing porosity
the wear resistance increases. In Figs. 9-12, 3D
images are presented made with an Image J software,
of the 316 powder sample areas obtained from the
abrasive wear test.

Fig. 5. Determining microhardness of 316 stainless steel samples

Table 1. Abrasive wear behavior of sintered powder products

Pressure Mass wear | Length run Wear/
length run
[MPa] [g] [m] [g/m]
540 0.0141 11.6 0.001224
628 0.0122 11.6 0.001052
726 0.0117 11.6 0.001009
863 0.0113 11.6 0.000974
0-0014 =0 9012241
0.0012 P
— 0.001 A
£ 0.0008 -
< 0.0006
> 0.0004
0.0002 -
0
540 628 726 863
Pressure, [MPa]

Fig. 6. Abrasive wear behavior of sintered powder products
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Fig .8. Wear variation vs. average porosity

Fig. 9. 3D image of the sample surface pressed with 540 MP subjected to abrasive wear

- 38 -



THE ANNALS OF “DUNAREA DE JOS” UNIVERSITY OF GALATI.
FASCICLE IX. METALLURGY AND MATERIALS SCIENCE
N° 4-2012, ISSN 1453 — 083X

Fig. 10. 3D image of the sample surface pressed with 628 MPa subjected to abrasive wear

Fig. 11. 3D image of the sample surface pressed with 726 MPa subjected to abrasive wear

Analyzing the previous images one can notice a
good wear behavior of the samples pressed at higher
pressures.

4. Conclusions

The production of 316 austenitic stainless steel
powders revealed the following:

* the powder used in the experimental research
has an irregular shape specific to water atomisation,

suitable for conventional compaction in mold and
sintering at a theoretically higher density;

* the pressures used for 316 powder compaction
were 540, 628, 726, 863 MPa;

* it was found that increased pressure leads to
reduction in tablet porosity;

* sintering of powder tablets at 1150°C, for one
hour has reduced their porosity;

*samples microstructure consists of austenite;
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Fig. 12. 3D image of sample surface pressed with 863 MPa subjected to abrasive wear

* HV,,; microhardness determined on sintered
powder tablets was HV 0.1 = 3120,2 MPa, higher
than the initial state powder;

* as regards the abrasive disk wear resistance it
was found that 316 stainless steel powder is
recommended to be pressed at pressures higher than
about 863 MPa to ensure superior resistance to wear.

* pressing at low pressure leads to a lower
compaction resulting in decreased wear resistance.
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ABSTRACT

This paper is a study of the influence of fluidized bed carburizing of sintered
steels on the mechanical properties and the abrasive wear behavior for two
different types of powder. Carburizing was carried out at a temperature of 900° C
and maintained for 20 minutes and 40 minutes, respectively. It was found that the
best values for Vickers microhardness and abrasive wear were recorded when the
carburizing time is 40 minutes for powder P,.

KEYWORDS: powder metallurgy, sintering, fluidized bed -carburizing,

abrasive wear

1. Introduction

Powder metallurgy (P/M) is a technology
providing an alternative lower costs process
comparing with other metal technologies.

Powder metallurgy’s markets for this parts are
varied, the automotive applications are dominated.

Iron powder accounts for around 90% of the
total world powder production and is the most
common form of powder in manufacturing, mostly in
the auto industry [1- 4].

The four basic stages of powder metallurgy are:
powder manufacture, powder mixture, pressing and
sintering (Fig. 1).

Sintering is the process of compaction,
consolidation by heat treatment of a part. It is a
complex process, with physical and physicochemical
phenomena that success or overlap [4]. The
mechanisms involved in the transport of material to
sintering are surface, intergranular and volume
diffusion.

The properties of sintered materials are
determined, in the first step, by the nature of the
material characteristics for the powders involved, and
,secondary by pressing and sintering process
parameters [5].

Mechanical properties can be improved by
increasing the density, reducing the pore size or
applying a thermochemical treatment (carburizing,
nitriding, boriding) [6-7].

Carburizing consists in a surface carbon
enrichment, which gradually decreases towards the
core [8-14].

In this paper, the mechanical properties and
abrasive wear behavior of fluidized bed carburized
sintered steels are analyzed. The abrasion tests were
conducted under constant load and speed conditions.
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Fig. 1. Powder Metallurgy Process
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2. Experimental procedure

2.1. Materials
Specimens prepared from atomized iron powder
and from pre-alloyed iron base powders were
analyzed in this paper. The chemical composition of
the powder samples, pure iron and iron-based

prealloyed powder with Cu, Ni and Mo, is presented
in Table 1.

To evaluate the mechanical properties, a die for
making the samples in the form of a cylinder was
produced. The samples were used to evaluate
mechanical properties such as Vickers microhardness
and abrasive wear.

Table 1. Chemical composition of analyzed powders (wt%)

Powder type Cu Mo Ni C
P, 0.096 0.008 0.046 <0.01
P, 1.50 0.50 1.75 <0.01

The powders were mixed with 1% zinc stearate.
The samples were compressed in a universal
mechanical testing machine to a pressure of 600 MPa,

the dimensions of the disc specimens are @ 8X 6mm.
In Figure 2 is the picture of the sample.

e

Fig. 2. Aspect of sintered sample

The green samples were sintered in a laboratory
furnace, within a controlled atmosphere. The
sintering temperature was approximately 1.150 °C
and the sintering time was 60 min with a heating rate
of 3%40 °C/min.

30
mP1

oP2

> 150 pm

100-150 ym  63-100 um  45-63 ym

Powder size [um]

< 45 pm

Fig. 3. Size distribution of analyzed powders

All the samples were kept in the furnace for
slow cooling to room temperature. The microstructure
depends on the amount of sintered carbon and cooling
rate.

Before the sintering temperature is reached, the
parts were maintained during 30 min at 500°C to burn
lubricant, respectively zinc stearate.

After cooling to room temperature the samples
were carburized-treated. Figure 3 presents the size
distribution of the analyzed powders. The treatment
conditions for the fluidized bed carburizing process
were heating at 900°C during 20 and 40 minutes. The
specimens were then air-cooled to room temperature.

The carburized layer depth is a function of
carburizing time and carbon potential available
surface [10]. When the carburizing times are
increased, deep carburized layers are obtained, which
can lead to a structure consisting of residual austenite
in excess or free carbides. These two microstructural
elements have adverse effects on residual stress
distribution in the layer. Therefore, a high carbon
potential may be suitable for short carburizing times,
but not for increased carburization. In this study, it
appears that only the carburized sample with 40
minutes shows the carburized layer. The
microstructure of the carburized samples was
observed by optical microscopy (Olympus BX 50).
Photomicrographs were obtained at a magnification
of 200X.

2.2. Abrasion wear tests

Samples subject to fluidized bed carburizing
were tested for abrasion wear test (Fig. 4). The SiC
particles on the abrasive papers were the size of
80um and the load applied was 855g. The distance
traversed in each case was limited to 150 cycles,
corresponding to 76.5m.

The samples were subjected to circular motion
over the wheel on which the abrassive paper was
stuck.

The abrasion test process included the steps:
first, fixing the abrassive paper on the wheel.

Then, the samples of known weight were loaded
on the machine and then the load was applied, and,
finally, the samples were cleaned and weighed prior
to and after each test interval.
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Fig. 4. Aspect of worn surface after the
abrasion test

After the tribological tests, the worn surfaces
were examined by optical microscope, in order to
identify the dominant wear mechanisms.

2.3. Mechanical properties
The carburized in fluidized bed samples were
analyzed according to their mechanical properties.
The microhardness tests were performed by
measuring Vickers microhardness, and the test
parameters are: the penetrator is a diamond pyramid
diameter and load of 100g.

a)
Fig. 5. Microstructures of sample carburized (powder P;) at 900° C: a) 20 minutes (200x),

a)

The microhardness was the average of three
indentations on the top and another on the bottom
surfaces of the samples.

3. Results and discussion

3.1. Microstructure

Optical ~ micrographs  representative  of
carburized samples are presented in Figures 5 and 6.
Microstructural analysis shows uniform structures
with specific components of steel depending on
difussion carbon content.

Most alloying elements moves the S point to the
left of the Fe-C diagram, it means that powder is
increasing the carbon content by applying
thermochemical treatment in fluidized bed.
Carburizing can reach at the surface eutectiod or
hipereutectoid  steel structures (pearlite and
cementite).

This distribution of structures explains the
major hardness of carburized superficial layer.

3.2. Tribological tests
The worn surfaces of carburized samples after
abrasion tests were examined under the optical
microscope, the typical aspects of abraded surfaces
are represented in Figures 7 and 8.

)

Fig. 6. Microstructures of sample carburized (powder P,) at 900° C: a) 20 minutes (200x),
b) 40 minutes (200x), etched Nital (2%)
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Fig. 7. Optical photomacrographs of worn surfaces for carburized samples at
T= 900°C, 20 minutes. (x200): a) P;, b) P,

Fig. 8. Optical photomacrographs of worn surfaces for carburized samples at
T= 900°C, 40 minutes. (x200): a) P;, b) P,

Figures 9 and 10 show microhardness values for ~ values of Vickers microhardness. The depth and
the carburized treated samples studied. It is found that ~ width of wear grooves of carburized samples P, are
samples carburized for 40 minutes have proximate  greater compared to samples P,

250 300
+ +
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ol 4t 20 }_{’\
(3
. = 0
I Z200 \J/\ POK
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e s v ' Fogt
£ S150
g0 S
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50 50
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Distance from surface, [mm] Distance from surface, [mm]
Fig. 9. Microhardness variation from surface to Fig. 10. Microhardness variation from surface to
the center for carburized sample (powder P;) at the center for carburized sample (powder P,) at
T= 900°C, 40 minutes T= 900°C, 40 minutes
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4. Conclusions

According to the experimental results in this
study, the following conclusions may be discussed:

-the best microhardness values were recorded
when the sample were carburized at 900°C for 40
minutes, especially for powder P;

-the carburized layer depth is a function of
carburizing time and carbon potential available
surface;

-abrasive wear surfaces for two types of
powders present deeper traces in unalloyed samples
and finer trace in samples alloyed P,, as subsequently
wear tests giving results in conformity with these
aspects of the surface;

-the carburized sample P, presents a depth and
width of wear grooves greater, thus there is a
possibility of less resistance offered;

-the carburized samples P, present a much
smaller wear groove width, that can ensssure a good
resistance.
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ABSTRACT

Romania, as an EU member state is bind to appraise and disseminate
accurate and updated information about quantities, types, sources, production,
transformation and consumption of energy in order to monitor the impact and
consequences of its energy policy. Energy statistics, traditionally focused on energy
supply and fossil energy, need to be developed in order to ensure better knowledge
and monitoring of renewable energy sources, according to targets set by Directive
2009/28/EC. So far, In Romania, no one has been interested in putting into practice
this idea and there has been no study in this respect. This paper aims at conducting
laboratory experiments on samples similar to asphalt structure deposited over the
public roads in Romania, for energy recovery.

KEYWORDS: energy, efficiency, asphalt, recovery

1. Introduction

Of all land passageways, roads have their
beginnings in ancient times, being for thousands of
years the only means of communication between
people, for their own movement and transport of
goods among inhabited areas. From antiquity until
today, roads have developed differently depending on
both economic and social levels and also on the
degree of civilization of each era.

The emergence of the motorcar will lead to a
new boom in road engineering, increased number of
motor vehicles, directly affecting the design,
construction and maintenance of roads. Human life
cannot be conceived but dynamically in space and
time, the need to move to ensure existence being an
essential component of an organized society. This, in
its evolution, has always needed communication
routes as intrinsic mediator of trade, cultural, goods
or persons exchanges.

Romania has a high attractiveness for
investments in road infrastructure and implementation
of techniques and solutions for generating thermal
energy accumulated in roads and highways covered
with asphalt.

2. Objective

This paper aims at conducting laboratory
experiments on samples similar to the road asphalt
coat structure for the study of the heat exchange and
accumulated thermal energy recovery. To exploit the

heat energy of the asphalt, it is proposed to place
water - filled metal pipelines under the asphalt. The
water in the pipes receives the heat accumulated in
the asphalt and can be further used in a heat
exchanger to supply hot water for domestic use
offices, industrial areas or can be converted into
electricity.

Asphalt road construction materials are used to
provide a road coat able to bear the burden of road
traffic vehicles and transfer it in a dispersed form to
the road foundation/base [1].

-

Fig. 1. Base and link layers[1]
1-ballast foundation; 2-asphalt mixture

The main types of construction materials are
binder and aggregates. (Fig.1). Depending on the
binder used, road layers are classified as rigid
(cement) and flexible (bitumen). The running layer 1
of the asphalt road structure is composed of bitumen
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(6+10%) and granular mineral aggregates (gravel,
quality rock, sand).

Energy generated by the sun is the most
important and reliable resource of all renewable
energy sources currently exploited. This also
represents an inexhaustible source of energy for
humans, especially due to its energy being clean,
uncontaminated. The solar radiation reaches the
Earth's surface as direct solar radiation and diffuse
solar radiation due to Earth's atmosphere.

Fig. 2. Distribution of solar radiation

The global radiation received from the Sun, on a
horizontal surface at ground level on a cloudless day,
consists of the sum of the two radiations. Absorbed
radiation is generally converted into heat and diffuse
radiation is returned to all directions in the
atmosphere (Fig. 2).

The reduced temperature will extend the life of
the pavement, while the reduced temperature of the
near surface air will lead to savings in energy
consumption of adjacent buildings and improvement
in air quality (such as by reducing ozone
concentration).

3. Working method

Samples were made in wooden boxes (Photo 1)
by depositing successive layers of materials while
complying with the quality and height requirements.
Between the base layer and the granular mineral
aggregates, a metal coil (Photo 2) was covered with
asphalt (Photos 3, 4).

Photo 1.
Box manufacturing

—

Photo 2.
Coil location

Photo 3, 4. Laying the asphalt coat

In the laboratory, the asphalt samples were
exposed to heating by a radiator (Photo 5) fitted with
a variable voltage device so that it could be
established a steady temperature by loss
compensation. Water in the system is circulated
through the metal coil located under the carpet of
asphalt and a buffer tank by a pump driven by an
electric motor controlled by a thermostat (Photo 6).

