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“Gheorghe Asachi” Technical University of Iasi, 63 Mangeron Dumitru Street, 770800, Iasi

VORONET RIVER HYDROGRAPHIC BASIN

Mihail LUCA, Mihaela AVRAM, Nicolae MARCOIE

e-mail: mluca2004 @yahoo.com
ABSTRACT

The paper presents an analysis of the hydrological risk parameters registered
in the Voronet river basin. The studies and researches took place on the Voronet
River after the June 2016 floods. The research has taken into account the
hydrological risk parameters of the last 20 years recorded in the Siret River Basin.
The river basin of the Siret River has been affected by multiple floods in recent
years. The floods have morphologically modified the minor and the major river
Voronef, a situation that influenced the floodplain areas in the urban environment
and outside. The research analyzed the precipitation, the liquid flows (minimum,
average and maximum), the way of formation and evolution of the floods, the
volume of the damage produced, etc. The investigation of the precipitation volume
indicated a number of factors that have prevailed over the last 20 years. The
precipitation value was 71.6 I/m? in two days. The flow recorded in the downstream
section of the river was 118.12 m’/s (the probability of calculation is 1%). The
processing of liquid flow data revealed more flood flows in the same year. The
effects of the floods have brought about the excessive degradation of shore defense
works (about 2600 m) on the Voronet River located in the town of Gura Humorului,
Voronet neighborhood and outside the city. The county road DJ 177D was
degraded on 1600 m and two bridges were destroyed. Floods have resulted in the
destruction of some economic and social objectives in the coastal area. The
parameters of hydroclimatic risk highlighted by this research require special

conditions for the design of works in the riverbed and the riparian area.

KEYWORDS: water scarcity, physical and apparent water losses, non-revenue

water, pipe degradation

1. Introduction

Global climate changes are also present in
Romania, where they have produced a number of
direct influences on the hydrological cycle. The
Romanian and Moldovan territories, in particular (the
Siret and Prut basins), are situated in a hydroclimatic
transition area characterized by more humid and
moderately temperate ocean shades running from the
western and continental regions with great thermal
and pluviometric discontinuities, from the east [1, 2,
71.

At this stage there are changes in the annual
distribution of precipitation and flows on
hydrographic basins. The high value of the changes
determines a significant hydroclimatic risk in the flow
and river level evolution. Hydrological changes

influence the behavior of existing buildings in the bed
and riverine area [3].

The elements of hydrological risk affect the
morphology of the minor bed, the stability of the bed
constructions (bridges, regularization works) and the
shore (shore defense works, dams). Hydrological risk
elements affect the existing habitat in the minor and
major river bed [1, 3].

Disastrous floods in recent years have caused
significant degradation of the social and economic
objectives of the riverside. The value of the damages
has become very high, which requires large
investments to be made for social and economic
recovery. The effect of the changes can be
immediately noticed or it occurs after a longer time
[3].

The restoration of river regularization and river
defense works depends directly on hydrological
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parameters. The disturbance of the hydrological - Hydrological studies for the determination of
parameters determines the behavior of the flood wave parameters and river flow.

regularization works and, implicitly, the conditions of
the river habitat.

2. Material and research method

The research area is situated in the river basin of
the Voronet River, a tributary to the right of the
Moldavian River. The hydrographic basin is located
in the relief area of the Oriental Carpathians, in the
geomorphological unit of the Stanigsoarei Mountains
(Figure 1). The altitude is 510-750 m and on average
730 m [10].

In the area there are a series of heights, called
obcines, such as Obcina Voronet, Obcina Batranei,
Obcina Brusturosului, Hill of Monastery, etc.
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Fig. 1. Physical map of the Voronet study area
[10]

The Voronet River has the cadastral code XII-1-
40-26. The Voronet River presents a series of
tributaries such as streams and torrents: on the left
there are the streams Maghernita, Brusturos,
Slatioara, and on the right the brooks Varnita, Moara,
Rala, Poiana, etc. (Figure 2). The Voronet River basin
has an oval shape with a surface of 35 km? The
length of the Voronet River is about 10 km and the
slope of 3.17% [6, 8].

The research material consists of documentation
and field studies, namely:

Topographic studies to highlight the
morphological changes of the river bed and
riparian area.

- Hydraulic studies for highlighting the forms of
motion and the parameters of the hydrodynamic
erosion phenomenon.

Geotechnical studies in the location of
destroyed targets to determine the parameters
that have affected the degradation phenomenon.
- Safety studies for the construction of buildings
in the bed and the riparian area of the Voronet
river, etc.

Some of the studies were taken from the
literature and others were elaborated for the
situation existing in the river basin. Research
has been carried out at the site of the degraded
areas and has been part of a technical expertise

[4].

Fig. 2. Location of Voronet river basin in the
river hydrographic network of the Moldova river

The theoretical and experimental research was
carried out in the following domains [4]:

1. Research of hydrological parameters on the
surface of the hydrographic basin considered in
the study. Parameters analyzed are flows (liquid,
solid), levels, frequency of floods, flood areas,
etc.

2. Investigating the hydraulic parameters on the
analyzed river section. Parameters analyzed are
flows, levels, speeds, lengths and depths of
erosion in the study sections located on the river.
3. Investigation of the hydrological risk
parameters on the minor and major river bed
morphology on the studied river sector.
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4. Effect of risk parameters on structures and

riverine habitat.

Primary data has been processed using
statistical, hydrological, hydrological, resistance
calculation software, applicable in this case study.

3. Results and discussions

The research was carried out on about 60% of
the length of the Voronet River until it flows into the
Moldavian River. The largest degradation of the bed
and the riparian environment was recorded at this
length. The sectors selected in the research are
located in characteristic areas of the river basin as
well as along the length of the river (Figure 3) and [4]
respectively:

- Sector El, the confluence of the Voronet River

and the Slatioara brook (Camp Cristea area);

- Sector E2, the parallel route between the river

and the county road DJ 171D;

- Sector E3, the confluence of the Voronet River

and the Brusturos brook;

- Sector E4, Schit area;

- Sector ES, the parallel route between the river

and the county road DJ 171D in the Voronet

Monastery area;

- District E6, the urban area with degradation of

the bridge and the riparian area;

- District E7, the intravilan area with riparian

degradation.

Fig. 3. The location of the research sectors on
the Voronet river [4]

In the research we used climatic data taken from
meteorological stations located in the analyzed river
basin. Meteorological data were taken over varying
time intervals (from 5 years to 45 years).
Hydrological data were not collected because of the
absence of hydrometric stations located on the
Voronet River. The data from the hydroclimatic risk
periods were analyzed by considering the data over a
long period of time.

The Voronet River presents an ellipse-shaped
river basin, which allows a rapid concentration of the
flow (Figure 4). The erosive action of the water has
made a minor bed with variable widths, where
erosion, meandering and alluvial deposits occur. The
river bed is characterized by intense morphological
transformation over time.

For collecting data on the Voronet River, the
meteorological station and the hydrometric station of
the city of Gura Humorului were used. In May and
June 2016 an abundant precipitation regime was
recorded in the Voronet River Basin. The
precipitations in the area with the highest value
occurred during 18-20 of June. The values recorded at
the Meteorological Station Gura Humorului were

71.6 I/m? [7].
\\
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Fig. 4. The Voronet River Basin [6)

The Voronet River does not have a hydrometric
station. Maximum flows were analytically
determined. The maximum flow rate of 1% for
hydrographic basins larger than 10 km? was
determined by the rational formula [5]:

ey
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where: k = 0.28 is a rainfall transformation coefficient
of mm / hour in m / s and the area in km? in m?; o -
global leakage coefficient; 160 1% - maximum hourly
rainfall with 1% probability of exceedance; F - the
area of the basin in km?.

The parameter values in relation (1) were taken
from [5] according to river basin characteristics. For
the geographic area considered to have a surface area
of 32 km?, the values were: 160, 1% = 125 mm, o =
0.55, m = 0.49. From the calculations, the flow with
1% probability of calculation in the downstream area
of the river, respectively Q1% = 118.12 m%/s [4], was
obtained.

The mean altitude of the river basin was 728 m
(in the middle section it was 789 m) [4].

The Q1% flow rate was also determined in the
middle section of the watercourse (Camp Cristea
area), where the first degradations were recorded on
the riparian buildings; the resulting value was 71.61
m’/s. This flow was not fully taken over by the
Voronet brook, aspect also revealed by the spills on
the two banks, but also the important changes of the
minor bed. The average multi-annual flow rate is
0.325 m¥/s.

The simulation and verification of flood flows
on the Voronet River with the probability p = 1% for
the flood in June 2016 are presented in Table 2.

Table 1. Flow Q1% calculated and estimated on
the Voronet River during the June 2016 flood [4]

Nr. S Q. Qsp Qe
crt. | (km? | (m¥s) | (m¥s) | (m%s)
36.0 118.12 | 141.74 | 130.0
14.6 71.61 85.93 68.0
“- source ABA Baciu 2016

The precipitations concentrated in a short period
of time influenced the water flow in the Voronet
basin. The floods caused by the Voronet River were
intensified by the rapid discharge of the water from
the slopes by torrential formations (eg. the Brusturosu
stream). The concentration time was reduced by the
circular / oval shape of the river basin.

The streams have carried alluvial material made
of stone (medium and large dimensions), alluvium
and forest material. The forest material was variable
and even large, so the erosive effect on the bedside,
bridges and shores was important. At the confluence
and bridge areas there have been bottlenecks and
narrowing. The blockages have led to discharges in
the coastal area occupied by dwellings, agricultural
land, sights, roads, etc. [1, 4].

Fig. 5. General view of the Voronet River shore
erosion at the limit of the road DJ 177D in the
downstream area after the flood of June 2016

(photo Aug. 2016 [4])

Fig. 6. Details of the Voronet River's erosive
action on the left bank and the road DJ 177D: a
- the beginning of the deforestation degradation
and the erosion of the road (downstream "Camp

Cristea"); b - the end zone of the eroded road

section to the slope (upstream of the Brusturos
Brook) [4]
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The forestry and stone materials were carried
outside the Voronet River bed and caused degradation
phenomena of the riparian objectives (dwellings,
agricultural land, tourist areas, water catchments,
etc.). In some areas, the shore was eroded at depths of
2-5 m. A number of citizens' goods were taken by the
floods from the bed and transported downstream [1,
4,9].

