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ABSTRACT

In the last period, ZnO and doped ZnO nanoparticles are intensively
investigated for their photocatalytic properties. This paper reports on ZnO and Mn-
doped ZnO nanoparticles obtained by modified sol-gel method. Were studied the
structural and optical properties by using x-ray diffraction (XRD) data and visible

absorbtion spactra.

The photocatalytic activity of nanoparticles was investigated based on the
degradation of the Methylene Blue (MB) dye solution. The results showed that Mn
doping enhanced the photocatalytic activity of ZnO nanoparticles.

KEYWORDS: ZnO nanoparticles, Mn doping, band gap, photocatalysis

1. Introduction

Since the decomposition of water into hydrogen
and oxygen on titanium electrode by Fujishima and
Honda in 1972, photocatalysis has been established as
an efficient process for the mineralization of toxic
organic compounds, hazardous inorganic constituents
[1] and bacteria disinfection [2] owing to the strong
oxidizing agent, i.e., hydroxyl radical (OHe) [3]. Most
of these semiconductor photocatalysts have band gap
in the ultraviolet (UV) region, i.e., equivalent to or
larger than 3.2eV (A = 387nm). Therefore, they
promote photocatalysis upon illumination with UV
radiation. Unfortunately solar spectrum consists only
of 5-7% of UV light, while 46% and 47% of the
spectrum has visible light and infrared radiation,
respectively [4]. This minimal extent of UV light in
the solar spectrum has particularly ruled out the use of
natural source of light for photocatalytic
decomposition of organic and inorganic contaminants
and bacteria disinfection from water and air on large
scale. Surface and volumetric charge recombination is
an additional obstacle that hinders heterogeneous
photocatalysis to be an efficient purification method

[5]. ZnO has emerged to be a more efficient catalyst
as far as water detoxification is concerned because it
generates H,O, more efficiently [6], it has high
reaction and mineralization rates [7]. Also it has more
numbers of active sites with high surface reactivity
[8]. ZnO has been demonstrated as an improved
photocatalyst as compared to commercialized TiO,
based on the larger initial rates of activities [9] and its
absorption efficacy of solar radiations [10]. However,
ZnO has almost the same band gap (3.2¢V) as TiO,.
Surface area and surface defects play an important
role in the photocatalytic activities of metal oxide.
The reason is that, doping of metal oxide with metal
and/or transition metals increases the surface defects
[11]. In addition it affects the optical and electronic
properties [12] and can presumably shift the optical
absorption towards the visible region. To improve the
photocatalytic activities was doped ZnO with
manganese ion (Mn”") and were carried out studies on
photocatalytic activities of Mn-doped ZnO using only
UV light as source of radiation and methylene blue as
test contaminant. The preliminary results presented in
this work show much promise and suggest the need to
further explore heterogeneous photocatalysis.
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2. Experimental details

2.1 Preparation of undoped ZnO and Mn-
doped ZnO (Mn?*:Zn0)

The preparation procedure was basically similar
to that of Spanhel [13]. The procedure consists of two
major steps. Firstly the suspension of the precursor
and secondly the hydrolysis of the precursor to form
the zinc oxide nanoparticles. Zinc acetate dihydrate
(ZnAc), *2H,0 (99%-Sigma Aldrich), manganese (II)
sulfate monohydrate (MnSO4+ xH,0-0.1; 5; 15 at%,)
(99%-Sigma Aldrich, and isopropanol (99,8%-Fluka),
were used to prepare the precursor before lithium
hydroxide (LiOH-Merk) was used to hydrolyze the
precursor.

For synthesizing the catalyst, 6;035M—eof
(ZnAc); *2H,0 in 500 ml 2-propanol was mixed with
different concentrations of manganese (II) sulfate by
reflux heating 82°C (boiling point) for three hours.
Lithium hydroxide dissolved in isopropanol at room
temperature was used for nanoparticle precipitation.
The ZnO sol was stored at < 4°C for 24 hours.

For separating Mn-doped ZnO nanoparticles,
high-speed centrifugation 4000 rpm/20min was used,
followed by several washes and drying.

2.2 Characterization of Nanoparticles
The crystal structures of the product were
identified by X-ray diffraction patterns DRON-3

diffractometer system (Burevestnik, USSR) with
CoKa radiation, A= 1.789 A.
The crystallite size of the particles was
calculated with Debye-Scherrer formula:
D~ 0.94-2 ’ 1
p cos@

The value of interplanar distance (d) was
calculated with Bragg’s equation:

2dsind=n-A 2)

and lattice parameters:

! 2 2) 2

%:4h +h2k+k +I_2 3)

d 3a c

The calculation is based on the measurement of
full-width at half-maximum (FWHM) values in the
corresponding XRD pattern.

The morphology and the composition of the
product were examined by scanning electron
microscopy (SEM, type Hitachi S 3400N with
tungsten cathode, coated with gold Emitech K500X
sputter coater, Oxford X-Max SDD X-ray Energy
Dispersive Spectrometer (EDS)

Band gap energy value for ZnO nanoparticles
was calculated with formula [14]:

C
E=h-— @)

UV/Vis Absorption measurements for that
material are being carried out using a Cary 5E UV-
VIS-NIR Spectrophotometer, Varian Deutschland
GmbH with integrating sphere.

2.3 Photocatalytic measurements

Photocatalytic properties of the samples were
investigated by measuring the UV absorption at room
temperature using a Cary S5E UV-VIS-NIR
Spectrophotometer. The photocatalytic activities of
doped and undoped samples were evaluated by
measuring photodegradation of Methylene Blue (MB)
(20 mg/L added to 40 mL in wather) in presence the
0.1g powder of Mn (0.1, 5, 15wt%):ZnO
nanoparticles, in Petri dish, under ultraviolet
illumination (>251nm) for lhour.

3. Results and discussions

Crystalline structure of the prepared nanoparticles
was characterized by the XRD (Figure 1). The peaks at
20 = 37.52°, 40.44°, 42.77° were assigned to (100),
(002), (101), of ZnO planes, indicating the wurtzite
structure. No characteristic peaks of manganese metal
or manganese oxides phases were observed in fig 1,
indicating that the samples are single crystalline phase.

Using the Debye-Scherrer equation and the
halfwidth of the XRD lines, the average values of
crystalline size of the samples were calculated based on
the (101) crystal plane.

The crystalline phases and the structural
parameters as main crystallite size (D), a and c lattice
parameters obtained by quantitative analysis of the
XRD patterns shown in Figure 1 are presented in
Table 1.

g ~
S ~ 9 S @
| [SV o
e g g & =
N S =~  Mn:ZnO-3
<
2
2 600 Mn:ZnO-2
c
2
£
Mn:ZnO-1
300
T T T
30 40 50 60

2 Theta

Fig. 1. XRD patterns for and Mn:ZnO
nanoparticles with different concentration:
a). Mn:Zn0O-1; b) Mn: ZnO-2; ¢) Mn:Zn0-3

The crystalline size of photocatalyst decreased
with increasing percentage of Mn doping ZnO
nanoparticles.
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Table 1. XRD structural parameters for different
concentration of Mn doped ZnO nanopatrticles

Mn | D c | a
Sample
[at%] | [nm] [A]
Mn:ZnO-1 0.1 12.9 | 5,21002 | 3,24992
Mn:ZnO-2 5 11.8 | 5,20936 | 3,25007
Mn:ZnO-3 15 4.2 | 521008 | 3,25036

For the calculation of the band gap was used
optic absorption spectrum. When a semiconductor
absorbs photons of energy larger than the gap of the
semiconductor, an electron is transferred from the
valence band to the conduction band, an abrupt
increase in the absorbency of the material occurs to
the wavelength corresponding to the band gap energy.
The UV-vis optical absorption spectra of as-prepared
Mn:ZnO nanoparticles are presented in Fig. 3. The
optical absorption edge presents a blueshift to the

region of higher photon energy, when Mn
concentration increases.
Eg=3,192eV 88,65nm Mn:Zn0O-3
6
[}
[$)
C
[
2
o 389,65nm .
2 Eg=3,184eV Mn:ZnO-2
<
3]
Eg=3176ev \>°0:%8M Mn:ZnO-1

300 600
Wavelength (nm)

Fig. 3. UV-VIS Absorption spectra
of Mn:ZnO nanoparticles

These blueshifts confirm preventing the
recombination of photoexcited electrons and holes
induced by Mn-acceptor doping and so the increase in
carrier concentration. The values of optical band gap
(Eg) show a widening up to 3.192eV with respect to
the values of 3.137eV obtained for ZnO nanoparticles
when the Mn — doping concentration increases up to
15at%. In general, according to Burstein-Moss effect,
the blueshift of the absorption onset is associated with
the increase of the carrier concentration blocking the
lowest states in the conduction band [15]. The
photocatalytic properties were studied using different
concentration of Mn doped ZnO nanoparticles on
degradation of methylen blue (MB). The extent of
photocatalytic degradation was determined by the
reduction in absorbance of the solution. As a result of
the reaction between ZnO nanoparticles (through the
reactive oxygen species on its surface) and MB dye,

the rate of decolorization was changed as was
increased the dopant concentration of ZnO
nanoparticles.

UV-vis absorption spectra of the residual
blanched solution of methylene blue after 60 min UV-
irradiation in normal laboratory environment in
presence of Mn (different concentration):ZnO as-
prepared nanoparticles are shown in Fig.4.

0,8

0,6

0,4

Absorbance

0,24

0,0 T T
400 500 600 700 800

Wavelenght (nm)

Fig. 4. UV-Vis absorption spectra of methylen
blue in presence by different concentration
of Mn doped ZnO nanoparticles (powder) after
UV-irradiation, 1h in normal laboratory
environment

Here, was assumed that upon illumination with
UV light, Mn:ZnO generates electron—hole pair at the
tail states of conduction band and valence band,
respectively. The generated electron transfers to the
adsorbed MB molecule on the particle surface
because it is a cationic dye. The excited electron from
the photocatalyst conduction band enters the
molecular structure of MB and disrupts its conjugated
system which then leads to the complete
decomposition of MB. The hole at the valence band
generates OHe via reaction with water or OH—, might
be used for oxidation of other organic compounds.
This clearly demonstrates that ZnO doped with
manganese (Mn:ZnO) can be used as a potential
photocatalyst, which can operate at visible light and it
is evident that doping of ZnO with transition metals
like Mn enhances photocatalytic activities of ZnO,
and hence Mn:ZnO is capable of degrading MB and
other organic dyes even with the UV light irradiation.
[16].

4. Conclusions

Mn:ZnO nanoparticles were prepared using a
sol-gel process at a temperature below 90°C. Mn:ZnO
nanoparticles sol has long stability for further
processing.



THE ANNALS OF “DUNAREA DE JOS” UNIVERSITY OF GALATI.
FASCICLE IX. METALLURGY AND MATERIALS SCIENCE
N°. 3-2013, ISSN 1453 — 083X

The XRD measurement confirms that all, Mn-
doped ZnO, nanoparticles consist of Wurtzite-type
nanocrystallites with different crystalline orientation,
(101) being the dominating peak. The Mn atoms
substitute Zn sites in the lattice without changing the
wurtzite structure. No secondary phases were
observed.

The photocatalytic activity of Mn-doped ZnO
nanoparticles showed decolorization of a Methylene
Blue (MB) solution UV light, as a result of the
reaction between the reactive oxygen species from the
surface of ZnO nanoparticles and MB dye. The rate of
decolorization  changed ~when the Mn:ZnO
nanoparticles sample changed. Higher Mn - doping
concentration, lower intensity of absorption in visible
region, are due to higher photocatalytic activities.
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ABSTRACT

The new practices in sintering technology allows for the use of a wide range
of iron-containing materials in charge with obtaining the agglomerate with
necessary characteristics for optimal operation of the blast furnace. The essential
modifications in the composition of feed materials have an important impact on the
nature and the quantity of pollutant emissions from the sintering plant. In this paper
is presented an analysis of emissions and of their mechanism formation for the case
of the sintering sector from an integrated steel mills, which transformed into
agglomerate a variety of materials as iron ore fines, dust collected from blast
furnace, ore concentrates and some fractions of metallurgical slag. These are
correlated with operation conditions in sinter strand and of other main sections of
the process.

KEYWORDS: sinter plant, recycling, metallurgical wastes, pollutant
emissions

1. Introduction

In ferrous metallurgy sintering is the thermal  particles of iron ores under the action of heat into a
preparing process that permits the conversion of fine material suitable for use in blast furnace (Figure 1).

Blend nr% a

Cake cru sher Bl Rl B b PSSy gy
| o
Coke Return I;,I::::; .

Mixer & Granulater

Ignition
fumace i

Sintering machine
—— - e, S ﬁ

éﬂmﬂnw @ mndhn\l/\l/\l/\l/\i/\l/\/ @ ?(%iamh”

[
; Dust collector E\ i
i & absorber + Boiler 1
r
!

Elower \,‘ Crusher *Wmle ;
o= +[¢-ZFVL »ﬁ

to Blast furnace L

.,

Fig. 1. Flow sheet of sintering process on Dwight-Lloyd type of sintering machine [1]
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The process is usually carried out by suction of
air necessary for solid fuel combustion through a
layer composed by a material mixture placed on a
sinter band. In the classical sinter plants, iron ore
fines, solid fuels (coke fines or coal fine), fine
limestone/dolomite are used to compose the feed
inputs. Today, in accordance with the new
environmental practice for integrated steel mills was
developed the sintering technology that allows for the
introduction in the charge materials of the various
iron-bearing wastes generated in different production
steps of iron and steel manufacturing work. Many
sinter plants in the world are capable to recycle the
wastes up to the extent of 180 - 200 kg/ts [2, 3].

The recycling and utilization of metallurgical
wastes (such as oxide dusts, sludge, scales, slag etc.)
have as main advantage the reducing of primary raw
materials consumption and the recurrent costs of
mining/and  beneficiation and preserve  the
environment. Also, the recycling of iron-bearing
wastes eliminates their disposal costs, limits the
amount of landfilled wastes and their environmental
impact.

These materials, as powder or particles with
small sizes, are problematic at recycling for their high
content of harmful constituents. Are even used only
normal feeds that do not contain steel plant wastes,
the conventional sintering process is considered as the
major source of pollutants within an integrated steel
plant.

The sinter plant produces large quantities of
pollutant emissions into air. The literature mentions
the pollutants: sulphur oxides, nitrogen oxides,
carbon monoxide, fluorides dust, heavy metals,

alkali-chlorides,  hydrocarbons,  polychlorinated
dibenzo-p-dioxins and furans, polychlorinated
bipheyls, organohalogen compounds, polycyclic

aromatic hydrocarbons, cooling particulates [4]. At
recycling of metallurgical wastes is favoured the
generation of emissions and the inadequate operating
conditions lead to increasing of their quantity. The
recycling the valuable units with reduction of
pollutant emissions is one of the most important
challenges that require the improving of the operating
of sinter plant.

The paper aimes at assessing the impact of
recycling of integrated steel plant solid wastes on the
sintering process and corresponding pollutant
emissions.

2. Solid wastes recycled in the sintering
process

In the case of sinter plant analysed the raw
materials inputs are typically composed from various
sorts of iron ore fines, ore concentrates and undersize
sinter returned from process after crushing and

screening [5]. Also a variety of recycled process
materials in form of small or very small particles are
introduced in the materials charge. These are wastes
mainly consisting of iron scale from the rolling mills,
a wide variety of dusts or sludge separated from
waste gas treatment devices, and some fractions rich
in iron sorted from metallurgical slag. Thus sinter
plants work as a ,,waste to value” converting unit.
The recycling capacity of iron-bearing wastes is
determined by their properties (both its chemical
composition and its state). The knowledge of their
characteristics in accordance with iron ores that are
usually used in the feed inputs of sinter plant is
imposed. Their recycling makes necessary the change
of process parameters and has an influence on the
sinter quality and especially on pollutant emissions.

Blast furnace dust and sludge result from air
pollution control equipments, dust from dry BOF gas
treatment, respectively sludge from wet treatment.
According to European Committee Blast Furnace
Report, the chemical composition of dust from blast
furnaces that operate with iron sinter varies within
38-42% Fe, 0.8-1.2% Mn, 10-12% CaO, 8-10% SiO,
si 8-18% C. This is different for the blast furnaces
with feeds composed of iron ores and pellets: 44-48%
Fe, 0.6-1% Mn, 2-4% CaO, 12-14% SiO,, 8-18% C.
Iron is present as gehlenite (Ca,Al,SiO;), magnetite,
hematite, wiistite [6]. The recycling is conditioned by
the content of Zn, Pb, and alkali. Significant is Zn
concentration (mainly as ZnO-Fe,0;) in the BF dust.
This is concentrated in fine fractions, where its
content varies in the range of 0.01 - 0.5% as against
with coarse fractions where the content is 1.4 - 3.4 %.
Similar relation is kept for Pb content of the BOF
dust (as PbO): 0.01 - 0.04% for fine fractions and 0.2-
1.0% for coarse fractions [7]. In some cases the dust
contains toxic elements (Cd, Cr and As) [6]. The BF
dust has a higher content of K,O (~ 0.50%). The
sulphur is major for BF dust, about 0.50%. It can be
explained by its content of unburned coal particles
that circumstantial pass nonburned through the stock
column of material into blast furnace.

BOF sludge is composed of fine solid particles
recovered by wet cleaning of the gas. The moisture
content is appreciable (35 - 40%) and it is imposed to
be dried before its recycling to the sinter plant. Solid
particles from BOF sludge contain C, Fe as oxides,
Ca, Mn, Mg, Al, Si, P, alkalis and heavy metals
(especially Zn and Pb). The BOF sludge has a high
zinc content ranging from 1.8% to 7.8%. The
presence of iron is explained by its evaporation
during the processes occurring in the converter. The
zinc concentration increases in the case of large
amounts of galvanized steel scrap used in feeds. Also
other metals as Cd, Mn and Pb have origin into scraps
recycled. Much of metals emitted from BOF are
present in the particles retained in the cleaning
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equipments (~ 73%) and a small amount of Zn, Pb
associated with fine particles unfiltered is released
into air [7, 8].

Oil mill scale has a grain size below 10mm. The
iron content, mostly in oxide form, is about 70%. The
oil content of rolling scale is typically in the range of
0.2 to 2%, but oil contents as high as 10% have been
observed. The oil/grease that is bonded to mill scale
is the major impediment to the direct recycling [7, 8].

Scrap C is selected from old slag that was
historically stored in the dump of the integrated steel
plant. Typically BOF slag has the basicity (lime/silica
ratio) of 2.5 to 4.0 and higher FeO content
approximately 25 to 35%. In this slag is often present
the significant content of "free lime". Steelmaking
slag is crushed and sized for charging to the sinter
plant to utilize the iron and manganese units and also
the fluxing compounds CaO, MgO [8].

3. Origin of pollutant emissions

Most important environmental issue associated
with sinter manufacturing by using feed with
participation of wastes is that of air emissions
consisting of particulate matter and gaseous
pollutants.

Sinter plants may generate the most significant
quantity of particulate matter as emissions in an
integrated steel mill.

The solid emissions as airborne particulate
matter arise from materials-handling operations.
These are greater at handling of very fine and very
dry dusts. The crushing, raw material handling and
transport, belt charging and discharging from the
crusher and hot screens, involve the generation of
considerable amounts of particulate matter. Important
dust quantity is released from sintering band.

The grain size distribution of the PM from a
sinter strand before reduction consists of two types:
coarse PM (with a grain size about of 100 pm) and
fine PM (0.1 - 1 um) [9]. These include the fragments
of the raw materials such as iron ores, limestone, and
cokes are released from the sintering process and
discharged in the gas. Unburned carbon and metallic
chlorides are also contained in the dust particles. The
main particulate emission sources are collected in the

Wet |
zone

gases of wind-boxes. Some of entrained particulate
matter is released to air via the main stack, after
passing through the particulate air pollution control
equipment.

The fine particles used as raw materials in the
sintering process in considerable amounts can lead to
increasing of particulate emissions. These potential
emissions are normally ducted to a separate dust
removal system and discharged through a separate
stack. Sometimes some particles may pass from the
control system and are vented through the main stack.
So the fugitive emissions could be released in air
[10].

The air emissions are correlated with the nature
of feeding materials and performance of waste gas
cleaned solutions. The properties (composition, size,
and morphology of particles) of fines and their
quantity in the feed are important in the mixing
operations (first stage of the sintering process). The
mixture of materials is granulated by simultaneous
balling and wetting of materials (iron ore fines, coke
breeze, flux and wastes) into the mixing drum. The
attaching and layering processes of finer particles (<
0.25 mm) onto the surface of coarser particles
influence not only the permeability of sinter bed but
also the amount of dusty particles entrained by
gasses. The dust emitted from bed is formed in the
drying/dehydration zone due to the materials and
formation of fine particles by granules breakage at
decrepitating. Largest amount appears due the
extinction of adjacent particles in the combustion
zone. Also, the combustion zone favours the
formation of the alkali chloride (NaCl, KCI) due to
the high temperatures [11]. The wet zone from the
strand behaves like a temporary trap for the particles
fluidized at upper zones.

Some part of trapped dust must re-stick to
granules while the wet zone was drying. So, the wet
zone acts as a wet gas scrubber, and therefore there is
an accumulation of fine particles immediately
downstream of the dry zone. At the same wind-box,
the dust emission into exhaust started increasing ast
the gas temperature rose, and ceased before the
maximum temperature appeared at the melting zone
touching the bottom of the sintering bed (i.e., at “the
burn through point”) (Figure 2).

Cooling zone

Combustion Combustion zonef
front Fusion zone

Dust formatien Dyst emission

Fig. 2. Formation and releasing of dust emissions from sinter bed [5]
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The parameters of the process affect the
generation of pollutant emissions. The level of dust
emissions is influenced by the moisture of the
mixture subjected to agglomeration, the temperature
of the gas and the basicity of the agglomerate. The
increasing of coke content raises the temperature in
the sintering bed and as result enhances the dust
suppression. More coke, more particles fluidized at
combustion zone. Also, the sintering machine
operation (start-up/stopping) leads to the generation
of dust.

CO and CO, emissions result from combustion
of fine coke particles and of unburned carbon from
BF dust. Also the reduction reactions of iron oxides at
high temperature in sintering reaction zone is a source
of CO. The combustion of coke begins between 700
and 800°C with hot air from the ignition process.
Once the combustion is initiated, its front starts
moving downward in the depth of materials bed. With
increasing temperature, the CO, gas formed reacts
with the carbon of coke to produce CO gas. The CO
gas reduces hematite to produce magnetite. When
further reduction occurs, wiistite is formed. The
global rates of CO, formation were higher than those
of CO formation. So the waste gas emitted at main
stack of sinter plant contains more CO, (5 - 10%)
[12]. The major part of sulphur compounds
emissions is formed during the combustion of coke

breeze. Also minor participation has unburned coal
particles from BF dust. After formation, just under
combustion layer, SO, is recombined with CaO or
water from wet zone. At advancing of the combustion
layer through the sinter bed, the thickness of wet zone
decreases and as result its capacity to retain small
amounts of SO, is reduced. At the end of the sinter
bed, the wet zone is saturated with SO,, and finally
this is emitted into the gasses released just before the
optimum burning point (Figure 3). The mill role scale
present in the sintering charge behaves exothermally
during sintering and has an effective contribution in
reducing SO, emission.

Over 90% of ,nitrogen oxides” or NOy
emissions (consisting of NO and NO,) are originated
from the combustion of fuel. The mineralogy of iron
ore (the presence of goethite a-FeOOH) has effect on
the emissions.

The combustion NO, formation starts right after
ignition, in the combustion layer. These combustion
products are no longer recombined. They are not
retained in the wet zone, being released regularly
during combustion process.