Photo 5
Electrical heater

Photo 6
Water buffer tank

The temperatures T, - at the sample surface
(Photo 7), T, - at 5 cm depth into the asphalt (Photo
8), and T; - the water temperature (Photo 9) in the
buffer tank were measured from the beginning of
asphalt heating until stationary temperature was
reached.
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Photo 8, 9. Location of thermometers

Asphalt surface Water tank T3

4. Laboratory measurements

Transport of the accumulated heat energy in the
asphalt layer to the coil is carried out by conduction
and, from the coil wall to the water circulated by a
pump to the buffer tank (active system), by
convection.

After establishing a steady temperature between
the heat emitted by the radiator and the heat
accumulated in the asphalt sample at a distance of 30,
35 and 40 cm (so that the surface temperature be
constant) temperatures T, and T; are measured at
intervals of about 30 minutes until the water
temperature remains constant.

Table 1. Notations and calculation relations

Denomination Symbol Value Measure unit
Distance from resistance to asphalt u (35, 40, 410° [m]
surface
Thickness of asphalt layer, (Photo 4) X Measured = 50107 [m]
Coil diameter d Measured = 5-107 [m]
Coil heat exchange surface Ss Calculation = 6.863-10 [m?]
Asphalt surface Sast Calculation = 2.925-10 [m?]
Asphalt volume Vst Calculation = 0,146-10° [m3]
Thermal conductivity [8], [9] Aasph 0.75+0.9 W/(m.K)
Density [8], [9] Pasph 2640 Kg/m®
Specific heat capacity [8], [9] Casph 385 J/(kg.K)
Resistors voltage U Measured =220 [V]
Intensity of resistance current 1 Measured = 1,88 [A]
Resistor temperature Tr Measured = 1100 [°C]
Ambient temperature Ty Measured = 15 [°C]
Stefan Boltzmann’s constant [8] Gy 5.67-10° W/(m” K*)
5. Calculation of heat exchange efficiency
Heat accumulated in asphalt:
Resistor radiation (t=1hour): T +T
Qpez = U-1-t=413.6[Wh]=1488960[J] (1) Qe,asph = Masph * Casph ( = —Toj [T )
Heat transmitted by radiation: Heat flow transmitted by convection:
Q=0 -(Ty = Ts)-55-3600 [J] ©)

Q=2req G0 [(Tees)* = |(T1)* [sbox -3600 01 @)

The transfer of energy by electromagnetic
waves through empty space is called radiation heat
transfer. Energy can be transferred by thermal
radiation between a gas and solid surface or between
two or more surfaces [9].

Heat transmitted by conduction from the
asphalt:

A

Qc ,asph = (Tl TZ)' Sbox -3600 [J] (3)

The heat transfer by conduction is the energy
transfer through a substance, a solid or a fluid as
result of the presence of a temperature gradient within
the substance [9].

The heat transfer by convection is the energy
transfer between a fluid and a solid surface. Heat
transfer by convection is more difficult to analyze
than the heat transfer by conduction because it varies
from situation to situation upon the fluid flow
conditions. In practice, the heat transfer by
convection is treated empirically [9].

Heat amount from the water (m, = 4kg) in the
vessel:

Quwater =My, Cyy

(T3 -Ty)=231012 [J] (6)

Exchange output/efficiency:

n=—ez_100=1551% (7)

water
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Efficiency is calculated 15.51%, large losses of
approximate 35% are produced by convection from
the radiator to sample asphalt. The efficiency of the
pavement - heat exchanger system in transmitting the
heat from the pavement to the fluid inside the system
of pipes depends on a number of factors, including:

1. The pavement surface actually collects the
incident solar radiation. If it is a highly reflective
surface (high albedo) then very little heat will be
absorbed and be available for harvesting. If on the
other hand, the absorptivity is increased (say by
painting the surface black), then we will have more
heat energy to harvest.

2. The function of the pavement materials
depend on their location with respect to the heat
exchanger system. For the materials in the layers
above and around the heat exchanger system, the
ideal function should be to transmit the heat (or
conduct the heat, more approximately) in the most
efficient manner. The function of the materials in the
layer beneath the heat exchange system should be to
insulate the system from the bottom layers, such that
very little heat can be transmitted through the bottom
layers.

3. The material of the heat exchanger system
(which consists of pipes) should have a high
conductivity and the layout should be such as to allow
the exposure of the pipes to the pavement for
sufficient length to allow the fluid to reach the
maximum temperature achievable in the system.

4. The initial temperature of the fluid (that is the
temperature of the fluid as it enters the heat
exchanger system) should be low enough, in
comparison to the temperature of the pavement, such
that the there is significant difference between the
two, and hence a significant rate of flow of heat into
the fluid.

6. Measured values

Based on measurements made over 2 hours and
in three different cases, with wvariations of radial
distance and sample asphalt (H), the results obtained
were presented in Tables 2+4.

Resistor height HI =35-107 m
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Graphic 1. Heating up to the stationary
temperature Hl

Resistor height H2=40-10" m
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Graphic 2. Heating up to the stationary
temperature H2

Resistor height H3=45-10" m
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Graphic 3. Heating up to the stationary
temperature H3

These were processed in resulting graphs with a
linear variation of temperature in the three points T;,
T, and T;.

The temperature at any depth of the pavement
depends on the pavement materials and the surface
temperature which, in its turn, depends on a number
of factors including location, surface, wind speed and
cloud cover.

Based on available models, pavement
temperatures at different depths can be predicted
throughout the year.

7. Conclusions

The road infrastructure in Romania is poor,
which calls for major investments in this sector and
development in the future.

The construction of public asphalt roads is
based on the use of specific materials, such as binder
and aggregates, deposited in successive layers.

The important cost considerations are those that
are needed for the installation of the system —labor
and materials, for piping and pumping, as well as for
the end application (for example, a turbine, if the
generation of electricity is required), and maintenance
of the system. The payback period can be estimated
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by calculating the savings in energy consumption,
and/or selling of excess energy to a grid.
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ABSTRACT

On a global scale one can notice a constant preoccupation for a rational
choosing and using of the materials on the whole and, especially of the steels with
the main objective the increase of the machines’, equipment’ and constructions’
efficiency and competitiveness. An important issue that contributes, for example, to
the choice of the “ideal” brand of steel for a piece, is the availability of a right
equipment to produce a thermal processing under control. The research looked for
the influence of the carbon content on the one hand, and of the vanadium on the
other hand (as a micro alloying element), on the mechanical characteristics and the
structure for four series of materials (21VMoCri4, 34 MoCrll, 40 VMoCrl1 si 42
MoCrl1), which undertook different types of thermal processing.

KEYWORDS: steel,
microstructure, efficiency

1. Introduction

The quality of the metallic materials used for
producing a product together with the layout design
and the manufacturing technology, contributes to the
level of the technical, economical performances that it
can achieve. Thus, today it is a continuous increase of
how to use rationally the materials worldwide as a
whole and especially the use of the steels. The main
objective is the increase in efficiency and
competitiveness of the machines, equipment and
constructions.

A rational usage of a metallurgical product for a
certain field is a complex issue, and it generally
means assigning the steel brand that has the minimum
resistance and endurance requirements of the piece
for a minimum price. Any tendency to ensure
superior materials as to the minimum requirements is
harmful from an economic point of view and it does
not contribute to increasing the machines’ technical
performances out of which the respective piece is part
of. In our country the steel brands and the products
intended to be used in the main fields of the national
economy are standardized. Using other materials than
those standard is forbidden by law. In order to fulfill
with these materials the economy needs’ it has grown
a relatively wide range of standardized steels, which
can sometimes lead to an inefficient marketing of
steel brands and products, whose usage is scanty in
real life and so they are difficult to buy.

thermal processing,

mechanical characteristics,

Creating a steel brand in the siderurgical
industry is usually made in high capacity plants.
Answering to a small quantity request, requires either
using from stock-piles, which usually are in a limited
range of dimensions and it leads to higher metal
consumptions, or waiting until these requests taken to
the producer who decides to produce casts with the
respective requirements. This can frequently be met
in the case of the steels for thermal treated pieces. It is
considered to be useful to anticipate, on groups of
machines constructions, the limited range of steel
brands and recommended products to be used. When
choosing these steel brands one has to take also into
account the perspective economic materials and,
when choosing for a given case the routine should be
avoided.

The maximum exploitation of the technological
properties of the siderurgical product requires that the
steels have adequate technological properties,
according to the specific technologies from the
machines’ construction industry. The most important
are: the weldability, the behavior to thermal
treatment, the aptitude for plastic deformation, etc.
Often enough these proprieties are antagonistic to
those of resistance, and so it appears as necessary to
establish an optimum compromise.

For instance, any steel is weldable in certain
conditions, but it should be avoided welding those
steels to which these operations as well as the
necessary thermal treatments and the subsequent
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quality controls are expensive or the quality factor of
the welding is relatively low. This is why the steels
with a better weldability are to be preferred in these
cases and it ensures a welding through efficient
procedures. This way, even if the material has lower
resistance characteristics, the minimum requirements
asked for the respective market are met. An important
factor that, for instance, contributes to the choice of
the “ideal” steel for a piece, is the availability of the
right equipment for thermal treatment. Neglecting this
aspect leads most of the time to unnecessary
expenses, caused either by the use of an expensive
material, or by producing scrap materials due to
decarburation, ruptures, excessive deformation, etc.

2. Experimental results

The influence on content of the carbon as well
as the vanadium was studied in the research (as an
micro alloying element) on the mechanical
characteristics and the structure for four series of
materials with 0.2%, 0.3%, 0.4%C, on which
different types of thermal treatments were applied
(classic brands, known according to the STAS rules
as steels 21VMoCrl14, 34 MoCrl1, 40 VMoCrl1 and
42 MoCrl11). The chemical composition, guaranteed
by the producers was confirmed also by the
laboratory chemical analysis made on the DV-6
spectrometer.

The mechanical proofs were made at the room
temperature according to the applicable standards SR
EN 10002/1:2002 (traction assay) and SR EN
10045/1:1993 (the bending assay through jolt).

The assay series to be studied were put under
the following thermal treatments: normalization (N),
quenching (C), quenching + high annealing (C+RI),
quenching + medium annealing (C +RM), quenching
+ low annealing (C+RJ) and annealing (R), after
which the metallographic structure was analyzed and
the corresponding mechanical characteristics to each
quality of material was determined. For this the
following assays were made at room temperature: the
traction assay, according to SR EN 10002/1 and the
bending assay through jolt according to SE EN
10045/1, on samples ISO —V.

We should say that this experimental program
was fully kept after each thermal treatment applied to
the samples.

3. Results and Discussion

For all of the four types of steel, depending on
the applied thermal treatment, the mechanical
characteristic values are comparatively presented for
each of the four series of materials in the histograms
below (Figures 1-5).
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Fig. 1. Variation of the flowing limit depending on the thermal treatment applied
for the four steel brands studied
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Fig. 2. Variation of the tensile strength depending on the thermal treatment applied
for the four steel brands studied

In order to establish a metallurgical ongoing
state in the comparative analysis, all the samples had
initially been put under a stress-relieving annealing
thermal treatment. This way the internal tensions,
remnant to the rolling process of the semi product,
had been tampered down and the potential danger of
breaking at mechanical strains was eliminated in
order not to affect the determination’s relevance. The
four steel brands studied in this paper have a
relatively low mechanical resistance combined with
satisfying plasticity and tenacity.

The tendency to reduce the tenacity, induced by
the chrome presence, is compensated by reducing the
fragility with the influence of molybdenum and
vanadium.

One can notice a superior plasticity to carbon
content comparable (at the brands with vanadium),
which is explained by the role of the chemical
element in finishing the grains.

After the stress-relieving annealing thermal
treatment applied to the studied samples, if we take
into consideration the average value of the impact
strength, we notice that this is with over 50% higher
at 40VMoCrll, as compared to 42 MoCrll, an
observation valid also for the elongation (A),
bottlenecking (Z) and flowing (R.). This gap is also
noticed at the comparison between 21VMoCrl4 and
34MoCrl1, although the comparison is less relevant
due to the carbon content difference.

The flow limit for the four steels studied is
comparatively presented in the graph in Fig. 1. It can
be noticed that the highest values of the flow limit is
recorded in the case of quenching and quenching
followed by low annealing.

The tensile strength records values significantly
higher when quenching, according to the thermal
treatment applied to the studied steels for the four
types of steel.

Elongation has the highest values at high
annealing. All four steels have the best values
compared to the other treatments in the case of high
annealing. So, high annealing is the most efficient
treatment for the studied steels, when it is required as
the main property elongation.

The impact strength has significant values
when high annealing is applied, the highest value
obtained is 82.7 Joule, for the steel 34MoCrl1. When
quenching we have the lowest impact strength values,
for all the types of the studied steels.

Bottlenecking depending on the thermal
treatment has the highest values for high annealing
for all the steel types in question.

Applying the normalization treatment had as a
notable result an increase of the mechanical resistance
(Fig. 2) without important changes of the plasticity or
tenacity. The brands with a higher content of carbon
presented the highest variations of the tensile strength
and the flow limit, while the role of the alloying
elements had a similar behavior just like the
annealing. It is to be noticed the increase of 40% of
the mechanical resistance for the brand 40VMoCrl1,
while keeping an average value of 32 Joule for the
breaking energy, value that means it has a satisfying
tenacity. It can also be noticed that the influence of
the carbon content on the increase of the mechanical
resistance is higher for steels with vanadium, where
this element acted as a strong agent of forming the
carbides.
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The quenching thermal treatment applied on
the four series of material lead to doubling the
mechanical resistance (Fig. 2), associated with a
drastic diminishing of the plasticity and tenacity, with
but one exception (34MoCrll), where it was a
diminishing of the elongation of three times and of
the bottlenecking of half (Figures 3-5).

The average value of the breaking energy
dropped under the value of 27 Joule in all cases, a
value that is considered as a limit under which the
breaking becomes fragile. The hardness value
increased with a similar proportion to the mechanical
resistance, with a higher effect at the brands with high
content of carbon.

The presence of chrome increased the fragility
tendency in all cases, with a higher effect at the
brands with a high carbon content.

The double thermal treatment of quenching
and annealing made that the mechanical resistances
to decrease while the units characterizing plasticity
(A, Z) and tenacity (KV) to increase significantly.

These evolutions are the more obvious as the
annealing temperature rises. Please notice the highly
different proportion where the mechanical resistance
changes as compared to the tenacity.