The effects of the flood in June 2016 along the
Voronet River are multiple. The most significant
degradations are represented by the following [4]:

- structural degradation of the county road DJ

177D on a length of 1500 m and breaking it on a

length of 400 m (Figure 5 and 6);

- partial and total degradation of the bridges (5

bridges), of the footbridges (17 footbridges) and

of the pedestrian bridges along the river's length
affected by the flood;

- the degradation of shore defense works in

urban and out-of-town areas;

- the erosion of the bank in urban and out-of-

town areas, a situation that affected individual

riverine properties;

- the morphological modification of the river

bed by sectors, with the change of flow paths;

- material and human losses.

The river banks were eroded (2600 m of shore)
and the bed was morphologically transformed (Figure
5) [4,9].

The county road DJ 177D was degraded on a
route from the Voronet district to the "Camp Cristea"
area. The county road is parallel to the Voronet
riverbed on this route at distances of 1.0-45 m. The
degradation forms are represented by the erosion of
the marshalling with the entrance to the structure and
its breaking on the differentiated length [4].

The county road was degraded to a length of
1500 m. High intensity hydrodynamic erosion led to
the degradation of the road 177 177D, until its total
destruction over a length of 400 m (Figure 6). This
situation caused the interruption of traffic over a
period of time. The river advanced to the shore, then
into the road until it touched the slope (Figure 6.a).
The phenomenon has been accelerated by the river's
curvature area, the absence of shore defense and the
geotechnical constitution of the land.

The reduced dimensions of the Voronet River
flow section in the degradation area, as well as the
absence of shore defense works, were the factors that
allowed excessive road erosion. Old shore defense
works have been degraded and no longer have a
functional role in the transit of floods (Figure 5). The
hydrodynamic erosion phenomenon of the bed has led
to the lowering of the foundation quota of the shore
defense constructions. The absence of rehabilitation
works has led to a decrease in the protective capacity
of shore defense works [3].

erosive action on the river and the road in the
Voronet Monastery area [4]

Fig. 8. Details of Voronet erosive action on the
riverbed and its impact on the riparian area: a -
bank erosion and damage to a dwelling
construction; b - morphological modification of
the bedrock with excessive erosion of the left
bank [4]

The reconstruction of the county road must be
correlated with the design and execution of shore
defense works on the affected river sector.
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The section of the riverbed in the area of the
Voronet Monastery has been affected by erosion
phenomena, with an extension in the county road
structure. Coastal defense works are degraded and
aged without rehabilitation and upgrading. About
2.77 km of coastal defense were degraded by the
flood of June 2016 [4].

The alluvial material (large stone, ballast, forest
waste, etc.) driven by floods degraded the individual
properties located in the river area (tourist hostels,
dwellings, pedestrian bridges, agricultural land, etc.).

The degradation of the properties was favored
by the non-observance of the law on the distances and
the location of the constructions in the riparian area
(Figure 8) [4].

The flood from the torrent Brusturos degraded
the forest road on about 200 m, and the bridge at the
confluence with the river Voronet was destroyed. The
alluvial transport of the large stone-water mixture
eroded the banks and the forest road.

The field analysis has highlighted the blocking
of the section of the bridges, footbridges, pedestrian
bridges, and small-scale areas. In this context, the
transit of water and alluvial material was made over
the bridge, the road and the neighboring areas of the
minor and major beds.

The destructive phenomena have been of great
intensity, over an important length of the river, and
the damage is important and requires large
investments for remediation.

Floods are a pollutant transport vector that
transforms local pollution into regional and trans-
regional pollution.

The analysis carried out in the Voronet river
basin has revealed a number of hydroclimatic risk
factors, namely:

- precipitation concentration on short intervals

(1-2 days);

- the high frequency of torrential rainfall over

short intervals (in the same month);

- reduced river bed capacity for floods with high

flows;

- morphological modification of the river bed,

erosion of the shore and shore, blocking of the

bed, etc.;

- erosion zones adversely affect the stability of

buildings and installations in the riverbed;

- increased transport of forestry material to the

bedside because of uncontrolled deforestation.

4. Conclusions

1. The territory of the Voronet catchment area
has been affected in the last 15 years by disastrous
hydrological phenomena, which have significantly
influenced the morphology of the riverbed, with

important influences on the riverine environment.
Flood damage has required large investment funds for
rehabilitation.

2. During the period 2004-2017, a series of
floods with high flow rates but also with high
frequency at reduced intervals occurred in the Siret
basin which caused morphological changes of the bed
and degraded the regularization and shore defense
works.

3. The floods produced in June 2016 on the
Voronet River recorded flows with the probability of
1%, a situation that caused extremely destructive
effects on the riparian area.

4. The Voronet river flow from June 2016
caused important degradations on the county road in
the "Voronet Monastery" area, exemplified by the
erosion of the bank and the road, as well as the
damage of the coastal constructions.

5. The climatic phenomena produced in the
Voronet river basin over the last 5 years can be
characterized as hydroclimatic risk phenomena
because of their destructive influence on the coastal
area occupied by the dwellings, the county road and
the morphology of the riverbed.
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ANALYSIS TOOLS FOR SUSTAINABLE MANAGEMENT OF CELL
PHONE WASTE FOR METALS RECOVERY

Anisoara CIOCAN
“Dunarea de Jos” University of Galati
e-mail: aciocan@ugal.com

ABSTRACT

A modern cell phone contains over 60 metals, combined physically or
chemically and in some cases covered with various types of plastics, ceramics, etc.
For recycling, each metal from the device needs to be analyzed individually. Some
of these metals (copper, gold, silver, platinum, tin, yttrium, etc.) are valuable and
their recovery is effective from the point of view of the economic benefits. Others
(lead, cadmium, arsenic, mercury, etc.) are toxic and environmentally important.
Certain metals are valuable but also toxic at the same time. In this study were
identified and discussed a series of analysis tools specific to sustainable
management of WEEE. Those applicable to recycling of mobile phones waste,
operation which has as main objective the recovery of valuable metals, are the
following: quantitative evaluation; potential income from the sale of recovered
metals; eco-efficiency of recycling; recovery yield of metal; impact on the
environment.

KEYWORDS: cell phone waste, recycling, metals, recovering

mobile phone. A modern cell phone contains over 60
metals, combined physically or chemically and in
some cases covered with various types of plastics,
ceramics, etc. (Figure 1).

1. Introduction

Metals account for approximately 30% of the
mass of a mobile phone. Most of them are in printed
circuit board, the most important component of the
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Fig. 1. Elements in mobile phone (source Nokia) [1]

In general, the battery and accessories of a
typical mobile phone contain: 43% plastic, 14% glass,
13% copper, 7% iron, 5% aluminum, 3% magnesium,
0.35% silver. Nickel, tin and lead are together about

1%, gold is less than 0.04% (276-446 ppm [2]), 0.1%
antimony, < 0.02% palladium, < 0.01% beryllium and
< 0.01% platinum (Figure 2).
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Fig. 2. Share of materials in the mobile phone (by weight) [3]

Recycling end-of-life products is a key to
achieving sustainable use of metals based on the
number of products available for recycling [4]. Each
metal from the electronic device needs to be analyzed
individually to establish the opportunity and recycling
potential. Some of these metals (copper, gold, silver,
platinum, tin, yttrium, etc.) are valuable and their
recovery is effective from the point of view of the
economic benefits. Others (lead, cadmium, arsenic,
mercury etc.) are toxic and environmentally
important. Certain metals are valuable but also toxic
at the same time.

2. Analysis of the sustainable recovery of
metals from cell phones waste

By definition, sustainable materials management
is an integrated approach toward managing material
life cycles to achieve both economic efficiency and
environmental viability [5]. The correct selection of
metals for which recovery efforts and best recycling
practices are justified can be done through
management methodologies that are specific to
sustainable management: substance flow analysis,
product life cycle assessment, eco-efficiency, social
integration [6].

The analysis of recycling opportunity focused
on metals recovery must consider more indicators.
Some are economic and others are related to
environmental protection. Particularly for mobile
phones waste, it is considered necessary to discuss

about: quantitative evaluation; potential revenue from
the sale of recovered metals; eco-efficiency of
recycling; metal recovery efficiency; impact on the
environment.

- Quantitative assessment of metals

This is a simplistic evaluation indicator of cell
phone waste recycling process. This can lead to
incorrect decisions regarding the metals present in
small quantities. Most of them have significant
economic and environmental potential [7].

Aluminum, iron, copper, cobalt, zinc, nickel, tin,
chromium and lead are the main metals found in the
mobile phone. The physical parameter, namely
quantity, recommends the recovery of copper
especially from the wiring and printed circuit board of
the mobile phone.

- Potential revenue from the sale of recovered
metals

Even if the quantitative physical parameter
recommends the copper recovery from mobile phone
waste, the value of precious metals (gold, silver and
platinum metals) is the primary goal for recycling
WEEE. The most famous precious metals are gold
and silver. Also, in this group are included platinum
metals: ruthenium, rhodium, palladium, osmium,
iridium and platinum. In various contexts, plutonium
and uranium are also considered precious metals.

The metal price represents a strong support for
creating profitable recycling streams of WEEE (Table

1).

Table 1. Potential revenues from the sale of metals recovered from mobile phones waste [8]

Metal recycled, Price of metal, Value recovered,
Metal [g/device] [USD/g] [USD/device]
with low | with high 2003 2006 with high yield at the with low yield at the price
yield yield price of metal from 2003 of metal from 2006

Copper 8.84 14.85 0.0018 | 0.068 0.03 0.06
Silver 0.30 0.31 0.16 0.36 0.05 0.11
Gold 0.028 0.037 12.87 | 21.53 0.47 0.61
Palladium 0.012 0.019 6.53 10.61 0.13 0.13
Total 9.2 15.2 0.68 0.90
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The benefit of metals recovery from cell phone
is evaluated by intrinsic value (Table 2). This is given
by multiplying the wunit price by the metal
concentration in the device [9].