Due to the relatively low temperature of the
combustion front of <1300 °C and low localized
oxygen concentrations, thermal NO, is present in a
less amount (about 10%) in the wastes gasses emitted
from sinter bed (Figure 3) [3].

Cooling zone

Combustion zone/

Wet | :
zone . sk
; . :
NOx fnrma_tlnn Dry zone § Combustion front Fusion zone
and emission
502 formation SOzemissinn
Fig. 3. Formation and emission of SO, and NO, [5]
VOCs, hydrocarbons and  polyaromatic

hydrocarbons are emitted from volatile hydrocarbons
in the sinter feed. Coke breeze and oily mill scale are
the main source of these emissions.

Heavy metals emissions have the origin into
iron ores and some recycled wastes (dusts and sludge)
subjected to the sintering process. The BOF sludge
has a higher percentage of alkali Zn, Pd, Cd, Cu, Cr,
Ni etc. During heating, the heavy metals (especially
lead, zinc and tin) contained in these materials may be
volatilized and may be adsorbed onto fine solid
particles taken by gases emissions. Some fine
particles are able to pass through the particulate air
pollution control equipment and are emitted in the air.
These may have a much higher content of these
metals than the raw gas dust or the sinter mixture [2,
3]. Also, during the sintering process, lead reacts with
chlorides to form very fine crystals of lead chlorides

which are able to pass through most electrostatic
precipitators [10].

Emissions  of dioxins and  furans.
Polychlorinated dibenzenoparadioxins (PCDDs) and
polychlorinated dibenzenofurans (PCDFs) are formed
by thermal and combustion processes in two different
areas of sinter installation. Most of dioxins/furans are
emitted in the sinter bed during combustion of solid
fuel. Appreciatively 10% of the total PCDD/PCDFs
are generated in the gas collectors via de novo
synthesis [2, 3].

In the sinter bed, PCDD/PCDFs formation starts
in the upper regions of the sinter bed shortly after
ignition. Then the dioxin/furan and other compounds
condense on cooler burden beneath as the sinter layer
advances along the sinter strand towards the burn
through point (just ahead of the flame front) (Figure
4).
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Cooling zone

Wet |
zone

Combustion fro\nt—‘-/\
Dioxins/Furans
formation

Combustion zone/
Fusion zone

Dioxins/Furans
emission

Fig. 4. Formation and emission of dioxins and furans [5]

Near the end of the sinter grate, in the sinter
layer there are two temperature intervals favourable
for dioxin formation. Though are viable (will be
vaporized and emitted from sinter strand) only those
formed in the bottom zone. The most likely those
generated in the top zone are destroyed at crossing of
layers with high temperatures [4].

A small fraction of PCDD/PCDFs is the result
of the so-called “de novo” synthesis mechanism. This
involves the presence of unburned carbon in the form
of soot (and carbonaceous particles derived from
hydrocarbon components, chlorine, metallic chlorides
and some metals as catalyst [13].

The operating parameters of the sintering
process and the composition of the feed mixture have
impact on formation of PCDD/PCDFs. The nature of
solid combustible and raw materials from sinter bed
influences the emissions of chlorine/chlorides,
carbon, precursors, metals catalysts, oils etc.
Principally the unwanted compounds enter the sinter
installation by means of the recycled wastes.
Occasionally some components and fine granulation
of recycled materials can cause operating unstable
conditions for sinter process and as result the flame
front propagation is disrupted.

4. Conclusions

The sintering technology allows for the
introduction in the charge materials of various iron-
bearing wastes generated in different production steps
of iron and steel manufacturing work. The recycling

of iron-bearing wastes has important benefits:
removing of disposal costs; limitation of the
landfilled amount of wastes; diminishing of

environmental impact for wastes dumped. On the
other hand, the essential modifications in the
composition of feed materials can have an important
impact on the nature and the quantity of pollutant
emissions (especially dust, sulphur compounds, heavy
metals, dioxins and furans) from sinter plant.
Although the flexibility of the sintering process
permits recycling of a variety of internal wastes
generated from integrated steel plant it is necessary to
implement supplementary pollution prevention
measures. The primary measures for preventing the

use of pollutant emissions refer to the following: the
feed materials selection; the removal of the
contaminants from the material in accordance with
the specification of limits on permissible
concentrations of unwanted substances; adequately
mixing or blending of materials.
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ABSTRACT

The aim of this research work is to improve the experimental and numerical
analysis of the local mechanical properties corresponding to metallic alloys used by
bulk forming processes. A non-conventional upsetting test and an optimal direct
extrusion device designed by the authors are used in order to identify the
constitutive rheological equations and the friction models, starting directly from
measured load-stroke curves. A two-step inverse analysis strategy is thus proposed
starting from a complete Finite Element Model of the experimental tests and using a
strong numerical coupling of the FEM with an optimization platform in charge with
the automatic parameters identification. The obtained results are correlated with
experimental investigations based on X-Ray, EBSD and hardness measurements
concerning the microstructure and the local mechanical properties of the surface

layer obtained from a conical extrusion process.

KEYWORDS: inverse analysis, rheology & tribology, cold metal forming,

surface layer properties

1. Introduction

Today many manufacturing processes require
improving the knowledge of the mechanical
behaviour of material’s surface layer, especially
conditioned by the strong interaction between the
global material rheology and the local tribological
phenomena which occur at the tool-piece interfaces.
The present work is then focused on the experimental
and numerical analysis of the local mechanical
properties corresponding to aluminium alloys used
frequently by different bulk forming processes [1]. A
non-conventional upsetting test [2] and an optimal
direct extrusion device [3] have been developed in
order to identify the constitutive rheological
equations and the friction laws, starting directly from
measured load-stroke curves. A two-step inverse
analysis strategy is proposed starting from a complete
Finite Element Model (FEM) of the experimental
tests and using a strong numerical coupling of this
FEM with an optimization platform in charge with
the automatic parameters identification [4, 5]. All the
mechanical complexity of the experimental friction
test caused essentially by the non-linearity of the

large plastic deformations and of the local contact
evolution, characterizing the tool-specimen interfaces,
is taken into account by the numerical model [6]. The
obtained macroscopic rheological and tribological
behaviour is then used to analyse local microstructure
and mechanical properties of the surface layer
generated by a conical extrusion deformation [7].

2. Mechanical properties identification
using a Two-Step Inverse Analysis
approach applied to an extrusion process

At a macroscopic and mesoscopic scale, to
identify the rheological and the tribological properties
of a material used during a bulk forming process
requires to reproduce the same plastic deformation
conditions via specific mechanical tests. During the
forming process, the formation of new contact
surfaces between the piece and the tool requires
similar mechanical history able to describe the
material behaviour corresponding to large plastic
strains and for loadings close to the real ones.
Recently the authors have been proposed an optimal
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forward extrusion test [3, 7] with a geometric design
defined by an input cylindrical zone (with a diameter
Di = 20 mm and a length Li = 40 mm), an output
cylindrical zone (with a diameter Do = 17 mm and a
length Lo = 7 mm) and a conical die (with an angle
equal to 5°).

Experimental Data

@;n Variables Measurem;rk
Fexp
e — .
.
@;im ulation o tllmzatmb

=
@alizaticn ]c‘ Pam;:::ters )g /nl_llallzaimD

—_

OPTIMFZATIDN
': Min @ (P,Fc,Fexp)

P<P+AP

Incremental Computed
Computation = data file Fc

Inverse Analysis
Method (IAM) i

Stagnation

YES

a)

Two-Step Inverse Analysis Strategy

Experiences Identification Experiences Identification

:|' Rheological -—L Tribological
Simulations Parameters Rheology Parameters
“Dumbbell” Compression Simulations Extrusion

Fist Step: IAM of the
Rheological Test

Second Step: IAM of the
Extrusion Test

b)

Fig. 1. a) Principle of the Inverse Analysis
Method (IAM) based on an optimal coupling
between the Experiment and the Numerical
Model, b) Two-Step Inverse Analysis Strategy
applied to a sequential identification of the
rheological and tribological properties

During the extrusion process it has been shown
that this geometry permits to maximize the influence
of the friction phenomena and consequently allows
for the identification of the tribological properties.
Starting from the research results obtained by Diot et
al. [2], a dumbbell specimen upsetting test can be
used to identify an elasto-plastic rheological
behaviour. In this case the friction has no effect on
the material deformation and the measured load-
stroke curve depends only on the constitutive
rheological law.

The main problem is that in all these cases it is
impossible to realize an analytical computation of the
stress-strain variation and the use of an inverse
analysis technique seems to be compulsory [4].
Figure la presents the principle of the Inverse
Analysis Method and its application for the both
proposed experimental tests.

It is based on a strong coupling between the
experimental results, the numerical model used for
the simulation of the experiment and an optimization
modulus in charge to find the optimal set of the
unknown parameters P that minimizes a cost function

cD(P,FeXp,FC) expressed in terms of the measured

FEXP and computed FC loads using a least square
formulation.

The minimization algorithm can be based on a
zero order or a first order optimization technique. In
this study is used a Gauss-Newton iterative method
detailed by Gavrus in [4].

In Figure 1b is pictured the scheme of the two-
step Inverse Analysis strategy applied to a sequential
identification of mechanical behavior. In a first stage,
a compression test of a dumbbell specimen is
performed to study and identify by inverse analysis
the rheological behaviour of the material. In a second
time, using the previous computed rheological data,
the automatic identification method is applied to the
direct extrusion process in order to obtain adequate
formulations of friction models and to compute more
precisely the corresponding coefficients [7].

The numerical models used to simulate the
experimental tests were built from the commercial FE
software FORGE2®

3. Application to AA 5083 aluminium
alloy

3.1. Identification of rheological and
tribological properties
For the AA 5083 aluminium alloy the
rheological behaviour can be described by a Ludwik
constitutive relationship:

7=O‘0=Goo+K§n (€))]
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The inverse analysis using a FEM of the
compression test leads to the plastic flow equation
defined by:

o, =142 +373.055 %% 2)

In the case of the extrusion process, the friction
model defining the interface contact conditions must
be defined by a Coulomb-Tresca criterion:

Ty = Min(,uO'n,mO'O/\/E) ?3)
Starting from the previous identified rheological

law, a second inverse analysis applied to the extrusion
test estimates the friction coefficients such as:

| | |
Hipu = HElipu = 024, phnie = o0 @
—cyl — oyl eyl
Minput = Mogtput = 1 Meonic = 0.37
or
1 | I
Higour = 0.30, tieynic = 0, tgugpur = 0.16 -
—cyl — vl el
miﬁ)ll)Ut = mc():gtput =1, mccé'mc =0.36

The first friction model 1.1 (Eq. (4)) assumes
equal values for the Coulomb parameter in input and
output cylindrical parts, where the mechanical contact
is perfectly elastic, when for the conical die area,
where important plastic deformations occur, a Tresca
formulation is used. For the second model 1.2 (Eq.
(5)), different Coulomb coefficients are used to define
the elastic contact in the cylindrical zones of the
extrusion die.

In order to avoid the strong coupling existing
between the friction parameter’s influences on the
input area, conical zone and the output one, a gap j
equal to 0.15 mm has been chosen between the initial
specimen and the extrusion die ( j = (D, - D,)/2).

The comparisons between the experimental load-
stroke curve and those obtained from a finite element
simulation (using the previous identified rheological
and tribological parameters) are plotted in Fig. 2.

200

180 -

160 L| — Experimental CompressionLoad | |
140 +| o FEload I

Stroke [mm] a)

200

180 -|——Experimental Extrusion Load
160 | |—FE Load - I.1 -
4o || —FEload-12 |4 |
24
1wt
g0 A
60 -
04
20 -

Load [KN]

10
Stroke [mm] b)

Fig. 2. Comparison between the experimental
load-stroke curves and the FE ones using the
previous identification results [3]: a) for the
compression test (the load is independent with
respect to the interfaces friction), b) for the
direct extrusion test (realized for dry friction
conditions)

A very good agreement is obtained for the both
mechanical tests, pointing out that the friction model
1.2 reproduces correctly the extrusion curve
describing the load-stroke variation.

3.2. Numerical analysis

Using the identified rheological and tribological
data corresponding to the AA5083 aluminum alloy
(constititive Eg. 2 and friction model 1.2), a finite
element simulation of the extrusion process has been
analyzed in details. Figure 3 presents the distributions
of the cumulated plastic strain and of the Von Mises
stress corresponding to two different stages of the
extrusion process.

. 6 TIS50c-01 L a.0000e+02 !
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a) punch displacement equal to 11.79 mm
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b) punch displacement equal to 18.11 mm

Fig. 3. Iso-values of the plastic strain (left
pictures) and of the Von-Mises stress (right
pictures) for two extrusion stages
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These numerical results permit to understand the
complex path of the specimen deformation history,
the non homogeneity of the strains or stresses and
especially to quantify the most important mesoscopic
mechanical variables which characterize the new
specimen surface formed during the plastic contact of
the extruded material with the conical die.

4. Analyses concerning the layer surface
properties of an extruded AAS083
specimen

More numerical and experimental correlations
can be obtained using data based on the investigations
of the material by microstructure observations, by
local hardness tests and by estimation of macroscopic
shear stress variations on the layer surface [3]. A lot
of samples have been prepared from the initial
AA5083 specimen  (Dg=19.7 mm, L=25 mm and

Ra=0.8 um) and especially from the extruded ones
according to Fig. 4.

1 @

[©1C
“ )

Fig. 4. Specimens and radial or axial cut
samples (1, 3 — middle area, 2, 4, 5 — edge area)
used for X-ray , EBSD measurements and
hardness estimation for a) initial state, b)
extruded state

This study proposes to analyse an extruded
sample obtained from a punch displacement of 11.79
mm, having a final diameter Dgyy, equal to 17.6 mm

(Fig. 4b). So it is possible to investigate the influence
of the local plastic shear friction on the surface layer
properties before the complete filling of the conical
die.

4.1. Experimental X-Ray analysis

From the X-Ray measurements of overall
texture, it is possible to remark that for a plastic strain
variation between 17% and 33%, the grain shape is
not affected by the material deformation and the
grains size is already uniform. The grains shape
obtained after a deformation by extrusion is similar to
that which was before deformation and the global
texture of material obtained from X-Ray diffraction is
similar after or before the extrusion process.
Furthermore, near the edge of the extruded section,
the grain shape is similar to the centre ones.

Concerning the grain size, this one is therefore not
sensitive to the friction at the tool-specimen interface.
The distribution of the grain size in the sample
sections, before and after extrusion, is presented in
Table 1.

Table 1. Grains size distributions in the cut
specimen sections, before and after extrusion

Grain Middle area Edge area
Size Before | After | Before | After
[2.5um, 9.5um] - - 58.8% | 52.8%

>10um 56.6% | 66.2% - -

Firstly it is observed that for the centre area of
cutting samples, most grains have a size larger than
10 pm; for the edge area the majority of grains have a
size between 2.5 um and 9.5 um. On the other hand it
can be seen that the change in grain size before and
after extrusion is not important. In the centre of the
initial sample, 56.6% of the grains have a size greater
than 10 um and this value is 66.2% after deformation
by extrusion. At the edge of the section, under the
simultaneous effect of friction and plastic
deformation, the grain size distribution varies only by
6% (from 52.8% to 58.8%). This variation is
considered very low if are taken into account the
measurement uncertainty and the non-homogeneity of
the samples. Finally it is possible to conclude that
during an extrusion process characterized by an
average plastic deformation of 25% (defined by
£ ~2In(D;/ Dy ), the influence of the friction on

the grain size is rather negligible.

4.2. Experimental EBSD analysis

To obtain information concerning the grain
orientation, an EBSD measuring system (Fig. 5) has
been used.

Fig. 5. System EBSD - Microscope JSM-6400

The Figure 6 and Figure 7 show the obtained
pole figures corresponding to the extruded specimen
in the central both area (zone 3) and the edge one
(Zone 5).
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Fig. 6. Pole figures corresponding to the central
area (zone 3) of the extruded specimen (EBSD
measurements)

max = 5.686
6.058
4226
2.947
2.056
1.434
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0.6a7

Fig. 7. Pole figures corresponding to the edge
area (zone 5) of the extruded specimen
(EBSD measurements)

Comparing zone 3 (central area of the specimen)
and zone 5 (positioned at 100 um from the outside
surface), the intensity distribution is generally
asymmetric relative to the centre of the pole figures,
but near the sample edge, the asymmetry is more
pronounced.

These results are principally due to the specific
state of the stress near the surface where the interface
friction has a significant influence on the changes of
the grain orientations.

Figure 8 pictures the grain orientations of the
initial and extruded specimens obtained by EBSD.

——
50,00 um = 100 steps  IFF [001]

oot 101 b)

Fig. 8. Maps of grain orientations obtained by
microscopic EBSD measurements of the
extruded specimen [3]: a) for the middle area
(r/R=0), b) for the outside surface (r/R =1)

4.3. Experimental hardness analysis

Concerning the local mechanical properties of
the layer surface, Vickers hardness measurements
have been realized for the extruded specimen along a
vertical section passing by a line through the point 3
(pictured in Fig. 4) and along the outside surface,
named respectively measurement positions 3 and 5.
Using the geometric coordinates of each measured
point, the plastic strain values have been estimated
from the numerical simulation of the extrusion
process (Fig. 3a).

A non-linear regression permits to describe the
variation of the hardness with the plastic strain using
two relationships: a classical Ludwik formulation and
a Voce one. Experimental variations and
identifications results are plotted in Fig. 9.

It is possible to conclude that further the contact
between the tool and the specimen, the hardness of
the material occurs primarily as a result of plastic
deformation and can be estimated by the following
expression: HV =HVy+ f(g). On the other side at

the specimen interface the evolution of the hardness is
strongly influenced by friction and consequently this
one must be correlated with the entire history of both
local plastic deformation process and local plastic
contact phenomena.

In a general way, starting from the theory of
Tabor, for a material characterized by an elastoplastic
hardening behaviour, the hardness value can be
supposed to be proportional to the Von Mises stress.
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Fig. 9. Variation of the Vickers hardness with
the plastic strain: a) cut sample from the
extruded specimen (vertical cut in Position 3),
b) outside surface of the extruded specimen
(Position 5)

Thus concerning the initial hardness value this
one can be computed from the formulae HV(y = yop

(both terms expressed in kg/mm?), where ¥ is an
empirical coefficient, generally equal to 3.0 for a
large class of metallic materials, if the equivalent
stress op is evaluated for a representative plastic

strain value around 0.08 (8%). Thus, for the analysed
AA 5083 aluminium alloy, using the rheological law
identified from the dumbbell compression test, the
initial value of the hardness must be approximately
equal to 94.3 kg/mm2. This value is close to those
given at the beginning of the hardness curves (HVg

€ [90 kg/mm?2, 106 kg/mm?]), values which permit
to valid the experimental recordings and all the
previous comments.

5. Discussions
The previous EBSD and hardness experiments

have been shown, beside the shape and the grain size
distribution, the important changes of the

microstructure morphology and of the local
mechanical properties around the layer surface
corresponding to the conical die-piece interface.
These changes can be explained by the important
effect of plastic friction phenomenon at this interface.
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b

Fig. 10. Finite Element simulation of the conical
extrusion process (simulation using the friction
model 1.2 with z; =0.3, m; =0.36 and x; =0.16) :

a) Iso-Values of the equivalent plastic strain € ,
b) Iso-Values of the shear stressz,,

Using finite element simulations obtained from
the commercial software FORGE2®, numerical
results concerning the maps of the equivalent plastic
strain and of the shear stress in the extruded
specimen, especially inside the conical part of the
tool, are shown in Fig. 10.

When there is no friction between the specimen
and the die it is found that the plastic deformation of
the material is almost constant over the entire section
of the specimen. However, when friction at the
contact interface between the tool and the sample is
important, increasing plastic deformation values are
located rather close to the contact zone (zone 5).

The plastic deformation in this zone is about
three times larger than that of the centre of the section
(zone 3) and can have locally values up to 40%.
Therefore the friction at the interface has a great
influence on the evolution of the deformation in the
layer near the outside surface of the test material.
Concerning the shear stress a similar phenomenon is
observed: the shear stress in the area near the edge
surface is much larger than that at the centre of the
specimen. So a rapid change of stress values can be
observed in the contact area. This considerable shear
gradient is consistent with the microstructure changes
in this area especially for the grain orientations and
also for the evolution of the hardness.
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6. Conclusions

A new approach has been developed by the
authors to investigate rheological and tribological
properties of metallic materials undergoing large
plastic deformations during a bulk forming process.
The experimental and numerical investigations of a
forward extrusion confirm that during the
deformation the specimen is in contact with the
outgoing part of the die by a new surface generated in
the conical part by the material plastic flow. In this
zone, the layer surface has different microscopic and
local mechanical properties than the initial one.
Furthermore the analysed results confirm also the
difference of the Coulomb coefficients values
defining the input zone (Di) and the output area (Do)
corresponding to a perfect elastic contact. Numerical
values of plastic strain and shear stress corresponding
to the material layer surface have been correlated with
the EBSD and hardness measurements. The results
emphasize the need to develop multi-scale approaches
in order to obtain quantitative predictions of observed
microstructure evolutions, in particular for the grain
morphology principally defined by the size and
spatial orientations.
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ABSTRACT

The aim of this study is the viscosity’s evolution depending on the temperature
and the shear rate and the analysis of the transmittance spectra of the oxidized olive
oil. Oxidation of olive oil is a process that leads to the degradation of the sensorial
qualities (color) and generates compounds such as peroxides and aldehydes.
Studies performed in order to determine olive oil transmittance have shown that this
method can be successfully used for the analysis of vegetable oils oxidation, oils
that are going to be used as lubricants in food industry. Olive oil oxidation becomes
more obvious by determination of trichromatic parameters. Thus it has been proved
that by using this method, conclusive results regarding olive oil oxidation are

obtained.

KEYWORDS: viscosity, transmittance, oxidation, olive oil

1. Introduction

Recently, lubricants based on vegetable oil
which are biodegradable are bit by bit reducing the
field application of mineral oil. Biodegradable
lubricants will be used more as they are less
damageable and toxic to the environment. This will
be an important factor in the agriculture and food
industry where there are possibilities of lubricant
leakage [1].

A high percentage of at least 65% of 16 to 22
carbon fatty acids is required in order for the base oil
to provide adequate lubrication. Longer chain fatty
acid sources are preferred to provide longevity to the
oil. Preferred sources of long chain fatty acids are
from members of Cruciferae family, Compositae
family and Leguminosae family. Common oilseeds in
these families are: canola, rapeseed, crambe,
sunflower, safflower, flax, and soybean. Other
sources of the base oil include cotton, corn, olive,
peanut and other common oils. Each base oil has
unique functionality and lubricant formulations will
vary depending upon base oil used, [2].

Vegetal oil oxidation is initiated by formation of
free radicals. Free radicals can easily be formed from
the removal of a hydrogen atom from the methylene
group next to a double bond. Free radicals rapidly
react with oxygen to form a peroxy radical. The
peroxy radical can then attack another lipid molecule
to remove a hydrogen atom to form a hydroperoxide
and another free radical, propagating the oxidation

process. The vegetable oil autooxidation mechanism
presented here is a simplification of a complex series
of reactions. The process is further complicated by
variations in conditions, such as ultraviolet rays,
temperature, pressure and oxygen availability, or by
the presence of other compounds, such as
antioxidants, chelating agents and metals. Metals, for
example, act as a catalyst for the oxidation of
vegetable oils speeding up degradation and the
production of free radicals [3].