The high annealing at 42MoCrl1 lead to the
decrease of the mechanical resistance with
approximately 50%, while the breaking energy
increased ten times. As the studied steels are made for
the construction of machine components, this
evolution confirms the usage aptitude that requires
high mechanical resistance combined with a very
good tenacity (durable without affecting the capacity
of jolt taking).
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Fig. 3. Elongation variation depending on the thermal treatment applied

to the four steel brands studied
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Fig. 5. Bottleneck variation depending on the thermal treatment applied
to the four steel brands studied

Fig. 6. Microstructure obtained after the
normalisation treatment for the steel 40VMoCrl -
ferite+fine perlite (x100)

[= |

Fig. 8. Microstructure obtained after the
normalisation treatment for the steel 40VMoCrl -
ferite+very fine perlite+ troostite (x500)

The mechanical characteristics are confirmed by
the quantity, size, shape of the structural constituents
resulted after the phase transformations at thermal
processing.

Fig. 7. Microstructure obtained after the
normalisation treatment for the steel 42MoCrl1-
ferite+perlite (X100)

Fig. 9. Microstructure obtained after the
normalisation treatment for the steel 42MoCrl1 -
ferite+perlite (X500)

The structural morphology depends both on the
carbon content as well as the presence of the other
elements from the chemical composition of the steel
brands analyzed in this paper. In figures 6-15, there
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are several examples of microstructures (at different  as well as the size of the crystalline grains. This is a

zooms in order to be more suggestive) that should  result of the increase of the carbon content or of
show the acute change of the structural constituents  vanadium alloying.

Fig. 10. Microstructure obtained after the Fig. 11. Microstructure obtained after the
quenching treatment for the steel 40VMoCrl - quenching treatment for the steel 42MoCrl1 I- white

martensite +rezidual austenite +troostite (x100) martensite + rezidual austenite + troostite (X100)

Fig. 12. Microstructure obtained after the Fig. 13. Microstructure obtained after the
quenching treatment for the steel 40VMoCrl 1 — quenching treatment for the steel 42MoCrl I- white
martensite +rezidual austenite +troostite (X500) martensite + rezidual austenite + troostite (X500)

Fig. 14. Microstructure obtained after the Fig. 15. Microstructure obtained after the
quenching + high annealing treatment quenching + high annealing treatment
(improvement) for the steel 40VMoCrl I- sorbite (improvement) for the steel 42MoCrl1 - sorbite
(X100) (X100)
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4. Conclusions

Applying the normalization treatment had as a
notable result the increase of the mechanical
resistance, without important changes of plasticity
and tenacity.

The quenching behaviour of the studied brands
can be summarized by doubling the mechanical
resistance, associated with a drastic decrease of the
plasticity and tenacity, which requires for a second
annealing thermal treatment so that it takes the
structure to phases closer to equilibrium.

Comparing the values after normalisation, and
after annealing, we notice that the high annealing lead
in all cases to mechanical properties of resistance,
ductility and tenacity superior to those obtained after
normalization.

One can also notice the influence of the content
of alloying of the elements on the mechanical
characteristics when we compare the brand
40VMoCrl14 to the 42MoCrl1.

Under the same treatment (high annealing), the
mechanical resistance is superior to 40VMoCrl4,
with a lower carbon content, the result being obtained

without a significant weighing factor of plasticity or
tenacity.

As the studied steels are meant for the
construction of machine components, this evolution
confirms the usage aptitude that requires a high
mechanical resistance combined with a very good
tenacity (durability, without affecting the capacity of
jolt taking).
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ABSTRACT

This work reported a novel synthesis and characterization of Ag/SnOy/clay
nanocomposites. The obtained materials were characterized using techniques such
as X-ray diffraction (XRD), Fourier Transform Infrared Spectroscopy, particles size
distribution, BET analyses and Scanning Electron Microscopy. The Ag/SnOy/clay
nanocomposites have been used as efficient and environmentally benign
photocatalysts. The protocols developed using this kind of material is advantageous
in terms of simple experimentation, reusable catalyst, excellent yields of the
products, short reaction time and preclusion of toxic solvents. The synthesized
nanosized AgSnOy/clay nanocomposites have been used as photocatalysts for
degradation and discoloration of synthetic wastewater containing Eosin Y dye,
xanthene fluorescent dye, under solar radiation.

KEYWORDS: clay, nanocomposite, dye, wastewater

1. Introduction

A great variety of methods have been used in
recent years to synthesize nano powders of oxide
materials and especially semiconducting powders like
TiO2, MgO, Fe;0;, SnO, and ZnO. Nano-sized tin
oxide (SnO,) is an interesting semiconducting
material with a wide band gap (Eg = 3.6 eV, at 25°C)
[1]. Nanoparticles of tin oxide have found a wide
range of applications in gas sensors, lithium batteries,
optoelectronic devices, transparent electrodes and
photocatalysts [2-8]. It is generally known that by
changing the method of preparation it is possible to
change the structural, morphological and textural
properties of metal oxide particles.

A very promising candidate for such an
application is represented by the system silver tin
oxide [9]. The noble metals deposited on the surface
of nano oxide powders can improve its photo-
catalytic properties.

There has been very limited study in this
direction. The researches on the preparation of silver
nanoparticles have been an extraordinarily active area
due to its potential applications in nanoelectronics,
magnetics, biosensor, data storage, catalysis, surface
enhanced Raman scattering and excellent antibacterial
activity [10—15]. Most of these applications require

nanoparticles with a small particle size and a narrow
size distribution [16, 17].

To the best of our knowledge, there has been no
publication on the synthesis of the Ag/SnO./clay
nanocomposites. The present method for silver
nanoparticles preparation is not only the formation
rate of silver nanoparticles much quicker, particle size
distribution more uniform, but also offers numerous
benefits of eco-friendliness and compatibility for
pharmaceutical and biomedical applications due to all
the environmentally benign and renewable materials
used in the experiments are [18].

Metals or  semiconductor  nanoparticles
synthesized by various techniques have found
potential application in many fields such as catalysis,
sensors, etc. [19 -22]. In most of the applications,
nanoparticles are used as building blocks toward
functional nanostructures. The coinage metal
nanoparticles such as silver, gold, and copper are
mostly exploited for such purposes as they have
surface plasmon resonance absorption in the UV
visible region [23]. The surface plasmon band arises
from the coherent existence of free electrons in the
conduction band due to the small particles size effect,
which is dependent on the particle sizes, chemical
surrounding, adsorbed species on the surface, and
dielectric constant [23-26]. The unique feature of the
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coinage metal nanoparticles is that a change in the
absorbance or wavelength provides a measure of the
particle size, shape, and interparticle properties. For
small particles (2 nm), the surface plasmon band is
strongly damped due to low electron density in the
conduction band. However, as particle size increases,
the intensity of the surface plasmon band increases. It
has been suggested that, although both absorbance
and scattering contribute to the optical property, the
contribution of the latter is relatively insignificant as
compared to that of the former for very small
nanoparticles (e15 nm). [19-33]

2. Experimental Methods

2.1. The starting material

As raw material, we used clay of
montmorillonite bentonite type, provided by firma
Riedel-de Haen Chemicals Company. Given the
compositional complexity of clay materials, we
considered useful to perform an ion exchange
process, as a first step, for their cleansing, their
transition to sodium cation form, respectively. The
clay exchange in Na' form has been performed by
treating it with a IM NaCl solution, having a
solid/liquid ratio of 1:10 [34, 35].

2.2. Preparation of Ag/Sn0/clay
nanocomposites

) e e i B (a)

(b)

Fig. 1. Schematic illustration for preparation of
nanosized Ag/SnO»/clay compounds (AgSnF)

Bentonite montmorillonitic-clay, provided by
Riedel-de Haen Chemicals Company, was used as
starting material. The nanosized SnO, particles were
prepared by pillaring method (dispersing the tin oxide
particles). Preparation of Ag/SnO,/clay
nanocomposites takes place in two steps preparation
of SnO,/clay nanometer powders (Fig. 1, a) and
obtaining of Ag/SnO,/clay nanocomposites shown in
Fig. 1, b.

2.3. Studies of photocatalysis

Investigations of photocatalytic oxidation have
been performed, having as objective degradation and
discoloration of synthetic solution containing Eosin Y
dye, by varying the concentration of catalyst (0,5-
2g/1). Photocatalysis occurs in two stages: the first
step consists in adsorption in the dark conditions, for
30 minutes and the second step relies on photometric
measurement of the dye concentration, by exposure to
UV light running at wavelength of 254 nm at equal
time intervals based on the calibration curve.

The study was conducted in an initial
concentration of pollutant (Eosin Y dye) in water of
20 mg/L, using nanometer SnO, as photocatalyst.
Other working conditions are as follows: for
photocatalysis  1g  catalyst/L, 2g  catalyst/L
respectively, have been wused, at an initial
pH=5.510,2, temperature 25°C£2°C. Photocatalytic
test was done using a type of UV lamp UVP, 254 nm
surface. Photocatalyst sample was stirred for 30 min
to reach equilibrium and then coupled to the UV lamp
and the timer was turned on.

2.4. Characterization methods

The structure and properties of the obtained
materials were studied by X Ray Diffraction (XRD),
FTIR  spectroscopy, N, adsorption-desorption
isotherms and UV-Vis diffuse reflectance
spectroscopy. The structures of pure and modified
clay were investigated using Shimadzu LabX XRD
6000 diffractometer. The diffraction angle was
scanned from 10 to 80 degrees, an usual interval for
complex clays and SnO,. Measurement conditions
were: X-ray tube, Cu target Cu, voltage = 40.0 (kV),
current 30.0 (mA) and scanning: scan mode-
Continuous Scan, scan speed 2.0000 (deg/min). FTIR
spectra were recorded on a FTIR JASCO 660+
spectrometer. UV—vis diffuse reflectance spectra
recording was performed by a Shimadzu UV-2401
PC Recording Spectrophotometer ranging between
200-600 nm. The adsorption isotherms of N, ,
specific surface areas and porosities were determined
with a Nova 2200e¢ (Quantachrome Instruments)
automated sorptometer at 77 K. Particles size
distribution and mean particle size diameter (D,, nm)
measurements were recorded using an optic
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measurement device SALD-7001 type Laser
Diffraction Particle Size Analyzer (Shimadzu, Japan).

3. Results and Discussion

Changes occurring in the structure of lamellar
supports can be monitored on the basis of Bragg
reflections determined from the X-ray diffractograms
of the Ag/SnO,/layer silicate samples.

Identification of peaks was performed using the
diffractometer software. The pure clay presents all
specific peaks for complex clays: quartz, bentonite,
feldspar, aluminum silicate and mica. Reference
diffractogram for thin oxide shows a nanocrystalline
powder with tetragonal structure of elementary cell.
These elementary cell dimensions are well fitted in
SiO, sites of clay, as identification image shows.
Thus, the stable monodisperse, uniform particle size
distribution of silver nanoparticles ise formed.
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Fig. 2. X-ray diffraction (XRD) patterns
of the studied samples

X-ray diffraction patterns of clay and
Ag/Sn0O,/clay nanocomposites have been given in
Fig. 2. The crystallite sizes of these samples were
obtained by using Scherrer’s equation. D = kk/bcosh
where D is the crystallite size, k is the radiation
wavelength (1.5406 A), b is the peak full width at half
maximum (FWHM), h is the diffracting angle and k =
0.94 for spherical shape particle. The average
crystallite size was found to be 18.17A and 11.754
(1) nm, respectively for clay and Ag/SnO,/clay
nanocomposites mode powder. As shown in Fig. 2 the
original d-spacing of clay, 3.32A and 2.34A of
Ag/SnO»/clay nanocomposites 20 angles (20 = 26.82°
and 38.29A respectivelly).

This value is a direct proof of the fact that, in
the path of Ag" ions are bound not only on the
external surfaces and edges of MMT but also in the
interlamellar space. Since the ionic radius of Ag’, is
1.22 A it is expected that silver occupies interstitial
position which in turn can lead to expansion of lattice
parameters. We presume that some of the Ag" rests
go to the surface of the clay.

The IR spectra of the clay and Ag/SnO,/clay
nanocomposites are shown in Figure 3. The band
situated at 3614 cm™ is specific to montmorrilonite by
its elongation vibrations belonging to OH groups
from octahedral layer coordinated, the 1014 cm™ and
1025 cm”  wavelength specific to Si-OH sylanolic
groups from the material surface and the 784 cm’
wavelength specific to the deformation vibration of
O-H group, bound by an Al-Al-OH cation.

= e . N
NN s S iEes \
N, N T \ 200
\ = (WA
| LA
1 / (VRN
i / V \
= | Y
g 1 i/ I 10
= Vo i i
= (VAW J ]

3900 3200 2900 2a00 1900 1200 so0 apo

Fig. 3. FTIR Spectra: B — clay; AgSnF —
Ag/SnOy/clay nanocomposites;, Ag/SnO; —
Ag/SnO, nanoparticles

At the O-H stretching frequency region, all the
impregnation and pillared clay materials show two
intense IR 3412 cm™ (Fig. 3). These two bands have
been assigned to the stretching vibration of the
structural OH groups in the clay sheet and to the
water molecules present in the interlayer, respectively
[36, 37]. If one compares the intensity of these bands
for the clay samples, note that the pillaring has a
positive impact on the water retention capacity of the
clay minerals and the intensity of the band descreases
with the process of pillaring. [38]

The IR band observed at 1631 cm™ is due to the
bending  vibration mode of OH  groups.
Montmorillonite clay is known to contain two types
of hydroxyl groups. One of them is more labile, with
an IR absorption pattern similar to that of liquid water
and has been ascribed to the water molecules present
in the outer coordination spheres of the interlayer
cations. The other type is more firmly held and is
associated with the water molecules directly
coordinated to the exchangeable cations. The latter
directly coordinated to the exchangeable cations. The
latter is type also contributes significantly to this
absorption band [36]. The hydrated aluminum species
present in the clay interlayer contain significantly
larger amounts of water molecules in the first
coordination sphere. The intense band observed for
the impregnation and pillared clay suggests the
possibility of increasing the acidity due to pillaring
since the water molecules in the first coordination
sphere dissociate in the clay interlayer, producing
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protons. The structural OH-bending mode in
montmorillonite shows a series of discrete IR
absorption bands between 784 cm™ depending upon
the cation composition in the octahedral sheet [39].
Fig. 4 shows bands around 3397 cm™ and 1609 cm’
for Ag/SnO, nanoparticles and Ag/SnO,/clay
nanocomposites.