It is noticeable that precious metals account for
more than 80% of the total intrinsic value of metals
recovered from a printed circuit board extracted from
a piece of electronic waste although it represents only
1% (by weight) of the device mass.

Table 2. Estimation of metals value from EEE used (for 2011) [10]

Metal World mine EEE demand, EEE demand/mine Metal price, Value of metals from
production, [t/a] [t/a] production, [ %] [USD/kg] EEE used, [billion USD]
Ag 22,200 7,554 34 649 4.90
Au 2,500 327 13 39,443 12.90
Pd 229 44 19 16,948 0.74
Pt 188 7 4 51,811 0.37
Ru 29 21 72 5,069 0.11
Cu 16,200,000 7,174,000 44 8 54.08
Sn 261,000 129,708 50 20 2.65
Sb 135,000 67,500 50 9 0.61
Co 88,000 16,470 19 45 0.75
Bi 7,600 1,216 16 20 0.02
Se 2,260 185 8 82 0.02
In 574 717 125 566 0.41
Total 77.56

The electronic waste is considered valuable
material (high grade material) compared to ores in
terms of content in metals (Table 3). The value of
electronic waste is given by the gold content. There
are three classes of e-scrap: low value with < 100
ppm Au; medium value with 100-400 ppm Au; high

value with > 400 ppm Au. The gold content of mobile
phone wastes typically ranges from 100 to 400 ppm
(in some cases it may exceed 400 ppm). In other
types of electronic waste (TV-circuit boards and
monitors, computers, etc.) the gold content can
decrease below 100 ppm [12, 13].

Table 3. Average content of metals in ores, in high-grade material and low-grade material [11]

Content Ores High-grade material Low-grade material
Fe 30-55 4.5-20 23-62
Cu 0.5-1.0 7-20 3.4-21
Al [%] 25-30 1-4 1-10
Pb 0.5-15 0.3-6 0.2-1
Sn <1 2.9-4.9 0.72-14
Au 5-7 16-566 10-20
Ag [ppm] 5-7 18-1380 115-280
Pd 3-5 3-210 4-10
=0 2 Over time, as a result of the constructive
. Jp— - evolution of mobile phones, the gold content per unjt
e, a L (mmeme o) of product was reduced. For this reason, economic
E a0 e B T*™ &«  benefits given by proceeds from the sale of gold were
E e Tro-gom E decreased (Figure 3). Even so, the recycling of these
E 17 L P — . ©  pieces of equipment is still profitable.
an- N il i The decreasing of the gold content was offset by
o the expansion of other metals recovery. In addition to
0 ' ' ' ' ' a gold, metallurgical refining technologies make it
mr TEed I=EL 18R M MEE SE EDOn

Fig. 3. Evolution of gold content per mobile
phone in relation to the average mass of the
device between 1992 and 2006 [14]

possible to recover palladium, silver, copper and a
wide range of special metals such as In, Se, Te, Bi,
Sb, etc. By recovering more metals, the gap created
by gold is covered. Adding the values of silver,
copper and palladium to gold value, over 95% from
total revenues are obtained from cell phone recycling
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(Table 4). In addition to silver, gold, copper and
palladium from printed circuit boards, the cobalt
recovering from Li-ion batteries is economically

beneficial. The recovery of aluminum or magnesium
alloys from the cases of cell phones is economically
justified, too.

Table 4. Value of recoverable metals from cell phones [14]

Metal Mass, [g] Metal price in 2006, Value of recoverable metals, [cents]
High Low [cents/g] High Low
Ag 0.90 0.11 36.01 3241 4.03
Al 7.20 1.52 0.27 1.94 0.41
Au 0.033 0.026 2151.71 70.15 56.12
Cr 0.72 0.20 0.82 0.59 0.16
Cu 20.68 9.30 0.68 14.09 6.33
Fe 6.62 2.70 0.10 0.66 0.27
Ni 2.74 0.70 2.43 6.64 1.70
Pb 0.80 0.28 0.17 0.14 0.05
Pd 0.09 0.00 1060.97 93.37 0.00
Sn 0.80 0.43 0.92 0.74 0.39
Zn 0.92 0.27 0.35 0.32 0.10
Total 41.57 15.56 221.03 69.56

- Eco- efficiency

This is another analytical tool characteristic of
sustainable metals management. This has been
launched by World Business Council for Sustainable
Development in 1992. Eco-efficiency results from the
combination of economic and environmental aspects
and has the following objectives:

- the utilization of natural resources in the most
efficient way;

- finding ways to reduce natural raw materials;

- identifying alternatives to replace the finite
resources with renewable energy sources;

- reducing the negative impact on environment
by using recycling solutions.

Maximizing the eco-efficiency of recycling is

ensured by optimizing the environmental and
economic balances.

This requires:

- maximizing metal recycling, minimizing

environmental damage, taking into account the

environmental footprint of the metal based on the
quantities of saved natural resource, electronics waste
not released in environment, CO; emissions;

- maximizing revenues from
materials, minimizing total recycling costs.

The total efficiency of recycling or the so-called
recyclability of end-of-life products is determined by
the weakest link of the recycling chain. For this
reason, for EEE waste, the analysis should take into
account the interdependencies between the stages of
the recycling flow. This is the expression of the
"concentration dilemma" or of the "degree of
recovery" [15].

For the value generated by WEEE recycling but
also for the toxicity control of process the following
aspects are crucial: dismantling and pretreatment as
well as the operations of final stage of waste
processing, namely the metals recovery from
fractions resulted from the mechanic processing
(Figure 4).

recycling
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WEEE Materials WS L
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Fig. 4. Efficiency of metal recovery rate (for Au, Cu, etc.) depending on the performance of the
operations in the WEEE recycling flow [16]

The eco-efficiency of WEEE recycling is
directly related to an indicator named "recovery
efficiency of metals”. This reflects the impact of
operations in the loop material recycling from the life
cycle of product and represents the cumulative impact

of several factors. The efficiency of the recycling
process varies from metal to metal, depending on the
material processed and the optimization degree of the
process. Due to physical, chemical, thermodynamic
and other limitations, the metal recovery rate will
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never reach 100%. As a complex function, the
recovery efficiency of metals from WEEE depends
mainly on two factors: the "collection rate" as a
measure of the efficiency of the collection
infrastructure; the "extraction yield of metal" as a
measure of the efficiency of the metallurgical process
focused on obtaining the desired quality of the metal.
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Fig. 5. Quantity of the gold discarded and the
source of the losses: Germany (a) and USA (b)
in 2007 [17]

In many countries, the main step in the WEEE
recycling stream in which precious metals are lost is
the collection. The situation is particularly critical for
mobile phone waste. Most of the metals are lost due
to defective management, other losses being
attributed to non-performing recycling treatments.
For example, in Germany in 2007, the mobile waste
collection rate was about 18% (not counting the
hibernation equipment for the owners), and in the
USA it was even lower, collecting only 11% of the
equipment out of service, the others being eliminated
most likely in the environment (Figure 5).

In practice, the metal recovery from mobile
phone wastes ranges between 48 and 64% if the
reporting is based on the total amount of metals
contained in the equipment or between 12 and 19%, if
the total mass of the equipment (including the
battery) is taken into account. Unlike other categories
of waste (automobiles, equipment and machinery
from industrial applications, etc.), the recovery yield
of valuable metals from electronic waste is still quite
low: Ru 0-5%; Rh 5-10%; Pd 5-10%; Ag 10-15%; Ir
0%; Pt 0-5%; Ru 0-5%; Rh 5-10%; Pd 5-10%; Ag 10-
15%; Ir 0%; Pt 0-5%; Au 10-15% [10].

Table 5. Classification of elements based on the expression mode of the recycling rate
(in accordance with Figure 6) [10]

Interval | Element

the new product: EOL — RR = §x1 00

Recycling rate expressed by percentage of metal in the end-of-life products that return to the manufacturing process of

>50% Al, Ti, Cr, Mn, Fe, Co, Ni, Cu, Zn, Nb, Rh, Pd, Ag, Sn, Re, Pt, Au, Pb
25-50% Mg, Mo, Ir
10-25% Ru, Cd, W,
1-10% Sb, Hg
>1% Li, Be, B, Sc, V, Ga, Ge, As, Se, Sr, Y, Zr, In, Te, Ba, Hf, Ta, Os, Tl, Bi, La, Ce, Pr, Nd, Sm, Eu, Gd,
Tb, Dy, Ho, Er, Tm, Yb, Lu

Recycling rate expressed by the average content of the recycled metal (RC is the fraction of secondary metal in the total

metal input of the production process RC = (J A m) x100)
(a +j+m
>50% Nb, Ru, Pb
25-50% Mg, Al, Mn, Fe, Co, Ni, Ge, Mo, Rh, Pd, Ag, In, W, Pt, Au, Hg
10-25% Be, Ti, Cr, Cu, Zn, Ga, Cd, Sn, Sb, Ta, Re, Ir
1-10% Se, Zr, La, Ce, Pr, Nd, Gd, Dy
>1% As, Y, Ba, Os, Tl, Sm, Eu, Tb, Ho, Er, Tm, Yb, Lu

recycling stream (OSR = (L x100).
8

Share of post-consumer waste in the total waste recycled: post-consumer waste + manufacturing waste resulted from the

+h)
>50% Cr, Fe, Ni, Rh, Pd, Ag, Cd, W, Ir, Pt, Au, Hg, Pb
25-50% Mg, Al, Mn, Co, Cu, Zn, Nb, Mo, Sn, Re
10-25% Be, Ti
1-10% Ru, Sb, Ta
>1% Li, Ga, Ge, As, Y, In, Ba, Os, Ti, Bi
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The comparative analyses for different metals or
categories of waste should take into account the
calculation method used to assess the recycling
efficiency. Different values can be obtained because
reporting can focus on the recovering of material,

waste, etc. The results of the analysis performed on
60 metals confirm this hypothesis [10]. The
calculating method of recycling rate changes the
positioning of the metals in the five groups
established: > 50%, 25-50%, 10-25%, 1-10%, <1%

energy, or both material and energy, on resulting  (Table 5).
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Fig. 6. Stages of the life cycle of metals in EEE used to calculate recycling yields (Table 5) [10]

It is noted that for many of the critical metals,
especially rare earths, but also for other metals (such
as tantalum, gallium and indium), the quantity
returned from waste in the manufacturing process of
new products is less than 1%. The status of precious
metals (platinum, palladium, gold, silver) and cobalt
is significantly better, reaching more than 50%. The
situation is justified by the existence of efficient
recycling technologies and by performant working of
the collection systems for the recovered equipment.