2. Experimental Details

The olive oil that was tested here had been
purchased from a local store. This oil, according to
the information provided by the analysis performed
within Expur Slobozia labs, presents this compsition:
12.6% palmitic acid (C16:0), 79.3% oleic acid
(C18:1), 4.7% linoleic acid (C18:2), 0.8% linolenic
acid (C18:3), 0.4% arahidic acid (C20:0), 1.2%
palmitoleic acid (C16:1) and very little percentage of
heptadecanoic acid (C17:0), behenic acid (C22:0) and
erucic acid (C22:1), as well. Transmittance spectrum
determination was performed wusing a T60
spectrophotometer, produced by PG Instruments
Limited (C.E.), the determinations were performed
for the range of 300-1100nm. In order to reach a
forced oxidation process, the equipment in Figure 1
was used. That is composed of l-air pump, 2-air
flowmeter, 3- air filter, 4-oil sample tube, 5-
thermostatic bath. For every test oxidation 25 ml of
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oil were used. The flow rate of air introduced into the
oil sample was 20 L/h.

Fig. 1. Oxidation equipment

Also, the samples were measured for colour in
the x, y, z or L*, a* b* and C*, h, coordinates
(CIEXYZ, CIEL a*b* and CIEC,*h, colour
systems). CIE L*a*b* scale is recommended by the
Commission Internationale de 1’Eclairage (CIE), were
b* measures the yellowness when it is positive, the
grayness when zero, and the blueness when negative.
In this colour space L* represents the lightness.
Illumination was performed by C/2° (standard
illuminant defined by CIE).

Chroma values denote the saturation or purity of
colour. Hue angle values (exprimate in grade)
represent the degree of redness, yellowness,
greenness and blueness [4].

Dominant wavelength, Ay was determined as
described according to CIE indications [5], [6].
Forced oxidation behavior research of the oxidized
and non-oxidized rapeseed oils give us qualitative and
quantitative estimations regarding their efficiency in
use as lubricants. Trichromatic values are obtained
according to Tristimulus Colorimetry method, in the
case of oils by determination of the transmittance
according to the relations:

X= 0.21'T445 + 0.35'T550 + 0.42'T625
Y =0. 17'T445 + 0.63'T550 + O.20'T625
Z= 0.94'T445 + 0.24'T495

where T is the transmittance measured by the
spectrophotometer, when A is 445, 495, 550 and
625nm [7], [8].

3. Experimental Results

Oxidizing the olive oil at a temperature of
100°C for Shours and 10hours, no changes in shape
of the transmittance spectrum were shown. Thus, for
evidence of changes in the transmittance spectrum of
olive oil shape, this oil was oxidized for Shours or
10hours at 110°C and 130°C (Figure 2 and 3). The
shape of spectrum for non-oxidized olive oil is

similar to that presented by other authors in the
specific literature [9] for other varieties of olive oil.

In Figure 2 and 3 it is noted that the spectra
shapes of olive oxidized oil at 100°C for 5 or 10
hours, weren’t changed too much compared to
reference oil.

Transmittance [%]
wn
[=]

= unoxidized olive oil

— 5 hour oxidized olive oil

300 400 500 600 700 800 900 1000 1100

Wavelength [nm]
Fig. 2. Transmittances of unoxidized and
oxidized olive oils for 5 hour at a temperature
of 110°C

By comparing the absorpsion spectra of olive
oil while oxidation, there are highlighted its
hypochromic displacements between 450nm and
470nm respectively up to 662nm and hypochromic
displacements to 520nm and 640nm.

100

Transmittance [%]
wn ~
(=) W

[
93

= unoxidized olive oil

— 10 hour oxidized olive oil

0

300 400 500 600 700 800 900 1000 1100

‘Wavelength [nm]
Fig. 3. Transmittances of unoxidized and
oxidized olive oils for 10 hours at a temperatu%)
of 110°C

It was also performed the study of olive
behaviour during oxidation, regarding the evolution
of cromatic parameters at variations of oxidation
temperature, using different color systems.

Thus, in Tables 1 and 2 there are shown the
experimental results related to olive oil oxidation at
the temperature of 110°C for different oxidation
periods of time. Olive oil color parameters, shown in
these tabels are given by X, Y, Z tristimulus values or
by x, v, z trichromatic coordonates.

Trichromatic measurements are highlightning a
decrease of luminosity by 2.65% comparing to
unoxidized olive oil (AL* =-2.272 at 110°C). On the
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other hand, vegetable oils also have their own
aromatic systems which make the particular being
eventually present even after tough treatements.
Meanwhile it is to be taken into account that color
intensity varies similarly to the wvariation of
luminosity. It is also noted that this color variation of
110°C oxidized olive oil is sustained by the hue angle
too, presenting a more restricted value range.

Increasing the oxidation temperature from
110°C to 130°C, important changes of transmittance
occur, for olive oils that were oxidized for 5 or
10hours (Fig.4 and 5).

100 4

Transmittance [%]
wn ~
f=] w

[S8]
[

= unoxidized olive oil

— 5 hour oxidized olive oil

0

300 400 500 600 700 800 900 1000 1100
Wavelength [nm]

Fig. 4. Transmittances of unoxidized and
oxidized olive oils for 5 hour at a temperature

of 130°C
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= unoxidized olive oil
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Wavelength [nm]
Fig. 5. Transmittances of unoxidized and
oxidized olive oils for 10 hour at a temperature
of 130°C

It is noted the oxidized oil spectra displacement
to ultraviolet range. At the same time it is revealed an
important decrease, even the disappearing of initial
spectrum peaks corresponding to unoxidized olive oil,
after an oxidation period of time of 5 or 10hours, at
130°C temperature. As a result of oxidation, the peaks
related to the presence of carotenoids and those
related to chlorophyll as well disappear, due to the
destruction of the pigments responsible for the color
of oil.

Table 3 presents trichromatic compounds and
coordinates, respectively the dominant wavelengths

determined by the latter, for 130°C oxidized olive oil.
It is noted that oxidation process leads to
displacements of the dominant wavelength, which is
decreasing with oxidation time, from 575nm to
559.5nm. The experimental data also show a close
connection between chromatic parameters as the
luminosity, displacement from red to yellow, chroma
and tonality angle and oxidation temperature/time.

In the case of 130°C oxidation too, the yellow
rate and chroma are the parameters which prevail for
a comparative evaluation of olive oil behaviour
(Table 4). After a period of time of 10 hour oxidation
it is noted a slight increase (about 8%) of luminosity,
which is in accordance with the information that other
authors have previously shown [9].

At the same time, color differences that were
presented in Table 5 are corresponding to the
information provided by the measured parameters.

According to the data presented in Table 5 it is
highlighted that the luminosity of 110°C oxidized oil
for 5 or 10 hours, is decreasing. This aspect is the
result of the minus sign of the luminosity value
differences. Meanwhile, the luminosity of 130°C
oxidized oil for 5 or 10 hours, is increasing. This
aspect is the result of the positive values of the
luminosity differences values.

The same variations are noticed regarding other
important trichromatic parameters differences, as the
yellow grade or chroma. It should be specified that
these variations occur, in addition for the case of olive
oil oxidized at 130°C. In the case of the latter we can
notive that after a maximum period of time of
oxidation, under the experimental conditions, the
difference of the yellow grade is wider compared to
that obtained in the case of 110°C oxidized oil. This is
due to the destruction of the most of the
chromophores present in the original oil.

Color differences expressed by L, b and C'y
parameters are also supported by the hue angle hyy, .
The values for h,, differences for oxidized oil at
110°C and the oxidized oil at 130°C as well, after 5
and 10 hour oxidation time period, are positive in all
cases. This result shows that the position of olive oil
color being subject of this experiment is moving
within the same quadrant in chromatic circle, counter
clockwise, towards the hues of yellow green. This
occurs due to the fact that during forced oxidation
hydroperoxides are formed too because of the
composition of olive oil containing just a little
quantity of polyunsaturated acids (the quantity of
linolenic acid is 0.8% while the studied olive oil
contains 4.7% linoleic acid).

The color difference is very important
considering the cumulated contribution of chromatic
parameters. In this context, the data in Table 5 show
large and even very large differences in the color of
olive oil that occur during its oxidation, expressed by
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parameter AE*,, (AE*,,>10). According to enshrined
data in literature and industrial practice [5], [10], the
values of the color differences are used for chromatic
significance interpretation. It is accepted in standards
that if AE*,, < 0.2 then the difference of color is not
perceivable; by visualisation it is hardly noticed if 0.2
< AE*,;, < 0.5, but it becomes perceivable if AE*,, =
0.5 — 1.5, and easily to be observed when AE*,,= 1.5
— 3.0. In literature [10] it is mentioned that the
differences of color when AE* < 10 are considered
slight differences, and the color difference for AE* >
10 are considered big differences.

In Figure 6 and 7, the variations of viscosity
with shear rate are represented, for olive oils oxidized
at 120 and 130°C, testing temperature being 30°C.

B Unoxidized ™ 5h oxidized ® 10 h oxidized

S

60 + =N

40 4 -- -- -- -- -
ofEH B EE EE EE EER EEN

3.3 6 10 18 30 50 80
Shear rate [s!]

Viscosity [mPa-s]

Fig.6. Variation of viscosity with shear rate, for
the unoxidized and oxidized olive oil at the
temperature of 120°C
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Fig.7. Variation of viscosity with shear rate, for
the unoxidized and oxidized olive oil at the
temperature of 130°C

Viscosity decreases with shear rate increase but
this decrease is sharper when the values of the shear
rate are in the range of 3.3 to 18s. Viscosity
increases with oxidation temperature increase and the
increase of oxidation period of time, important
increases are observed in the case of oil that was
oxidized for 10 hours at a temperature of 130°C.

In Figure 8 and 9 there are represented the
variations of the viscosity with the temperature for
olive oil that was oxidized at 120 and 130°C, and the

variation of viscosity depending on the temperature
for non-oxidized olive oil as well, at a shear rate of de
3.3s™". Viscosity is decreasing when temperature is
increasing, the same situation for both oxidation
temperatures. It is noted a slight increase of the olive
oil viscosity when oxidized at a temperature of 120°C
for Shours and 10hours compared to non-oxidized
olive oil.
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Fig. 8. Variation of viscosity with temperature,
for the unoxidized and oxidized olive oil at the
temperature of 120°C
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Fig. 9. Variation of viscosity with temperature,
for the unoxidized and oxidized olive oil at the
temperature of 130°C

When oxidation temperature is increasing one
can notice a sharp increase of the viscosity for olive
oil that was oxidized for 10 hours. Analyzing
viscosity increases corresponding to the 10 hour
oxidation period of time, at a testing temperature of
30°C, the viscosity of the oxidized olive oil increases
by 51.51% compared to the viscosity of non-oxidized
olive oil. At a 60°C testing temperature, the viscosity
increase is 32.35% and at a temperature of 90°C the
viscosity increased by 22.36%.

These significant increases in both viscosity
variation with temperature and the variation with
shear rate may be due to the fact that after oxidation
of vegetable oils some chemical compounds could
result, such as hydroperoxides, volatile substances,
non-volatile substances, high weight molecular
compounds and fatty acids.
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4. Conclusions

Oxidation of olive oil is a process that leads to
the degradation of the sensorial qualities (color) and
generates compounds such as peroxides and
aldehydes.

Some aspects regarding olive oil oxidation were
clarified, for different temperatures and differend
periods of time, usings pectrophotometric data
analysis and Tristimulus Colorimetry method.

Studies performed in order to determinate olive
oil transmittance showed that this method can be
successfully used for the analysis of vegetable oils
oxidation, oils that are going to be used as lubricants

in food industry. Olive oil oxidation becomes more
obvious by determination of trichromatic parameters.
Thus it has been proved that by using this method,
conclusive results regarding olive oil oxidation are
obtained.

Viscosity variations with temperature and shear
rate were determined both for oxidized and non-
oxidized olive oils. A strong increase of the olive oil
viscosity is observed, when olive oil was oxidized at
a temperature of 130°C and for 10 hour period of
time of oxidation. The increase of the viscosity
represents an indicator of vegetable oil oxidation.
Using these two methods, olive oil use parameters
could be optimized at the industrial level.

Table 1. Experimental results for olive oils oxidized at a temperature of 110°C

Tri - Tri - -

Olive oil richromatic components richromatic coordinates 7 [rm]
X Z Z X y z

Unoxidized 61.642 67.215 6.232 0.45631 0.49756 0.04613 575
J },ZO‘WS 59.43 65.808 10.34 0.43834 0.48538 0.07626 574.5
oxidized
10 hours 57.026 62.806 12879 | 042969 | 047325 | 009704 | 5742
oxidized

Table 2. Chromatic characteristics for olive oils oxidized at 110°C - illuminant C/2°

Olive oil _ Chromatic c*oordznates _ Ry @’y c Iy
L a b
Unoxidized 85.61242 -9.5804 100.1562 -0.0956 0.009151 100.6134 95.46
3 hours 84.89814 | -11.688 | 85.12887 | -0.1373 | 0.018853 | 85.92757 | 97.81
oxidized
10 hours 8334022 | -10.7599 | 75.69697 | -0.1421 | 0.020205 | 76.45787 | 98.09
oxidized
Table 3. Experimental results for olive oils oxidized at a temperature of 130°C
Olive oil Trichromatic components Trichromatic coordinates D frm]
X zZ Z X y z
Unoxidized 61.642 67.215 6.232 0.456307 0.497561 0.046133 575
3 hours 72.912 77.103 7157 | 0329048 | 0347961 | 0.322991 562
oxidized
10 hours
o 78.134 81.517 85.986 0.318087 0.33186 0.350053 559.5
oxidized
Table 4. Chromatic characteristics for olive oils oxidized at 130°C- illuminant C/2°
Ch t d 1 * o % * % *
Olive oil Aromatic cooranares a’/b @'/’ C B
L a b
Unoxidized 85.61242 -9.5804 100.1562 -0.0957 0.00915 100.6134 95.46
3 hours 9036901 | -5.4215 | 14.09896 | -0.3845 | 0.147869 | 15.10544 | 111.03
oxidized
10 .hO.WS 92.36127 -3.4411 6.854868 -0.502 0.251991 7.670076 116.66
oxidized
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Table 5. Experimental values of color differences when studied olive oils during forced oxidation -
illuminant C/2° (unoxidized — 5 hour forced oxidation, unoxidized — 10 hour forced oxidation )

T' * * * * *
Olive oil [h(;Zl:v ’ AL Aa Ab AC Ahay AE",,
Oxidized oil to 5 -0.72 -2.1 -15.03 -14.69 2.35 15.19
110°C 10 -2.272 -1.179 -24.46 -24.16 2.63 24.59
Oxidized oil to 5 4.75 4.16 -86.06 -85.51 15.57 86.29
130°C 10 6.748 6.1394 -93.31 -92.95 21.2 93.75
References [6]. *** - CIE Pub. No. 142, Vienna: Central Bureau of the CIE,
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ABSTRACT

In the design of computational algorithms for refining slags for ladle
treatment of steels, the evaluation of contributions of different factors is a definitory
step, allowing to evaluate the real posibilities and limitations in steel refining
practice. Slag carried over from steelmaking converters to the ladle is evaluated
from the point of view of contributions of its amount and contents of SiO, and iron
oxides. It is shown in quantitative manner what it happens in conditions of
variations of the above mentioned factors, in the ranges of values closed to real
industrial practice. It is shown and concluded that quantitative evaluations of the
contributions of slag carried over in refining ladle are of outmost importance. It is
possible, under the above mentioned conditions, to ensure adequate values of
sulphide capacity, low residual values of iron oxides in economical conditions and
to save aluminium from the exaggerate loss by oxidation.

KEYWORDS: BOF slag amount, SiO, content, iron oxydes content,

aluminium consumption

1. Introduction

Nowadays, informatics applied in engineering
of materials plays an increasing role to achieve
reproducible quality indicators of products, to
increase their levels and simultaneously to save costs,
allowing reaching all these in a friendly interaction
with the environment. Steel production in oxygen
blowing furnaces (BOF), also known as L-D
converters and steel refining in different secondary
metallurgy facilities, like process in ladle metallurgy,
are permanently the object of different measures
directed to fulfill the actual requirements for the
above mentioned purposes, including the extension of
informatics applied in engineering of steelmaking and
refining. In this regard, for accurate results that can be
obtained with full knowledge, there is no other way
than a correct evaluation of technollogical parameters
and requirements from the points of view of their
contribution and weight.

Actually, about the whole production of steels
obtained at industrial scale in BOF steel plants and
electric arc furnaces is treated using slags. Treatment
of steels in ladle under slags, applied in various

purposes is applied in order to achieve very low and
extremely low contents of sulphur and high purity
levels in non-metallic inclusions, is from far one of
the most advantageous and cheap methods because of
some particular features. Low carbon aluminium
killed steels (LCAK) are a wide class of steels grades
made in BOF and treated with refining slags in ladle,
ladle furnace (LF) and other refining plants.

Despite thef act that technology of steel refining
based on synthetic slags is not a new one, its
efficiency in obtaining advanced refined steels made
it a permanent and an indispensable technique to
obtain high quantities of refined steels in conditions
of low cost of investments and in short times. The
simplicity of the method is remarkable due to the fact
that in the ladle, the steel must be always covered by
a slag layer along its residing period and therefore the
problem to have an adequate slag, corresponding to a
certain purpose of maximal utility, could be always
posed at large. Therefore the refining of steel, using
adequate refining slag became almost naturally a real
technological plurivalent tool which must be
permanently re-evaluated in order to update the
knowledge, procedures and working technologies, all
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those serving to increase the technical and

economical performances.

2. Current state and requirements

There is usually in steelmaking the tradition and
practice of using the so-called general or basic recipes
which are used because of the availability only of
short time intervals, frequently of orders of few
minutes, when different intended actions, in different
technological steps, are possible in many cases in
critical conditions of time. Such a practice is suitable
in conditions when parameters of liquid steel are fully
in the ranges of certain previous established values,
which are practically the desired final values for the
processing step in question but unfortunately these
are also frequently far from their optimal values. A
certain variability of many other factors, other than
the ones before mentioned, contributing the values of
different parameters of refining is superposed on the
mentioned practice, but only rarely these factors are
evaluated with satisfactory precision in the traditional
procedure. It results that there are not too many
freedom degrees in a such procedure and anything out
of the usual range of parameters will affect the
efficiency of steel treatment. Finally, it could be
mentioned that the traditional practice is still wide
spread and intensively used, although this is not
always recognized fairly. However many of these
difficulties can be avoided, the flexibility of the
procedures can be increased and the reproducibility
rate of the results could be improved, when adequate
computational algorithms for slags are implemented,
coupled with the availability of certain technological
facilities in the steel refining shop. A good evaluation
of particular conditions in the steelmaking practice of
the steel grades taken into consideration allows for
the design of adequate computational algorithms,
flexible enough to be useful in many refining
purposes, either simultaneously or separately,
according to needs and conditions.

Starting from the above general remarks, fully
acceptable as veridicity, a procedure of designing
computational algorithms, to obtain a refining slag
used mainly in desulphurization process of low
carbon and low alloyed steels obtained in blowing
oxygen converter (BOF) and treated in ladle, could be
realized in the established practical conditions. These
algorithms once established, tested and evaluated, can
be used directly in steel refining practice as a tool for
operators use, or at a superior level of integration in
neural networks, making possible the management of
steel refining processes based on artificial
intelligence, replacing older mathematical methods
based only on statistics, in the form of static and
dynamic models, even of those implemented in on-
line computer management facilities.

The necessity of such an approach, like the one
suggested in the present paper, is due also to the fact
that, despite the huge amount of reported data on slag
refining technologies, there are only formal and often
incomplete aboard, the most frequent limited to a
narrow target.

3. General premises of computational
algorithms for refining slags

Starting from necessities, a set of general and
preliminary premises have been established, as it
follows, in the form of direct and indirect sources:

1. the natural sources of slags during steel
refining from starting of tapping to the end of
treatment in the ladle, and even later if deleterious
actions on quality occur;

2. the external sources of slags-fluxes,
introduced in the process to obtain certain numerical
values of the edificatory physico-chemical properties
in an optimised manner;

3. the physico-chemical properties and their
values related to slags in general and to refining slags,
in particular;

4. the main refining process taken into account
to be performed and the potential possible and desired
adjacent refining processes, which can be coupled to
the first;

5. the adjacent undesired processes taking place
naturally or associated to the desired processes; their
actions must be obligatorily known, evaluated and
limited in their development.

6. the impact on environment taken into account
from various points of view, starting from the
possible action on life and work environment, to the
impact on social environment and recycling.

All these aspects mentioned above must be
carefully evaluated according to their characteristic
actions, amounts, and weight from the various points
of view which are relevant.

4. Contribution of (BOF) slag
to the refining slag

Slag resulted from steelmaking process in BOF
process, called shortly (BOF) slag, is an important
primary source in obtaining the refining slag from the
point of view of quantity and as an initial factor of
influence  acting  further and  determining
technological actions and measures to bring it in the
range of requirements. Despite this, in practice the
weight of its contribution is not always precisely
evaluated and included in computations. Many times
the results of treatments under slag are bad, even
disastrous, because of this attitude. Unfortunately, it
seems that many times the amount of slag transferred
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in the ladle during tapping of steel not only it is not
measured, but even it is not at least evaluated
somewhat objectively. In an extensive study dealing
also with evaluation of amounts of different sources
leading to impurification of steel, the slag carried
over to the ladle during tapping is about 3kg/t liquid
steel, in a normal practice using different stoppers of
slag [1]. Frequently and not only accidentally in the
industrial practice the amount of slag carried over to
the laddle during tapping is even higher than the
amount mentioned above.

At the end of the heat BOF the slag contains
high levels of iron oxides according to the carbon
content and the temperature at the end point of
blowing. In great measure this depends also upon the
performing oxygen blowing combined with argon
bubbling through nozzle placed on the bottom of the
converter when such a facility and practice are used.
Some typical chemical compositions of slags, at the
end of oxygen blowing presumed to be identical to
the transferred slag from converter into the
pouring/refining ladle, are presented in table 1.

Tablel. Main chemical compositions (rounded values) of final slags in BOF

Ref. Chemical composition of slag, mass %

No./year | CaO | MgO | SiO, | ALO; | FeO | Fe, 0, MnO P,0s s
[2]/1999 48 1 12 1 26 - 0.3 33 0.12
[31/2004 | 30-35 5-15 8-20 1-6 10-35 - 2-8 0.2-2.0 | 0.07-0.14
[4]/2006 52 5 11 1.3 17 10 2.5 1.3 -
[5]/2007 45 10 11 2 11 11 3 - -
[6]/2009 48 6 12 2 23 - 2 2.7 -
[7]/2010 48 - 13 3 - 24 2.6 1.5 -

(*)—upon the analysis method; *_derived from the content of SO, initially determined

Valuable sources of data are provided in papers
published in the adjacent research fields of waste
management, recycling and cement industry. From far
there are strong evidences that, despite efforts to
standardize the technological process of steelmaking
in BOF, according to conditions, high variability of
final chemical compositions of slags is present.
Therefore, once again, high quality algorithms must
be applied when refining processes with BOF slag
participation take place.

The steelmaking process and refractories
contribute in most cases to the chemical composition
of slag. The necessity to take into consideration these
aspects could result from comments on the chemical
composition of slags in table 1. As a general remark,
it can be said that there are practically two major
tendencies in the use of refractory linings, the first
being to use classical lining based on dolomitic
blocks and the second to use the lining based on
magnesite elements, more or less evoluated, including
those in the class MgO-C. In order to decrease the
wear of such lining, due to the chemical agresivity
when SiO, content is at high levels [3], also is
encountered the practice consisting in increasing
MgO content to levels closed to saturation of slag
with MgO. Therefore in table 1 the component MgO
is present in contents of very high variability [2]-[6].
This fact is frequently associated with the content of
silica in slag. Increasing the content of MgO in slag is
more efficient in lowering the aggressively of slags at
high contents of SiO, due to the lower molar mass of
MgO because of the bigger numbers of moles
contained in the same amount, compared to the CaO.