Micromorphology and textural characteristics of
clay and Ag/SnO,/clay nanocomposites are described
by the results of nitrogen adsorption/desorption
isotherms. The specific surface area has been
calculated using BET method at a relative pressure
ranging between 0.05-0. The pore volume has been
calculated at a relative pressure of 0.95. The
distribution of pore size has been determined from the
nitrogen adsorption isotherm using Barett-Joyner-
Halenda model (BJH model). Subsequently,
isotherms and distributions corresponding to the pore
sizes have been performed (Fig. 4).

The general aspect of the samples isotherm
reveals an I[UPAC IV type isotherm, characteristic to
the porous absorbers, presenting the so-called capilar
condensation phenomenon. The results of pore
distribution calculus (Fig. 4) indicate the occurrence
of some mesoporous with 4.18nm and 3.73nm radius,
respectively.
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Fig. 4. The N, adsorption/desorption isotherms
of the clay (B) and Ag/SnO/clay nanocomposites
(AgSnF)

In the domain of partial pressures values higher
than p/pp>0,5 the isotherm unveils the appereance of
an H3 type hysteresis, indicating the existence of
pores with a relatively even distribution [40]. The
amounts of adsorbed nitrogen measured at identical
relative pressures are considerably higher in
Ag/SnO,/clay nanocomposites than in the bare clay
support. In the Ag/SnO,/clay nanocomposites
samples, N, molecules have access to a much larger
surface (the nanoparticles own surface also
contributes to the overall increase in surface area)
than it is the case in the unmodified support. [41]

Table 1. Textural properties of the materials

Surface area, Pore Pore
Sample as volume diameter
BET
[m’/g] [cc/g] [nm]
B 97.206 0.127 4.18
AgSnF 153.471 0.267 3.73

From data in Table 1 data, it is noteworthy that
after the intercalation of silver/tin oxide between the
clay’s interlayers the BET specific surface area, pore
size and total volume increase, which confirm the fact
that silver/tin oxide has been intercalated between the
clay’s interlayers.

The particle size distribution for clay and
Ag/Sn0O,/clay nanocomposites is shown in Fig. 5 and
Fig. 6. For a sample two consecutive measurements
were made. The particle size distribution of clay
appeared to be bimodal, with particles averaging
about 0.1 pm.
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Fig. 5. Volume histogram of the particle size
distribution in clay (B) and Ag/SnOy/clay
nanocomposites (AgSnF)
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Fig. 6. Numerical histogram of the particle size
distribution in clay (B) and Ag/SnO/clay
nanocomposites (AgSnF)
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Representing the numerical histogram we could
say that the particle size distribution is unimodal with
the particle diameter of 0.06pum.

We firstly checked the photocatalytic
performance of the Ag/SnO,/clay nanocomposites for
degradation of Eosin Y dye. The results are shown in
Fig. 7. Samples investigations of photocatalytic
oxidation had as objective the degradation and
discoloration of synthetic solution containing Eosin Y
dye, by varying the concentration of catalyst: 1g/L
and 2g/L respectively. Some blank experiments
(without UV irradiation or catalysts) were carried out
in order to check if the Eosin Y dye removal is really
due to a photocatalytic process. The experiments
conducted in the absence of photocatalyst but with the
assistance of UV irradiation showed the fact that the
Eosin Y cannot be degraded. The absorption spectra
of the obtained Ag/SnO,/clay nanocomposites are
shown in Fig. 7. Eosin Y shows a mean absorption
peak in visible region at 516 nm and the rate of
decolorization was recorded with respect to the
change in intensity of this absorption peak. The main
absorption peak has diminished and finally
disappeared during photoirradiation process, which
indicated that the Eosin Y had been degraded.

Fig. 7. UV-vis spectra of the studied samples: I-
2g Ag/SnOy/clay nanocomposites/L Eosin Y dye

It is known that the photocatalysed
decolourization of a dye in solution is initiated by the
photoexcitation of the SnO,, followed by the
formation of electron—hole pair on the surface of
catalyst. The high oxidative potential of the hole in
the catalyst permits the direct oxidation of the dye to
reactive intermediates.

Another reactive intermediate which is
responsible for the degradation is hydroxyl radical
(OHe). It is either formed by the decomposition of

water or by reaction of the hole with OH . The
hydroxyl radical is an extremely strong, non-selective
oxidant (E, = +3.06V) which leads to the partial or
complete mineralization of several organic chemicals
[42, 43]. It can be seen that the loading of silver can
significantly enhance the photocatalytic efficiency of
SnO, in degradation of Eosin Y. The positive effect
of noble metal deposits is commonly due to the fact
that Ag nanoparticles on the semiconductor surface
behave like electron sinks, which provides sites for
accumulation of the photogenerated electrons, and
then improves the separation of electrons and holes.
This can be understood based on the proposed charge
separation of Ag/ SnO,under UV illumination. [44,
45]

An efficient photocatalytic process needs very
crystalline semiconductors, in order to reduce the
recombination electrons/positive holes pairs. Thus,
for an increasing of catalyst quantity up to an optimal
dose, a higher quantity leads to an augmentation of
the efficiency of Eosin Y removal, due to the
generation of a higher number of active species. The
bigger the quantity of catalyst, the more HO* radicals.
The last one will be considered as main oxidant
species responsible for the photocatalytic process
[46].

An increasing of photocatalyst quantity over the
optimal limit leads to an augmentation of suspension
turbidity, thus decreasing the intensity of UV
radiation at its passing by the specimen, consequently
resulting a decreasing of HOe radicals number
generation.

The efficiency of Eosin Y discoloring increase
with the increase in the concentration of
photocatalysts (Fig. 8).
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Fig. 8. Efficiency of photocatalytic degradation
of Eosin Y dye in the presence of Ag/SnO»/clay
nanocomposites catalysts samples

4. Conclusions

We reported the synthesis and characterization
of some new Ag/SnO,/clay nanocomposites.
Intercalation of argint/tin dioxide nanoparticles into
clay was unambiguously proven by X-ray diffraction.
The presence of nanoparticles in the samples was
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verified by monitoring the specific surface area of the
samples and the particle size distribution. It was
established that this parameter increases because the
crystallinity of nanocomposites increases. The ability
of the nanocomposites to degrade Eosin Y dye under
UV light was studied. It is observed that nanosized
Ag/SnO,/clay photocatalysts are an efficient
photocatalyst, both in respect of decolorization as
well as mineralization of Eosin Y. The synthesized
Ag/SnO,/clay = nanocomposites are  potential
photocatalysts for treatment of organic wastewaters
by converting the residual dyes to harmless
compounds.
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ABSTRACT

Augmented Reality (AR) enhances a user's perception of the real world by
enhancing it with specific objects that are over-imposed to the real objects. The
virtual objects display information that the user may use. The information conveyed
by the virtual objects helps a user perform real-world tasks. An augmented reality
application is the assembly, maintenance, and repair of complex machinery or
common goods. Instructions might be easier to understand if they were available,
not as manuals with text and pictures, but rather as 3-D drawings superimposed
upon the actual equipment, showing step-by-step the tasks that need to be done and
how to do them. These superimposed 3-D drawings can be animated, making the
directions even more explicit. This paper describes a proof-of-concept AR
application to be used for office printer service operation.

KEYWORDS: augumented reality, informatics, maintenance, repair

1. Introduction

Augmented Reality enhances a user's perception
of the real world by enhancing it with specific objects
that are over-imposed to the real objects.

The virtual objects display information that the
user may use. The information conveyed by the
virtual objects helps a user perform real-world tasks.

There are several AR applications. such as
medical visualization, maintenance and repair,
annotation, robot path planning, entertainment, and
military aircraft navigation and targeting.

The next section describes only little research in
the AR field. An AR system is defined as a system
which combines real and virtual objects in a real
environment and run interactively and in real time.

In the medical field, doctors could use
Augmented Reality as a training aid for surgery using
3-D datasets of a patient in real time, using non-
invasive sensors like Magnetic Resonance Imaging
(MRI), Computed Tomography scans (CT), or
ultrasound imaging, the AR might be a solution to
simulate operation [2] [3] [4].

At the moment many research groups are
aiming at developing augmented reality algorithms
and applications [5] [6] [7] [8], but no commercial

robust products are available on the market. World
known company BMW A.G. is developing in their
research labs an augmented reality application to help
mechanics as shown in Fig. 1. By adding more
information to the reality, the mechanic will be
assisted to service the car. The mechanic is using
special goggles to access a computer by wireless
communication and to access the exactly information
they need in workshop, such as order of assembly,
torque, etc.

Another category of Augmented Reality
applications is the assembly, maintenance, and repair
of complex machinery. Instructions might be easier to
understand if they were available, not as manuals
with text and pictures, but rather as 3-D drawings
superimposed upon the actual equipment, showing
step-by-step the tasks that need to be done and how to
do them. These superimposed 3-D instructions can be
animated, making the directions even more explicit.

Current maintenance systems require even the
most experienced user to spend time to search
manuals, or search through manuals for specific
procedures and component data.

Besides that, the stress induced by this search
within manuals can affect work for certain
maintenance and repair operations.
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Fig. 1. AR application developed by BMW for workshop repair

During the maintaining process, the user must
interpret the information in the manual and apply it
spatially and conceptually to a particular repair
procedure. This means filtering relevant information
to matching components in the manual to real world
components.

In the early 1990s, Caudell and Mizell invented
the term “augmented reality,” to define the idea of
using an AR system to replace the complex manual
documentation used for airplanes, such as the Boeing
747 [11].

In servicing such system provides several
advantages, such as to be able to synthesize additional
information and complex sequences relatively hard to

be explained especially to an inexperienced user (in
case of common goods products such as office
printers). The information in the manual must
synthesise information and it is very hard to place and
describe a specific context of servicing.

Feiner and colleagues introduced the idea of
Knowledge-based Augmented Reality for
Maintenance Assistance (KARMA), demonstrating a
system to aid a user in servicing an office laser printer
[15]. This system interactively generated instructions
by tracking user position and orientation and printer
position components in order to inform current
servicing operation by over-imposing a virtual reality
to real one (Fig. 2).

Fig. 2. Augmented reality for servicing an office printer [9]

2. Problem formulation

We propose the following problem statement
to guide our work: providing maintenance and repair
assistance to actively assisting in their performance,
using augmented reality technology and incorporate
instructions and assistance with specific software. We
aim to develop an AR application for office printer
service.

We found several challenges in order to
develop robust augmented reality algorithm:

-real-time data acquisition and processing; in
order to be effective and usable, the augmented
reality algorithm needs fast execution and low
processing resources.

-consistent data models; in order to identify
parts we need data models. Some components are
quite easy to be identified whereas others, with
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complex and similar shapes with other are difficult to
be identified in 3D space.

3. Problem solution

The hardware used is a Genius Hd Camera and
a PC with Pentium D 3 GHz processor processing.
The frame’s resolution to be processed is 1200X800
pixels. The proposed algorithm is shown in Fig. 3.
The object recognition, which is the most challenging
part of the algorithm, is represented by SURF
(Speeded Up Robust Feature). SURF (Speeded Up
Robust Feature) is a robust local feature detector
presented by Herbert Bay in 2006, and is based on
identifying remarkable features in the image. These
features are compared between the model image to
the one to be processed and identified.

Using known distance between identified
features of the model image, we can approximate
position in space relative to the camera of the object.

Once the component is identified the relative
positions of features are calculated and the actual
position of the component in space is approximated.
Using OPenGL library the cartridge model is
displayed, taking into  account necessary
transformation concerning rotation, scale, and point
of view. The 3d cartridge model is over-imposed in
real image at the correct coordinates.

Fig. 3. Proposed algorithm

In Fig. 4 some of the features detected by SURF
algorithm are displayed.

The features are previously selected in the
model image. In Fig. 5 the real image as taken by
camera is displayed and in Fig. 6 it is shown
augmented reality with the 3D model of the cartridge
in place and instructions to remove it.

Fig. 5. Reality as taken by web camera

Fig. 6. Augmented reality with instructions for
servicing
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We used Visual C 8 IDE environment along
with Open CV as computer vision library and
OpenGL libraries for 3D graphics display.

The algorithm can be successfully used for
those components with enough image variations to be
identified as features for SURF algorithm.

However, in case of complex surface with no
image variations such as casing of the printer, the
algorithm presented fails to identify the surface.
Further algorithm and techniques need to be done to
solve advanced identification image issues.

4. Conclusion

Augmented Reality is a beyond maturity at the
moment.

Today AR systems are primarily found in
academic and industrial research laboratories. Several
manufacturers are researching currently to release
commercial products.

The paper describes a proof-of-concept
algorithm. The algorithm successfully can be used for
those components with enough image variations to be
identified as features for SURF algorithm.

However, in case of complex surface with no
image variations such as casing of the printer, the
algorithm presented fails to identify the surface.
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ABSTRACT

This paper presents a study on the possibility of recovering low thermal
potential heat from the cooling technological water of industrial processes. The
analysed solution consists in the use of a heat pump which would send the
recovered heat to a hot water flow. We started from a technological water flow
which was taken over by a 350 m’/h cooling tower and we determined the
performances of a heat pump when using various refrigeration agents, for a range
of values of the temperature of hot water and the temperature of the return of
technological water which varies according to season.

KEYWORDS: heat recovery, technological water, heat pump, Carnot

efficiency, exergy output

1. Introduction

Many industrial processes require the release of
heat flows into the environment, in order to maintain
the parameters of those processes within normal
operation limits. In the case of high -capacity
industrial equipment, this heat release is generally
performed by means of a flow of cooling water, also
called technological water, which takes over the heat
from the concerned industrial equipment and,
subsequently, releases it into the environment. This
release of the heat taken over from the industrial
process is generally performed by means of a cooling
tower.

Cooling towers, with natural air circulation or
with forced air circulation, are based on the operating
principle of cooling by evaporation of a certain
amount of technological water. This means that the
formed water vapours taken from the air which
circulates through the cooling tower contain the
cooling heat of the technological water under the
form of latent evaporation heat. Given the present
wishes to increase the use efficiency of energy
resources and to decrease fuel consumption, we must
analyse all the possibilities of recovering low
potential energy resources [1], [2].

We can include here the heat obtained from
technological water, released into the atmosphere by
cooling towers. Any solution to recover and to use
heat from technological water must take into account
that, even if heat flows can be very high, the

temperature level is, generally, fairly low. This is the
case if any user of recovered heat requires a certain
value of input temperature.