- Environmental impact

WEEE recycling reduces the volume of waste
damped, attenuates and prevents the pollution of soil,
groundwater and air due to the release of hazardous
compounds. The treatment of WEEE for metal
recovery is mainly important for reducing the
"emissions of greenhouse gas”. Together with the
"material footprint”, the "carbon footprint” is one of
the most important environmental targets for the
recovery of metals from electronic waste.

The energy consumption (electricity, fossil
fuels, non-conventional energy) is the indicator that
characterizes the eco-efficiency which has influence

on the amount of greenhouse gases of a process.
Although energy consumption has an important share
in the cost of recycling, the recycling processes are
less energy intensive than primary metal production
(Table 6). The energy consumed for extracting
precious metals (gold, silver and palladium) is higher
than the energy used for the production of basic
metals (Cu, Al, Ni, Sn, Zn, Fe) (Figure 7).

Table 6. Economic benefits of recycling some
metals from the printed circuit boards, expressed
by energy consumption [19]

Material Energy savil?gs over virgin
materials (%)
Aluminum 95
Copper 85
Iron and steel 74
Lead 65
Zinc 60
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Fig. 7. Energy consumed for extracting metals necessary for mobile phone manufacturing [20]

The energy requirements for mining and
extraction of raw materials are approx. 7% of the total
global energy consumption. The large amount of
energy required for the production of primary metals
from ores is due to the high level of CO; emissions.
The energy required for the mining production
(extraction and the preparation of ores) is most often
obtained from the coal burning. As a result, the
environmental impact over the entire life cycle of
metals is high. The impact of the production of metals
from platinum group is shown in Figure 8.

Global Warming Potential (kg C0;-eq/fg)

Fig. 8. Summary result of the life cycle impact
assessment for the average production of 1 gram
of metals from platinum group [21]

The extent to which mining and extraction
activity affects the environmental factors differs from
one metal to another. The metal-induced problems
related to eco-toxicity are in close interdependence
with the energy required to obtain the metals from
ores (Figure 9). Depending on the magnitude of
environmental effects, the rare metals are positioned
at the top of the ranking.
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Fig. 9. Contribution of metals to terrestrial
ecotoxicity assessed by greenhouse gases and
global warming for 1 kg of primary metal (for
each metal the upper value is the greenhouse
gases quantity and the lower is the terrestrial

toxicity) [22]

The literature data confirms that the production
of primary metals from ores is an important source of
CO; emissions. In this regard, even metals found in
smaller amounts in EEE have a great impact on the
environment (Figure 10).
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Fig. 10. CO; emitted by 1 t of primary metals
production [1]

For 1 kg of primary copper, nearly 4 kg of CO;
is emitted [23]. When comparing emissions per unit

of metal produced, the typical CO; footprint for 1 ton

10 sy e e

of gold is 5,000 times higher than for 1 ton of copper.
But obviously, with more copper being produced, the
copper industry annually releases about 1.3 times CO»
compared to gold production.

The recycling of metals requires far less energy
than primary production, often this is consumed only
for re-melting. As a result, CO, emissions from
recycling are substantially lower than those from
mining and extraction of primary metal. For example,
besides the huge reduction of energy consumption,
the aluminum recycling generates only 5% of the
amount of CO; than those emitted from bauxite ores
production (if electrolysis is also taken into account).
For 1 kg of recycled aluminum, only 1/10 of the
energy required for primary production is consumed.
Thus, the generation of red sludge (~1.3 kg) and the
emission of CO, (~2 kg) can be prevented. The
situation is the same for platinum metals and other
metals recovered from WEEE (Figure 11) [10, 23].
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Fig. 11. Primary carbon footprint for some WEEE elements [10]

recovery of metals are:

quantitative evaluation;

than the primary gold from ores. Although there are
small amounts of gold in WEEE, this element has the
largest footprint, i.e. is about 50 times larger than for
copper and about 5000 times larger for aluminum
[22].

3. Conclusions
The opportunity and recycling potential resulted

from the analysis of each metal from cell phones
waste. The indicators considered for sustainable

potential revenue obtained from recovered metals
sale; eco-efficiency of recycling; metal recovery
efficiency; impact on the environment. The
quantitative evaluation of metals is an incorrect tool
to develop sustainable materials management in case
of mobile phones waste. The potential revenue
obtained from the sale of recovered metals is the most
important drive force for sustaining profitable WEEE
recycling industry. In terms of metals value, the
electronic waste is classified as "high grade material”.
The values of gold, silver, copper and palladium
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represent over 95% from the total revenues obtained
by recycling cell phones waste. Another analytical
tool characteristic of sustainable metals management
is eco-efficiency. This is expressed by the extraction
metal yield from waste. The low recovery yield of
valuable metals (Ru 0-5%; Rh 5-10%; Pd 5-10%; Ag
10-15%; Ir 0%; Pt 0-5%; Ru 0-5%; Rh 5-10%; Pd 5-
10%; Ag 10-15%; Ir 0%; Pt 0-5%; Au 10-15%) is
characteristic of the electronic scrap. The quantity
returned from waste in the manufacturing process of
new products is less than 1% for many of the critical
metals, especially rare earths, but also for other
metals (such as tantalum, gallium and indium). The
status of precious metals (platinum, palladium, gold,
silver) and cobalt is significantly better, reaching
more than 50%.

In terms of environmental impact, the eco-
efficiency is quantified by greenhouse gases
emission, material footprint or carbon footprint.
Among metals in WEEE, gold and platinum metals
are the most important source of CO, emission. The
typical CO; footprint for 1 ton of gold is 5,000 times
higher than for 1 ton of copper.
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ABSTRACT

The paper critically analyses the way of defining the coefficient of
performance of the systems used for the recovery of the energy of the domestic
waste in cogeneration plants. The RI criterion of performance of the European
Waste Framework Directive (2008/98/EC) is taken as a basis for the discussion.

The philosophy of establishing the form of the coefficient of performance
depending on the definition of the system “Product” and “Fuel” is discussed.

It is pointed out the fact that the performance criterion Rl is established on an
energetic basis that makes it insensitive to climacteric changes.

To take into account the interaction of the system with the environment in
which it operates, the paper aims at defining a coefficient of performance based on
the exergy concept that would make evidence of both the quantity and quality of the

processed energies.
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performance
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1. Introduction

The correct estimation of the coefficient of
performance of a system or piece of equipment is of a
capital importance that makes possible to point out,
for the given system, the possibilities of improvement
of its operating mode and construction.

When one considers that a system operates
better than it really does, opportunities of
improvement are lost. On the contrary, when a system
is considered weaker than in reality, one will focus
his attention on trying to improve its characteristics —
efforts made in vain because the system was
operating well.

What one expects from a system, called the
system Product, represents its net output that another
system or subsystem is interested to buy [1].

From an economic point of view, the Product
represents the result of an activity that is sold by a
subsystem and purchased by other subsystems.

The Fuel represents the net resource that a
system consumes to accomplish the final product.

The efficiency of any subsystem or system as a
whole is given by the ratio between Product and Fuel.

The correct estimation of the generic Fuel and
product of each operating zone is the key action for a

recovery,

municipal waste, coefficient of

proper evaluation of the local and finally global
efficiency of the system, pointing out possibilities for
the improvement of the system operating and design

[2].

2. The R1 criterion for assessing the
efficiency of the energy recovery of the
municipal solid waste

The package of good practice of the European
Community regarding the municipal solid waste
management, part of the Waste Framework Directive
(2008/98/EC), introduces the R1 criterion depending
on which any system of waste processing could be
rated as an energy recovery system or as an
incineration facility [3].

The relation for calculating the Coefficient of
Performance of a municipal solid waste energy
recovery system wants to account not only for the
system efficiency taken on its own, but also for the
way the energy recovered is used.

The R1 criterion is:

E,—(Ef +Ei)

= > Limit (1)
0.97(Eypyy +E )
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where the Limit from which a system for processing
the municipal waste could be considered an energetic
recovery system is for the existing installations and
for the systems starting the operation after adopting
the Waste Framework Directive (2008/98/EC).

The terms in equation (1) have the following
significance:

- energy produced annually as electricity or heat
[GI/yl;

- annual consumption of energy with the
conventional combustible necessary for producing
process steam [GJ/y];

- it represents complementary energy different
from an energy that does not contribute to the
producing of process steam;

- the annual energy contained in the processed
waste, calculated based on the Low Heating Value
(LHV) [Gl/y].

3. Discussions on defining the Coefficient
of Performance of a system for the energy
recovery of the municipal solid waste

To understand the significance of the terms in
Eq. (1) the Product and the borders of the system
should be stated. Dealing with an energetic analysis,
the observer is situated out of the system borders and
accounts only for the energetic interactions by mass
and energy transfer between the system and its
surroundings.

The installation for the energetic recovery of the
municipal waste produces process steam, electrical
energy and heat, making use of a steam turbine
system.

Figure 1 shows the schematic of the energy
balance of the combined system made of the
incinerator and the steam turbine for the energy
recovery from the municipal solid waste.