Slags from table 1 ref [3] are the result of
modern steelmaking process, in BOF lined with
magnesite, therefore they contain 5-15mass % MgO.
In the same time in the respective BOF are processed
heating based on highly preliminary treated crude
liquid iron with desulphurizing reagent up to low
contents of sulphur and therefore the sulphur content
in the final BOF slag is low, below 0.014 mass%. The
relatively high final content of FeO (10-35 mass%)
and of MnO (2-8 mass%) proves the heating has been
processed with low proportions of iron scrap as
cooling materials in favor of oxydic materials,
perhaps iron ores.

Silica content in final slags (8-20 mass %)
seems to prove that have been processed both de-
silicized crude iron and crude iron with normal
silicon content were used.

Due to the same mentioned conditions, final
slags contain low contents of phosphorus oxyde (0.2-
2%) [3].

As a general consideration, heatings must be
processed in BOF with the lowest possible amount of
slag. In the case of such slags, attention will be paid
to contents of FeO and MnO, being known that refing
of steels under slags requires extremely low contents
of FeO+ MnO, usualy bellow 1-2 mass% [8].

The necesities of the chemistry in BOF
determine high contents of iron oxydes in slag along
the whole processing route of heatings. Excepting the
content of CaO which is the highest in the BOF slag,
iron oxydes are on the second place at levels of 22-35
mass % the sum of both two oxydes obtained by
chemical analysis (FeO+Fe,0;).
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5. Evaluation of effects of BOF slag on
some technological parameters and on the
estimated performances of refining slags

In the above mentioned conditions, due to their
composition, (BOF) slags give a set of limits in what
regards the amount of refining slag and even their
composition, sometimes limiting also the maximal
refining performance to lower levels than the
theoretically required highest values.

The refining slags wused for advanced
desulphurization and advanced removal of oxydic
inclusions in low carbon aluminium killed (LCAK)
steels are based in the system CaO-MgO-Al,0;-Si0,
with some additions of fluorine as fluidizer. In such
slags, besides optimal ranges of the major
components CaO and AlO;, there are severe
limitations for SiO, contents, usually at max. Smass%
in order to limit the increasing of silicon content in
LCAK grades where it is limited or prohibited like it
is in many grades of high strength low alloyed
(HSLA) steels. Many times even more severe
restrictions are imposed consisting in limitation of
Si0, to levels below 2.5 mass%.

Another restriction is imposed concerning the
sum of contents of FeO and MnO, limited to below
Imass% and admitted sometimes for qualities not so
high up to 1.5-2mass%. These contents must be
compared to the values from table 1 in order to
evaluate the directions to action in order to fulfill the

requirements in conditions of the amount of BOF
slags carried over in refining ladle.

Particular values of the (%Si0O,) contents in the
refining slag could be computed using the following
relation:

qu' -(%Si0, )i
(%Si0,) = ——— .10

n
2.4
1=1

0 %mass 1)

where:

1 - current number of source of slag;

n - total number of sources of slag;

qi - amount of slag from source i;

(%Si0,);- SiO, content of source i, in %omass.

but a valuable and fast image on the
simultaneous influence of the SiO, contents and of
different sources of slags could be obtained using
Figure 1 or a similar figure.

Data presented in Fig. 1 are in the range of
interest in the industrial practice; the range of
accidental of hazardous data is avoided. It is obvious
that only carefully an adequate refining slag could be
obtained and that the process of obtaining the slag is a
very sensitive one to complex factors as composition
and the amount of the converter slag carried over in
the refining slag. It is difficult to obtain contents of
SiO, as low as possible, but it is possible to take
adequate measures to limit these contents at required
values satisfying which meet the requirements.

SiO2 content in refining slag,
%mass
(&)

2 T T

6 8 10

Si02 content in converter slag, %mass

12 14 16 18

Fig.1. Influence of the SiO, content in converter slag and of the amount of slag carried over on the
Si0; of the refining slag in the ladle.

Reference steel heat treated under slag - 180t; reference amount of refining slag -2160kg
(corresponding to 12kg slag/tone liquid steel). Converter slag carried-over in the ladle:720kg (upper
line);540kg (middle line); 360kg (lower line). Contribution of other components added to form
refining slag- 2%mass SiO,
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The content of SiO, in slag acts as a major
factor in the activity of SiO, in slag and the basicity
of the refining slag.

Considering a slag in the system CaO-Al,O;-
SiO, where CaO and Al,O; represents the base

(%CaO0+ %ALO; = min.90% mass) at a ratio
%massCaQ/ %massAl,0;=1.4, it results a chemical
composition of the CaO-Al,O3- SiO, shown in Table
2. for various concentration of SiO, in the refining
slag.

Table 2. Several quality indicators of CaO-AlL,0;- SiO; slags at various contents of SiO, and ratio
CaO/Al,05=1.4, compared to the pure CaO-Al,0; slag at the same ratio

Quality indicators Chemical composition of CaO-ALOs- SiO, (C-A-S), Y%emass

of slag 3% SiO, 6% SiO, 9%Si0, 0% SiO,

Basic composition A=40.42 A=39.17 A=37.92 A=41.67
C=56.58 C=54.83 C=53.08 C-58.33

*Optical basicity, A 0.76863 0.75587 0.74799 0.78176

*Sulphide capacity, C;at | 4.309x10 3.1405x10° 2.58321x10° 5.967x107

1873.15K (72.21%) (52.63%) (43.29%) (100%)

*computed according to ref.[8]:
_ 1.783%Ca0 +1.756%Al,05 +1.598%Si0,

" 1.783%Ca0 + 2.943%A1,0; +3.33%S8i0,

The deleterious effect of the presence of SiO,
content in slag, exerted on relevant technological
properties involved in refining operation, is better
shown by the decrease of the sulphide capacity Ci.
Even a relativelly reduced percentage of SiO, in slag,
despite of an apparently not important decreasing of
the optical basicity of slag (1.68-3.38%), exerts very

; 1gCs=10.767 A-10.64

frequent the sum of iron oxides contents is
Y(FeO+Fe,03)=20-27%mass and (MnO)=2-3%mass.
An important loss of aluminium will be in steel due to
the reactions of slag deoxidization, which takes place
in the presence of aluminium content from aluminium
killed steels:

strong effects in decreasing the sulphide capacity of 3(FeO)+2[Al]—(Al,O5)+3[Fe] e
slag of an important magnitude (42.29-72.21%),
compared to the similar slag without SiO, content, 3(MnO)+2[Al]—(A1,05)+3[Mn] 2)

further affecting in a negative manner the efficiency
in removal of sulphur and the final content of sulphur
in steel. These results have been confirmed
experimentally in ref. [8], also in many other
published papers, here not cited because of economy
reasons.

It is extremely obvious that the main source of
iron oxides in the refining slag is the slag carried-out
from converter in the refining ladle. As it is shown in
table 1 in the widest range, considering oxides in the
form of FeO, this content is 10-35%mass, but more

For easiness, the content of MnO will be
included in the sum of iron oxides because of the
small content of MnO in BOF slag and closed molar
mases (My, =54.93 and Mg.=55.84), also considering
only the FeO form.

The quantity of aluminium in liquid steel,

consumed directly q[‘;u} in order to reduce the (FeO)

content to a final residual value, according to the
reaction (1), is given by the following relation:

o .
(A)Feo)residua/ :| . 2 MA[ N kg/heat (3)

¢ = ‘ . (VFeO - '
qr4n |:qBOF ( 0 )BOF Qslag ladle 100 3MFeO

where:

q’ or)- 1s the amount of BOF slag carried over in the ladle ;

(%FeO)pop- is the FeO content in the BOF slag;

(%FeO),esiquai-is the residual content of (FeO) in refining slag;
Qslag ladie- 1S the amount of refining slag, from all sources;
Mai, M(reo) — are respective molar mass of aluminium (27) and of iron oxyde (72).

Data from Fig. 2 show the necessary amounts of
aluminium for reduction of iron and manganese
oxides in the slag carried over form BOF in the ladle
refining. Reduction starts in industrial conditions
from initial contents in the range (FeO+Fe,0;)=20-

35mass% and (MnO)=2-4mass% even less than
1%mass. The refining slag must contain much more
lower contents of iron and manganeze oxides in order
to be of certified utility. The sum of their contents
must be lower than 1-2 %mass. Sometimes, due to
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requirements to guarantee extra low activity of
oxygen and of extra low content of oxide inclusions,
this sum must not exceed 0.5- 1.0%.

These extra low contents also favorize a deep
removal of sulphur from steel in the refining slag.
Unfortunately, this is obtained scarifying a certain
content from the aluminium present in the liquid
steel, and this must be compensed by re-feeding the
corresponding amount of aluminium, usually by

immersing wire of Al. From Figure 2 it results that, in
the case of a heat of 180 t liquid steel, in conditions of
addition 1.5KgAl/tone, important amounts of
aluminium are consumed to reduce content of iron
oxides below 1%mass and these amounts must be
taken into account in algorithms of any mathematical
model to ensure the accomplishing of different
functions of performance concerning the quality by
refining.

a D
o o
I ]

D
o
I

Aluminium consumed, Kg
N w
o o
Il Il

|

o

20 22

=
[ee]

FeO content in BOFslag, %amass

24 26 28 30

Fig. 2. Consumption of [Al] in steel due to reduction of iron oxydes contents in the ladle slag from
initial content to 1% FeO residual content in slag, starting from values coresponding to input with
various BOF slag amounts.

Reference steel heat treated under slag - 180t; reference amount of refining slag (Oyiag iaaie) 2160kg
(corresponding to 12kg slag/tone liquid steel); Final content in the ladle slag (%oFeO) esigua=1%.
BOFslag carried-over in the ladle:720kg(upper line),; 540kg(middle line); 360kg(lower line)

6. Conclusions and comments

From the theoretical approach and the results
presented, the final slag in BOF converter contributes
the final results of steel refining operations by the
following major factors:

a. SiO, content acting in the sense of
decreasing the sulphide capacity of slag which is one
of the definitory parameters of slag in
desulphurization of steel. The decreasing of the
negative influence of SiO, content is costly and
practically it may be performed only by increasing the
total amount of slag by supplementing the additions.
The possibilities to do this are limited in a narrow
range and other performance indicators of steel
refining efficiency became worse due to the
increasing of slag amount in the ladle.

b. the amount of slag carried-over in the
refining ladle, during tapping;

c. the content of iron oxides, whenever this
indicator is expressed.

As general conclusions, it might be mentioned
that the refining of steel under slags is possible,
efficient and might be optimized as performance and
costs, only if the amount of transferred slag from
converter to the ladle is limited to less than 400-
500kg/heat (180tones of steel) and the content of SiO,
in slag to also limited at less than 12% mass. At a
such moderate and acceptable amount of BOF slag
carried over in the refining ladle, the intake of iron
oxides is also moderate and the necessary content for
successful refining operation (including FeO<0.5-
1%mass) is controllable by usual operations during
current operations involved in normal practice and
normal duration of the refining period. Reduction of
iron oxides in the ladle slag is realized with an
important consumption of aluminium (7-54kg/heat of
180t of steel) at a reference amount of slag 2120kg
equivalent to 12kg slag/t steel.

These conditions are relatively easy to be
accomplished in the normal practice of steelmaking in
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BOF, but they are easier to be ensured if the pre-
treated liquid iron is used.

A complex treatment of liquid iron consisting in
decreasing the content of silicon, sulphur and carbon,
combined with steelmaking in BOF equipped with
argon bubbling bottom nozzles is the optimal solution
to minimize the possible negative effects of converter
slag carried — over in the refining ladle.

There is evidence that, if optimal parameters of
BOF slag carried over in the ladle refining are not
respected, any computational algorithm will give
receipts and parameters for treatment with refining
slag out of optimal range satisfying technical and
economical requirements.

Mainly either due to the necessity to prolong too
much the duration of treatment or due to the
increasing of the necessary amount of refining slag,
refining process will evoluate with difficulty and
usual purposes of treatments, i.e. obtaining low

contents of oxide inclusions and/or low contents of
sulphur, are missed or are random.
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ABSTRACT

Occupational risk management is part of the occupational health and safety at
workplace. Occupational risk management has a specific component relating to the
assessment of the risk and a common component of all types of management
including: planning, organizing, implementing, and controlling. Managers must
understand the legal and moral liability of their job in ensuring a healthy and safe
workplace and to make all necessary efforts to achieve and maintain this goal.
Although this action is the responsibility of management, employees also have a
role as important in ensuring health and safety at the workplace.

The case study approach, this paper aimed to determine if employees respond
to the important efforts being made by the organization to reduce the level of risk in
the workplace and improve security. The case study was based on questioning of
one total of 64 employees in the industrial sector in Galati area Romania. The
questionnaire had a total of 24 questions chosen so as to show how well the
respondents understood the occupational risk management, the attitude towards
risk assessment at the workplace, how vigilant are at the workplace, if they
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understood measures security and the extent to which they meet.

KEYWORDS: Occupational risk, employee’s involvement, understanding,

attitude, vigilance

1. Theoretical aspects

The standard O.H.S.A.S. 18001 (revised in
2007) shows in section 4 that organizations have to
develop all the functions of occupational risk
management such as: security policies, organizational
plan, the hazard identification, risk assessment,
implementation, control, monitoring, and continuous
improvement [1, 2, and 3].

Risk management is therefore part of the
occupational health and safety at workplace can be
integrated with environmental management and
quality management.

Adoption by the organizations of risk
management was stimulated by trade unions,
advances in medicine, technology upgrading,
standards, legislation and other factors.

As result of the OHSAS 18001 occupational
risk management has a specific component relating to
the assessment of risk and a common component of
all types of management namely: planning,
organizing, implementing, controlling.

Speciality literature [4, 5, and 6] is in agreement
with the following steps in the evaluation of
occupational risk:

- identifying hazards;

-measuring (assessing) risk in terms of severity
and probability;

-risk analysis;

-response to risk;

-control and monitoring of risks.

There are no fixed rules regarding risk
assessment but mentioned steps assure us that the
process is adequate and sufficient. Identifying hazards
is widely recognized as the most important stage of
the process. These steps require guidance by risk
specialists and an experienced working team.
Successful approach is provided as management
involvement and active participation of the
employees. There are also methods that can be used
to identify hazards [7, 8, and 9] such as: Check list,
What if? Tee Fault Analysis, Analysis of Failure
Modes and Effects "(FMEA) Brainstorming, Hazard
Study and Operability (HAZOP), etc.
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For low risk activities such qualitative methods
allow a simple risk assessment and taking immediate
and appropriate action. For organizations with
numerous risk factors this qualitative analysis will be
followed by a quantitative analysis techniques and
appropriate methods.

Risk assessment is considering two main
components: the severity of the consequences
resulting from the production of a hazard and the
probability of that hazard. Most methods for assessing
the severity of consequences and likelihood of
happening receive a numerical value (class) with
clear explanations and descriptions. Risk assessors
will fit correctly hazards in these classes.

Size of risk can be assessed by multiplying the
two factors [7]:

R =GxP (1)
where: R - risk value;

G - class of severity of hazard consequences
P - class the probability of chance;
or torque is estimated by two factors [10]:
R=(G,P) 2)

Risks are classified according to their size and
risk levels then enclosed in a matrix which allows
identification of major hazards requiring urgent
action. Our country applies a domestic method
devised by ICSPM in 1998 which provides 7 grades
of severity, 6 classes of probability and seven levels
of risk. It is established a partial risk on each hazard
and risk global is established with relationship:

Z:ri-Ri

Nr=il 3)
2t
i=1

where: Nr = the global risk level on the workplace;
1; = risk factor rank "i";
R; =risk level for the hazard "i";
n = number of hazards identified at the
workplace.
Risk analysis involves risk ranking and
classification in acceptable risk and unacceptable risk.
Legislation in our country has the global risk
threshold value 3.5 (calculated with Equation 3). Also
at this stage it is verify all existing measures and
procedures to control risks. All the specialists make
observation that risk analysis should identify the
major hazards that can damage important to the health
and safety of employees, but also significant financial
harm. Therefore, even if apparently risk management
requires financial expenses, applying it will bring
many benefits.
For answer to risk is very important to apply
measures in the following order of priority (ILO
Recommendation No. 193 Paragraph 5):

- elimination of the risk;

- control of the risk at the source;

- minimisation of the risk by such means as the
design of safe work systems, the introduction of
technical and organisational measures and safe
practices and training;

- use of personal protective equipment and
clothing (at no cost to the worker).

The control activity and monitoring of the risk
is a common component of management. You will
adopt and promote a policy that describes the security
measures, responsibilities of management and
employees. There are procedures clear and easy to
understand. Will be put in place mechanisms for
consultation between employees and between
employees and their elected representatives on all
aspects of the existing risks in the workplace This
actions encourages a proactive behavior of employees
beneficial in understanding and applying security
measures. Besides technical measures other measures
such as information, training and continuous training
of employees for knowledge and risk awareness is
essential [11].

Managers must understand the legal and moral
liability of their job in ensuring a healthy and safe
workplace and to make all necessary efforts to
achieve and maintain this goal. Although this action
is the responsibility of management, employees also
have a role as important in ensuring health and safety
at the workplace [12, 13, and 14].

The case study approach, this paper aimed to
determine if employees respond to the important
efforts being made by the organization to reduce the
level of risk in the workplace and improve security.

2. Case study regarding employee
response to the implementation of risk
management

The case study was based on questioning a total
of 64 employees in the industrial sector in Galati area
Romania. The questionnaire had a total of 24
questions chosen so as to show how well the
respondents understood the occupational risk
management, the attitude towards risk assessment at
the workplace, how vigilant are at the workplace, if
they understood measures security and the extent to
which they meet.

Figure 1 shows the level of understanding of
occupational risk by those polled. Were well
appreciated by the responses of 16 (25%)
respondents. They know the very basics of hazard and
risk have been trained and are aware of the risks and
hazards of the workplace, were directly involved in
the risk assessment.
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Fig. 1. Understanding level of risk management:
a) on number of interviewed employees b) in [ %]

Were well appreciated by a total of 33 (52%)
who know the notion of risk and hazards at the
workplace, know emergencies situations and
participated in the assessment of the risk by the
representatives. Satisfactory appreciated by 15 (23%)
of the respondents. They understand the concept of
risk and the need for security measures work, admit

45 41
40 1
35 4
30

25 23

20
15
10 A

5

Number of respondends

0
proactive attitude passive attitude

Answers

a

they were and are regularly trained in occupational
safety but do not know the risk factors and hazards of
the workplace and any measures taken by employers
to avoid risks.

Figure 2 presents the results of the respondents
on attitudes towards risk assessment process at the
workplace.

@ proactive attitude B passive attitude

Fig. 2. Attitude towards risk assessment process:
a) on number of interviewed employees, b) in [ %]

It was considered a proactive attitude to 41
(64%) respondents interviewed respectively who
were involved in evaluating the risk personally or
through representatives, know the difference between
a situation of risk and one normal, know the dangers
of the workplace and emergency situations. A passive
attitude was assessed for 23 (36%) respondents who
are not paying attention to trainings, consider
employer solely responsible for prevention, consider
excessive security measures.

Results concerning vigilance at the workplace
are shown in Figure 3 and it was considered on three

scales: high, medium and low. Were considered the
most vigilant employees who take steps to feel safe at
the workplace; considers that routine work not
diminish vigilance; are paying attention to training
even know what it is about, never happened not to use
safety equipment, know all the risk factors and at the
workplace hazards. They were in total of 23 (36%)
respondents.

They were appreciated with medium vigilance a
mean of 31 (48%) who admitted that it was happened
not to use safety equipment and do not know the risk
factors at the workplace.
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Fig. 3. Vigilance at the workplace: a) on number of respondents, b) in [ %]

With low vigilance were considered to be the
inattentive to instruction and who does not take all
safety measures at the workplace respectively a total
of 10 (16%) respondents.

45 - 41
40

Figure 4 shows the results concerning the level
of understanding of occupational safety measures.
This was assessed on three levels: high, medium and
low.

0 high @ medium 0O low ‘

35
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Answers

a

64%

low

b

Fig. 4. Level of understanding of occupational safety measures:
a) on number of interviewed employees b) in [ %]

It is seen from the graphical representation that
most employees, 41 people [64%], understand the
need for security measures of work. However, besides
the positive rated answer, the respondents underline
that would get advices concerning safety at
workplace. Respondents do not take always measures
to feel safe at the workplace. A total of 15 [23.5%]
respondents were appreciated with medium
understanding of security measures. A total of 8
(12.5%) people said that security measures are
exaggerated and believes that safety equipment is not
always absolutely necessary. Figure 5 shows the
extent that employees respect work safety measures.

We established in this respect three stages of
assessment: high, medium and low extent.

Most of those respondents answered "yes" to
the question if they comply with safety occupational
measure at the workplace but the answers at other
relevant questions did the differentiation on the three
steps.

Many of them said they consider uncomfortable
safety equipment (24) and have been times when they
not worn (27) or do not know measures in case of fire
(then how to comply?) and another 13 respondents
recognized directly as not comply with occupational
safety measures.
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Fig. 5. Far as employees respect occupational safety measures:
a) on number of interviewed employees b) in [ %]

3. Conclusions

The case study shows that at the organizations
level it has been implemented occupational risk
management and it has been done a risk assessment
for each job. Thus 94% of those surveyed said they
were informed (signed) on risk factors and specific
hazards of the workplace and over 65% have
personally participated in risk assessment. All
respondents confirm that they are trained on
occupational safety issues (daily, monthly or
quarterly depending on their activity).

- Although managers meet their legal and moral
obligations regarding occupational safety the case
study shows that employees are still many steps to go
up to an optimal response to these efforts, as follows:
37% of respondents consider only the
employee or employer responsible only to the
prevention of at the workplace hazards;

- over 40% do not know the risk factors and
32% do not know what is the usual procedure in case
of fire;

- 16% show a low vigilance at the workplace;

- 22% respect to a small extent occupational
safety standards;

Over 50% would not report an incident if it has
no consequences; 15.5% said that faced with a
situation of risk at the workplace.
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ABSTRACT

In this paper is studied the influence of steam treatment applied on sintered
steels and the mechanical properties and abrasive wear behavior for two different
types of powder. Steam treatment was carried out at temperature of 550° C and
maintaining time of 60 minutes. It was found that the best values for Vickers
microhardness and abrasive wear were recorded for sampler P,.

KEYWORDS: powder metallurgy, sintering, steam treatment, mechanical

properties, abrasive wear

1. Introduction

In the last years, there has been a growing trend
in utilisation of ferrous and nonferrous alloys
obtained through powder metallurgical (P/M)
processing. Comparing it with conventional casting
techniques, this technique offers some advantages,
such as: a low processing temperature, a near-net
shaping, more material utilization (>95%). The
properties of a P/M component depend on the
sintering cycle [1, 2].

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

Sintering is the process of compaction,
consolidation by heat treatment of a compacted
product [3]. During sintering, surface, intergranular
and volume diffusion are the mechanisms involved in
the transport of material [4]. The properties of
sintered materials are determined, in the first step, by
the nature of the material’s characteristics for
powders involved, and secondary by pressing and
sintering process parameters [5].

Steam treatment is a surface treatment applied
to sintered iron-based parts to reduce the
interconnected pores by sealing with iron oxides [6].
Comparing it with plastic or copper impregnation,
this treatment is an economic way. An increase in the
hardness, wear resistance and corrosion resistance by
the oxide formed was detected occur [7 — 18].

In this paper, the mechanical properties and
abrasive wear behavior of steam treatment on the
sintered alloys were analyzed.

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 pre-
alloyed powder with Cu, Ni and Mo is presented in
Table 1. In Figure 1 is presented the size distribution
of the analyzed powders.