In this paper, we mean to prove the possibility
of recovering heat from technological water by means
of a heat pump.

This heat pump shall take over the heat from the
low temperature technological water and shall send it
to a circuit of hot water which can be used by
domestic or industrial consumers [3]. Obviously, the
concrete application with heat pump sizing must take
into account the heat requirement of consumers and
the flow of available industrial technological water.

2. Heat recovery by means of a heat pump

For the purposes of this study, we have
considered a flow of technological water cooled by
means of a 350m’h cooling tower. The operating
parameters of the cooling circuit of the technological
equipment, as well as its composition, have not been
modified, so that the goal of the technological cooling
process may be achieved when heat recovery does not
occur.

Consequently, for the recovery of heat from
technological water, a heat pump has been introduced
in the cooling circuit (Fig.1) which, by means of the
vaporiser, takes heat from the technological water
and, by means of the condenser, transfers it to the
flow of hot water which is then sent to consumers [4].
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Fig. 2. Theoretical cycle of the heat pump

In order to determine the operating parameters  of the working agent which evolves in it. The
of the recovery equipment, we have used the  programme calculates the following performance
Engineering Equation Solver (EES) programme, able = measures for the heat pump: Carnot efficiency, 1;
to solve the equations of the mathematical model of  exergy output, Nexye; coefficient of performance, COP;
the processes taking place in heat pumps, consonant  obtained hot water flow: m,. [kg/s].
with the structure of the equipment and with the type

NEF el

N

ar -l "
— 2]
! . . .
sl Fig. 4. Diagram of fluid temperature
Fig. 3. Diagram of fluid temperature variation variation along the heat - vaporiser
along the heat - condenser transfer area transfer area
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The hot water flow is calculated on:

I
g Lkels] m

where: ¢, = 4.18klJ/kg.K - specific water heat;

mac -

At, = 40°C - temperature increase of the obtained

hot water; @, [kW]- heat flow yielded to hot water

in the heat pump condenser.

Given the temperature - heat transfer area
representations in the heat pump vaporiser (Fig. 3), or
in the condenser (Fig. 4), Carnot efficiency, the
exergy output of the recovery equipment, as well as
the coefficient of performance of the heat pump, are
expressed by means of the following relations [5], [6]:

(0 +273.15)

=1- Y ¥ 215 1) 2
T 2735 @
n. =% Ma 100 [%] €)
expe
PC]
cop = % @)
Fe;
t .+t
where: ., = % [°C] - average

temperature of the technological water which entering
the heat pump vaporiser with temperature #,, and

taci + tace

2

- average temperature of the water which entering the
heat pump condenser with temperature ¢,.; and exiting
it with temperature ?,..; Pc; [kW] — power of the heat
pump compressor.

We mention that the adoption of the value for
the temperature increase of the obtained hot water
( At, = 40°C) covers all the possible situations

exiting it with temperature Z,; &40 = [°C]

requested by heat consumers. For instance, in the
presented application we focused solely on the supply
of domestic hot water, which undergoes heating from
25°C to 65°C.

Variation of hot water flow

54

50

46

42

38 =
34 e
30

50 53 56 59 62 65
Hot water temperature [deg]

Hot water flow [kg/s]

=#—R152a =—@=R500 —k—R600 =—==R114 =4=R717

Fig. 5. Variation of hot water flow

However, if the recovered heat flow is used for
heating buildings, with the need of increasing hot
water temperature to 95°C, then the same temperature
increase can be preserved, as a hot water closed
circuit is presupposed, with return to 55°C.

By means of the EES programme, we have
made a comparative study on the performance of the
recovery equipment with a heat pump, when using
different refrigeration agents. This, given that the
thermodynamic properties of the refrigeration agent
which evolves in a heat pump directly influence the
compression, drafting and heat transfer processes.

As main thermodynamic conditions of these
refrigerating agents we mention: boiling point under
cooling temperature of technological water, vapour
pressure as close as possible to atmospheric pressure,
condensation pressure as low as possible in order to
achieve low energy consumption, latent evaporation
heat as high as possible in order to ensure reduced
flows and an as small as possible vapour specific
volume.

The use of certain inappropriate refrigerating
agents can lead to a decrease in the efficiency of the
recovery equipment or to the oversize of the heat
pump components, these leading to an increase of the
recovery costs. Consequently, the following
refrigerating agents have been selected: R152a, R500,
R600, R114, R717.

3. Results and conclusions

For the analysis of the performances of the
equipment for heat recovery from technological water,
we considered the following variable measures: t,; -
temperature of technological water on entering the
heat pump vaporiser; t,.. - temperature of hot water
on exiting the heat pump condenser; m,, - flow water
of the technological process.

Given the conditions above, we present below
the graphical representation of the results.

Variation of exergy output

Exergy output [%]
O
5 &

28 31 34 37 40
Entry temperature of technological water [deg]

=—4—FR152a =@~R500 =—d=R600 ===R114 =%=R717

Fig. 6. Variation of exergy output f(t.)
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The values obtained and graphically presented
prove the possibility of the proper operation of a heat
pump which would ensure the recovery of heat from
the cooling water of the technological processes.
Thus, we can discuss two important aspects:

1. The temperature of the hot water on exiting
the heat pump condenser directly influences the
performances of the recovery equipment. This
happens because, for the increase of hot water
temperature, the condensation temperature must
increase, involving the increase of compression
pressure with the increase of the power consumed by
the compressor (Fig. 7). In this case, the increase of
the flow of obtained hot water (Fig. 5) is explained by

Variation of the refrigeration agent flow
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the fact that it will increase condenser power (Fig. 9),
on the basis of the increase of compressor
consumption, not due to the increase of the flow of
recovered heat.

Nevertheless, in the conditions of the increase
of hot water on exiting the heat pump condenser, one
can notice an increase of the refrigeration agent flow
(Fig. 8). This is explained by maintaining the same
minimum temperature differences in the condenser,
between the condensation temperature and the exit
temperature of hot water if the flow sent into the
condenser increases.

2. The exergy output, considered a main
coefficient of performance of the heat recovery
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equipment, is influenced both by the temperature of
the hot water on exiting the heat pump condenser and
by the temperature of the technological water on
entering the vaporiser. Thus, in the first case, exergy
output decreases (Fig. 10) because by the increase of
the temperature of the hot water on exiting the heat
pump condenser and the increase of the power
consumed by the compressor, the coefficient of
performance of the heat pump (COP) shall decrease.
In the second case, the decrease of the exergy output,
with the increase of the temperature of technological
water on entering the vaporiser is due to the increase
of the average temperature in the cold source.

The two aspects are specific to any heat
recovery equipment which uses heat pumps,
irrespective of the type of refrigeration agent it
operates on. We find, however, that there are fairly
significant  differences in performance values
according to the type of refrigeration agent, which
allows the selection of the most adequate agent.
Based on this simulation, it clearly results that for the

recovery of heat from technological water by means
of heat pumps the most appropriate working agents
are R600 and R717, with the best values for exergy
output and the lowest compression consumptions.
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ABSTRACT

This paper presents mathematical modeling based on the regression analysis
method by active experiment of a thermal treatment process applied to an alloy
belonging to Al-Zn system, which finds application in aeronautics.

Using the mathematical model determined on a statistical basis, we achieved
the prediction of the mechanical properties studied by simulating the heat treatment
process, more exactly by simulating the heat treatment parameter values within the

experimental values.

The mathematical model equations obtained in this paper can also be used to
achieve the optimal values of the treatment technological parameters in order to
obtain the desired complex of properties with minimum costs.

KEYWORDS: mathematical modeling, aluminum alloy, heat treatment

1. Introduction

Mathematical ~ modeling  represents  the
transposing of a real physical process into a
mathematised form.

Mathematical modeling as a process can be
achieved in two stages as following: the first stage
represents the stage when it is stated the way in which
the mathematical model is used in order to obtain a
series of predictions concerning both the input
quantities, the value of the heat treatment process
parameters, and the mechanical properties studied.

All the equations can be obtained mathematical
model and optimize the heat treatment process
studied. On the basis of the equations of the
mathematical model obtained, we can also achieve
the optimisation of the heat treatment process studied.

In this paper we develop a mathematical model
of the heat treatment process applied to alloy Al-Zn-
Mg-Cu containing 4.5% Zn, namely the regression
analysis method by active experiment.

The regression analysis method by active
experiment is a method which involves solving the
problems of extreme values and requires determining
the levels for of the independent input values uy, u,, ...
Uy, where the objective function:

y = f(ulﬂuZa'--auk)

has extreme values (maximum and minimum) as
well as the calculation of these values. [1]. Input
values for the heat treatment process studied are: t-
temperature heat treatment i.e. artificial aging
temperature; T - time of artificial aging.

Based on these input data, and using the
mathematical model obtained, we studied the
influence of input quantities on the researched
mechanical properties: mechanical strength, yield
strength, elongation at break, HB hardness, which
represents output quantities.

The starting point randomly chosen has as
coordinates in the factorial space, the basic levels

Uy, » Uy, for the two input values.

There were also established the variation ranges
of these input quantities, Au,, Au, .

By adding the variation range to the basic level,
the superior level is attained, while by subtracting it,
the lower level of the factor is obtained.

If x; denotes the encoded value of the u; factor
resulted from the relationship:

U, —u,,
xi — i 0i (1)
Au,

the upper level is coded +1, the lower level -1,

and basic level 0. [1]
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2. Experimental conditions hours and finally by artificial aging at five different

temperatures (120, 140, 160, 180, 200°C) with five

The aluminum alloy processed as illustrated in ~ maintaining times (4, 8, 12, 16, 20 hours) for each of

Figure 1 has a chemical composition shown in Table  the five aging temperatures. The thermal processing

1. As illustrated in Figure 1, the alloy was processed  considered for achieving mathematical modeling of

in a homogenization heat treatment at 480°C,  this processes were determined as: 1 - artificial aging
followed by quenching in solution at 500°C for 2 temperature - t [°C]; 2 — maintaining time - t [h];

Table 1. Chemical composition of the alloy heat treated

Chemical
lement Zn Mg Cu Si Fe Pb Cr Mn Al
Alloy
AlZng,5Mg, 4.5 1.4 0.2 0.35 0.4 - 0.35 0.5 rest
A
— 500°C
@)
2 480°C
o
e
=
N
g
2 120 +200°C
g I 1|
) I
=
Time, [h]

Fig. 1. Technological scheme for achieving thermal treatment
1 - homogenization, Il - implementing solution hardening, 111 - artificial aging

Table 2 shows the correlation between the — with those expressed in coded values for the two
different levels of factors expressed in natural values  factors used in the heat treatment.

Table 2. Correspondence between the factors expressed in natural units
and those expressed in encoded units

Process temperature Process duration
Natural
Factor i
Natui;acl) g nits, Encoded values units, Encoded values
in hours
. 160—-160 12-12
Basic level ug; = 160 =0 Uy =12 =0
40 4
Variation Au, = 40 0 Au, =8 0
interval
i 200-160 20-12
Superior =200 =t U, =20 =+1
level 40 8
i 120-160 12-20
Inferior = 120 120-160 _ Uy =4 -
level 40 8
For the coded representation of the
experiment we used the following notations and *Y, - yield, Rpy, [MPa];
symbols: * Y5 - hardness, [HB];
* x; - artificial aging temperature, t, °C; The following relations are established
* X, - retention time, t [h]; between the natural and the coded values of the x;
* Y| - tensile strength, R, [MPa]; factors:
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A complete type 2* factorial experiment was

t—t, T—71, 2 N |
X = > X, = 5 achieved, as shown in Table 3.
Y 2 At
Table 3. Determination of 2’ type factorial experiment matrix
No.
exp. Xo Xy X, X1 Xz Y, Y, Y3 Yy
1 +1 +1 +1 +1 288 248 14.5 71
2 +1 -1 +1 -1 440 385 10.7 127
3 +1 +1 -1 -1 253 221 15.6 62
4 +1 -1 -1 +1 312 269 13.2 91
Considering that the model structure of 1, is: [4] It follows:
C=[X"xX]"'"[X"xY] (8)

2 2
Y, =CO+ZCI. -xl.+ZcU.xl.xj (3)
i=1 i=1
j=1
i#j
Equation (3) is written in matrix form as
follows:

Y=X-C 4
where: X is the matrix of experimental
conditions
Xor X1 Xy Xl
Xop X Xy Xm2
X=[%o3 Xiz KXoz e Xy (5)
xOn xln x2n xmn

where: m - number of terms of equation (3);

n - number of experiments considered;

C - column vector of coefficients but

C = [co, €1, -or €] T, where: T is the symbol
matrix transposition

Y - Matrix of experimental results

Y =[Y}, Ya oo, Yol (6)
Y =[Y,, Ya, Y3

where: Y, = [288;440;253;312];

Y, =1[248;385;221;269];

Y;=[14.5;10,7;15.6;13.2]

Y, =[71;127;62;91];

For this case, the linear function (3) is a
particular form:

Yi=c,+c X, +c, x,+c,x-x, (7)

Multiplying on the left both terms of the matrix
equation by the unitary matrix:

E=[X"XT]'xX",

expression that represents the relationship for
calculating the coefficients of the regression equation.

Using the values in Table 3, based on the
relation (8) the coefficient of the first-order models
are obtained as presented in Table 4.

Table 4. Values of the coefficients
of the order I models

Yi
Yl Y2 Y3 Y4
Ci
Co 323.25 280.75 13.5 87.75
Cy -52.75 -46.25 1.55 -21.25
Co 40.75 35.75 -0.9 11.25
Ci2 -23.25 -22.25 0.35 -6.75

Therefore, the equation of the first-order
mathematical model (7), for each property separately,
is:

Y1:323.25-52.75'X1+40.75'X2-23.25'X1'Xz; (9)

Y,=280.75-46.25-x1+35.75°x,-22.25"x.x5; (10)

Y;=13.5+1.55-x;-0.9-x,+0.35"x;"X, (11)

Y,=87.75-21.25-x,+11.25-x,-6.75-x1'x,,  (12)

By replacing the xi variables with the relations
(2) and by effectuating the respective calculations in
the above equations, we obtain the following
equations representing the expressions of the first
order mathematical models for the four properties
considered:
Y(t, T) = 333.625-0.446-t+16.718:1-0.072-t t; (13)
Y,(t, T) =278.625-0.04-t+15.59 1 -0.07-t t; (14)
Y;(t, t) = 10.75+0.025-t-0.287 1+0.001 -t T 15)
Y(t, 7) = 157.975-0.544-t+1.231 1 +0.001-t t; (16)

First-order mathematical models were verified
statistically by wusing Fisher criterion to decide
whether they can be used for studying the analyze
process or it is necessary to determine the higher
order models.