The energy balance equation for the combined
system becomes:

com

Ef +Eppy+ ES" + Epop + By =
2)
= el+EQ+ES,+EL

To point out the product of the system, the terms
of Eq. (1) could be grouped in the following way:

E,=(E, —Ey)+Ey+Ey = N
= ZI+EQ+Est

E = Eom + Ef° “4)
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Fig. 1. Schematic of the energy balance for the
combined system, incinerator and steam turbine,
for the energetic recovery of the municipal solid

waste

Accounting for equations (3) and (4), the energy
balance equation (2) becomes:

Ef+EmW+Ei:Ep+EL ®))

where Ep is the product of the system offered to
external systems interested to buy it and Er represents
the losses with the energy thrown away into the
environment for which, obviously, no money is
earned.

The coefficient of performance of the system
may be stated depending on the definition of the
installation Product and Fuel.

If one wants to point out the net energy obtained
by each product from the municipal waste, then
Equation (5) becomes:

Emw:(Ep_(Ef +Ei))+EL (6)

where
E., =k (7)
and
E,—(Ef+E)=R ®)

For this case, the coefficient of performance is:

R_Ey-(Ef+E) | E

cop =-1 )
| Epw Epw
By replacing Eq. (4) in Eq. (5), it gives:
Ef+Ep, +Econ+Ef"" =E, +Er (10)
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If one considers as Fuel the sum between the
energy of the municipal waste (E,,) then the energy
of the conventional fuel is used in the auxiliary
burners to maintain the prescribed temperature in the
reactor (Ey).

Fy=Ef+Ey, (11)

Then by the identification of Eq. (10) with the
equation (12) of the energy balance written with
economic sense

F=P+L (12)

the Product becomes:
Py =E,—(Ecom +Ef"™")=E,—E; (13)
and as a consequence:

Py Ep—(Eeom+EF™)

+
2 f mw (14)
_Epy-E . Ef
Ef+Emw Ef+Emw

A last approach could be to consider as Fuel the
entire energy utilized with direct or complementary
effect for achieving the goal of the installation,
namely to obtain electrical or thermal energy, or
process steam.

F, —E;+E__+E. (15)

as a consequence:

P = Ep (16)
and
= E]_'.
ClP, =—= =
TR B4 By tE
1 Y}
E_r # By + By (17)

Observing that the energy loss due to its transfer
into the environment is the same for all the
approaches, it results that:

COP, ( COP, ( COP;y (18)

The second definition of the COP (COP2) is the
closest to the definition given by the R1 criterion.

It must be pointed out that the R1 criterion as a
coefficient of performance based on only the
energetic balance cannot account for the internal
losses or for the changes in the intensive parameters
of the environment.

A better approach must use the exergy concept
to account for both the quality and quantity of each
kind of energy [4].

4. Conclusions

The coefficient of performance of any energetic
system is the ratio between the Product of the
installation and resources consumed with this aim,
resources generically called Fuel.

The value of the coefficient of performance
depends on the way one considers which part plays
the role of the Product and Fuel in the system.

The proper estimation of the Fuel and Product
opens the way to a more rapid procedure of
optimization.

Criterion R1 of assessing the coefficient of
performance of a system for the energetic recovery of
the municipal waste represents just one point of view
defined in the Waste Framework Directive
(2008/98/EC) of the European Community.

The R1 criterion as a coefficient of performance
is based only on the energetic balance and thatis why
it cannot account for the internal losses or for the
changes in the intensive parameters of the
environment.

Correction must be added to the R1 criterion to
account for the changes in the temperature of the
environment.
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ABSTRACT

Response to risk is a process that is directly involved in risk management and
is governed by the organization's security strategy, environmental characteristics
and security mechanisms. The management identifies the options available to
respond to the risk and analyzes the effects of these options on the likelihood and
impact of a risk, in close connection with the availability for the risk and cost-
benefit ratio, and then conceives and implements actions of response to risk. These
steps are integral parts of risk management and contribute to bringing the level of
risk within agreed tolerance limits. The paper presents the evaluation of risk
management options and the way of environmental risk management decision
making. The multi-criteria analysis of risk management options and the use of the

precautionary principle are also presented.

KEYWORDS: risk management, options, decision making, multi-criteria

analysis

1. Introduction

Environmental Risk Management (ERM),
applied at the level of an organization with a
significant environmental impact, ensures the
organizational structure, responsibilities and efficient
allocation of resources so as to manage all the
environmental risks associated with the main
activities and related activities performed by the
organization. In this context, ERM has the role of
ensuring a systematic review of the organization's
exposure to environmental risks and developing well-
targeted risk management programs based on this
analysis. This systematic approach provides specific
risk management benefits, including improved
environmental performance, and responsible risk-
response decisions with an effective cost / benefit
ratio. A structured and systematic approach to risk
management allows for adequate and properly
targeted environmental protection measures while
avoiding excessive or inadequate measures [1].
Developing  structured and documented risk
assessment and management was essentially
determined by the recognition that the possibility of
negative and undesired results of an activity cannot
always be eliminated [2]. Therefore, there is a need
for a way to evaluate the following issues:

- the severity and probability of these negative
results;

- applying appropriate control measures with an
effective cost-benefit ratio;

- acceptance or tolerance of remaining risk after
the available control measures have been
implemented.

The risk management is a particular type of
management considering the main objective, namely
making decisions to address risk or establishing a
response to risk [2]. For this reason, the main steps
are not only those proposed by the Deming cycle
(planning, executing, verifying, improving), and all
specialists in the field agree to go through the
following specific steps for a good risk management:

- systematically applying policies, procedures
and practices to identify hazards;

- analyzing the likelihood and consequences of
these hazards;

- estimating (quantitative or qualitative) risk
levels;

- assessing these risk levels based on relevant
criteria and objectives;

- making decisions about the identified risks.

Response to risk is a process that is directly
involved in the risk management and is governed by
the organization's security strategy, with its
environmental characteristics and security
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mechanisms. The top management or environmental
manager identifies the options available to respond to
the risk and analyzes the effects of these options on
the likelihood and impact of a risk, in close
connection with the availability of risk and the cost-
benefit ratio, and then conceives and implements risk
response actions. These steps are integral parts of risk
management and contribute to bringing the level of
risk within the agreed tolerance limits.

2. Evaluating the options for
environmental risk management

In the process of assessing environmental risk
management options, consideration should be given
to the relationship between environmental protection
and improvement so as to allow for sustainable and
long-term economic growth [3].

Environmental security aims at achieving a
better quality of life globally, both now and for future
generations [4]. The overall objective is to make sure
that the economic and environmental benefits are
available to everyone. It has been recognized that
achieving environmental security requires a collective
partnership in the decision-making process for
environmental protection. Therefore, environmental
management strategies must take into account
economic requirements, social needs and the ability
of the environment to deal with spills, pollution and
other disturbances, in order to support humankind and
all other forms of life. Continued efforts are being
made to develop specific methods for assessing
environmental risks and choosing their management
options such as they are, for instance those that

support  land-contamination risk = management
decisions [5-9].
Unacceptable environmental risks require

appropriate management to bring them to a tolerable
residual risk. The zero risk is a target usually not
achievable or demonstrated. Evaluating options for
reducing environmental risks is the process of
identifying and selecting the most appropriate risk
management strategy taking into account the
constraints imposed by the decision-maker [10]. The
systematic methods that can be used to compare and
evaluate risk management options cannot be
universally valid for all circumstances. There is
usually the possibility of selecting or adapting an
existing methodology, but there will always be cases
that will require the development of new
methodologies.

Risk mitigation opportunities can be found
along the whole risk analysis approach. In identifying
opportunities for risk reduction, the following aspects
will be considered:

- eliminating the hazard (such as replacing a
hazardous chemical with a non-hazardous one in the
technological process);

- reducing potential consequences (e.g.
reducing stocks of hazardous substances or increasing
security measures);

- reducing frequency / probability (e.g.
increasing the frequency of maintenance and repairs
or monitoring or taking additional measures).

Risk reduction will concern both the whole
system and:

- possible changes to some operational phases;

- changes to protective measures;

- essential changes, for example: relocation of
installations, revision or replacement of technology,
revision of the mode of transport.

It is important that risk management facilitates
risk mitigation so as to adopt the management option
that results in the lowest risk levels whenever they are
affordable to an affordable price. Identifying risk
mitigation opportunities will focus on their likely
impact on risk levels. It is important to identify risk
management options as a distinct preliminary step
because inappropriate risk management strategies can
lead to unnecessary efforts and expenses [10].

The available risk management options can be
[4, 11-13]:

+ climinating the source of risk wherever
possible;

* mitigating the effects of hazards by improving
environmental management techniques or engineering
systems;

* minimizing risk through new technologies,
procedures or investments;

« exploiting the beneficial potential of risk by
accepting new opportunities;

* accepting the risk of not intervening in new or
existing situations;

« transferring the risk to a third party.

To select the appropriate risk management
options, the potential positive and negative effects
associated with each option will be assessed by
analyzing at least the following factors [14]:

- technical factors: for example, the degree of
research and development needed;

- economic factors: the cost of implementing the
option;

- environmental security: the potential impact of
options on health and sustainability of environmental
resources, including impacts on existing habitats;

- social issues (social impact of risk) such as:
potential costs or another loss to the community, jobs
or housing prices, life expectancy, etc.;

- organizational capabilities - the ability to
manage risks within the organization, other bodies, or
the ability of the exposed society or groups.
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Combining these elements allows for a  selecting or developing relevant criteria should be

systematic comparison of risk management options.

2.1. Economic considerations in choosing
risk management options

Risk reduction can often be carried out at a low
cost, and in some cases leads to substantial savings in
operating or capital costs. Economic factors can have
a significant influence on the decision-making
process and may affect the acceptance of a given
option. The best option will probably be the one that
provides the greatest benefit achieved at the lowest
cost. Benefits can come from reducing damage
(avoiding damage or loss of property, material or
cultural damage, damage to human health and
environment). Benefits can also be achieved by
reducing costs such as:

- social costs;

- regulatory costs and private costs;

- control costs, including construction and
maintenance;

- the costs
damage.