35

30 1
mP1

oP2

04— —— - - -
5,7 - - [ —
]

> 150 pm

100-150 ym  63-100 ym  45-63 pm

Powder size [um]

<45 pum

Fig. 1. The size distribution of analyzed powders

To evaluate the mechanical properties, a die for
making the samples in the form of a cylinder was
produced.
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Table 1. The chemical composition of analyzed
powders, %

Powder type Cu Mo Ni C
P, 0.096 | 0.008 | 0.046 | <0.01
P, 1.50 0.50 4.00 <0.01

The samples were used to evaluate the
mechanical properties such as Vickers microhardness
and abrasive wear. 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 disc specimens are ¢ 8
X 6 mm (Fig. 2).

Fig. 2. The aspect of a sample

The green samples were sintered in a laboratory
furnace, within a controlled atmosphere. The
sintering temperature was approximately 1150°C and
the sintering time was 60 minutes with a heating rate
of 30-40°C/min. All the samples were kept in the
furnace for slow cooling to room temperature.

After cooling to room temperature the samples
were steam-treated. The steam treatment temperature
was approximately 550°C and the maintining time of
60 minutes. Specimens were then air-cooled at room
temperature.

2.2. Abrasion wear tests

The sintered samples and those subject to steam
treatment were tested for abrasion wear test. 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 76.5 m. The samples were subjected
to circular motion over the wheel on which the
abrasive paper was stuck.

The abrasion test process included fixing the
abrasive paper on the wheel, loading on the machine
of the samples of known weight and then applying the
load. The samples were cleaned and weighed before
and after each test interval. After the tribological
tests, the worn surfaces were examined by optical
microscope, to identify the characteristics wear
mechanisms.

2.3. Mechanical properties

The sintered and steam treated samples were
analyzed according to their mechanical properties.
The microhardness tests were performed by
measuring Vickers microhardness, the test parameters
are: the penetrator is a diamond pyramid diameter and
load of 100g. The microhardness values were the
average of three indentations.

3. Results and discussion

3.1. Microstructure analysis

The microstructures of sintered and steam
treated samples were observed by optical microscopy
(Olympus BX 50). Figures 3 and 4 show the
microscopic analysis of the sintered and steam treated
samples. The microstructures reveal the appearance
of pores in sintered state and their filling after the
steam treatment.

B ®

Fig. 3. Microstructures of sintered samples: a) Py, b) P,
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(a)

Fig. 4. Microstructures of steam treated samples: a) Py, b) P,

It appears that the iron oxide formed during
steam treatment seals the pores at the surface and
inside to sintered samples. It was found that the
sample of non-alloy powder P, presents the best
reaction to steam, meaning that its lower density
provides a higher pore filling compared to sample P,,
which is more compact.

3.2. Microhardness values

Figure 5 shows Vickers microhardness values
for sintered and steam treated samples.

The microhardness values were the average of
three indentations.

It is found that steam treated samples have a
difference of aproximatively 30% in values of
Vickers microhardness compared to sintered samples.

This difference results from the high hardness
of the induced magnetic iron oxide (Fe;O4). An
increase in hardness was associated with an increase
in wear resistance.

1 100 pm

Fig. 6. Optical photomacrographs of worn surfaces for sintered saples: a) P, b) P,

B Sintered
300 O Steam treated

250
200
150

UHV100
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=

Microhardness

o
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Fig. 5. Vickers microhardness values for
sintered and steam treated samples

3.3. Tribological tests
The worn surfaces of sintered and steam treated
samples after abrasion tests were examined in optical
microscope, the typical aspects of abraded surfaces
are represented in figures 6 and 7.

100 pin
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100 pm

Fig. 7. Opfical photomacrographs of worn surfaces for steam réate sapls: a) Pl, b) P,

The microscopic analysis of sintered samples
subjected to abrasive wear shows that the wear traces
are more pronounced for sample P;.

This observation is confirmed by the wear loss
of the sintered samples. The presence of pores
increases the stress concentration around the pores
and acts as wear generation and material deformation
areas, The wear resistance for steam treated samples
results from the high hardness of the induced
magnetic iron oxide (Fe;O,). Also, the oxide layer
produced by the steam oxidation is able to perform a
lubricating action between the sliding surfaces. For
the worn steam treated samples, the depth and width
of wear grooves for sample P, are greater as
compared to those of the samples P,.

3.4. Wear loss

The wear rates were calculated from the
difference in mass of the specimens before and after
the tests. The samples were weighed using a precision
balance with a sensitivity of 10 before and after
each test (Fig. 8), so it was possible to evaluate the
wear undergone by the material, the sample P,
provided the greatest weight loss, in sintered and
steam treated state.

m Sintered
0.6

O Steam treated

05 —

—~

204 |

03 1
02 r

Wear loss

01 r

0

P1 P2
Sample type

Fig. 8. Mass loss of the sintered and steam
treated samples tested to the abrasion test

4. Conclusions

The following conclusions can be obtained from
this research:

- The microscopic analysis reveals the steam
treatment effect on sintered samples by pore filling of
iron oxides, mainly the magnetite oxide.

- The wear properties of sintered iron were
significantly improved by a steam treatment of 60
minutes and by the addition of copper and
molybdenum. The wear resistance for steam treated
samples results from the high hardness of the induced
magnetic iron oxide (Fe;0,).

- 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 give results in conformity with these
aspects of the surface.

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

- Sample P, presents a much smaller wear
groove width that can ensure a good resistance.
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ABSTRACT

SnO, nanostructures thin films with thickness of 500 nm were prepared by
electron beam-physical vapor deposition on glass substrate at temperature of 300,
373, 443, and 583 K. Structural and morphological properties of these
nanostructured thin films were studied by Scanning and Transmission Electron
Microscopy (SEM, TEM) and Atomic Force Microscope (AFM) methods. The
changes in structural and morphological properties are found at different
temperatures. Increase temperature causes important change of the structural and
morphological properties. The sample prepared at 300 K has crystalline structure
and the sample prepared at 583 K has amorphous structure. Roughness parameters
have low values at 300, 373, 443 K as opposed to the values obtained at 583 K. This
different behavior may be due to the amorphous structure of the sample that was

observed in the TEM analysis.

KEYWORDS: electron

beam-physical

vapor deposition, structural,

morphological properties, TEM, SEM, AFM

1. Introduction

Nanostructures of SnO, thin films have been
employed in a wide range of applications including
solid state gas sensors, liquid crystal displays,
transparent conducting electrodes, infrared reflectors,
plasma display panels (PDPs), transistors, etc. [1-5].

Among such semiconductors, SnO,
nanostructured thin films seem to be a good candidate
for the solar cell applications (e.g., as a window
material) because of there wide band gap (3.6 eV) at
room temperature [6—10]. In addition, SnO, is useful
as a hard film material for applications requiring high
refractive and reflective properties. SnO, thin films
have been prepared by various techniques such as
RF-magnetron sputtering [1, 11, 12], electron beam
evaporation [13], sol-gel coating [14], chemical

vapor deposition [15], etc. Various characteristics of
these SnO2 films have been observed to change by
changing the preparation technique and environment.

Of all the methods, electron beam-physical
vapor deposition (EB-PVD) is much preferred for
many desirable characteristics such as flexible
deposition parameters, low contamination relatively
controlled composition, high deposition rates, dense
coatings, tailored microstructure [16, 17].

SnO, films produced by the EB-PVD process
usually have a good surface finish and a uniform
microstructure. The versatility of the EB-PVD
process is very wide and friendly to environment and
new films and materials continue to be developed. In
the present study were prepared SnO, nanostructured
thin films with 500 nm thickness onto glass substrate
by EB-PVD at various substrate temperatures.
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The influence of substrate temperature on
structural and  morphological  properties  of
nanostructured SnO, thin films were studied using
Scanning and Transmission Electron Microscopy
(SEM, TEM) and Atomic Force Microscope (AFM).

2. Experimental part

SnO, thin films were deposited using electron
beam evaporation of SnO, powder (Sigma Aldrich,
purity 99.99%) as a starting material onto high-
quality microscope glass substrates using tungsten
crucibles. The substrates were chemically cleaned and
by glow discharge 30 mA for 6 minutes. The
temperature of the glass substrates during the electron
beam evaporation was maintained at different values
of 300 K, 373 K, 443K, 583 K in order to study the
temperature’s influence on the properties of the
obtained films. The system was pumped to a base
pressure of less than 10~ Pa before deposition and O,
was injected into the chamber during evaporation at a
partial pressure below 10 Pa. The substrate was set
at a distance of 56 cm from the source and rotated at
20 rpm during deposition to obtain uniform and
homogeneous films. The deposition parameters were

@ crSP21

optimized to reduce the film roughness. Thickness of
film and rate of its deposition were controlled with
the help of an in situ quartz crystal thickness monitor.
Thickness of the film was about 500 nm and the
deposition rate was set as 20 A/sec. The TEM
investigation was performed on a Philips CM-120
electronic microscope with an accelerating voltage of
120 kV. The surface morphology for SnO,
nanostructured thin films was studied by Atomic
Force Microscope (AFM, model: Solver PRO-M) and
scanning electronic microscope (SEM, model: FEI
Nova NanoSEM 630).

3. Results and discussion

Selected area electron diffraction (SAED)
patterns were taken from a selected area of the SnO,
thin films. In Fig.1 is shown the SAED pattern of the
SnO, thin film deposited at substrate temperature of
300 K. The seven intense diffraction rings shown are
corresponding to diffraction from (101), (111), (210),
(211), (310), (320) and (321) crystallographic planes.
The SnO, thin film deposited at 300 K exhibits the
polycrystalline structure and corresponds to a
tetragonal rutile structure.
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Fig. 1. SAED pattern of the SnO, thin film deposited at substrate temperature of 300 K

Fig. 2 shows bright-field transmission electron
microscopy (BF-TEM) image recorded from plan
view specimen, showing that SnO, thin films exhibit
a grainy structure which consists of many small
grains of relatively uniform size forming a
morphologically homogeneous structure.

The size distribution of the crystallites, are
plotted in Fig. 3. The distributions of grain sizes, as
measured from BF-TEM images, were fitted to the
lognormal curves [18, 19]. The mean grain size was

found to be around of 9.48nm. Table 1 shows the
average particle size varies with the substrate
temperature. Note that the maximum average size of
40.78nm  of nanoparticles was obtained at
temperatures of 373K.

At a temperature of 300K, the average particle
size is the smallest value, ie. 9.48nm. At
temperatures of 443K and 583K, nanoparticles
average size decreases to 17.16nm and 13.18nm,
respectively.
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Fig. 2. BF-TEM images of the
SnO, thin film
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Fig. 3. The distribution curve of the diameters
of the crystalline grains of SnO2 thin films

Table 1. Some characteristics of SnO, thin films

Substrate Film Mean Grain
temperature | thickness | grain size shape
(K] [nm]
300 500 9.48 spherical
373 500 40.78 spherical
443 500 17.16 spherical
583 500 13.18 spherical

We find that spherical nanoparticles retain all
four temperatures [20, 21].

The structure of the thin films is crystalline at a
substrate temperature of 300 K, and it is noticed
become amorphous at 583 K.

Another method of investigating the structure of
SnO, nanostructured thin films is atomic force
microscopy (AFM). By this method it has been

0 5 10 15 20 25 30 35 40 45
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determined the roughness of the samples studied. Fig.
3 shows 2D and 3D images of SnO, samples obtained
at temperatures of 300 K (a) 373 K (b) 443 K(c) and
583 K(d) and the 500nm thickness.

Table 2 shows roughness parameters (average
roughness, Sa, root square average, Sq) at samples
with thickness of 500 nm obtained at temperatures of
300, 373, 443, and 583 K.
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Fig. 3. 2D (left) and 3D (right) images of SnO, thin films with thickness of 500 nm obtained at
temperatures of 300K (a) 373K (b) 443K (c) and 583K (d)

Table 2 Some roughness parameters of SnO, thin films

Substrate Film Average Root mean
temperature | thickness | roughness, Sa | square, Sq
[K] [nm]
300 500 3.1966 4.06847
373 500 2.31532 2.99308
443 500 2.20535 2.81901
583 500 34.3865 43.9978
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Studying the surface topography of SnO, thin
films thus obtained was found that surface
morphology of the substrate is influenced by
temperature. Very small values of roughness of SnO,
nanostructures thin films at temperatures of 300, 373,
443K, and a much increased value at 583K. This
different behavior may be due to the amorphous
structure of the sample at this temperature, confirmed
by the TEM analysis [20, 21].

Because SnO; nanostructured thin films have a
low electrical conductivity, their research by scanning
electron microscopy is difficult. For this reason films
were covered with a gold layer with a thickness of SA
using Edwards AUTO 500 equipment. In this case,
the SEM study was performed with an accelerating
high voltage of electrons of 10kV and a magnification
0f 30,000x.

The images presented in fig. 4 show that for the
same film thickness of 500nm, deposited layer
structure is influenced by the substrate temperature.
Thus, Fig. 4a shows the image of a film deposited at
300 K consisting of islands composed of
nanoparticles whose size varies between 133.7 to
188.8 nm. At a substrate temperature of 373K, image
shown in fig.4b, the coating consists of islands joined
together and that includes nanoparticles whose
dimensions range from 104.2 to 178.3nm. At a
substrate temperature of 443K, Fig. 4c, the thin film
tends to appear uniformly encompassing irregular
particles of size 133.2-570.3nm arranged disorderly.
Films obtained at a support temperature of 583K,
fig.4c, are smooth including nanoparticles uniformly
arranged with irregular polygonal shapes and sizes of
276.4-660.4nm.

Fig. 4. SEM images of SnO; nanostructured thin films with thickness of 500 nm obtained at
temperatures of 300 K (a) 373 K (b) 443 K(c) and 583 K(d)

4. Conclusions

By EB-PVD method, we prepared SnO,
nanostructured thin films with thickness 500 nm on
glass substrates, at different temperatures of 300, 373,
443 and 583K. We investigated structural and
morphological properties of the thin films thus
obtained using TEM, AFM and SEM techniques. The
sample obtained at 373K has the highest average size

of nanoparticles, 40.78nm, while those obtained at
300K have the lowest average size of nanoparticles,
9.48nm. Nanoparticles have a spherical shape and it
is not influenced by the change of the substrate
temperature. Roughness parameters show different
values to changes in the substrate temperature. The
greatest roughness parameters of the SnO, thin film
corresponding to a support temperature of 583K when
the film is in amorphous state.
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Structural and morphological properties were
studied, proving to be very sensitive to the change of
substrate temperature during nanostructuring of SnO,
thin depositions. The substrate temperature strongly
influences the structural and the morphological
properties during nanostructuring of SnQO, thin films,
which is in good agreement with literature dates [16-
21].
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ABSTRACT

This paper presents the realization of TiC thin films by CVD method. The thin
layers of TiC thicknesses were 8 and 10um, their thickness increasing with time,
keeping the temperature. Diffractometer analysis certifies that this thin layer of TiC
is homogeneous and unscratched. Microhardness of thin layers of TiC is HV s =
30000MPa compared to WC (carbide substrate of the component) that has a

microhardness HV s = 17000MPa.

KEYWORDS: method, diffractometer analysis, microhardness

1. Introduction

Mono-based sintered hardmetals, WC-Co, are
mainly used for cutting materials and parts for wear
resistant applications.

Chemical Vapor Deposition is a widespread
method of forming thin layers. In today's world, it is
estimated that 30-40% of all exchangeable cutting
plates, sold, are covered by CVD method [1].

Technology of thin films of titanium carbide
wear resistant vapor phase followed an original way
of achieving titanium tetrachloride directly inside the
heat treatment, thus avoiding the import of these
tetrachlorides which present a high toxicity. For the
ferrotitanium technology with positive results we
obtained using ferroalloys with higher concentration

of 65% titanium. Ferrotitanium technology shows
economic interest as it eliminates the drawbacks of
tetrachloride which is highly corrosive titanium and
us instead ferrotitanium.

2. Experiments

Titanium tetrachloride vapor is obtained directly
in the deposition reactor, the reaction of hydrochloric
acid vapors passed over incandescent ferrotitanium
(1120°C).

Installation of obtaining thin layers of TiC,
(Figure 1), includes the following main parts: 1 -
sources of Gas; 2- flowmeters; 3 — evaporator; 4- the
working chamber; 5, 6 - air purification; 7 - widia
plates; 8 - neutralization vessel.

ol
Lo}

ar CH, H:

Fig. 1. Installation of obtaining thin layers of TiC
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In developing the system layer deposition
technology, it occurs the simultaneous deposition on
the entire the working chamber, a particular
temperature profile combined with a time ratio of the
volume of gas in the mixture. This is achieved with a
thermocouple and pressure flow meters [2].

Titanium tetrachloride is obtained from rutile,
ilmenite, titanium slag, titanium oxide and methane
gas according to the reaction:

Ti0, + C+2Cl, < TiCl, + CO, + 56kcal /| mol

2Ti0, +2C +4Cl, <> 2TiCl, +2C0, +1 lkcal/ mol

Reactions being endothermic, require heat entering
the system. In this work, titanium tetrachloride is
obtained directly in the working chamber of the
ferrotitanium and concentrated hydrochloric acid at
elevated temperature (over 1000°C) according to the
reaction:

Ti,+4HCl > TiCl, +2H,
TiCl,+CH,+H, »> TiCl+4HCI + H,

Figure 2 shows the equilibrium diagram Ti-C.

Temperalure °C

1500

Atomic Percent Carbon
[} "0 <0 a0 40
i VR S,

--------

TiC + graphite

Ti Weight Percent Carbon

r - S—
20 245 30 5

Fig. 2. Diagram of equilibrium Ti-C system, [3]

We can make the following considerations:

- diagram contains narrow areas of solubility of
carbon in aTi and BTi;

- titanium carbide (TiC) has a wide range of
homogeneity;

- the lower border of the solubility of carbon in

TiC eutectic temperature Ti — TiC (1645 °C) [3].

In Table 1 are presented the main characteristics

of titanium carbide [4].

Table 1. Properties of TiC carbide

Fropertyr LA, TiZ
Feport ray CIT1 0.52
Crarthon content o 20.05
Termperature hormogene ity range 175052 e 11-20
Type and lattice parameters IA Cubic a=4317 &
Dlensity gfom’ 403
Enthalpryr of forrmation of elernents Kralfaol ]
HHO2PE
Standard entropey S020E Kralimol 58
Entroper training elements & S0298 Kralfol -2.92
Specific heat 292 2073 *C Kealirnol 11 83H1 2 10°5T-
3.58-10-°T-2
hlelting point iz 3257
The evaporation temperature i 4300
Tensile resistance IPa 0.65
Flexural IPa 015
Cornpresstve strength IFa 138
Tvlodulus of elasticity IvPa daln
Ilineralogical hardness scals - -9
Fockwel Hardness HEA IPa 025235
Tlicrohardness H, IvIPa S17£17
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Uncoated (TPUN22.04.08 type P30 and
SNUN15.04.08 type K20) and coated plates of TiC
were tested, Figure 3. Microstructure of samples

analyzed indicate that they belong to the user group P
(WC-Co-TiC) and revealed the presence phases o,
and no n phase [5, 6].

Fig. 3. The visual appearance of widia
plates-type P30 and K20

Figure 4 shows the SEM micrography: a-
structure unassailable of alloy with 5% Co and 95%
WC and b- structure attacked of alloy with 5% Co and
95% WC. This structure represents the type of
structure characterized by the predominance of non-

crystallising tungsten carbide with very fine grains.
This type of tungsten carbide is called o - metastable
constituent, = whose  size  grading  upward
transformation is inevitable during sintering.

b)

Fig. 4. SEM micrography: a - unassailable, b - attacked of alloy with 5% Co and 95% WC, X500

Figure 5 presents the microscopic appearance of
the sample in the interface coating-substrate
separation and SEM micrograph of TiC surface layer
is presented in Figure 6.

coating-substrate separation
(attack Murakami, x 2000)

Fig. 6. SEM micrograph of TiC, x2000

In Figure 7a is shown thin layer of TiC of 10
pm, thickness layer is uniform, homogeneous and
adherent throughout its depth and in Figure 7b is
presented a diffusion layer by dispersion X ray
camera.

- 52 -



THE ANNALS OF “DUNAREA DE JOS” UNIVERSITY OF GALATI.
FASCICLE IX. METALLURGY AND MATERIALS SCIENCE
N’ 32013, ISSN 1453 — 083X

a)

b)

Fig. 7. a) SEM micrograph of the TiC layer with a thickness of 10um;
b) Diffusion layer by retrodispersie ray camera, X 2000

Diffractometer analysis was performed by X-
ray diffraction (XRD) on plates coated with thin
layers of TiC to working temperature 1120°C.
Diffractogram was obtained with a diffractometer
equipped with a horizontal goniometer (Figure 8) [7].

XRD spectra were recorded at room
temperature and diffractometer using CoKa radiation
(A=1,79 A®) in 20 configuration ranged between 40°
and 70°, at 40 kV tension and 30mA current intensity
with a scanning speed of 0.02°/min and acquisition
time of 1s/step.

The specific lines are tall and narrow, (111)
plane corresponds to the angle 26 = 16.5°, (220)
plane corresponds to the angle 26 = 21.73°, and (200)
plane corresponds to 20 = 20.25°. The result is
favorable evidences TiC layer (the highs curves
diffractometer).

- ~1170°
ol 2 T=1120°C
* Y
100 H
- =
780 =)
L8 2 3
'R &
§ O ©
5ol > o
z
[]-

2o W 1 B 7160
2Theta (arad)

Fig. 8. XRD analysis for the thin layer of TiC

a) magnification x1000

Fig. 9. Microhardness deposited layer of TiC - cross section

The results are in agreement with the literature
[8,9].

Layers Microhardness Vickers method was
performed by using an optical microscope type M-
400-H1 (Hardness Testing Machine) [10]. The

microhardness determinations were carried out on
plates coated with thin layers of TiC with thickness of
10um.

Microhardness Vickers is not a constant as
Vickers hardness, with all geometric similarity of
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fingerprints, but generally decreases with increasing
test load. [11].

Figure 9 a, b presents microhardness TiC coated
plates in cross section at different magnifications and
in Figure 10 are presented HV,os microhardness
prints in the substrate. The microhardness tests show
a hardness value of HV{ s = 30000 MPa coated with

Fig. 10. Prints of microhardness HV g5 in the
substrate (magnification x 1000)

3. Conclusions

- Titanium carbide thin layers obtained by chemical
vapor deposition method, followed a realization
original titanium tetrachloride directly in the working
chamber, thus avoiding import this tetrachloride
showing a high toxicity.

- Titanium tetrachloride is given directly the thermal
treatment chamber by the use of hydrochloric acid
vapors passed over the incandescent ferrotitanium (or
pure titanium).

- It was established a substrate temperature of ~
1120°C at which TiC can be achieved.

- SEM micrographs have a suitable structure.

- Thickness layer is uniform, homogeneous and
adherent throughout its depth.

- The diffractometer analysis is favorable evidences
TiC layer.

- The microhardness tests show a hardness value of
HV, 5= 30000 MPa coated with TiC layer.

TiC layer, a value that is consistent with data from the
literature in relation to the microhardness substrate
(95% WC - 5% Co) which is HV, ¢s = 17000 MPa.

In terms of hardness, there is a strong
correlation between Co and hardness of WC-Co
alloys, the hardness decreases with increasing cobalt
content [12].
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ABSTRACT

Much of the base iron in grey iron foundries is electrically melted in an acid
lined induction furnace. The performance of the induction furnace allows
superheating above 1500 °C, which is appropriate for thin wall casting production.
With higher levels of superheat, the base iron characteristics are totally different
from cupola melted iron, resulting in changes to the final casting microstructure.
Previous experiments illustrated that eutectic undercooling of this type of base iron
is excessively high, demonstrating an increased need for inoculation. The high
dissolution rate of residual graphite in superheated iron and difficulties in forming
complex (Mn,X)S compounds as active nucleation sites of graphite can be due to
very low residuals of Al (< 0.003%) and Zr (< 0.0003%), especially at less than
0.03%S content. This results in increased tendencies for chill and undercooled
graphite morphologies, even in inoculated irons. The structural characteristics of
low-S (0.025%), low-Al (<0.003%) and 4.0 wt.% carbon equivalent for electrically
melted grey irons were studied at different solidification cooling rates in wedge
castings up to 20mm wall thickness, using Ca and (Ba + Ca) inoculating elements
in FeSi based alloys with the same Si and Al contents. Under these conditions, Ca
inoculation had minimal effect at less than 8mm wall thickness, while a Ca-Ba
combination improved most of the structural parameters, including those in thin
wall castings: less than 10% carbides for 2.5 mm and no carbides at more than
5mm section size, which also showed the highest graphite amount with a uniform
distribution over the casting section.