The testing has proved that all models are
consistent with the experimental data.
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Fig. 2. Breakthrough variation depending on the time and temperature of artificial aging
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Fig. 3. Variation of tensile yield stress function of time and artificial ageing temperature
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Fig. 4. Change in elongation at break, depending on the time and temperature of artificial aging
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Fig. 5. Variation of hardness function of time and artificial ageing temperature

As shown in Figures 2 to 4, the values of the
mechanical properties determined by calculations
using mathematical models are close to the
experimentally determined values. This is the proof
that performed allows the simulation of the heat
treatment process presented in Figure 1.

3. Conclusions

The simulation of heat treatment was based on
the mathematical model obtained and presented in
equations (13), (14), (15), (16). This simulation is
based on the variation of the technological parameters
values (t, T) within the experimental limits:

-the duration of the artificial aging treatment is
the factor with the greatest influence on the
mechanical strength obtained, as it follows from the
evaluation of equation (13), where the value of the
coefficient of parameter T is positive and of the
highest value;

-also from the evaluation of equation (13) it
results that as the artificial aging temperature
increases, there is a decrease in the strength
properties;

-the regression equations obtained show that
increasing artificial aging temperature in the range
considered, above the 180°C, leads to a decrease in
tensile strength, yield strength and hardness;

-the mathematical model presented allows the
calculation for the optimization of heat treatment
process parameters in order to obtain the optimal
complex of resistance properties, with minimal
expenses.
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ABSTRACT

Slags are the main by-products generated during iron and crude steel
production and the steel industry is committed to increasing and improving their
recycling. Today the quantity of slag produced and its utilization are one of the
important indicators of sustainable steel industry. There are different forms of BF
slag by-products depending on the method used to cool the molten slag. The by-
products can be an excellent source of constructional materials, finding
applications in road building, concrete aggregate, as thermal insulation (mineral
wool), and as a clinker substitute in cement production, biological filter media,
glass making etc. In addition to products obtained from fresh slag, the possibility to
utilize the old and the stockpiled blast furnace slags was studied. A key role in their
utilization plays the knowledge of the chemical, mineralogical, and morphological
properties of BF slag. This paper summarizes the characteristics of BF slag and its

possible application.

KEYWORDS: blast furnace slag, by-products, morphology, mineralogy,

chemical and physical properties

1. Introduction

The target of the current metallurgical industry
is to recycle and utilize all their by-products, so as to
close the sustainable production loop. Wastes,
particularly solid wastes generated unavoidably,
should be converted into useful, value added by-
products.

Slags are the main waste generated during iron
and crude steel production and the steel industry is
committed to increasing and improving their
recycling. These are generated in a parallel route of
the main processes of hot metal production in
ironmaking and steelmaking and therefore the slag
generation process is considered as a part of the
whole steel production process [1].

Today the quantity of slag produced and its
utilization are one of the important indicators of
sustainable steel industry. An average of about 400 kg
of solid by-products is generated in the steel industry
per tone of crude steel, out of which (70-80%)
consists of blast furnace slag and basic oxygen
furnace slag. Due to the large slag quantities and the
stricter environmental regulations, recycling and

utilization of slag are an attractive alternative in order
to reduce and eventually to eliminate the disposal
cost, to minimize the related environmental pollution,
and to save the resource conservation.

The sustainable use of slag contributes to saving
natural resources, to CO, emissions reduction, to
energy consumption reduction, to the formation of a
society founded on the recycling practice (as
landfilling is avoided) and to the promotion of the
iron and steel industry sustainability. Therefore
potential economic and environmental benefits make
slag by-products that can be further recovered and
used. For all these reasons, the effective utilisation of
slag and its turning into high value added products
improves the competitiveness of the iron and steel
industry [2].

Based on the information in literature, this paper
summarizes the characteristics of BF slag and its
possible application.

Its generation process is correlated with the
environmental impact. In respect to slag
characteristics, the possibility to transform blast
furnace slag into value added by-products for various
domains is evaluated.
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2. Blast furnace slag, environmental and
economic considerations

A blast furnace is a closed system into which
iron-bearing materials (iron ore lump, sinter and/or
pellets), additives (slag formers such as limestone)
and reducing agents (i.e. coke) are continuously fed
from the top of the furnace shaft through a charging
system that prevents escape of blast furnace gas (BF
gas). Iron ore processed nowadays contains a large
content of hematite (Fe,O;) and sometimes small
amounts of magnetite (Fe;0,).

In the blast furnace, these components become
increasingly reduced, producing iron oxide (FeO)
then a partially reduced and carburised form of solid
iron. Finally, the iron charge melts, the reactions are
completed and liquid hot metal and slag are collected
at the bottom. The reducing carbons react to form CO
and CO,. Fluxes and additives are added to lower the
melting point of the gangue, improve sulphur uptake
by slag, provide the required liquid hot metal quality
and allow for further processing of the slag.

The slag floats on the surface of the molten iron
and is subsequently drawn off and allowed to cool to
produce a semi-dense porous crystalline material
(light weight aggregate) known as air cooled blast
furnace slag. From an environmental point of view,
the blast furnace has a significant role in the ore based
steel production. The manufacture of iron by
chemical reduction of iron ores by coke (carbon) in a
blast furnace is accompanied by production of large
waste quantities, the most important of which the
slag. About 70 years ago, the slag generation in the
blast furnace was 980kg/t.

Recently, due to a better understanding of the
slag formation mechanisms and of the overall BF
process, it is also currently possible to control,
optimize and minimize slag production. The specific
quantity of slag generally lies in the range of 175 —
350 kg/t hot metal produced [3, 4].

The slag amount depends very much on the
charging material: for example, the grade of iron ore,
its sources are the gangue content of iron ore and lime
content added to adjust the chemical composition of
molten slag. The slag quantity has decreased today by
using enriched iron ore and coke with low ash
content. From the viewpoint of preservation and
protection of the global environment, the main issue
concerning the use of ferrous slag is the question
whether it is a waste or a by-product. In order to
market them the better way is to consider them by-
products because the term ‘“waste” indicates a
material to be deposited instead of to be used [2, 5].

The driving force for the valorization of the slag
is the stringent legislation for environmental
protection concerning the use of slag that includes
other laws, as follows: the Kyoto protocol, the
Reference Document of Best Available Techniques,
Harmonization Committees TC 351 Dangerous
Substances and TC 154 Aggregates, the REACH
directive. The Waste Framework Directive (WFD)
(2006/12/EC) is the most important document
governing the use of slag. [2].

On the other hand, the recycling and utilization
of the slag is an attractive alternative in order to
reduce and eventually to eliminate the disposal cost,
to minimize the related environmental pollution, and
to save the material resources and energy. Slag
recycling has been successful in different fields of
application, in a variety of industries, starting with
ironmaking and steelmaking. Ironmaking slag is used
in different ways with high added value.

2.1. Utilization of BF slag
Different forms of slag product are produced
depending on the method used to cool the molten
slag. These products include air-cooled blast furnace
slag (ACBFS), expanded or foamed slag, pelletized
slag, and granulated blast furnace slag (GBFS),
Figure 1.
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Fig. 1. Methods to processing the liquid BF slag
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The utilization of ironmaking slag has a long
history. The use of by-products from steel industry
goes back to many centuries ago. The first appearance
of slag was recorded as carly as the year 700 B.C. In
350 BC Aristotle already stated “When iron is
purified by fire, there forms a stone known as iron
slag. It is wonderfully effective in drying out wounds
and results in other benefits”. The history of slag use
in road building dates back to the time of Roman
empire, some 2000 years ago, when broken slag from
the crude iron-making forges of that area were used in
base construction. The cast iron slag stones were used
for masonry work in Europe of the 18" century. As
early as 1589, the Germans were making cannon balls
cast from iron slag [4]. In later centuries slag has been
used as construction material.

The discovery of the hydraulic properties of
granulated BF slag gave birth to a new era in slag
exploitation: slag has been used as binding agent
and/or addition for concrete. The first modern roads
in the building of which slag was utilized were built
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in England, in 1813 [8], and after that the use of slag
spread fast to the American continent as well. The use
of slag in road building was recorded there for the
first time in 1830. Granulated blast furnace slag was
first developed in Germany in 1853. Ground slag has
been used as a cementitious material in concrete since

the beginning of the 1900s.

The traditional use of slag as landfill material,
after the increase of steel production since the mid-
1970’s, has reached its limit and the pressure for
natural resources and energy saving have driven steel
industry to increase the recycling of this material, by
facing other important challenges (such as
technologies development, production facilities
maintenance and ferrous slag products certification)
in order to improve their application in different
sectors [2, 7].

To transform blast furnace slag into value added
by-products some measures must be applied in
accordance with its chemical characteristics, Figure 2.
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Fig. 2. Measures to influence the quality of the slag
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2.2. Characteristics of the BF slag in

accordance with its utilization domains

Blast furnace slag can be an excellent source of
construction materials, finding applications in road
building, concrete aggregate, as thermal insulation
(mineral wool), and as a clinker substitute in cement
production, biological filter media, glass making etc.
In addition to fresh slag based products, has
developed the possibility to utilise old, stockpiled
blast furnace slags. Such can be re-utilised the several
million tones of old slags, previously considered
unusable. Availability and areas of applications of BF
slag are:

e environmental products: production of
Portland slag cement using BF slag; production of
roadmaking aggregate and soil conditioner using BF
slag and BOF slag; use of BOF slag as rail ballast;
use of fly ash as partial replacement of cement, in
manufacture of cellular concrete, bricks and sintered
light-weight aggregate, and in road construction.

* altogether new products: glass-forming
material; prime western grade zinc; high-purity zinc
oxide crystal; glass-ceramic family of materials;
Portland cement; iron oxide powder for use in
manufacture of ferrites, pigments, etc.; ceramic floor
and wall tiles; synthetic granite tiles; wear-resistant
ceramic products; heat and sound insulation sandwich
panels; natural organic fiber reinforced door panel;
sisal fiber cement corrugated roofing sheet.

Knowledge of the chemical, mineralogical, and
morphological properties of BF slag is essential
because these play a key role in their utilization. The
chemical,  mineralogical, and morphological
characteristics of BF slag are determined by the
processes that generate this material. The slag

formation is the result of a complex series of physical
and chemical reactions between iron bearing raw
materials (iron ores, concentrates, sinter, and pellets),
the non-metallic charge (limestone), the energy
sources (coke, injected coal, etc.), refractory lining
etc. at temperature range from 1450 to 1550°C. Also
the chemical composition of the slag depends on the
feeding raw materials, and the cooling rate. The
amount of slag produced depends upon the gangue
content of the blast furnace, the ferrous burden, the
coke ash and ash from the injection material, e.g.
coal, and the amount of flux required to achieve the
necessary hot metal quality. In order for blast furnace
slag to be acceptable for use outside the iron and steel
works, it is necessary to take additional measures to
ensure that the slag chemistry and/or physical
properties are requisite.

BF slag is made of silicates and alumino-
silicates of calcium and magnesium together with
other compounds of sulphur, iron, manganese and
other trace elements. Their iron content is usually
below 0.5% since they result from a reduction process
[8-10]. The four major constituents of blast-furnace
slag - silica, alumina, lime and magnesia - constitute
about 95% of the total composition. In the operation
of a blast-furnace the composition of the slag must be
closely controlled so that the amount of silica plus
alumina balances (quantity wise) with the total of
lime and magnesia to produce a composition of slag
which will readily melt and flow from the furnace at
the temperature of molten iron.

These limitations on the chemistry of blast-
furnace slag to permit efficient furnace operation
provide quite a narrow band in the chemical
composition of all blast furnace slag, Table 1.

Table 1. Typical composition of blast furnace slag

Percent
Constituent 1949* | 1957 | 1968™ | 1985
Mean Range Mean Range Mean Range Mean Range
Caleium Oxide 41 34.48 41 31-47 39 32-44 39 34-43
(Ca0)
Silicon Dioxide | 4 31-45 36 31-44 36 32-40 36 27.38
(SlOz)
Aluminum
Oxide (ALOY) 13 10-17 13 8-18 12 8-20 10 7-12
Magnesium
Oxide (Mz0) 7 1-15 7 2-16 11 2-19 12 7-15
Iron (FeO or 0.5 0.1-1.0 | 05 0209 | 04 | 0209 | 05 02-1.6
Fe,03)
Manganese
Oxide (MnO) 0.8 0.1-1.4 0.8 0.2-2.3 0.5 0.2-2.0 0.44 | 0.15-0.76
Sulfur (S) 1.5 0.9-2.3 1.6 0.7-2.3 1.4 0.6-2.3 14 1.0-1.9

a. Data source is the National Slag Association data: 1949 (22 sources); 1957 (29 sources); 1968 (30 sources)

and 1985 (18 sources).
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There may be a limited variation between the  0.85 to 1.20 basicity ratio. The pig iron for the
silica plus alumina and lime plus magnesia  steelmaking purposes has 1.1-1.3 CaO:SiO, ratio and
constituents, however, the ratio of the composition (Ca0O+MgO):(Si0O,+AL03)=1-1.2. For the high Al,O3

fluctuates only a small amount. The chemistry usually  content (S10,:AL,05<2.5) the
has a narrow ratio of basic to acid components. The  (CaO+MgO):(SiO,+Al,03) ratio decreases to 0.9.

most BF slags are characterized by CaO:SiO, ratio of The presented data suggest that these have
1.0-1.3. Calcium and magnesium oxides content, remained relatively consistent for all blast furnaces

reported as silica and alumina, normally results in a  and over the years [6].

1] -
[ [
Ef,u oAl 0, cail, 8, :}Eﬁl.
Fig. 4. Section through the CaO-Si02-A1203-
MgO system at 10 % MgO with chemical data of
Fig. 3. Position of the BF slag on thernal slags plotted for some French slags (squares) and
diagram with respect to its chemical composition Scunthorpe and Redcar slags (circles): DI:
and its utilization possibility [11] diopside. AN: anorthite. ML: melilite. MR:

merwinite. SP: spinel. DS: dicalcium silicate.
Dashed lines are isotherms in °C [13].