Economic considerations should include both
those benefits and costs that can be measured in
money as well as those that cannot be measured as
such, or for which accurate monetary assessments are
not available. The latter must be evaluated physically
and qualitatively. We need to make sure that the
decision-making process pays same attention to all
elements, without the non-valued ones being
considered significant in relation to the elements that
do not allow for such assessments. Applying a multi-
criteria decision analysis can help to discern the
benefits associated with various risk management
options [4].

of remedying environmental

2.2. The role of criteria and objectives in
choosing management options

Once the hazards have been identified and
analyzed, the risk objectives or criteria set up at the
beginning of the risk analysis can provide a rational
and consistent basis for identifying risk mitigation
options / options for assessing risk responses.

When risk analysis only aims at comparing
cases and identifying options for the lowest risk, the
analysis may be simple and no other criteria are
required. When a risk analysis has the purpose of
determining the level / rank of the risk and identifying
the factors that can contribute most to risk, the need
for criteria may be limited [15, 16]. For most
analyses, however, the defined objectives and / or
criteria are important. While the criteria are largely
used towards the end of the analysis, identifying,

made earlier than the end of the risk analysis and
eventually improved over time. In this way, the
criteria can be taken into account throughout the risk
management process. This approach will help
determine when a hazard can be removed from a
more in-depth examination on the grounds that it has
a low consequence or probability. Therefore, the
results can be developed in an appropriate form for
the assessment of management options according to
specific criteria. In spite of this, economic
considerations on benefits and cost effectiveness may
become de facto criteria [17].

Even if criteria are important, it should be
underlined that it is just as important that the risk
analysis and management process do not become a
criterion verification exercise, missing the main
purpose of achieving a real improvement in safety
and environmental protection.

3. Making decisions on environmental
risk management

The best decisions on environmental risks
require both the best scientific approach and the best
decision-making processes. Decision-making will be
based on information, knowledge, experience,
concerns, research and understanding as well as
support by the people who may be directly affected
by them. Risk management involves all categories of
staff, never being solely the responsibility of the top
management or risk advisory organizations. Running
the risk management process requires both
commitment and decision-making power of the top
management along with employee involvement,
because the latter can first identify an incident, a
potential hazard or an opportunity for improvement.
In this approach, it is important for the decision
maker to be fully informed about the objectives and
the way to decide, especially when the choice is
between the benefits of risk mitigation and the cost of
introducing appropriate measures.

Appropriate decisions will be based on an
effective and accurate assessment of alternative risk
management options. A systematic assessment of the
options will be a process of identifying and
quantifying the costs and benefits of the measures to
implement the environmental management. This
process should include all possible options and
implications, not just those that can be quantified. A
framework for decision-making can include the
following steps:

- well-defined identification of the target and the
desired result;

- identifying the options for achieving the
objective or the result sought;

_25-



o R A Gy,
e T

THE ANNALS OF “DUNAREA DE JOS” UNIVERSITY OF GALATI
FASCICLE IX. METALLURGY AND MATERIALS SCIENCE
N°.2-2017, ISSN 1453-083X

- clarifying the decision criteria and the
implications of applying an economic, social and
environmental option;

- identifying the tools needed to implement
options such as policy instruments, measures or
economic regulations;

- identifying the impact of the options (in this
respect it will be necessary to collect data from the
stakeholders that will be affected by the potential
measures);

- comparing the advantages and disadvantages
of each option, including the compromise between
quantified and qualitative data.

3.1. Multi-Criteria Analysis

The analysis of decision options, taking into
account several criteria (also called multi-criteria
analysis) such as economic, social and environmental
criteria, is a complex approach, largely due to
inherent compromises between these risk-affected
areas.

Selecting an appropriate risk management
strategy often involves additional criteria, such as
environmental impact distribution or costs and
benefits [18]. Decision-making research based on a
multi-criteria analysis [19-21] has allowed for the
development of practical ways to compare decision-
making options when there are several criteria for
assessing these options [22]. The main advantage of
multi-criteria analysis is its ability to draw attention
to areas of divergence between stakeholders and
decision-makers. However, the need to reach a
consensus with stakeholders on the main criteria in
question may lead to limitations in the use of the
method. Participants may initially be unprepared to
give up their own opinions, but they may better
understand an alternative option presented through a
multicriterial analysis [23]. Multi-criteria decision
analysis typically meets criteria and performance
levels in the form of matrices to provide a basis for
integrating risk levels and uncertainty. In this way, it
is possible to carry out an assessment of alternative
risk management options. Table 1 presents a multi-
criteria analysis matrix of the decision on a risk
management option.

The efficiency of the criteria according to the
options being evaluated can be a two-step approach:

- First, how each option will affect the issue is
presented in terms of positive and negative effects on
the three main elements: environment, society and
economy;

- Next, for the option considered optimal, the
potential risks of applying that option (e.g.
organizational capacity, complexity of
implementation) will be considered.

For example, the decision matrix presented in
Table 1 shows that decision 3 is the most effective in
terms of risk reduction, but it is costly. Depending on
the opinion of the decision-makers and the available
budget, they can select decision 3 or a cheaper option,
decision 2, which can still lead to an adequate level of
risk reduction [22]. If the risk response becomes
clear, the effectiveness of the action chosen by the
risk management is then verified during the
monitoring and risk assessment phases.

Table 1. Multi-Criteria Analysis of Risk
Management Options [22]

Criterion Decision 1 | Decision 2 | Decision 3
Economic ? i i
Environment i l 1
Social i > 1

| - decrease in risk level

1 - increase in risk level;

< - insignificant impact on risk;

? - insufficient information or too many uncertainties
to analyze the option impact.

3.2. Involvement of the interested
parties/stakeholders and the public in
decision-making

In some cases, it may be necessary to involve
stakeholders and the public in the decision-making
process on the choice of environmental risk
management options. It is possible that those who
were involved in defining the risk area or planning
the risk assessment would like to be involved in the
post-evaluation phases as well. This can be beneficial
because good decisions are often based on the
information, knowledge and concerns of stakeholders
and the public and are understood and supported by
people who may be directly affected by them (e.g.
studies on genetically modified vegetables, designing
a new food control system, granting license for land
use, remediating a contaminated site). The
involvement of stakeholders and the public in
assessing risk management options can lead to
positive results such as conflict resolution, social
education [24], wider knowledge integration and
community support [25]. In practice, the too late
consultation of stakeholder decision-making [26] is
no longer appropriate so as to actually influence the
decision. The result may be public frustration,
opposition to decisions made and requirements for
more information, resulting in delays in decision-
making. These difficulties have led to the adoption of
analytical and deliberative decision-making processes
in many countries that enable public involvement
through analyses and debates on risk assessment and
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risk analysis (known as participatory risk
assessment). Participatory risk assessment has been
recognized as a valuable way to support public
commitment.

In planning a risk assessment,
commitment should be ensured for:

* stakeholders and public opinion who can be
considered in decision-making;

« the situation where there is, it is likely to be, or
has been concern about the risk issue;

» support for stakeholders and the public for
decision-making.

A participatory risk assessment process is joined
by a bottom-up approach. This process aims at
involving stakeholders and the public in: formulating
the problem, assessing preferred management
options, and proposing solutions to specific risk
issues.

There may be several decision-makers
(environmental authorities and agencies, NGOs, etc.)
that need to be involved in the assessment of risk
management options. In this case, it is important to
clearly show to those involved the goals and limits of
what can be achieved. For example, it may not be
possible to change the land use decision, but it is
possible to introduce conditions for construction and
activities [1].

public

3.3. Relevance and use of the precautionary
principle in decision-making

The precautionary principle may be invoked if a
preliminary scientific assessment shows that there are
reasonable grounds for concern that a particular
activity could lead to harmful effects on the
environment or on the health of plants, humans,
animals or would be in conflict with the protection
normally provided to them within the European
Community. The precautionary principle states that
"In order to protect the environment, a cautious
approach is widely applied by states according to
their capabilities. If there are threats of serious or
irreversible damage, the lack of full scientific
certainty will not be used as a reason for postponing
measures to prevent environmental degradation
"(Principle 15 of Agenda 21). If the precautionary
principle is adopted, decision-makers establish:

- what action is necessary in view of the
potential consequences if no action is taken;

- the uncertainties inherent in
evaluations;

- consultation of stakeholders on possible ways
of risk management

The measures adopted must be proportionate to
the level of risk and the desired level of security.
They should provisional, pending the availability of
more reliable scientific data. Research into the use of

scientific

the precautionary principle [27] has already identified
the following issues to be considered:

-admitting the lack of information;

- the need for long-term monitoring of the actual
field conditions;

- taking into account the benefits;

- the use of local knowledge and expertise;

- avoiding lack of analysis and action to reduce
potential injury when there are good reasons for
concern.

4. Conclusions

The environmental risk management applied at
an organization is intended to evaluate options for
addressing the identified environmental risks and to
make the best decisions to eliminate and minimize
these risks.

Assessing the risk response options will be
based on economic considerations, the best option
will be the one that ensures the highest benefit
achieved with the lowest cost.

The risk management involves all categories of
staff and is never the sole responsibility of top
management or risk advisory organizations.

Making appropriate decisions on ERM will be
based on an effective and accurate assessment of
alternative options.

The analysis of decision options, taking into
account several criteria (also called multi-criteria
analysis) such as economic, social and environmental
ones, is an appropriate method of assessing decisions.

The involvement of stakeholders and the public
in making decisions is important. This can be
beneficial because good decisions are often based on
the information, knowledge and concerns of
stakeholders and the public.

The precautionary principle in management
decision-making may be invoked if a preliminary
scientific assessment shows there are reasonable
grounds for concern that a particular activity of the
organization could lead to harmful effects on the
environment.
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ABSTRACT

The purpose of the study is to determine the influence of moisture on thermal
conductivity for a range of building materials. A series of building materials and
insulation materials have a porous, fibrous or granular structure, in which blanks
are filled with air. If these areas are filled with moisture or water, the thermal
conductivity of the material increases, and the insulation capacity decreases. The
thermal conductivity of the analyzed materials was measured in accordance with

1SO 8301 protocols.