KEYWORDS: grey cast iron, S, Al, Ca, Ba, inoculation, graphite, carbides,
matrix

low sulphur content especially if residual Al or Zr are
also very low. After the addition of one or more
inoculants to the molten iron, the compound (Mn,X)S
becomes more complex at a lower ratio Mn/S, which

1. Introduction

The study on the efficiency of inoculants used in
the production of grey irons aims to design a process

that will produce a structure that is commensurate
with achieving the target mechanical properties [1].
These are strongly influenced by the components in
the structure, or control of graphite morphology and
its distribution, the composition of the metal matrix
and possibility of defects. The key factor for the
production of grey irons with high resistance is
represented by the graphite morphology control [2].
Recent research results have identified the
graphite nucleation sites as being of the (Mn, X)S -
type in commercial grey cast iron. Formation of these
complex compounds can be more difficult in
electrically melted iron, because of the tendency to

is suitable for the germination of graphite [2-4].

The purpose of this paper is to evaluate the
efficiency of Ca-and-Ca,Ba-FeSi alloys for
controlling the structural characteristics of 4.0%
carbon equivalent [CE], low S (0.026 wt.%S), low Al
(0.0015 wt.%Al), typical of electrically melted
commercial iron.

2. Experimental procedure

For this experiment grey cast iron was melted in
a 100kg, 2400Hz frequency, electric induction
furnace. The iron was superheated to a temperature of
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1484°C and poured into a specially designed furan
resin mould.

The mould was designed with a central
downsprue, which simultaneously supplied the base
iron to four separate test reaction chambers, with one
acting as an un-inoculated reference and three to test
different inoculation variants [5-7].

In this paper two inoculated irons were
compared, one treated with Ca-FeSi alloy and the
other with Ca, Ba-FeSi alloy to assess the
effectiveness of each inoculant in reducing carbides,
and to control the graphite morphology. The effective
inoculating elements in the two alloys were Ca and
Ca-Ba: Ca-FeSi (wt-%: 73.8Si, 1.02Ca, 0.77Al, Fe-
bal) and Ca, Ba-FeSi: (wt-%: 72.6Si, 0.94Ca, 0.96Al,
1.68Ba, Fe-bal). The treatment alloys had a fine grain
size (20x80 mesh), specifically for addition of the
inoculant into the iron stream. The addition rates of
the two selected inoculants in the reaction chamber
were evaluated at 0.16 wt.% Ca-FeSi alloy and 0.10
wt.%Ca,Ba-FeSi alloy, respectively.

Sample wedges W; (ASTM  A367-85,
19x38x100mm, CM = 0.35cm cooling modulus) were
connected to the reaction chamber. The wedges were
analyzed to establish the structural characteristics of
grey iron after inoculation. Plate and cylindrical
samples were also cast for other analyses. The design
of the ASTM W; samples promotes the formation of
carbides in the apex area because of the high
solidification rate [8].

These samples were fractured, polished and
analyzed with a conventional microscope for
metallography and an automated image analyzer, on
the un-etched and those etched with a 2% Nital
solution.

The analyses were performed on both the
centreline and along the surface at Imm depth of the
test castings. A higher solidification rate is expected
at the casting surface, compared to the central region.
The amount of graphite and its morphology (Figure
1), the amount of carbides and the metal matrix
features were evaluated.
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Fig. 1. Typical graphite morphology in grey irons [ASTM]

3. Results and discussion

The test iron is characterized by medium levels
of C and Si, positioning it close to the eutectic (CE =
4.0%, Sc = 0.93), with low trace elements content,
including those known to promote carbides (Tables 1
and 2). A Pearlite factor P, [9], commonly used to
characterize ductile iron, is mainly influenced by Mn,
Si and some micro-elements.

One of the most important characteristic of grey
cast iron is the level of and the ratio of the elements
Mn and S since these affect the germination of
lamellar graphite in commercial irons.

Tables 1 and 2 show critical parameters for iron
solidification with low eutectic undercooling, as
affected by Mn, S and Al content: (% Mn) x (% S) =
0.01 <0.03; Al = 0.0015 < 0.005%; Zr = 0.00044% <
0.0005% [2-4].

Tablel. Chemical Composition of Base Iron (wt-%)

C Si Mn P S Al Cr Mo Ni Co Cu
3.49 1.73 0.382 0.100 0.0258 | 0.0015 0.048 0.0087 | 0.0364 0.0045 0.0566
Nb Ti W \4 Pb Sn As Zr Bi Sb Te

0.00033 0.0042 0.0066 0.0016 0.0005 | 0.0041 0.0061 0.00044 | 0.0011 | <0.0004 | 0.0016

B Zn N Ca Mg Ce La Fe

0.00079 | <0.0001 | 0.0095 | <0.0002 | 0.00058 | 0.0018 | <0.0001 94.1
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Table 2. Control Factors of Base Iron Chemistry

Eutectic Range Mn and S Control Pearlitic Al Control
Carbon Carbon Mn/S | (%Mn)x (%S) | Factor***, P, [min.
Equivalent* Saturation 0.005%]
CE,% Degree**, S,
4.04 0.93 14.81 0.01 3.83 0.0015

*CE=C +0.3(Si + P) - 0.03.Mn + 0.4S; **S.= C/ C, = C /4.3 - 0.3(Si + P) + 0.03.Mn - 0.4S
**%P, = 3.0 (%Mn) — 2.65 (Si - 2.0) + 7.75 (%Cu) + 90 (%Sn) + 357 (%Pb) + 333(%Bi) +
20.1(%As) + 9.60(%Cr) +71.7(%Sb) [9.]

D Un-Inoculated Ca-FeSi Ca,Ba-FeSi

Fig. 2. Central zone microstructure of W5 samples at different distance (D, mm) from the apex, for un-
inoculated, Ca-FeSi and Ca,Ba-FeSi inoculated irons [un-etched and Nital etched]
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Figures 2 and 3 show the graphite phase and
metal matrix characteristics, of un-inoculated and Ca-
FeSi or Ca, Ba-FeSi inoculated irons at different
distances from the apex of W5 wedge sample, along

the centreline (Fig. 3) and at the surface (Fig. 4),
respectively. At greater distance from the apex
sample width increases (section size), and therefore
experiences slower cooling rate.

5

Un-Inoculated Ca-FeSi Ca,Ba-FeSi

Fig. 3. Surface zone microstructure of W3 samples at different distance (D, mm) from the apex,

for un-inoculated, Ca-FeSi and Ca,Ba-FeSi inoculated irons [un-etched and Nital etched]
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The influence of cooling rate or the distance
from the apex of the wedge casting, the inoculation
treatment and type of inoculating element on the
amount of carbides and graphite, and undercooled
graphite ratio were the focus of this evaluation.
Avoiding both carbides and undercooled graphite
morphologies (B, D, E), resulting in the preferred
Type A, graphite formation is the most important
objective of inoculation in grey cast iron production.
Generally, well inoculated grey irons are
characterized by Type A graphite nucleation with low
eutectic undercooling, usually at more than 25 °C
above the metastable (carbidic) eutectic equilibrium
temperature (Ts). As undercooling increases and the
start of graphite nucleation is closer to Tng the
graphite will branch, forming abnormal patterns.
These shapes are known as Types B, D and E
graphite. A further increase in undercooling will
suppress the formation of graphite, resulting in a hard
and brittle white iron, carbidic structure, with very
poor machinability. An inverse relationship exists
between the level of free carbides and distance from
the apex of the chill wedge, and the wedge width,
respectively. The risk of carbides is lower with
increasing wedge width, but is dependent on whether
the state of the iron is as base iron or inoculated iron.
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The effect from inoculation was able to
eliminate free carbides formation at more than 26 mm
distance from the apex (13 mm wall thickness) for
Ca-FeSi inoculated iron and at 10 mm distance (5mm
section size) for Ca, Ba-FeSi treatments, in the
centreline area of the wedge castings. As expected,
the surface area of these castings is more likely to see
metastable solidification conditions and free carbides
formation.

Additionally, the end effect [8] is more visible,
especially for un-inoculated iron. Ca-bearing FeSi
alloy limited this effect, but only Ca, Ba-FeSi
inoculation avoided it. Ca, Ba-bearing FeSi alloy
appears to be more effective especially for thin wall
castings (less than 5mm section size), despite the
critical chemical composition. The conventional
inoculant Ca-FeSi does not achieve a clear effect of
limiting the carbides at high solidification rates
(Figure 4). The amount of graphite formed is related
inversely to the variation in amount of carbides, (Fig.
4c and 4d).

At greater distance from the apex (increased
section size = lower solidification rate), normally
leads to a higher amount of graphite, but it depends
on the state of the iron as well as which inoculating
elements are employed.
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Fig. 4. Influence of cooling rate and inoculation on the carbide amount (a,b),
graphite amount (c,d) and undercooled graphite ratio (e,f) at different distances
from the apex of W; — ASTM A387 wedge casting

Ca, Ba-FeSi inoculation led to the highest
amount of graphite, reflecting the lowest level of
carbides, whereas Ca bearing FeSi alloy inoculation
had a limited effect in these experimental conditions.

Undercooled graphite morphologies, including
B, D and E type graphite (Fig. 1) are seen to be
affected by cooling rate, iron treatment and inoculant
type (Figs. 4e and 4f). Un-inoculated iron typically
has the highest amount of these inferior graphite
morphologies, with 100% presence up to 10mm
section size, and more than 90% for the larger wedge
casting sections, for both analyzed areas (centreline
and surface). Ca-bearing FeSi was only effective
above 10mm section size, decreasing the undercooled
graphite up to 70%. Ca, Ba-FeSi inoculation had a
stronger effect, as the undercooled graphite ratio
decreased above 5mm section size by up to 40% in
the centre areas and by 60% at the surface area of
wedge castings.

Ca is considered the base inoculating element,
while Ba is known as a strong promoting element that
prolongs the effect of graphite germination.
Combination of the two inoculating elements shows a
beneficial effect on low sulphur irons [10]. Ca, Ba-
FeSi alloy is more efficient in reducing carbides and
undercooled graphite both at the centre and the
casting surface compared to Ca-FeSi inoculant, which
was less able to limit undercooled graphite and
carbide formation. Ca and Ba inoculated iron had a
uniform distribution of graphite over the whole
surface of the sample with relatively small differences
between the two central and marginal areasDespite
the relatively high carbon equivalent (CE = 4.0%),
the experimental irons develop iron carbides and an
undercooled graphite morphology during
solidification. As expected, the un-inoculated iron
contained a large number of carbides with a small

amount of graphite, most of which was present as
undercooled graphite (more than 90% of the sample).

The pearlite / ferrite ratio is determined not only
by the solidification rate and later, the cooling rate,
but also by the graphite phase characteristics, which
influence carbon diffusion during the eutectoid
reaction. Normally at higher cooling rate (close to the
apex of the wedge casting, equivalent to thinner
section), there is a higher pearlite/ferrite ratio.
However, undercooled graphite morphologies formed
during eutectic solidification, as a result of higher
eutectic undercooling, typical of high cooling rates,
will also influence the later eutectoid transformation
when the iron is 100% solid: increased carbon
diffusion is easier because of the shorter distance
between graphite particles. This creates a local zone
in the matrix with sufficiently lower carbon content to
allow ferrite formation, even if free carbides are
present (mottled iron structure).

4. Summary

(1) The study confirmed that low-S (0.025%),
low-Al  (<0.003%) and low-Zr (<0.0005%)
electrically melted base iron superheated to 1484 °C,
with a (%Mn) x (%S) <0.03 control factor, is highly
prone to free carbides and undercooled graphite
formation, even at high carbon equivalent
(CE=4.0%), for thin wall castings.

(2) A conventional Ca-bearing FeSi inoculant,
added at the lower amount for an in-mould treatment
technique (0.16 wt-%) had a limited graphitizing
capacity, and only above 10 mm section thickness in
the test castings.

(3) Despite adding 40% less in the reaction
chamber than Ca-FeSi alloy, Ca,Ba-FeSi alloy was
more effective than the Ca-FeSi reducing carbides
formation, down to a 5mm section size.
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(4) Both inoculant variants showed a limited
performance to avoid undercooled graphite formation,
with Ca,Ba-FeSi inoculant outperforming Ca-FeSi.

(5) A more effective inoculation treatment is
necessary to control both carbides and undercooled
graphite formation, especially for castings with less
than 5 mm section size.
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ABSTRACT

The present work has the purpose of studying metallographic aspects and
corrosion resistance of three materials used in ammonia stripping plants. The
corrosion process was evaluated by gravimetric tests and potentiodynamic method.
Materials tested were Al 1050 (99.5%Al), stainless steel AISI 316Ti and low alloy
steel P235TR2. To determine gravimetrically the rate of penetration, samples were
immersed in corrosive environment for 294 days and weighed periodically. As test
solution 0.5 M ammonium hydroxide (specific for coke industry) was used in a three
electrode open cell with material tested as working electrode (WE), a platinum
electrode as counter electrode (CE) and an Ag/AgCl electrode as reference

electrode (RE).

KEYWORDS: corrosion, ammonium hydroxide, penetration index

1. Introduction

Corrosion process plays an important role in the
field of economics and safety. Various types of
materials are included in different industries
(chemical and electrochemical industries, medical,
nuclear, petroleum, power, and food production), and
also in daily life.

In the stripping plants were used the following
materials: aluminium Al 1050, stainless steel 316Ti
and low alloy steel P235TR2.

The high affinity of aluminium for oxygen
enables them to develop oxide films at room
temperature and these films possess excellent
adhesion, continuity and corrosion resistance
properties. In atmospheres of low or moderate
corrosivity, aluminium behaves as a passive material,
but the insignificant corrosion that takes place is
sufficient to deteriorate its appearance [1]. The
corrosion behavior of commercial aluminium alloys
was studied in many aqueous chemical environments
[2-11]. Type 316Ti stainless steel has been widely
used as sheet and tube materials in the chemical
industry and nuclear power industry. Up to now,
various environments have been investigated and
reported for materials used in the circuit piping
system and should be cautiously considered for
purposes of safe operations and managements as well
as remaining life assessment of different plants,
among which corrosion is of great importance [12-

16]. Corrosion behavior of low-alloy steel was
investigated in many environments [17-24].

2. Experimental procedure

For weight loss measurements, the samples of
materials (AISI Al 1050 (99.5%Al), stainless steel
AISI 316Ti and low alloy steel P235TR2) were
abraded with different emery papers (grade 800, 1000
and 1200), washed with double distilled water, rinsed
with ethanol and acetone, and then dried at room
temperature.  After weighing accurately, the
specimens were immersed in beakers containing
250mL of 0.5 M ammonium hydroxide solution, at
25°C. After each immersion time, the specimens
were taken out, washed, dried, and weighed
accurately. In order to obtain good reproducibility,
experiments were carried out in triplicate.

The corrosion rate (V) and penetration index
(P) were calculated from the following relations:

Am _ _
Veorr =519 >.h™ (1)

where: Am is the weight loss values, S is the total
area in m” and t is the immersion time in h, and

24365V,

2
1000- p @

Vom—Corrosion rate, [gm’2 ~h'1]; p - density, [g-cm'3].
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Potentiodynamic polarization —measurements
were conducted using a VoltaLab-PGP-201.

A conventional cylindrical glass cell of 250mL
with three electrodes was used. A platinum sheet of
2cm? area and Ag/AgCl electrode (Eagagcr=1200
mV/ENH) were used as auxiliary and reference
electrodes, respectively.

The working electrode was embedded with
epoxy except for the working surface.

Potentiodynamic  polarization curves were
obtained by varying the potential automatically from -
300 to +300mV against the open circuit potential
(OCP) with the scan rate of 2mVs™ starting one hour
after immersion of the working electrode into the test
solution.

3. Results and discussion

In Figures 1-3 is shown the weight loss for the
studied materials.
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Fig. 1. Weight loss vs. exposure time to
corrosive environment NH,OH 0.5M for Al 1050
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Fig. 3. Weight loss vs. exposure time to
corrosive environment NH,OH 0.5M
for P235TR2
The values of the corrosion rate were obtained from
weight loss measurements using Eqgs. (1) at 25°C and
were listed in Table 1.

0,10

0,05

Table. 1. Corrosion rate

Sample Al1050 | 316Ti | P235TR2
Time Corrosion rate
[days] Veor =AM/(St)  [g/m*h]

1 356.167-10° 0 555.555-10°
14 39.032-10° 0 64.682-107
28 24.307-10° 0 46.626-107
42 18.528-107 196-10°° 33.664:107
56 16.205-107 442-10°° 33.928:107
70 13.452-107 708-10° 29.166-107
98 12.247-107 506-10° 29.875:107
126 9.680-10~ 524-10°° 27.226:10°
154 12.403-107 429-10°° 24.855:107
182 12.867-107 499-10°° 22.741-107

210 15.949-107 472-10°° 21.137-107
238 17.845-107 521-10° 24.159-107
266 18.066-107 497-10°° 27.474-107
294 18.603-107 506-10° 30.432-10°
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From the graph shown in Figure 4 it have be
seen that samples Al 1050 - 1 day of immersion has a
high penetration index of 1155 mm/year thereafter
greatly decreases averaging 50+10~ mm/year.

In Figures 4-6 are shown the values of
penetration index for the studied materials, calculated
with relation 2.

1200 L 5 5 5 5 5

800 : : : : :
60011 : : . :
aoo-- .
oodi |
200
100 J:

Penetration index 107, [mm/year]

L L LA DL DL | L |
] 50 100 150 200 250 300

Time [days]
Fig. 4. Penetration index vs. time for Al 1050

This shows that the sample surface was covered
with a layer of aluminum oxide which greatly reduces
the corrosion rate.
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Fig. 5. Penetration index vs. time for 316Ti
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Fig. 6. Penetration index vs. time for P235TR2

From the graph shown in Figure 5 we can see
that samples from 316Ti present the first weighing,
zero mass loss, only at 42 — day, they show a weight
loss of 1¢10*g, and until the end of the analysis the
average penetration index of 500+10° mm/year.

Corrosion of gravity detected in 0.5M NH,OH
was evidenced by metallographic analysis on the
surface of the sample subject to corrosion during a
period of 294 days. In Figures 7-9 are shown some
microstructures of the materials studied, before and
after immersion in 0.5M NH4OH for 294 days. The
changes induced by different mechanisms from
corrosion, at the interface of Al 1050/ corrosive
environment were studied in comparison to control
samples of Al 1050 (before the corrosion).

In Figure 7.a. there is a bright appearance of the
original sample surface with a less specific roughness
and small imperfections (scratches, nicks).

After the immersion period of 294 days, the
surface morphology is deeply modified (Figs. 7.b.
and 7.c.). Passivated surface is degraded initially,
strong and bright appearance disappeared, being
replaced by darker large areas. It appears that the
mechanisms of degradation of the material due to
corrosion are complex, so it appears that in addition
to continuous corrosion (the entire metal surface has

suffered from aggressive environmental action)
shows a local corrosion (due to structural
imperfections, nonmetallic inclusions, internal

microtensions by second order) as evidenced by:
- corrosion spots - large portions and relatively small
depth;
- corrosion plate - relatively small areas but greater
depths;
- points of corrosion (Pitting) - concentrated on small
and deep areas (with diameters up to 100 pum).

316Ti stainless steel samples (Fig.8.) show a
very high chemical stability. The area has not
changed significantly (probably light intercrystalline
corrosion phenomena limit small chemical
compounds precipitated in the metallic matrix).
Microstructures for P235TR2 show the generalized
deep corrosion in spots and points of corrosion
(pitting). In Fig. 9.a on the polished sample and
whitout metallographic attack it can be seen a steel
with small quantity of nonmetallic inclusions (score
1.5-2). The macro-metallographic analysis reveals
that in the presence of heterogeneous structures
(pearlite) the corrosion process is intensified because
grain dispersed phases are in contact and the alloy
behaves like two metals which are in contact in the
same corrosive environment (fig. 9.b.). The presence
of non-metallic inclusions favors accelerated local
corrosion. The typical anodic potentiodynamic
polarization curves of material tested, measured in
NH,4OH 0.5 M solutions, are shown in Fig. 9.
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a) b) ©)
Fig. 7. The metallographic aspect of Al 1050 samples before (a) and after immersion
for 294 days in NH,OH 0.5 M

Fig. 8. The metallographic aspect of 316Ti samples before and after immersion
For 294 days in NH,OH 0.5 M

I

Fig. 9. The metallographic aspect of P235TR2 samples befre and after immersion
For 294 days in NH,OH 0.5 M

Corrosion rates of the coatings were derived 200
from the Stern—Geary equation: ) _m_: —-ﬂ:{:}.
E -600 < oy
iCOfT = ! ﬂa 'ﬂC (3) § -"-' —_ 10T NH OH
2.303 Rp ﬂa + ﬂC s "“"' == 1050_NH OH
12004 =omPISTRI_NH OH
E r(\“(x'
- icorr 15 the corrosion current density in Amps/cm’; 1400+ r—
- R, is the corrosion resistance in ohms cm’; 1600+ Ry
- B, is the anodic Tafel slope in Volts/decade or 20 45 10 05 00 °:’= 10 15 20 25
mV/decade of current density; ) log I, [pAfemT}
- B. is the cathodic Tafel slope in Volts/decade or Fig. 9. Comparative polarization
mV/decade of current density; potentiodynamic curves for tested materials in
- the quantity, (8, BB, +5), is referred to as the  0.5M NH,OH solution obtained after 60 minutes
Tafel constant. of immersion time
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The polarization resistance, Rp, was determined
from the slopes of the potential-current plots
measured by the linear polarization curve (LSV) at a
scanning rate of 2 mV/s.

The corrosion potential (E.), corrosion current
density (icor) and polarisation resistance (R;), which

were obtained from the potentiodynamic polarisation
curves are summarized in Table 2.

From potentiodynamic polarization curves the
polarization resistance for Al 1050 was 0.74 kQ-cm’.
For 316Ti stainless steel samples the polarization
resistance was 29.26 kQ-cm’.

Table 2. Results from the potentiodynamic polarisation curves for the tested materials

No. Tested Ecor, mV pa | Be icor Rp Vcor
material Ag/AgCl [mV/dec] [LA/cm?] [kQ-cm’] [um/an]

1. Al 1050 -1443.5 322.3 380.0 102.32 0.74 1115

2. 316Ti -360.0 478.0 125.0 1.47 29.26 17.21
3. P235TR2 -585.4 311.1 409.9 8.90 8.62 103.14

4. Conclusions

The results obtained from weight loss and
electrochemical studies were in reasonable agreement
for low alloy steel P235TR2. Microstructures for
P235TR2 present profound generalized corrosion,
spots and points of corrosion (pitting).

The samples of 316Ti stainless steel show a very
high chemical stability.

After the immersion of 294 days, the surface
morphology of Al 1050 is profoundly altered.
Passivated surface is degraded, strong and bright
appearance initially disappeared, being replaced by
darker large areas.

From the electrochemical results, it can be seen
that the corrosion potential of Al 1050 tends to more
negative values, hence it is deducted that the
polarization resistance value is the smallest (of the
order of Q) in comparison to other materials whose
polarization resistance is of the order kQ. The
corrosion rate calculated has the highest value for Al
1050 (1.115mm/year) and the lowest for 316Ti
(17.21pm/year).
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ABSTRACT

Arcelor Mittal is the leader on important iron and steel global markets. This
company has a performant system for research, for iron and steel plate production

and has a top network for distribution, too.