Fig. 5. Sections through the CaO-SiO,-Al,03;-MgO system at 10 % AL O; (a) and 15 % ALLO; (b):
PX: pyroxene. F: forsterite. W: wollastonite. ML: melilite. MR: merwinite. DS: dicalcium silicate.
P: periclase. AN: anorthite. SP: spinel. Chemical data for low Al (<11 % ALL,O3) Scunthorpe (circles)
and French slags (squares) plotted on a. Scunthorpe and Redcar slags with>11 % Al,O; a plotted on
b. [13].
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The potential mineralogical composition of the
BF slag is established from the chemical composition
based on the phase diagram of the CaO-SiO,-Al,0s-
MgO quaternary system.

The place of these usual metallurgical slags on
Si0,-A1,0;-MgO-CaO quaternary system is delimited
by the Al,O; content that is lower than 20%. Also the
MgO content that not higher of 20% is used to
established this location. Thus established the domain
of BF slag is given in Figure 3 which presents the
compositional zone for the main products in which it
is used. The quaternary system of SiO,, ALLOs;, MgO,
CaO oxides for the 10% MgO plane is given in

Figure 4 and for the 10% and 15% A1,0; planes in
Figure 5 [12, 13].

The absence of anyone quaternary compound is
certainly in this quaternary system. The oxides,
binary and ternary compounds, binary, ternary and
quaternary solutions were identified.

The mineralogical compounds from quaternary
system CaO-Si02-Al1203-MgO that can be found
after crystallization from acid and basic blast-furnace
slag are: pseudo-wollastonite (CS), rankinite (CsS,),
dicalcium silicate (C,S), melilite, merwinite (C;MS,),
monticellite (CMS), diopside (CMS,), anorthite
(CAS,), Figure 6.

Fig. 6. Micrographs of granulated slag: (a) Sector-zoned euhedral melilite with orientated inclusions
of iron. Some of the iron extends beyond the crystal forming a spherical globule attached to the
surface. Sample 3. Plane polarized light. Scale bar 0.10 mm. (b) Stellate oldhamite crystals and

dendritic growth of oldhamite. (c) Cluster of merwinites within glass [13]

When molten blast-furnace slag is rapidly
chilled and quenched in water as granulated slag, the
solid phase is amorphous, predominantly a granular
and cellular glass. When such molten slag is more
slowly cooled, crystallization takes place while the
slag is cooling. The air-cooled BF slag is a mixture
(crystalline and amorphous). The crystal phase
predominate in air-cooled blast furnace slag is
melilite, a name applied to any series of solid
solutions extending from akermanite
(2Ca0-MgO-2Si0,) to gehlenite (2Ca0-Al,0;3-Si0;).

Also spinel is present. The compositions of spinel
(MgO-ALO;3), merwinite (3CaO-MgO-2Si0,) and
periclase are close to their stoichiometry. In addition,
in certain conditions other minerals found to be
present in blast furnace are pseudowollastonite,
monocalciumsilicate, olivine, pyroxene, merwinite,
calcium sulfide, ferrous sulfide and manganous
sulfide [13, 15].

Figure 7 shows well quenched liquid slag in
equilibrium with melilite (Figure 7a) and spinel
(Figure 7b) respectively.
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melilite

Fig. 7. Typical microstructures of quenched slags from a) melilite and b) spinel primary
phase fields in air [15]

a

The physical appearance shows that the blast
furnace slag is a dull white color, and it has rough and
angular-shaped particles, Figure 8.

When BF slag is crushed and screened it
produces an aggregate with a rough surface texture
and relatively high porosity. Crushed air-cooled BF
Slag (ACBFS) is angular, roughly cubical, and has
textures ranging from rough, vesicular (porous)
surfaces to glassy (smooth) surfaces with conchoidal
fractures. The 1-5 mm granulate particles are very
angular with a vitreous appearance. Their colour
varies from pale honeybrown to grey-brown and
rarely almost black. This reflects the chemical
variability, the darker slags being richer in Mn (0.98-
1.65 %). Small vesicles (<1 mm) are common in the
larger pieces. Occasional vitreous fibers occur. The
internal structure of the granulate particles has many
cracks visible in thin section, some of which are
perlitic. There are abundant vesicles varying
considerably in size and quantity within a single
grain. These often aggregate to form linear, curved or
irregular clusters of single sized vesicles. Overall,

. b.
Fig. 8. Ground granulated blast-furnace slag (a) and its SEM micrograph (b) [16]

glass dominates. In every sample it is > 80% by
volume, but usually > 95% and often > 99% of the
granulate. Individual granules, however, sometimes
contain up to 30 % crystals [13].

The mineralogy of the solid state determines the
material properties such as the durability, the
solubility and the reactivity. Generally, an amorphous
material is less soluble than a crystallized phase with
a similar chemical composition, due to the very slow
kinetics for a re-crystallization and reactions with the
surrounding liquid media [17]. However, rapid
cooling (quenching) and enhancing the amount of
amorphous material is also a process that increases
the reactivity of a material with puzzolanic properties,
such as ironmaking slag [18-20]. Rapid cooling is
also a means of reducing the content of unstable
silicates, as well as free CaO and periclase, MgO that
expand at phase transformation [21].

From the point of view of the hydraulic power
of the blast-furnace slag, this depends on the one
hand on their chemical composition, and on their
microstructure, on the other. Most of the authors
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estimate that the vitreous structure is the controlling
condition because the vitreous state makes possible
and explains the reactions which would not be
possible from crystallized material. Blast-furnace
slags entirely crystallized of normal composition do
not have hydraulic property or only a very limited
one. Other estimates that "vitreous-crystalline" slag
has higher potential hydraulic properties than slag
vitrified up to 100%. Also the size and the
distribution of crystals in the vitrified blast furnace
slag have an effect upon hydraulic power. In
conclusion, for an identical chemical composition a
perfect vitrification is not the criterion of a highest
reactivity. The increase of Al,0; rate in a quaternary
slag glass gives an improvement of hydraulic
properties. Particularly the increase of Al,0; rate in a
quaternary slag glass gives an improvement of
hydraulic properties [22-25].

Blast furnace slag is mildly alkaline and
exhibits a pH in solution in the range of 8 to 10.
Although blast furnace slag contains a small
component of elemental sulfur (1 to 2 percent), the
leachate tends to be slightly alkaline and does not
present a corrosion risk to steel in pilings or to steel
embedded in concrete made with blast furnace slag
cement or aggregates. Also as a matter of fact, slag is
frequently used to eliminate acid conditions in
industrial operations as well as being used to
neutralize acid soil conditions in agriculture [14].

Relatively low bulk density of BF slag is
typically 1300 kg/m’ for air-cooled and stable with no
expansion tendencies. Instability problems with blast
furnace slag are relatively rare. Fresh-make (i.e. new)
blast furnace slag should in fact have no instability
problems. However, some older sources of blast
furnace slag, after a period of weathering, may
contain pockets of unstable material. The most likely
form of instability in this type of slag is when, as a

result of weathering, a significant proportion of the
sulphur oxidises to sulphate, often present as gypsum.
This, under given conditions, may take part in
chemical reactions resulting in the formation of a
sulphoaluminate hydrate phase, apparently similar to
that taking place in sulphate attack on concrete. The
result is volumetric expansion and disruption of the
mass [14].

In certain situations, the leachate from blast
furnace slag may be discolored (characteristic
yellow/green color) and have a sulfurous odor. These
properties appear to be associated with the presence
of stagnant or slow moving water that has come in
contact with the slag. The stagnant water generally
exhibits high concentrations of calcium and sulfide,
with a pH as high as 12.5 [26]. When this yellow
leachate is exposed to oxygen, the sulfides present
react with oxygen to precipitate white/yellow
elemental sulfur and produce calcium thiosulfate,
which is a clear solution. Aging of blast furnace slag
can delay the formation of yellow leachate in poor
drainage conditions but does not appear to be a
preventative measure, since the discolored leachate
can still form if stagnant water is left in contact with
the slag for an extended period [27-30].

The physical properties of blast furnace slag
have a considerable variability depending on the iron
production process. Table 2 compares key the
physical properties of air-cooled blast furnace slag
and a common naturale aggregate [8]. Of all the slag
types generated, air-cooled blast furnace slag
(ACBFY) is the type that is most commonly used as
an aggregate material. Processed ACBFS exhibits
favorable mechanical properties for aggregate use
including good abrasion resistance, good soundness
characteristics, and high bearing strength. Table 3
lists some typical physical properties of air-cooled,
expanded, and pelletized blast furnace slags [33].

Table 2. Typical properties of BF slag compared with a natural aggregate

Property BF slag Carboniferous
limestone
Apparent density 2.55 2.72
Water absorbtion (%) 4 0.7
Impact value dry (%) 34 19
Crushing value (%) 34 21
10% fines soaked -kN 85 160
Polished stone value 53-57 38-48
Abrasion value (%) 5-7 8

Table 3. Typical physical properties of blast furnace slag

Slag Type and Value
Property Air-Cooled Expanded Pelletized
Specific Gravity 2.0-25 — —
Compacted Unit Weight, kg/m’ 1120 — 1360 (800 - 1040) 840
Absorption (%) 1-6 — —
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Granulated blast furnace slag is a glassy
granular material that varies, depending on the
chemical composition and method of production.
Grinding reduces the particle size to cement fineness
(Figure 8 a), allowing its use as a supplementary
cementitious material in Portland cement concrete.

The GGBF slag has the lowest percentage of
large particles. The fines specification requires
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that<20 wt % of the material is retained by the 45
micron sieve during wet sieving.

The particle size distributions (PSDs) of the slag
powder (with the chemical composition given in
Table 4) in deionized water and obtained by laser
light scattering indicate that many fine particles
(<1um) are present, Figure 9 [34].
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Fig. 9. PSD (volume based) (a) and PSD (number based) (b) for GGBF slag [34]

Table 4. Chemical compositions of two samples of BF slag [34]

Sample A1203 CaO Fe203 KzO MgO NazO SO4 SiOz T102
1 8.4 38.5 0.4 0.3 12.9 0.3 1.0 | 379 | 04
2 6.6 35.0 0.3 0.5 13.1 0.3 25 1404 | 03

Also was determined other physical properties
of this slag: the mean diameter volume for two
samples is 8.80, respectively 9.10; the medium
diameter volume is 6.74 and 7.83; the mean diameter
number is 0.63 and 0.73 as mean value, respectively
0.52 and 0.58 as medium value; the particles density
is 2.70 and the acrated and tapped densities measured
for slag are around of 0.80 and respectively 1.26
(tapping deaerates the powder, allowing the particles
to compact within the graduated cylinder to produce a
greater density than that measured for the aerated
materials); the value of ratio of the two densities
(tapped/aerated) that is the Hausner Ratio is about
1.56...1.59 and provides an indication of the degree
of compaction that a dry powder can undergo in
handling and storage.

The porosity of expanded blast furnace slag
aggregates is higher than ACBFS aggregates. The
bulk relative density of expanded slag is difficult to
determine accurately, but it is approximately 70
percent of that of air-cooled slag. Typical compacted
unit weights for expanded blast furnace slag
aggregates range from 800 kg/m’ to 1040 kg/m’.
Unlike air-cooled and expanded blast furnace slag,
pelletized blast furnace slag has a smooth texture and
rounded shape. Consequently, the porosity and water

absorption are much lower than those of ACBFS or
expanded blast furnace slag. Pellet sizes range from
13 mm to 0.1 mm, with the bulk of the product in the
minus 9.5 mm to plus 1.0 mm range. Pelletized blast
furnace slag has a unit weight of about 840 kg/m’.
Because of their more porous structure, blast furnace
slag aggregates have lower thermal conductivities
than conventional aggregates. Their insulating value
is of particular advantage in applications such as frost
tapers (transition treatments in pavement subgrades
between frost susceptible and nonfrost susceptible
soils) or pavement base courses over frost-susceptible
soils [35].

3. Conclusions

The global emphasis on stringent legislation for
environmental protection has changed the scenario of
slags dumping into slags management. Because of
natural drive to be cost-effective, there is a growing
trend of adopting such slags management measures as
would convert slags into wealth, thereby treating
these waste as by-products. This has led to aiming at
development of zero-waste technologies. In addition
to the environmental achievements, the recycling
practices produced economic benefits, by providing
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sustainable solutions that can allow the steel industry
to achieve its ambitious target of “zero-waste”. To
satisfy environmental and technical requirements of
international and national standards is necessary to
know the chemical, mineralogical, and morphological
properties of BF slag. The chemical composition and
the cooling rate determine the phases and the particle
shape of slag. These are in correlation with its
physical and mechanical properties. All of these Bf
slag characteristics are essential because they play a
key role in their utilization.
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ABSTRACT

Some 38MoCrAl09 (SAE 4038) steel grade samples were subjected to plasma
nitriding treatment regimes. The structural and diffractometric aspects of the
superficial layers of the steel are studied after the wear tests by friction, using an
Amsler type machine, taking two sliding degrees at different contact pressures and
testing time. The tests were made to detect the sustainability to the material, the
evolution of the superficial layer through different tests and to establish the
influence of these tribological factors (operating parameters) on the superficial

layers.

KEYWORDS: plasma nitriding process, wear process, tribological parameters

1. Introduction

Plasma nitriding, also known as ion nitriding,
plasma ion nitriding or glow-discharge nitriding, is
an industrial surface hardening treatment for steels
and for other metallic materials.

Nitriding alloys are alloy steels with nitride-
forming elements such as aluminum, chromium,
molybdenum and titanium.

In plasma nitriding, the reactivity of the nitriding
media is not due to the temperature but depends by
the gas ionized state. In this technique intense electric
fields are used to generate ionized molecules of the
gas around the surface to be nitrided. The highly
active gas with ionized molecules is called plasma.

The gas used for plasma nitriding is usually pure
nitrogen.

Plasma nitriding modifies the strain limit, and the
fatigue strength of the metals being treated. For
instance, mechanical properties of austenitic stainless
steel like wear can be significantly reduced and the
hardness of tool steels can be double on the surface
[1-3]. Plasma nitriding is often coupled with physical
vapor deposition (PVD) process and labeled Duplex
Treatment, with enhanced benefits. Many users prefer
to have a plasma oxidation step combined at the last
phase of processing to produce a smooth jetblack
layer of oxides which is resistant to wear and
corrosion.