KEYWORDS: water absorption; moisture; thermal conductivity

1. Introduction

The aim of the present study was to investigate
the variation of thermal conductivity (k-value) with
the moisture content of the autoclaved aerated
concrete (AAC) blocks. We examined the thermal
conductivity and the water absorption properties for
three AAC specimens with different degrees of
humidity. The k-value can be greatly reduced by the
presence of moisture within the building materials.

The building materials are exposed to
environmental influences (i.e. rain or humidity).

Due to diffusion processes as a consequence of
gradients of the temperature or the humidity, the
moisture content of the materials can increase. High
temperatures at high moisture contents lead to a
strong increase of the effective thermal conductivity
because of pore diffusion. Building, structural and
construction materials mostly have a porous structure.

The moisture content depends mainly on the
pore ratio and the pore structure of the building
materials. Materials with a high porosity can absorb
and store more water than those of low porosity. Due
to the pressure difference or to the capillarity, the
moisture can spread into the entire volume [1].

A slight quantity of water can infiltrate into the
material via the manufacturing process. Furthermore,
moisture can be absorbed by the materials due to the
outer  weather conditions. Buildings under
construction are particularly exposed to moisture
stress. Precipitation has an impact on the building in
different ways.

Heat transfer by conduction through the building
envelope represents a major component of the total
thermal load of buildings. Reducing conductive heat
gain through the walls and roof by using effective
thermal insulation could lead to a significant
reduction in the thermal load and consequently a
reduction of the overall electric energy consumption.

The thermal performance of the building
envelope depends to a great extent on the thermal
effectiveness of the building materials which is
mainly determined by its k-value. The k-value is
dependent on the material density, porosity, moisture
content and average temperature difference.
Published k-values and those reported by
manufacturers are normally evaluated at standard
laboratory conditions of temperature and humidity to
allow for a comparative evaluation of the thermal
performance. However, when placed in their locations
in the building envelope, thermal insulation materials
are exposed to different temperature and humidity
levels depending on the prevailing climatic
conditions, hence their actual thermal performance
may substantially differ from the one predicted under
standard laboratory conditions [3].

2. Experimental details

2.1. Materials

Autoclaved Aerated Concrete (AAC) is one of
the most commonly used light-weight construction
materials for contemporary buildings, especially due
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to its low density, unique thermal and breathing
properties and high fire resistance. This material has,
however, some disadvantages; for instance, its very
high-water absorption capacity makes it susceptible
to deteriorations due to water. For instance, it is often
used together with incompatible plasters leading to
problems at the interfaces, such as condensation,
which leads to an increase in the water content of the
wall section and some faults occur on the finishing. In
the presence of moisture and/or water, the AAC
blocks lose the thermal conductivity, and mechanical
properties. In order to prevent such problems, it is
essential to use waterproof and water vapor
permeable plasters and/or finish coats in applications
of AAC.

In order to achieve the objective of the study,
three types of AAC were selected (Fig. 1). The
technical specifications of the AAC samples given by
manufacturer are presented in Table 1.

Table 1. The technical specifications of the AAC

samples
Technical Sample | Sample | Sample
specifications 1 2 3
Dry bulk
density 400 550 600
kg/m’
Thermal
conductivity 0.092 0.13 0.15
W/mK
The diffusion
coefficient of 5/10 5/10 5/10
water vapors
Dimensional
stability 0.15 0.33 0.5
mm/m
Reaction to
fire - Al Al Al
Euroclass

Fig. 1. The AAC samples

2.2. Measurement apparatus

The thermal conductivity is determined by
means of the heat flowmeter method. The concept of
a heat flowmeter appears in ISO 8301: 1991 [7]. The
specimen under test is placed between a hot plate and
the heat flowmeter which is attached to a cold plate.
The apparatus is surrounded by insulation.

The hot and cold plates are maintained at
suitable constant temperatures, measured by surface
thermocouples. A calibration constant for the
individual apparatus is derived from testing a sample
of the known constant thermal conductivity. By
measuring the heat flowmeter output and the mean
temperature of the test sample, the thermal
conductivity is calculated using this calibration
constant [9].

The Hilton B480 (Fig. 2) unit is based on the
heat flowmeter method described. ISO 8301:1991
gives the range of sample sizes that can be used with
this method of conductivity measurement. The Hilton
B480 unit is capable of holding specimens of 300 X
300 mm and 75 mm thickness.

Fig. 2. The Hilton B480 unit

The Fourier equation (Eq. 1) provides the
relationship between the parameters of the test
samples and the sections.

qzk-A-g (1)

where: q (W) and T (K) are the heat flow and
temperature  difference  across the  sample,
respectively, A (m?) is the area through which the
heat flows, x (m) is the thickness and A is the thermal
conductivity of the samples.

The thermal conductivity A is determined with
equation [9]:
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X iy + o )+ (s + by - T)) 1EM)+ (ks + (kg - T)- HEM2)

(@)

where: X (m) is the specimen thickness, ki, ko, ks, ku,
ks, ke, are calibration constants, HFM (mV) heat
flowmeter output, T (K) is the mean temperature and
AT (K) is the temperature difference between the hot
plate temperature and the cold plate temperature.

2.2. Wetting of the samples

The moisture w (%) content of the samples can
be calculated using the following equation:

my —Myg

w = -100 (3)

mgy

where: mq and m,, are the mass of the dried and the
damped samples, respectively [1].

The thermal conductivity of a wetted material
depends on the moisture content of the material.

For the building materials under the given
conditions, the thermal conductivity values can be
determined with equation:

7\‘W :kdatwe(_bw)

“)
where: Ay and Aq are the thermal conductivity of the
wet sample and the dried sample, respectively, a and
b are constants for the material that can be determined
from the experiments, t is the wetting time and w is
the moisture content [1].

The samples humidification was performed
according to standard EN 1609 (1997): “Thermal
insulating products for building applications.
Determination of the short-term water absorption by
partial immersion” [8].

3. Results of experiments

The measurement of thermal conductivity and
of the amount of humidity/moisture absorbed was
made over a four- hour period and a one- hour step.
Then the sample humidification has continued for 24
hours to determine the w;, coefficient according to EN
1609 (1997) standard.

As a result, for all AAC samples, two different
curves will be presented: the moisture content as a
function of the wetting time, .and the thermal
conductivity change as a function of the moisture
content.

Figure 3 illustrates the variation in the moisture
content of sample 1 depending on the humidification

AT

time. Considering that sample 1 is characterized by
the lowest density, i.e. the highest absorption
capacity, a significant increase in the amount of
moisture absorbed in the first humidification hour is
noticed. During the other three hours, an increase in
humidity occurs but not so significant due to water
filling of the sample pores in contact with water.

AAC spmple 1

Fed
=

=
=
\1'

jry
"

g
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&

Moletire conent (%)
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1 i 3 4
Weiling fimc {hY

Fig. 3. The moisture content as a function of the

wetting time for sample 1

Figure 4 shows the variation in thermal
conductivity depending on the moisture content for
sample 1. It can be noticed a significant increase in
the thermal conductivity with the increase in moisture
content, especially after the first humidification hour.
For a humidity of approximately 15% the thermal
conductivity increases four times.

AAC sampls: 1
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Fig. 4. The variation of thermal conductivity vs.
the moisture content for sample 1

Figures 5 and 6 show the variation in the
moisture content and thermal conductivity for sample
2. Unlike sample 1, there is a decrease in the amount
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of moisture absorbed due to the high density in
sample 2. This is found in a lower variation in the
thermal conductivity during the four hours of
humidification.

AAC sample 2
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Fig. 5. The moisture content as a function of the
wetting time for sample 2
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Fig. 6. The variation of thermal conductivity vs.
the moisture content for sample 2

AAC sample 3
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Fig. 7. The moisture content as a function of the
wetting time for sample 3

Compared to samples one and two, in the case
of the third sample which is characterized by the
highest density, a very low absorption capacity is
observed during the four hours of humidification
(Fig. 7). Although the dry sample 3 has the highest
conductivity, it does not vary significantly due to the
low absorbed moisture content (Fig. 8). The low
absorption capacity for sample three is accounted for
by the reduced number of pores in the material.

AAC sample 2

£ 016
015
0.14

Q 1 2 3 4 5
Moisture content %o

Thermal con

Fig. 8. The variation of thermal conductivity vs.
the moisture content for sample 3

4. Conclusions

The main purpose of the study was to
experimentally determine the dependence between
thermal conductivity and moisture content for three
different types of AAC. In all three cases there was an
increase in conductivity depending on the degree of
humidification. Sample 1, although in dry state has
the lowest conductivity, in the presence of moisture it
loses its insulation capacity by increasing the
conductivity coefficient.

With the increase in the density of the three
samples, there is a decrease in the moisture
absorption capacity but at the same time a decrease in
conductivity. Therefore, when using AAC blocks,
increased attention has to be paid to walls finishing
and moisture exposure.

Generally, AAC constructions are externally
covered by moisture resistant thermal insulation
layers. At the same time, it is recommended that AAC
blocks be stored in areas of low humidity before use.

The use of AAC blocks in the field of
construction remains a very good solution both in
terms of thermal insulation and mechanical strength.
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ABSTRACT

The paper presents a simplified theoretical model for estimating the operating
parameters of the laser deposition by injecting the powder into the metal bath. The
study considered the influence of the powder particles on the transfer of energy
from the laser beam to the surface of the substrate to be deposited. The following
parameters were determined: the metal bath depth, the diameter of the metal bath,
the mass of the powder deposited, the average temperature of the metal bath, the

thickness of the deposited layer.

KEYWORDS: laser deposition by powder injection into the molten bath,
determination of coat characteristics, influence of injected particles

1. Introduction

Laser deposition is used to improve the
mechanical properties and corrosion resistance of
layers at the surface of the materials.

As a superficial treatment of hardening, laser
radiation processing aims at increasing the level of
hardness of the surface layers, with a direct effect in
terms of improving wear resistance. The specific
characteristics of laser processing, namely ultra-fast
heating speeds and variables in a wide range of values
(v > 10°+107 °C-s!), high energy densities and a
characteristic energy distribution into the beam,
determine the particularities of the thermal
transformations generated in the material being
processed.