The company has production units in 20 countries on 4 continents, in all key
markets of iron and steel industry. Arcelor Mittal has committed to operating in its
units in a responsible manner and has taken care of the health, safety and welfare
of its employees. At the same time, it is committed to acting with respect to

sustainable development.

KEYWORDS: work risk, safety at work places, risk management

1. Introduction

Arcelor Mittal Galati is one of the most
powerful companies in the south-east of Europe.
Analysis of such work will be carried out in laths
thick plate nr 2. Thick plate steel rolling mill machine
no. 2 (L.T.G. 2) is included in the factory of flat
laminates, which are located in the northern part of
the mill. The main objective of activity is to obtain
finished products like thick plates. Rolling mill
machine no. 2 has the purpose to products thick plate
with the thickness of 6-120 mm and the width
between 1600-4200 mm.

Like every grate unit, the workers take contact
daily with risk factors that can affect their integrity
and health.

Risk factors that can exist in the rolling mill
process:

The most important risk factors that appear in
rolling mill process are:

1. mechanical chain, coupling, unprotected rolls
with specialized cage;

2. bruising caused by diverse transport systems
inside the factory;

3. self starting of scissors, crane and rolls of
plates transport;

4. sliding or rolling of parts that are stored in
not allowed places;

5. tipping over parts, assemblies, materials,
stored without ensuring their stability;

6. free drop of parts, equipment, tools that can
injure the workers;

7. disposal of iron or steel particles, parts of
transmission elements from the rollers without
fenders;

8. deviation from normal trajectory of the plates
during processing;

9. splash of oil at an accidental crack of
hydraulic circuits;

10. separate stings and cuts
dangerous surfaces or contours;

11. working in the neighborhood of pressure
vessels;

12. low temperature of metallic surface (in cold
weather) that workers get contact with;

13. flames that appear because of electrical
panel.

caused by

2. Research targeting factors that may
jeopardize job security

After the investigations at the thick steel plate
rolling mill machine, Heavy Plate Rolling Mill no. 2
(LTG-2) made by the authors between 15.06 2012 -
15.12.2012, the following causes that can injure
workers on mill were revealed:

- electrocution by direct touch, because there have
been found uninsured and nonensulated ways of
electric ~ power, noninsulated  switchboards,
improvised electrical connections etc.

- electrocution by indirect touch because there have
been found earthling connection systems of the
damaged equipment;

- 68 -



THE ANNALS OF “DUNAREA DE JOS” UNIVERSITY OF GALATI.
FASCICLE IX. METALLURGY AND MATERIALS SCIENCE
N’ 32013, ISSN 1453 — 083X

- electrocution at voltage appearance because there
are electrically operated equipment working in wet
environment without protection;

- working with toxic substances - mineral oils,
paraffin waxes etc.;

- working with caustic substances -
phosphates mixture in coolers;

- working with flammable substances - oils, greases
etc.;

- high air temperature (> 40° C) in the vicinity of the
furnace, on the crossing bridges of the rolling path
etc;

- low air temperature during winter - when running
repairs (when stationary);

- airflow - leak site, open doors, etc.;

- low lighting level — suspended particles in the air,
missing lighting lamps etc.;

- high contrast between the light emitted by
incandescent material and general background

water +

lighting of the enclosure, which can lead to overuse
of vision;

- infrared radiation from incandescent material,

- high work rate - due to the functioning mill;

- the execution of contingency operations in work
load or differently than it is stipulated in the technical
work;

- setting work parameters beyond the prescribed areas
of technology work;

- trouble with other performers - working mill is an
action team;

- turning on machinery without permission from the
checkpoint;

- disruption of the cooling circuit;

- fall on the same level by imbalance, slipping,
tripping — walking on slippery surfaces loaded with
dust, leaking, etc.

- falls from height: by stepping into the void, by
imbalance, by sliding - septic technology without
railings, without warning indication.

.

Fig. 1. View of L.T.G.-2[1]

3. Measurement and prioritizing risk
factors at LTG-2

Research targeting main factors in terms of job
security in Heavy Plate Mill No. 2 allowed
measurement both in terms of unsafety level and
priority.

We named factors starting with F1 to F15 and
built the diagram in Figure 2 based on these risk
factors, namely:

F1 - lack of protection for some gear wheels,
couplings and cinematic chains (gear box, coupling
and unprotected cinematic chain;

F2 - click Start-spot inspection of fly scissors,
crane or rollers of plates transport;

F3 - design particle - skims, transmission
elements from rolls (without device), quick couplers
balance and so on;

F4 - normal trajectory deviation of the blank
(band) during rolling;

F5 - electrical shock because of unprotected
electrical current cable, uninsured electrical panels,
improvised electrical connections etc.;

F6 - high air temperature (> 40° C)] in the
vicinity of the furnace, on the bridges crossing the
rolling path etc.;

F7 - high noise level,

F8 -infrared radiation from
material;

F9 - pneumoniconiosis powders present in
workplace air;

incandescent
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F10 - making difficult decisions in a very short
period of time, when dealing with situations of
"incident" or "fault" type;

F11 - fall on the same level by imbalance,
slipping, tripping - slippery caused by walking on
surfaces loaded with dust, leaks etc.;

F12 - contact with dangerous surfaces or

contours (pungent, sharp, slippery, abrasive,
adhesive);

Risk level
I

w

F8

F13 - free fall of parts, materials, tools at
higher rates;

F14 - walking, stops in dangerous areas on
access roads, car or rail, stand rolling mill, roller path
on walkways etc.;

F15 - failure of wusing labor protection

equipment and installations and other means of
protection granted by the employer.

F9 fF10
Potential dangers F11 r12 F13 14 e

Fig. 2. Variation of potential dangers in connection with risk level [3].

It is noticed that the maximum potential danger
is at positions F1 (gear box, coupling and
unprotected cinematic chain), F2 (click Start-spot
inspection of fly scissors, crane or rollers of plates
transport), F5 (Electrical Shock, because of
unprotected electrical current cable, unensured
electrical panels, improvised electrical connections
and F15. The minimum for potential danger is at
position F7 (high noise level) and F10 (Making
difficult decisions in a very short period of time,
when dealing with situations of "incident" or "fault"
type).

3.1. Calculus and measurement
of risk level

iri *R;

Nr=4l
n

Zri
i=1

(1

- 70 -

which:

Nr - level of global risk at work place;

r; - risk factor "i";

R; - the risk level for a risk factor "i";

n - number of risk factors that were identified
at each work level.

Nr = (7+7+2+4+7+3+1+6+3+1+6+2+3+5+7)/15=
=64/15=4.26

This value of 4.26 resulted from the calculation
made by formula (1) shows that "laminator" work
falls into the category of jobs with partial risk level.

In Figure 3 we show the share of risk factors
identified by the partial values of the levels of risk.

It is noticed that the risk factors with the
greatest share while working is over 74%. Another

risk class (secondary) has the value over 12% and the
third is about 5.5%.
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112,96%

>

1-risk factors with partially level of risk — 3
2-risk factors with partially level of risk — 5
3-risk factors with partially level of risk — 7
4-risk factors with partially level of risk — 1
S-risk factors with partially level of risk — 2

Fig. 3. The share of risk factors identified by the partial values levels of the risk.[3]

4. Conclusions

According to the research performed on job
security in the thick steel plate Rolling Mill machine
no. 2 (LTG 2) we conclude that the main measures to
be taken to secure these jobs are:

- using personal protective equipment and
means of collective labor protection equipment;

- attending daily and quarterly briefings on
security or safety line in section mills;

- conducting periodic medical examination in
due time;

- not initiating work if restricted marks and
registers do not exist at the control station and
immediately announcing the supervisor;

- using of stopping restriction trademarks,
repairing and restarting the mill machinery;

- maintaining protective railings, guards and
protective cases from moving car bodies and
protective railings on stairwells and walkways;

- using special cables and chains, metrologically
checked and endowed with panels with the maximum
charge allowed for the evacuation of bucket drops;

- failure of interventions to under pressure
plants, lifting and transport if there are no appropriate
qualifications;

- failure of loads biding activities at and from
lifting hook, unless the worker is trained and
authorized as slinger or the worker;

- non-use of unapproved binding elements and
devices, improvised and/or unregistered in registers at
work;

- non-use of tools, devices and controllers not
approved, worn out and/or improvised;

- the issue of access ladders, working platforms
and traffic routes with materials, parts, waste, and so
on;

- carrying out operational activities of technical
machinery in mills based on working instructions and
safety;

- non-interference in the mill machinery if it is
not stopped and secured against accidental starting;

- performing installation work — remove of
stand rolling mill, of support and working cylinders
only when the rolling mill does not function.

- taking measures to exclude fall of slag drop or
other objects while performing cleaning activities of
scale channels;

- unsteady at a distance of less than 5 meters
from the machines of the mill, under running (way
roller degrosor train, train wheel, rulors, transfercars,
chain conveyor, tandem, furnaces, etc.) excepting
operators in the area;

- non-intervention with bare hands on
semifinished or reddening table elements (hot
elements);

- non-intervention in rolls strapping machine
while tied wrap roll band,

- immediate shutdown of equipment where there
is imminent risk of injury;

- use of access routes and movement marked,
well lit and suitably delimited slippery, while walking
from one work station to another;

- do not going over moving conveyor chains;

- non-interference in electrical systems for
remedying faults;

- waste and drop deposit (waste of scissors
cutting laminates) in spaces designated for that
purpose;

- conducting activities so as to prevent injury or
occupational illness to yourself or other employees of
the business;

- performing only activities that are authorized
according to legal requirements.
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If these measures are I'espected by the Workers [2] ok Instruci;iunea de lucru la paturile de racire "L.L. -L -
of Heavy Plate Mill No. 2, the risk of the job will ~ 107/2007,rev.0%

[3]. *** - Instructiunea tehnicd de lucru privind exploatarea si
greatly decrease and thus the per sonal Safety for these intretinerea sistemelor de protectie si sigurantd la laminor ,,I.L.-L —

jobs will increase. 015/2007, rev. 17
[4]. *** - Instructiunea tehnicd de lucru privind efectuarea
References activititii de curitenie a slamurilor si tunderului L. — L —
086/2007, rev. 2”.
[1]. *** - Instructiunea de lucru la laminotul de Tabla Groasa nr.2 [5]. *** - Cartea lucratorului laminatorist- Ed. Interna. Rev. 2012.

”I.L - 007/2012, rev. 07
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ABSTRACT

This paper presents how to perform simulation (prediction) mechanical
properties of aluminum alloys of the system Al-Zn-Mg-Cu. Graphical interface that
can predict the mechanical properties studied was performed using MATLAB
software version 6.5 based on mathematical equations mathematical models
obtained by the mathematical modeling of thermomechanical treatment process
studied. This GUI can be established before the thermomechanical treatment
parameters to achieve a favorable complex mechanical properties.

KEYWORDS:
mathematical modeling

GUI,

1. Introduction

Due to special properties such as high strength,
low specific gravity, chemical stability, good thermal
conductivity, good to very good resistance to
corrosion, etc. aluminum alloys find their application
in almost all branches of modern industry and
aviation implicitly. Close cooperation between
aircraft manufacturers and metallurgical engineers led
to obtaining material characteristics. Since the
inception of building aircraft manufacturers have
been clear that the materials were to be used for
aircraft must be at the same time, strong and
lightweight. In aeronautical engineering has had a
rapid development that makes metallurgy strive to
ensure performance materials to meet the
requirements of the aviation industry. Alloy Al-Zn-
Mg-Cu are part of deformable aluminum alloys and

aluminum

alloy thermomechanical treatment,

hardened by applying heat treatment and (or) Thermo.

Some of them have mechanical properties
comparable to alloy with copper base with some steel
grades, but have the advantage of much lower
density. In this paper we present research conducted
by the authors on thermomechanical processing of
these alloys that leads to optimal complex materials
properties such.

2. Experimental conditions

Tensile strength alloys Al-Zn-Mg-Cu is even
greater as the precipitate formed, which is phase
hardening precipitates, after aging, natural or
artificial, are more numerous, finer and more
dispersed in the solution table core (solid solution).
Experiments were performed on samples from alloy
chemical composition given in Table 1.

Table 1. Chemical composition of alloys subjected to research

Element | Mg Cu Si Fe Pb Cr Mn | Al
Alloy
1(AlZn2,6Mg2) | 2.67 | 2.06 122 031 | 029 | 00025 | 006 | 047 | rest
2(AlZnd,5Mgl) | 4.5 1.4 0.2 035 0.4 - 035 | 05 | rest
3(AlZn5,7MgCu) | 5.76 | 2.6 1.55 015 | 019 | 0021 | 019 | 0.10 | rest

Alloys have been investigated alloys are the
principal alloying element is zinc. As shown in Al-Zn
equilibrium diagram in Figure 1., Zn content of the

three alloys investigated were of 2.67, 4.5 and 5.76%
Zn alloys are part of wrought alloys and hardened by
treatment heat.
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Fig. 2. Schematic representation of thermal and thermomechanical processing

Sequence of operations that have undergone
three samples of three is shown in Figure 2.

As illustrated in Figure 2 samples of the three
alloys considered were subjected to
thermomechanical treatment with cold plastic
deformation between two artificial aging. After
implementing the solution hardening is performed at
a temperature of 1000C aging for 1 hour to stabilize
structural material. Further, the samples are subjected
to cold plastic deformation, with three degrees of
deformation, €1 = 10%, €2 = €3 = 20% and 30%, to
achieve set size.

Subsequently these distortions is achieved by
artificial aging heat treatment at temperatures T1 =
120°C, T2 = 140°C, T3 = 160°C, T4 = TS = 180°C
and 200°C and time-keeping: t1= 4hours, 12=8hours,
13 = 12hours = 16 hours 14, ©5 = 20hours.

Among the aluminum alloys studied alloy (3)
AlZn5.7Mg2.6 gathered the best physical and
mechanical properties of resistance. Based on this
consideration, in order to optimize the use of this
alloy properties, we proceeded to develop
mathematical model typical thermomechanical
treatment process, based on the optimization process.

We considered that the main influencing factors
(independent variables) thermomechanical treatment
following technological parameters:

1 - artificial aging temperature - t [°C];

2 - while maintaining the temperature of
artificial aging - 7 [h];

3 - degree of plastic deformation - € [%].

Optimized parameters are considered as the set
of physical and mechanical properties: Ry, Rpo, 2, As,
HB.
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Given studies and experimental results obtained
by some authors [141], [155], [156] on alloys with
high strength aluminum base, we established
experimental conditions as follows:

* aging temperature:

- basic level: Uy, = 160°C;
- the range: Au, = 40;
* the duration of aging:
- basic level: Uy, = 12 hours;
- the range: Au, = 8:00
* the degree of deformation:
- basic level: Ug; = 20%;
- the range: Au; = 10%

We used samples of the same thickness, and the
total degree of strain variation was cold by
maintaining a constant final thickness.

Coded to represent the experiment, we used the
following notations and symbols:

Independent variables:
* x1 - artificial aging temperature, t, °C;

* x2 - retention time, 7 [h];
* x3-degree strain, € [%];

Dependent variables (parameters optimized)

* Y1 - tensile strength, Rm [MPa];

* Y2 - yield, Ry, [MPa];

* Y3 - Specific elongation at break, As [%];

* Y4 - hardness, HB;

Between natural and coded values of the factors
are the following relations xi link:

_i-ly

X =

At

T-%. £-¢% .

2 > X3 = 5
AT Ag

Yi values are expressed in natural units.As we
study the influence of three factors on process
performance (Y) has conducted a full factorial
experiment type 23. Complete factorial experiment
based matrix coefficients are calculated regression
equation (mathematical model).

The specific calculations to obtain the final
form of mathematical models, corresponding to the
four properties studied:

Y (t,7,6)=592,1339 —1,0766 - t + 7,6406 - 7 + 3,6063 - £ —0,0293 - £ - 7 — 0,0059 - - £ = 0,0016 - 7 - &
Y, (t,f,g) =536,621-0,8375-1+7,0625-7+4,5375-£—-0,0328-¢-7-0,0213-¢-£+0,0594 -7 - ¢
Y3 (t,r,g)z 8,125+ 10,0219 -1 - 0,1063 - 7 — 0,0438 - £ + 0,0003 - £ - 7 — 0,0004 - £ - £ + 0,0003 - 7 - &
Y4(t,r,£)= 137,5357 - 0,1906 - t + 4,5625 -7 + 1,6 - £ — 0,0195 - £ - 7 = 0,005 - - £ + 0,0063 - 7 - £

After verifying the adequacy of mathematical
models based on Fisher criterion shows that all
models are consistent with experimental data and can
be used to optimize the thermomechanical processing.

With MATLAB software version 6.5 and based
on the mathematical model obtained was made a
prediction program (simulation) values of mechanical
properties investigated.

3. Results and discussion

The simulation values of mechanical properties
studied is shown with graphical interfaces and usable

parameter

values within experimental

thermomechanical treatment.
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The input parameters (thermomechanical
treatment parameters) Remove the period studied,
based on which the range of values were obtained
mathematical equations, the simulation accuracy is
lower. Figure 3 presents the picture began to run
simulation program based on the values of properties
in thermomechanical treatment parameters.

Figure 4 shows the simulation of the mechanical
strength of the alloy value (3) that was subjected to
thermomechanical treatment which consisted of cold
plastic deformation with a degree of deformation of
25% followed by artificial aging at 170°C with a time
of maintenance 5 hours.

TEMPERATURE OF TREATMENT  DURATION OF TREATMENT DEFORMATION RATIO ALLOY 3
Temp =/ 170 Time =] 5 E=[ =
AT Rl I3 Kl i1
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500 P ..
450 ’

400
20

. a
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TEMPERATURE OF TREATMENT  DURATION OF TREATMENT

DEFORMATION RATIO

Calculation Rm = [287.75 [MPa]
Calculation Rc= [ 0 [MPal
Calculation A5 = [ 0 [%]

CalculationHB = [ 0  [HB]

Fig. 4. Prediction value of R, for
alloy 3 to artificial aging
temperature of 170°C for 5 hours
and cold deformation degree
e=25%
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& 560
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Proceed similarly to find any of the 4 studied
mechanical properties (Rm, RPO, 2, HB, A5) to any
value within the thermomechanical processing
parameters studied, temperature: 120°C to 200°C for
retention time T = 4 + 20 hours and the degree of
deformation € = 10 + 30%.

Calculation Rc = | 427.54 [MPa]
Calculation A5 = [1] [%]
Calculation HB = [1] [HB]

PROPERTY

Calculation Rm = | 487.75 [MPa]

Fig. 5. Prediction for Alloy 3 of
the value of Ry, > artificial
aging temperature of 190°C for
15 hours and the degree of
plastic deformation ¢ = 24%

Conclusions

Mathematical modeling of thermomechanical
treatment processes performed, led to mathematical
models that express the connection / correlation
between the overall mechanical properties of strength
and plasticity and main influence factors, ie the main
parameters of thermomechanical treatment.
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Equations of the mathematical model allowed
and highlighting technological parameters with the
greatest influence on the mechanical properties, but
also the order in which parameters influence these
properties. A GUI was made based on mathematical
models and equations using MATLAB program. This
interface can predict mechanical properties so you
can know in advance what values should have
thermomechanical treatment parameters to achieve a
complex anumoit property of a certain value to them.
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ABSTRACT

The present work has the purpose of obtaining composite coatings using
phenol — formaldehyde (PF) resin electrodeposited with zinc. The phenol —
formaldehyde resin/Zn coatings were electrodeposited from a suspension of PF
resin particles with two dimensions for mean diameter size of particles (0.1 — 5.0
um and 6 — 10 um) in aqueous zinc sulphate electrolyte. Suspension was prepared
by adding 10 g/L PF resin particles into solution. The thickness and morphology of
the coatings were investigated by SEM method. By adding PF resin in zinc
electrolyte for electrodepositing we obtained a very good distribution of PF resin
particles on zinc surface. The electrochemical behavior of the layers in the
corrosive solution was investigated by electrochemical methods. As electrochemical
test solution 0.5M sodium chloride was used in a three electrode open cell. It was
observed that by adding PF resin particles in zinc electrolyte for electrodeposition
were obtained composite layers more resistant to corrosive attack of 0.5M NaCl
than pure zinc obtained from electrodeposition at the same parameters for
electrodeposition. Corrosion rate for pure zinc coatings was 72.05 um/year versus
15.34 um/year for coatings with mean diameter size of particles 0.1 — 5.0 um,
respectively 10.11um/vear for coatings with mean diameter size of particles 6 —
10um. Values of polarization resistance obtained with both electrochemical
methods  (potentiodynamic  polarization —and  electrochemical impedance
spectroscopy) were in a very good agreement.

KEYWORDS: phenol - formaldehyde resin particles, electrodeposition,
coatings, coatings morphology, polarisation resistance

1. Introduction

The deterioration of metal and steel structures
due to the atmospheric corrosion is one of the most
serious problems in modern world, which leads to a
loss of hundreds of billions of dollars each year [1].
Hence, it has become the main objective of material
researchers to protect metal and steel against
corrosion. In the latest years, composite coatings are
regarded as one of the most effective materials to
protect metal and steel against atmospheric corrosion.

Composite materials are material systems that
consist of a discrete constituent (the reinforcement)

distributed in a continuous phase (the matrix) and that
derive their distinguishing characteristics from the
properties and behaviour of their constituents, from
the geometry and arrangement of the constituents, and
from the properties of the boundaries (interfaces)
between the constituents.

Composites are classified either on the basis of
the nature of the continuous (matrix) phase (polymer
— matrix, metal — matrix, ceramic — matrix and
intermetallic — matrix composites) or on the basis of
the nature of the reinforcing phase (particle
reinforced, fibre reinforced, dispersion strengthened,
laminated etc.). The properties of the composite can
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be tailored and new combinations of properties can be
achieved [2].

Relevant work refers to some particles such as
B4C, Ce0,, graphite, TiO,, ZrO,, Al,0;, V,0s, SiO, —
zinc reinforced system [3 — 10] while investigations
regarding polymeric particles as disperse phase are
relatively limited. To improve adherence and anti-
corrosion behaviour of zinc, the existing few reports
refer to composite zinc-coated steel, containing
polymethylmethacrylate (PMMA), polystyrene (PS)
or stabilized polymeric micelle (SPM; core-shell
structures consisting of block co-polymers of
polyethers) particles [11 — 13]. Recently it was
reported that ultrahigh molecular weight polyethylene
(UHMWPE) could be deposited in cobalt matrix [14].

Electrochemical deposition is a good method to
obtain coatings with the advantage of low synthesis
temperature, low costs and high purity in the product.
This method also enables rigid control of film
thickness, uniformity and deposition rate. Zinc
electrodeposition is an industrial process and is
widely used to coat on steel for enhancing its service
life. The reason for the pre-eminence of zinc in the
world of electrodeposition can be attributed to its
relative readiness to deposition and better corrosion
resistance [15 — 18].

The present work focuses on electrodeposition
of PF resin particles (Novolac) with zinc from zinc
sulphate plating bath. The thickness and surface
morphology of the coatings were analyzed by SEM
method. The corrosion resistance of composites
coatings was estimated and compared to conventional
zinc coating which used potentiodynamic polarization
and impedance techniques.

2. Experimental part

Pure zinc and PF resin/Zn coatings were
obtained on DCO04 steel support from the bath
solutions with the following composition: 310 g/L
ZnSO4 - TH,O; 75 g/L Na,SO4 - 10H,0; 30 g/L
Al(SOy4); - 18H,0. Zinc sulphate electrolyte has
cathodic polarization bigger than zinc chloride
electrolyte so that we used sulphate electrolyte for
electrodeposition. Sodium sulphate increased the
conductibility and ability for disperse and aluminium
sulphate was used like buffering agent which
stabilized the acidity of electrolyte. Concomitantly we
obtain more shining layers.