The superficial layer is defined according to the
type of interaction between the external action and
materials.

In figure 1 given presented one of the first model
of the superficial layer [2, 4, 6].

Introducing a surface treatment as nitriding
process with plasma (ionic nitriding), increase the
wear resistance and the resistance of corrosion
increase too.
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Fig. 1. One model for the superficial layer

The diffusion and interaction of the nitrogen
with the basic material lead to structural constituents
whose nature determines a major hardness of the
nitrided layer.
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The chemical combination area consists of two
phases:

- the € phase — a solid solution based on the
chemical compound of Fe3N, rich in nitrogen (8.2%
to 11.2%N) having a hexagonal compact (HC),
crystal lattice, is highly resistant to wear, [1,4,5] and
corrosion;

- the v’ phase — a solid solution based on the
FedN compound, presents a centred-face cube
(C.F.C.) crystal lattice; has a lower nitrogen solubility
(5.7% to 6.1%N), showing very high values of
hardness and tenacity.

The diffusion area is composed of the following
elements:

- the o phase (the nitrided ferite) — a nitrogen
connate solid solution in Fea crystallizing in centre
volume cube (C.V.C.) lattice, showing a maximum
nitrogen solubility of 0.11% at a temperature of
590°C;

- the y phase (the nitrided austenite) — a
nitrogen connate solid solution in Fey (C.F.C.),
having a maximum nitrogen solubility of 2.8% at a
temperature of 650°C(see Fig. 2) [2, 4].
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Fig. 2. Fe-N diagram of equilibrum

The transformation of y—o’- martensite with
nitrogen (a suprasatured solution of nitrogen in Fea),
showing very high values of hardness, takes place
from the nitriding temperature, in case of a rapid
cooling of austenite with nitrogen (y).

The hardness and the depth of nitrided layer, are
determined both by the chemical composition of the
chosen material and by the technological parameters
of the thermo-chemical treatment [4].

In case of hard worn out parts [4], the layer
structure selected has three areas corresponding to the
rule as it is advised by the tribology studies:

a. — a thin layer of 0.02 to 0.04mm, not so rigid,
showing a crystal lattice separate to the basic
(hexagonal compact) material,

b. — a very tough and flexible layer, which is not
breakable or deformable under very high stresses;

c. — a basic material showing adequate hardness,
mechanical strength as well as a suitable tenacity in
order to avoid material cracking under stress.

Figure 3 show the layer hardness in their
sequence [2].
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Fig. 3. Hardness of the superficial layer
according with the layer thickness evolution

The wear behavior of coated surface is controlled
by several factors such as the geometry of the contact,
the topography of the surface, the material
characteristics, mechanical properties of the material,
microstructures of the material and the operating
parameters (Q, &, At).

In this paper, are presented a series of researches
regarding the structural and the tension state changes
that appear and develop in the superficial layer of
some materials subjected to damages processes as:
running-in, friction, wear or fatigue.

For this aim, the tribomodeling operation has
been used. The materials tested on tribomodels
present some advantages versus in situ ones. Thus,
the multifactorial planning of the experiments may be
used and the testing optimal conditions, for a given
material, can be found.

The friction and wear processes are complex,
being of physical, chemical, mechanical or
metallurgical nature[2, 3]. These processes appear
during dynamic or static contact between surfaces of
two solid bodies where may be or not be in a gaseous
atmosphere, liquid or solid lubricant. The depth of the
superficial layer varies between some atomic layers,
in case of wear and chemical processes, and can attain
up to 50-100 um — in case of dry friction.
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2. Experimental researches

For experiments were used 38MoCrAl09 steel
grade samples. This material was subjected to the
plasma nitriding treatment regime.

The structural and diffractometric aspects of the
superficial layers of the steel are studied after the
wear tests by friction. It was used an Amsler type
machine, taking two sliding degrees at different
contact pressures and testing time.

The tests were done to detect the sustainability
to the material, the evolution of the superficial layer
through different tests and was established the
influence of these tribological factors (operating
parameters) on the superficial layers.

Table 1 presents the 38MoCrAl09 steel grade
composition. The steel analyzed reach a max score
4.5 for the inclusions and a fine grain (score 8-9).

Table 2 presents the mechanical characteristics
of the steel 38MoCrAl09 (SAE 4038) [2, 4].

Table 1. Chemical composition of the materials [%]

Steel grade C Mn Si P S Cr Cu Mo Al Ni

38MoCrAl09

(SAE 4038) 038 | 0.50 | 0.25 | 0.026 | 0.020 | 1.38 | 0.058 | 0.17 1.18 0.26

Table 2. Mechanical characteristics of the steel
HB
Steel grade Rpo’z Rm A5 Z KCU300/2 KCU300/5 (State of
annealing)
[daN/mm’] [%] [da)/cm’]

38MoCrAl09
AISI(SAE 4038) 85 100 15 50 9 6 229

The samples of the steel suffered the following
treatments regimes: a martensitic hardening process at
920°C and high recovery at 620°C (classic
improvement treatment noted with “t;”) followed by
nitriding process at 530° C. We noted T,= t; + ionic
nitriding (plasma nitriding) at 530°C.

The treated samples were used for wear tests on
Amsler machine [7, 8, 9]. Were determined the
durability of rollers and the surface structure
evolution for different parameters of testing regimes.
It could not be neglected other factors influencing the
wearing process: the contact geometry of the friction
couple (roller on roller, roller on ring etc.), the
technological parameters (surface quality, heat
treatments etc.) and the exploitation conditions (the
thermal solicitation, for example).

Wear tests were carried out on an Amsler
machine, using several couples of rollers, each couple
corresponding to different sliding degrees &, defined
as:

&=L (vi-v2) /v1]1 100 [%] (1

where v, and v, are the peripheral velocities of

the rollers in contact, each one having their specific
peripheral velocity due to a particular combination of
angular speeds (nl, nz) and diameter sizes (dz’ dz).

Index 1 or 2 are added for the roller 1 or 2,
respectively, both of the same tested friction couple.
For instance, &=10% is obtained for a pair of tested
rollers having d1:40mm, n1:180rpm and d2:40mm,

n2=162rpm; 18%¢&= is obtained for a pair of tested
rollers having d1:44mm, n1:180rpm and d2:40 mm,
n2:162rpm; the level of the stress is corresponding to

a specific load of 150daN (as normal load is 0=1.500
N) and the contact between roller is /=10 mm [2,4,5].

3. Experimental results

The phases and the characteristics identified at
diffractometry analysis for 38MoCrAl09 steel grade
after thermal treatment followed by plasma nitriding,
are presented in table 3 [7, 10-13]. In this table we
considered the following information: A@ represents
the angular displacement of a diffraction lines, Q
represents the force applied, & represents the sliding
degrees [%] and c/a represents the tetragonality
degree of martensite [%].

By comparing the results obtained for code 122
samples (T1, Q=75 daN, & = 10%) and for code 222
samples (T1, Q = 150 daN, & = 10 %), we obtain the
following results given in table 3:
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Table 3. Phases and their characteristics identified by diffractometry analysis

sz(ljl(r)l(li)(;e Iresn Bren Irean Bren c/a A6 t Q g
[Ye] [%o] [Ye] [h] [daN] | [%]

122 9 3.00 16 3.20 1.31 -0.04 0 - -
122 22 4.40 17 2.98 1.31 -0.04 1 75 10
122 22 4.88 16 3.20 1.29 -0.05 2 75 10
122 19 4.75 16 3.07 1.29 -0.10 3 75 10
222 10 3.33 12 3.00 - - 0 - -
222 5 2.94 6 2.444 2.526 -0.10 3 150 10
422 6 4.00 8 3.2 - - 0 - -
422 10 3.33 6 2.4 2.00 -0.15 3 190 20
322 4 4 20 1.81 2.526 - 0 - -
322 6 4.40 26 2.4 2.526 - 1 150 20
322 4 4 20 1.81 2.26 - 2 150 20
322 20 5 26 3.33 2.260 -0.10 3 150 20

For code 122 sample, after each hour of wear  after three hours of wear process. By comparing the
process, we couldn’t saw sesizable modification of  code 222 sample with the code 122 sample, we can
Phases quantities inside in the superficial layer. But,  observe the following aspects:
it was an exception, for Fea quantity, which increase - at codel22 sample -after three hours of wear
simultaneous with the increase of wear process time.  process, the FesN phase quantity increased. It was
The width of the FesN (40° - 42°) phase increases  visible the increase of Fea (M) phase quantity too.
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Fig.4. Diffractometry aspects for code 122 samples (T;, Q=75 daN, {=10%): a).-the initial stade
(At=0), b)-after one hour of wear process (At=1 h), c)-after two hours of wear process (At=2h);
d)-after three hours of wear process (At=3h), at the same conditions

Results that in the case of classic treatment (T;),  increase of the specific load), the quantities of Fea
when the sliding degrees (§) increase (because the  and Fe;N phases (hard phases) decrease.

- 91 -



THE ANNALS OF “DUNAREA DE JOS” UNIVERSITY OF GALATI.
FASCICLE IX. METALLURGY AND MATERIALS SCIENCE
N° 4-2012, ISSN 1453 — 083X

Finally, we can obtain a decrease of hardness
value inside in the superficial layers, after wear
process through friction. This variation was correlated
and verified with the mass loss evolution during and
after wear process.

In fig. 4 were presented the diffractometry
aspects for code 122 samples, after each hour of wear
process.

In figure 5 are presented some difractometry
aspects for code 222 samples, code 322 samples and
code 422 samples, after three hours of wear process.

B

The FeyN phase quantity is approximately equal
in all the three situations. At code 322 sample we can
observe the greatest quantity of martensite. All the
samples suffered the same treatment: T1 (Classic
treatment), the difference between them is the
different value of each sliding degrees (&). For
example code 322 sample was concerned at three
hours with Q=150 daN (as the code 222 sample), but
the sliding degrees was double then 222 sample case.
Between code 422 sample and code 322 sample, the
only difference is the increase of the effort value (Q).
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Fig. 5. Diffractometry aspects for:222 samples (T;, Q=150 daN, £=10%,),
322 samples (T;,0=150 daN, {=20%), 422 samples(T;, Q=190 daN, £=20%,)

In figures 6..11 are presented graphic
evolutions for layer characteristics (parameters)
during the wear process. For example, these
parameters as: internal tensions of second order vs.
test time or, the evolution of the thetragonality degree
of martensite (c/a) vs. test time, discover the influence

_8 2
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Fig. 6. Evolution of the internal
tensions of second order
(B211 ~0, ,) vs.wear test time;

(122 sample, Q=75 daN
E=10%).

Fig. 7. Fe,CN and FejCN

phase distribution vs.wear
test time (122 sample, Q=75
daN, £=10%,).

of the tribological aspects on the superficial treated
layers. The tests were done to detect the sustainability
to the material, the evolution of the superficial layer
through different tests and to establish the influence
of these tribological factors (operating parameters) on
the superficial layers.

1,315
1,31
< 1,305
% 1,3
(3N © 1,295
—— 1 (FedN) 1,29
1,285
0 2 4
4

t[h]

Fig. 8. Evolution of the
martensite thetragonality grade
(c/a) vs wear. test time, (122
sample, Q=75 daN, £=10%)
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t[h] t[h]

Fig. 9. Evolution of the internal
tensions of second order
(B211 ~0, [) vs. wear test time;

(Code 322 sample,Q=150daN
E=20%).

Diffractometric analysis were performed by a
Dron 3 system [12,13]. The curves of variation for the
phases distribution and other characteristics within
superficial layers show the evolution of the
superficial layer transformation during the wear
process.

4. Conclusions

The diffusion and the interaction of the nitrogen
with the basic material lead to structural constituents
whose nature determines a major hardness of the
nitrided layer.

The friction and wear processes are complex,
being of physical, chemical, mechanical or
metallurgical nature. These processes appear during
dynamic or static contact between surfaces of two
solid bodies where may be or not be in a gaseous
atmosphere, liquid or solid lubricant. The depth of the
superficial layer varies between some of atomic
layers, in case of wear or chemical processes, and can
attain up to 50-100 um — in case of dry friction.

Analyzing the diffractometries presented in fig.4
(a,b,c,d), it were observed the following aspects : the
evolution of residual austenite —A,,.- (38°+47°), the
evolution of marthensite -M- (81°+92° and 44°+45°),
the evolutions of Fe;N(43°+44°) and Fe,N (41°). In
the case of code 122 sample, the applied force was
constant (Q=75 daN) in all three hours at tests of
wear and the tribological factor (&= sliding degrees =
10%) was constant, too. It was studied the variation
of the phases quantities after each hour of wear
process. In the case of code 122 sample, after each
hour of wear process, it couldn’t be observed
sesizable modifications corresponding to the
quantities of the phases from superficial layer. Exists
one exception: the quantity of Fe,(M) which increase

Fig. 10. Fe,CN and FeSCN

phase distribution vs.wear test
time (Code 322 sample,
0=150daN, £=20%).
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Fig. 11. Evolution of the
martensite thetragonality
grade (c/a) vs wear. test time;
(Code 322 sample,
Q0=150daN, £=20%)

simultaneous with the wear process length. The width
of the dimension for the quantity of phase Fe3N
increase constantly following three hours of wear
process.

In figure 5, in the case of sample code 122 and
in the case of sample code 322, were applied: the
same force (Q=150daN), the same treatment (T;) but,
the tribological factor (§) was modified (it was
double, through comparing with the fig. 4 case). It
was observed that, the increase of the tribological
factor (§) and the quantity of the phase Fe3N
decreases, after three hours of wear process. The
quantity of the Fe,N phase it is approximately equal,
in the presented cases. Following the evolution of the
characteristics from the figures: 6+8, it was observed
that the internal tensions of second order (B211~0H)

increases uniform, until at maximum (corresponding
to At=2h) and after that, these tensions decrease until
At=3h. For the case of B pe4n , the evolution is cyclic
(increase-decrease) for the each 0,5 hour length. This
evolution is constantly for all the wear process length
(At =3h).

I gean decrease, although the force applied
(Q=150 daN) is constant and the tribological factor (&
=20%) is constant, too.

In the case of code 322 sample (see figs. 9 + 11),
simultaneous with the double values for the applied
force (Q= 150 daN) and for triblological factor & =
20% (it was double, too), it was observed a cyclic
evolution, constantly, for B ren and I ge3n, which lead
at the material tiredness, inside in the superficial
layer.
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