The pH of the solution was 3.8. Deposition was
carried out at current density of 3.0 A/dm?, deposition
time of 60 minutes and stirring rate of 800 rpm.
Electrodeposition experiments were performed at
room temperature.

The zinc metal plate with high purity and steel
plates were employed as anode, respectively cathode.
Before electrodeposition, steel plates  were

mechanically polished, degreased with alkaline
solution and washed with distilled water.

The PF resin/Zn coatings were electrodeposited
from a suspension of PF resin particles type Novolac
with commercial name Resital 6358/1 synthesized by
Hiittenes - Albertus Germany in aqueous zinc
sulphate electrolyte by adding 10 g/L PF resin
particles with mean diameter size of 0.1 — 5.0 um and
6.0 — 10.0 pm into bath solution.
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Fig. 1. Schematic illustrating the formation of
the PF resin type structures
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Phenol — formaldehyde resin is a thermo
reactive polymer which become plastic with increased
the temperature and lose his plasticity and become
insoluble. PF resins type Novolac can be obtained
from phenol and formaldehyde in acid medium
(Figure 1).

Properties of phenol - formaldehyde resin used
as disperse phase for electrodeposition are presented
in Table 1.

Table 1. Properties of PF resin

Resital 6358/1
Properties Values

Molecular weight 3392 — 3816 g/mol
Melting point 70— 80 °C
Viscosity at 120 °C 35 —45Pas
Free phenol <1%
Water content <0.5%
Not esterified

The thickness and the morphology of deposits
were examined by scanning electron microscopy
(SEM) used a microscope type JEOL, JSM-T220 A.

For potentiodynamic polarization measurements
it was used a three-electrode open cell with platinum
electrode as counter, a mercury — mercurous sulphate
electrode Hg/Hg,SO4/saturated K,SO, as reference
electrode (E = + 658 mV/NHE) and coatings as
working electrode. Initial potential (I.P.) was —1.9V
(Hg/Hg,SO,), final potential (F.P.) was - 1.2V
(Hg/Hg,S0,) and a scan rate of 1.66mV/s.
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Electrochemical Impedance Spectroscopy (EIS)
measurements were performed in the frequency range
between 65 kHz — 0.1 Hz, with an AC sine wave
amplitude of 10 mV, frequency per decade: 10 Hz
and delay before integration 1s. The electrochemical
corrosion tests were recorded after 30 min of
immersion in corrosive medium 0.5M NaClL

3. Results and discussions

3.1. SEM analysis

The thicknesses of pure zinc and PF resin/Zn
coatings determined with scanning electron
microscope are presented in Figure 2.

It could be observed that higher thickness is for
pure zinc coatings and, by increasing the mean
diameter size of resin particles the layers thickness
increased. This can be explained, probably, because
by adding disperse phase the morphology and
uniformity of composite coating increase. A higher
thickness for coatings with bigger mean diameter size
of particles is possible because these particles do not
uniform and compact coatings as much as resin with
smaller mean diameter size.

Figures 3 - 5 compare morphological aspects of
pure zinc coatings and PF resin/Zn coatings obtained
with different mean diameter size of disperse phase
under SEM method.

Coatings thickness, pm

PF resin/Zn coatings
(6 - 10pm)

Pure zinc coatings PF resinZn coatings

(0.1 - 5.pm)
Type of coatings

Fig. 2. Comparative thickness of coatings

As it can be seen from the micrographs there is
an obvious and well distinguishable grain refinement
in the presence of the polymer particles. So that the
addition of PF resin particles in electrolyte bath
significantly changes the morphology of the zinc
deposits as compared to those obtained from solutions
without disperse phase. The zinc coatings are made
up of regular crystals. The polymer particles
codeposit disorder the regular crystal structure of zinc
coatings and zinc crystals becomes finely crystalline.

Fig. 3. SEM surface morphology
of pure zinc coatings (x 2000)

Fig. 4. SEM surface morphology
of PF resin/Zn coatings with mean diameter size
of PF resin 0.1 — 5.0 um, (x 2000)

o Vi 2y —

Fig. 5. SEM surface morphology
of PF resin/Zn coatings with mean diameter size
of PF resin 6 — 10 um (x 2000)

The pure zinc coatings have a rather regular
surface, whereas the composite coating surfaces have
finer grains structure with particles of disperse phase
uniformly distributed on the surfaces.

The polymer particles could be an inhibition
effect of growing crystallite size of zinc.
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3.1. Electrochemical measurements

The electrochemical investigation of each
sample began with monitoring of the open circuit
potential change immediately after the immersion
into the testing solution till reaching a relatively
stable stationary value (Figure 6).
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Fig. 6. Variation of the coatings potential
function of time in 0.5M NaCl

From the dependence of potential function time
it can be concluded that the tested samples are stable
after 10 - 15 minutes from immersion in test solution.

The polarisation curves for coatings in 0.5M
NaCl after 30 minutes from immersion are presented
in Figure 7.
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Fig. 7. Potentiodynamic polarisation data for
coatings immersed in 0.5 M NaCl solution
obtained after 30 minutes from immersion time
(log scale)

Quantitative information on corrosion currents
density and polarisation resistance can be extracted
from the slope of the curves, using the Stern-Geary
equation [19].

P— [ﬁ”'ﬁCJ )
2303R, | B, + 5.

Tafel parameters derived from Figure 7 using
Tafel extrapolations are presented in Table 2.
Corrosion rates (CR) were calculated by

equation (2):
0.051-4,,..-(E, .wt.
CR(um/ year) = co’; (Eq-wt) 2)
where: i corrosion current density

calculated from Stern — Geary equation; (Eq.wt.) is
the equivalent weight and d is the density of the zinc
metal in g/cm’.

The corrosion potential is shifted to more
negative values for PF resin/Zn coatings than
corrosion potential for pure zinc coatings.

From experimental data it was observed that
polarisation resistance has a small value for pure zinc
coatings (34.54 Q-cm?), a bigger value for PF
resin/Zn composite coatings with mean diameter size
of particles 0.1 -5 pm (238.75 Q-cm?) and the biggest
value for PF resin/Zn composite coatings with mean
diameter size of particles 6 -10 pm (336.32 Q-cm?).
The values of corrosion rate calculated with formula
(2) were: for pure zinc coatings 72.05 um/year and
for composite coatings 15.34 pum/year, respectively
10.11 pm/year.

Those parameters presented before indicated a
good corrosion resistance of PF resin/Zn coatings in
0.5 M NacCl.

Figure 8 shows the Nyquist plots of zinc and PF
resin/Zn composite coatings measured in 0.5M NacCl
solution after 30 min from immersion in corrosive
environment.
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Fig. 8. Nyquist plots for pure zinc and
PF resin/Zn coatings in 0.5M NaCl
after 30 min from immersion

The fitting data of Nyquist plots for coatings are
presented in Figure 9 (a - ¢).
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Table 2. Tafel parameters of pure zinc and composite coatings calculated from polarization
potentiodynamic curves obtained after 30 min from immersion in solutions

Type of coatings Ecor.V; Teorrs Ba, Be, R, CR,
vs SSE | u A/em® | mV/dec | mV/dec Qecm’® | pm/year
Zinc - 145 152.75 28.76 21.04 | 34.54 72.05
PF resin/Zn coatings
(mean diameter size -1.53 32.52 38.02 33.77 | 238.75 | 15.34
of particles 0.1 — 5 pm)
PF resin/Zn coatings
(mean diameter size - 1.51 21.44 20.98 79.60 | 336.32 | 10.11
of particles 6 — 10 um)
Two equivalent electrical circuits were The fitting values confirmed that the

proposed to account for the experimental impedance
spectra. Those circuits allow obtaining an excellent
and

agreement between experimental simulated

impedance plots.
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Fig. 9. Nyquist plot of impedance spectrum of
experimental data and fitting curve for: (a) pure
zinc coatings, (b) Zn/PF resin coatings (0.1 —
5.0 um); (c) Zn/PF resin coatings (6 — 10 um) in
0.5M NaCl solution after 30 min of immersion

incorporation of polymer particles enhances the
corrosion resistance of composite coating samples.
The polarization resistance obtained from fitting
curve indicates a small value for pure zinc coating
(32.20 Q-cm®) versus polarization resistance of
composite coatings (232.17 Q-cm?, respectively
337.47 Qem?).

It was observed that o good polarization
resistance has PF resin/Zn composite coatings with
mean diameter size of polymer particles 6 — 10 pm;
the value of polarization resistance for this type of
coatings is about ten times bigger than the
polarization resistance of pure zinc coatings.

Electrochemical measurements concluded that
by adding PF resin particles in zinc electrolyte
solution from electrodeposition it was obtained PF
resin/Zn coatings more resistant to corrosive attack in
0.5M NaCl solution than pure zinc obtained by
electrodeposition using the same parameters.

4. Conclusions

PF resin/Zn coatings was successfully deposited
from solution containing 10 g/L PF resin particles
with mean diameter size of particles 0.1 — 5.0 um and
6.0 —10.0 pm.

The coatings thickness for composite coatings is
less than the thickness of pure zinc coatings because
the resin particles increase the uniformity of the
layers and decrease the grain size of zinc crystals.

PF resin particles affect the electrodepositing
process of zinc coatings by changing the morphology
of the surfaces of composite coatings versus pure zinc
obtained at the same electrodeposition parameters.

From electrochemical measurements it was
observed that by adding PF resin particles in zinc
electrolyte it was obtained PF resin/Zn coatings more
resistant to corrosive attack in 0.5M NaCl solution
than pure zinc coatings.
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The results confirm that the disperse phase
introduced in electrolyte bath has an obvious
corrosion inhibition effect on the resulted composite
surfaces.
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ABSTRACT

The starting point in optimizing the prevention of occupational accidents and
occupational diseases for a crane machinist for the transport of liquid steel is the
risk assessment of the system. Risk assessment involves the identification of all risk
factors in the analyzed system and quantifies their size based on the combination of
two parameters: the maximum possible consequence severity and frequency on the
human body. These are partial risk levels for each risk factor respectively overall
levels of risk for the entire analyzed system (job).

According to the European standard, in Romania, "the factors taken into
consideration for the risk assessment" are: a) the probability of an injury or
damage to health; b) the maximum expected severity of the lesion.

KEYWORD: global risk level, risk factors, crane machinist

1. Introduction

The job risk for a crane machinist carrying
liquid steel is represented by possible injuries and
occupational diseases. Therefore, elements by means
of which risk can be characterized can be determined
by the probability that the action of a risk factor can
lead to the consequence of the accident and severity
of risk factors on the victim.

The crane machinist who transports liquid steel
consist of provides power converters with hot metal
and filler materials.

The equipment related to the analyzed job are
[2]:

- crane 250/80 tf with electric drive;

- iron pots, slag;

- lime-containers (containers);

- cleaning pots anchor;

- mouth cleaner converter;

- spears desulphurisation plant;

- hot iron (temp. ~ 1300°C);

- slag (temp ~ 1100 - 1200°C).

The crane machinist works in the crane cab
within the OLD 1 department.

We believe it is necessary to mention that there
are exceedings o the allowed values for the following
pollutants: total dust, CO, dust, noise.

The lighting level is reduced in some
workstations and very high in the content viewing
converter.

There are also noted: the presence of infrared
radiation, the presence of air currents, toxic gases.

The cabin temperature is high because the air
conditioning is partially effective.

2. Types of risks for the liquid steel
crane machinist trade

The main risks [3] for the liquid steel crane
machinist trade, established by the team of
researchers can be found in the tasks performed by
the worker as follows:

- he weighs and decides upon the empty and full
pots weight performing all operations according to
briefing;

- he swings pots coming unswung from
Continuous Casting Slag sector in slag valves;

- he makes the transhipments of the steel filled
pot from a transfercar to another in order to take the
charge to the continuous casting section;

- he moves the full pot from the connverter to
the secondary plant of the steel making;

- he provides moving pots to be demolished or
demolished;
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- he provides moving parts of machinery or
subassembly when it is necessary their replacement
by maintenance workers;

- he provides moving iron pots to demolish
masonry, tipping and their transportation to the
warehouse building pots;

- he provides transporting ladles and empty pots
already mounted from the tipper to the hydraulic
bench, then deposits them on the transfercar;

- he ensures unloading of materials needed in
the production process;

- he swings filled pots from one another or to
cast iron pot for recovery.

2.1. Research regarding the identification
of risk factors specific to crane machinist
trade

2.1.1. Mechanical risk factors:

The main mechanical risk factors are:

- flow of material in liquid form;

- auto transport and trucks hitting while moving
inside the plant site;

- automatic clamping of pots mechanisms;

- slip of pieces, materials, stored without
stability;

- roll of pieces, materials stored without
stability;

- surprised by charge machine;

- flip of pieces, parts, materials stored without
stability;

- free fall of pieces, tools, materials at higher
rates;

- leak-free liquid material to accidental crack
pot;

- accidental discharge of liquid in places other
than those provided by technology;

- sparking of particles — sparks, incandescent
slag particles etc.;

- deviation from the normal trajectory ladles;

- erratic ladle balance;

- jet, rash - incandescent material at piercing or
cause of water, or some impurities;

- contact with dangerous surfaces or contours
(pungent, sharp, slippery);

- work in the vicinity of pressure vessels -
oxygen cylinders, plumbing, process steam plants;

- vibration of the cabin because of the tread.

2.1.2. Heat risk factors:

The main heat risk factors are:

- high temperature of objects or surfaces: liquid
metal, liquid slag, overheated railings;

- accidental outbreaks, fire at the top of the pots
and converters.

2.1.3. Electrical risk factors [4]:

The main electrical risk factors are:

- electrocution by direct contact- electrical
panels unensured in cabin, improvisations;

- electrocution by indirect contact - the
accidental destruction of electrical protections;

- electrocution at step voltage - while walking
inside (some leakage).

2.1.4. Chemical risk factors:

The main chemical risk factors are:

- flammable substances - windows secured with
wooden slats, flammable upholstery;

- explosives - explosives come accidentally in
the convert as input material, alloying;

- gas fumes (determined as in attached bulletins)
- CO;

- particles in the air - the phenomenon of
dissociation.

2.1.5. Physical risk factors:

The main physical risk factors are:

- high air temperature (above 40°C);

- low air temperature in cold weather to move
out;

- airflow — natural draught or favoured by the
hood operation;

- noise level higher than allowed;

- brightness - contrast between and melten metal
in the furnace or pot and natural background;

- infrared radiation from incandescent material;

- natural disasters: earthquake;

- pneumoniconiosis dust present in workplace
air.

2.1.6. Mental risk factors:

The main mental risk factors are:

- intense work pace imposed by technology;

- difficult decisions to be made in short time - to
solve situations of "incident" or "failure" type;

- repetitive operations of short cycle - repetitive
cycles of about 15 minutes.

2.1.7. Risk factors due to wrongful

workers:

The main risk factors due to wrongful workers
are:

- execution of contingency operations not
stipulated in the norms or in other way than technical
work stipulations;

- erroneous maneuver execution - driving in
another direction, shifting another place, failure to
avoid the projections of the path of travel of the pot
etc.;
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- wrong positioning of pots in relation to
inverters, berths filling or discharge technological
alternative to the inverter tipping etc before starting
development;

- setting pots on hooks
engagement tilting mechanisms;

- trouble with the operator of the mixer, of the
converter, etc. or when working in tandem;

- turning on machinery without confirming
safety functions;

- moving and standing in dangerous areas - the
car doorways and/or CF;

- fall on the same level by imbalance, slipping,
tripping;

- falls from height by stepping into the void,
imbalance, slip.

without proper

3. Analysis, measurement and
representation of risk factors

Following research on targeting risks factors,
we have drawn a diagram in Figure 1, in which, 53
risk factors are represented on Ox-axis (F1 to F53)
and on Y-axis the partial risk levels for each risk

Maximum risk factors are:

- F11 (design of particles - sparks, shrapnel, etc.
incandescent slag particles);

- F18 (high temperature of objects or surfaces:
liquid metal, liquid slag, oderheated railings);

- F19 (outbreaks of accidental fire at the top of
the pots and converters)

- F33 (gases, vapors of CO);

- F36 (technologic process which does not
provide a working environment in accordance with
the applicable law);

- F37 (exceeding the permissible nominal mass
of tasks - 260tf to 250tf admitted);

- F53 (failure to use protective equipment and
other work protectors provided by the employer).

In the category of high risk factors we include:

- F28 (exceeded noise level);

- F29 (brightness - contrast between the melten
metal in the furnace or pot and natural background);

- F32 (pneumoniconiosis powder present in
workplace air) and others falling within the category

factor are mentioned, as follows:

-
* I

of medium environmental risk factors.

Partial level of risk

0 T
FL F3 F5 F7

T
FO  Fl1 F13 F15 F17 F19

F21 F23 FR25 F27 F29 F31 F33 R35

T T T T T T
F37 F39 F41 F43 F45 F47 F49 P51 K53

Risk factor
Fig. 1. Representation of risk factors [2]

F1-A liquid material flow.

F2-Flick of the auto transport and / or car to move
through the site batch plant and machinery, forklifts.
F3-Automatic clamping mechanisms pots.

F4-Sliding parts, materials, stored without stability.
F5-Roll of the pieces of stored materials without
stability.

F6-Rolling on wheels: surprise by its charge.

F7-Flip pieces, parts, materials stored without
stability.

F8-Free Fall parts, tools, materials at higher rates.

F9-Free drain pan accidentally cracking into the crane
cab.

F10-Accidental discharge of liquid in places other
than those provided by technology.

F11-Design of particles - sparks, shrapnel, etc.
incandescent slag particles.

F12-Deviation from the normal trajectory ladles.
F13-Uncontrolled balance the load (the ladle).
F14-Jet eruption - incandescent material or cause
puncture water, or some impurities.
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F15-Contact surfaces or contours

(stinging, sharp, slippery).

F16-Working in the vicinity of pressure vessels -
oxygen cylinders, plumbing, process steam plants.
F17-Vibration of the cabin because of the tread.
F18-The high temperature of objects or surfaces:
liquid metal, liquid slag, overheated railings.
F19-Outbreaks of accidental fire at the top of the pots
and converters.

F20-Electrocution by direct - electrical panels with
unensured cabin improvisations.

F21-Shock by indirect contact - the accidental
destruction of electrical protections.

F22-The emergence of electric voltage step - the
displacement site (some leakage).

F23-Flammable - windows secured with wooden
slats, flammable upholstery.

F24-Explosives - enough explosives accidentally
convert the input material, alloying.

F25-High temperature (over 40°C).

F26-Low temperature in cold weather to move out.
F27-Airflow - chimney hoods or favored by the
operation.

F28-Noise level measurements according to the ballot
attached.

F29-Brightness - contrast between the furnace and the
molten metal pot and natural background.
F30-Infrared radiation from incandescent material.
F31-Natural disasters: earthquake.
F32-Pneumoniconiosis dust present in workplace air
(according to the attached ballot determinations).
F33-Gas fumes (according to the attached
determinations bulletins) - CO.

F34-Carcinogens present in workplace air (according
to the ballot determinations attached)

F35-Particulate matter in the air - the phenomenon of
dissociation.

F36-Technological process which provides a working
environment in accordance with the applicable law.
F37-Exceeding the permissible nominal mass of tasks
260tf to 250tf admitted.

F38-Static effort - mostly sitting working position.
F39-High rate of work imposed by technology.
F40-Difficult decisions in a short time - to address
situations of "incident" or "failure".

F41-Short cycle repetitive operations - repetitive
cycles of approx. 15 minutes.

F42-Execution of contingency operations in work
load or in other way than technical provisions work.
F43-Erroneous execution maneuver - driving in
another sense, shifting to another place, failure to
avoid the projections of the path of travel of the pot
etc.

F44-Wrong positioning of pots in relation to
inverters, berths filling or discharge technological
alternative to the inverter tipping etc before starting
development.

dangerous

FA45-Setting pots on hooks without
engagement tilting mechanisms.
F46-Trouble with the operator of the mixer, of the
converter, etc. or when working in tandem.
F47-Turning machinery without confirming safety
functions.

F48-Travel, station in hazardous areas - the car
doorways and / or CF.

F49-Fall on the same level by imbalance, slipping,
tripping.

F50-Fall from height by stepping into the void,
imbalance, slip.

F51-Communication accidentogene - signaling non-
procedural language - no radio station.

F52-The omission of its own security operations.
F53-Failure to use protective equipment and work
and other protectors provided by the employer.

proper

4. Calculating the overall risk of the trade
crane machinist trade LS

With the scale of assigning risk levels, risk
levels are determined for each risk factor separately.
This yields a hierarchy of risks in the workplace
dimension, which enables the prioritization of
prevention and protection methods, depending on the
risk factor with the highest level of risk.

Overall risk level (Nr) on the job is calculated
as a average of the risk levels established for the
identified risk factors.

For the result to reflect the reality as accurately
as possible, it is used as a weighting element the rank
of the risk factor, which is equal to the level of risk.

In this way, the factor with the highest level of
risk will have the highest rank, too.

This eliminates the possibility that the effect of
compensation between extremes, for is involved by
any statistics average to mask the presence of the
factor with the highest level of risk.

The formula for calculating the overall risk
level is:

iri oR,

Nr=1l—— (1)
L
2

where:

r; = rank risk factor

R; = the level of risk for the risk factor "i";

n = number of risk factors identified in the
workplace.

Overall risk level calculated for crane machinist
LS is equal to 4.17, a value that falls into the category
of jobs with unacceptable level of risk.

This result is supported by the corresponding
assessment sheet diagram of Figure 1, from which it

llill.
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appears that of the total of 53 risk factors identified,
only 10 exceed the critical value calculated.

5. Conclusions

To reduce or eliminate the 10 risk factors
presented in section 3, in order to optimize job
security for "crane machinists who transport liquid
steel", the following measures are necessary:

Technical measures:

- warning flags to mark all areas with contact
danger with high temperature surfaces;

- restriction on possible areas where there is a
possibility of contact with surfaces that have high
temperature;

- design and development of optical systems
and audible warning for the presence of toxic gases:

- placement of gas detectors in areas likely to
accumulate toxic gases or toxic fumes;

- providing the performer with all the equipment
required to report toxic gases and vapors;

- measures to combat noise at source - this can
be achieved through designing changes to the
technical equipment, if possible, or by adopting
special attenuating devices;

- measures to combat noise at receiver -
consisting in isolating the staff working in a noisy
setting work area, taking into account the possibility
of accidental, flames in the vicinity or at the point of
intervention;

- marking the hazardous flame occurring area;

- strict compliance with the technical
stipulations relating to the how to behave and to the
moments of interventions license;

- making clear procedures on how to act in case
of toxic gases and vapors issue alert;

- introduction in the job sheet of working band
leaders of the provision of immediate withdrawal
from work for employees not wearing full protective

equipment, suitable for risk area and activity;

- regular exercise enforcement action in case of
gas danger;

- inventory and withdrawal from the use of not
approved equipment;

- workplaces where the daily personal exposure
to noise above 85 dB (A) or where the maximum
value of the unweighted instantaneous sound pressure
exceeds 200P must be marked accordingly.

Organisational measures:

- training on the risk of contact, even accidental,
with high temperature surfaces;

- use of fire protection equipment resistant to
high temperatures;

- training workers about the risks of travel,
stationary cabin near the inverter, holding furnace,
etc. 260tf to 250tf admitted

- training employees on the consequences of
failing to abbey security restrictions - not using or
incomplete use of means of protection etc. 260tf to
250tf admitted

- permanent check up by the leading head
or/and at random by the superiors if the standards
regarding labour security techniques are respected in
the considered area.
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