Laser deposition leads to a multi-zone structure:
deposited layer, dilution layer where there is
practically a surface alloying, a layer hardened in the
solid phase, an annealed layer and finally the base
material.

Laser processing, in hardening, alloying or
deposition process, induces additional microstructural
hardening mechanisms: over-saturation of the solid
solution in carbon and alloying elements (martensitic
hardening), increasing the degree of finishing of the
structure and substructure respectively, a dispersion
hardening or precipitation of carbides. The
mechanism, the kinetics of these transformations, the
morphology as well as the resulting properties are
determined by the type of processing, the material
under processing and the deposition material used.

Several models have been suggested for
calculating the height of the laser deposited layer.

The theoretical model proposed in this paper
involves a uniform distribution of the laser power and
a one-dimensional heat flux inside the workpiece.

It is a simplified theoretical model used to
estimate the dimensions of the molten layer and the
deposited one, taking into account the parameters of
the laser beam and the thermophysical characteristics
of the support and the powder used. The influence of
powder particles on the transfer of energy from the
laser beam to the surface of the deposited substrate
was considered using Mie's theory [1, 4, 5].

2. The theoretical model

For calculating the maximum height of the
deposited layer, it was considered that this would be
obtained for a maximum amount of thermal energy
accumulated in the metal bath. However, the
temperature at the bath surface should not exceed the
boiling temperature of the support material.

Thus, the time dependence of conductive heat in
the space under the irradiated surface is described by
equation [1, 4, 5]:

oT 0T
—=k—
ot 0z

p-c 1

Limit conditions will be:
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where: p - material density; ¢ — material specific heat;
k — thermal conductivity; T — temperature; z — depth;
P — laser power; R — reflexivity of the piece surface;
D — diameter of the laser beam; v — laser motion
speed; S — area of the laser irradiated surface.

The solution of this equation is (4):
T(ZJ)=M-V(G-I5~€_2'W @)
7-k-D

where: a — thermal diffusivity
The maximum local temperature achieved
during the laser-material interaction for £ =D/v is:

4

T(Z,t=BJ=M.\/m,em 5

1%

From eq. (3), the max. temperature of the
irradiated surface may be written as:

(e=0)=3=RP hr

w-k-D?

In laser deposition, however, where the powder
is fed into the melt at the point where the beam strikes
the substrate, the current power density that is
distributed over the surface of the sample is lower
than the apparent laser power by a factor that
quantifies the transmission coefficient, ¢. Thus:

P=¢-P, (5)

where: Py — apparent power of the laser; ¢ - factor of
attenuation

Thus, the temperature at the surface of the metal
bath becomes:

_8:8,9-0-R) Jla D)

T(zzO) kD

(6)

The temperature at the depth z inside the metal
bath:

Z

T(Z): 8(1—R)P0 @ .\/TD/V-eizA a-DJv )

w-k-D?

The attenuation coefficient of the laser beam
intensity:

Q-D

-D-K-7z-rp2 )]
m,-V, -v

@ = exp| —

7-k-D?

'7['}’3
p

W[

But m,=p,-V,=p, -

K =5, constant

7-D?

-5d , laser operation volume

V, =

0 =0, -T", powder feed velocity

I' - particle fraction contained in the metal bath

Then:

3.0,-T
@ =exp| — 2 )
ﬂ.rp.pp.v.D

2.1. Calculation of the metal bath depth

In the case of laser deposition, it is desired to
obtain a low- depth melt layer of approx. 0.3-0.5 mm.
The model assumes that the ratio between the laser
beam diameter and the maximum depth of the metal

bath is 2 <10.
Z

In eq. (7) make sure that at the depth z = zn, the
melting temperature Ty, is reached.

m

Z

R R T

And at surface z = 0 temperature shall be acc. to
the relation:
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8-P-¢-(1-R)-J(a-D D T
T(s)=—" ¢-(1-R)-la-D}y) (11) z =2 | (12)
z-k-D? v T,
- \/ZT 2.2. Calculation of the metal bath diameter
Dividing Tw/Tswe get T, /T, = “V*7"

This is the actual diameter of the laser beam, d.,
as shown in Fig. 1. By setting the condition T(z = 0)
= Tp in equation (11):

By applying a logarithm to the expression, we
reach the maximum depth of the metal bath:

o LasEr Dz

-

.-"'----
J__I-.I’c'..'. Eeskbi
,»”;; Lo
i L /

= Fy T
L. ':\ 4 / > =
x| H"- - T i ¥
"\-\._____ _ __'___d_\,& — B

Fig. 1. Image of the laser beam and the metal bath on the support

8 p0¢(1 _ R) ad 2.3. The approximation of the radius of the
i - (13)  spherical calotte by which the shape of the

metal bath is created on the support

After squaring, we can obtain: From the rectangular triangle OAB, as seen in

Fig. 2, it can be written: OB*? = OA* + AB? (18),

g 64P ¢’ (1-R) a gy U
‘ kT v pmrm—
After squaring eq. (11): " e -
, _64B'¢*(1-R)'a |
T} =— (15) N NI~ N :
T k D 1% ' "':1'\. i
I. -r_l'l. ! \‘1 '.I
it is possible to obtain the sweep speed at which at o F Y
temperature Ty, is obtained the melting temperature s i 1«.\
T.» and is reached at the bottom of the bath with z,, / ' 'y .
depth: 28 rdl o
2 2 2 Ihx\ - i - _I
64P, 1-R)a ' -
y = 0 ¢ ( ) (]6) H--\. d_.—"'-'-

2k 2Tsz D’
_ Substituting this speed in eq. (14) the actval  pjo 2. The characteristics (the radius Rs and the
diameter of the laser beam can be determined: depth zn) of the spherical calotte

T? d
d, =D3|= (17) AB = ;;0A=Rs—zm;0B=Rs

e 2
m
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After substituting them in the previous relation, 2
1 d
we have: RS =—|z,+ (19)
2 4z,
R=(R -z,) H—=
s ( § Z'”) 2 - Trf - melting temperature of the powder [°C];

-T? -powder temperature at the metal bath
2.4. Thermal balances, during the intake [°C];

. . . d) . -L” - latent melting heat of the powder material
interaction time, | t = — | in the metal bath [I/ke:
v b

- p -
injected with powder m" -mass of the molten powder [kg].

Equaling expressions (20) and (21):

Available energy in the metal bath to melt the R s
mics|rs, -T2, |=m?|cr(rr -17)+ 17 ]

injected powders: mb
AE’ = m;c; [Tnih -T ] (20)  the mass of the deposited powder can be calculated:
s .8 N N
'T,;u - apparent melting temperature of the mP = mhcp[Tmb _Tma] [ke] (22)
e (e p p e

support: [C ) (Tm -T )+L J
s R Since the maximum temperature of the metal
T,,=T, = bath and its maximum depth lie on the same
P perpendicular, to the surface of the bath and in its

center, it results that there are conditions for melting a
maximum amount of powder in this area. It can,
therefore, be assumed that the deposited layer will be
- L' - latent melting heat of the support, [J/kg]; in the form of a spherical calotte, characterized by the
-C? - specific calorific capacity of the support ~ values: hw - the calotte height (laser deposition layer),
P )
) . Zm - maximum depth of the metal bath (molten layer)
material, [J/(kg°C)]; and de - the diameter of the base, as shown in Fig. 3.

—Tnib -average temperature of the metal bath

-T, - melting temperature of the support, [°C];

formed on the support (no powder intake), [°C]. 2.5. Calculation of the average temperature
The energy required to melt the powder: of the metal bath -T,,

E? =m” [C,]: (Tnf -T7 )"‘ Lp] @2n Since the temperature distribution in the depth
of the bath is given by equation (7), the temperature
field is considered to consist of isotherms in the form

And finally, the radius of the spherical calotte is
of concentric spherical surfaces.

obtained to further approximate the metal bath:

-

- _.'._"_ - -
- L 3 I -
i3 [ e -
I. E"'\-\_J_ i _,_,-"-- Il-
! i e /
"H.___H .-__.-"" |I .-__.-'
e I| -~
'-._\______ I| e -
~ T
]
lacsr rrnadlinml=yss |I
L dfss: S el

Fig. 3. The characteristics of the laser deposition layer
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The volume of the metal bath will be divided  with the isotherms. The mean radius of each spherical
into an infinite number of volume elements, as very  sheet will be R (z) as shown in Fig. 4.
thin sheets, of dz thickness and which practically fuse

Fig. 4. The characteristics of the volume of the metal bath

Temperature of this volume element will be: After replacing expression of R(z):

dv = 27[[(RS -2, )z + zz]dz

8Pp\l-R) [aD Z
T(z)= Lz) — eXp| — (23) the average bath temperature shall be a weighted
kD v laD
o
v

average of the type:

1 Zm
s —_—
and the radius of the sphere considered for the middle T =— _[T(Z )dV (24)
of the element thickness: b 0
R(z)=R, -z, +z o

where V, = 3R, — Zm) is the volume of the

The volume of the volume element can be  metal bath calculated acc.to the formula of the
calculated by the expressions: spherical calotte; after substitution in relation (24)
this becomes:

dV =27mR(z)zdz
T, =— o [T(eRal(R ~ 2, )e+ 22 iz

- 2GR -z,)

After replacing the expression of T (z) and
solving the integral, the average temperature of the
metal bath is obtained:

— — 2@ 2
7, - 2Rz )I-Rikp [aD|, [aDf\ [aD 4 | 27| ,[aDY, 4 JTD+ o |les)
23Rz, )D* \ v v v R -z, v R-z, Vv | R-g,

s
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2.6. The volume of the powder deposited on
the support

To be calculated by the simple relation:

This volume will be distributed over the surface
of the solidified metal bath of diameter d., in the form
of a spherical calotte of height &,,.

2.7. Maximum thickness of the deposited
layer

Taking into account the calculation of the
volume of the spherical calotte, when the height and
diameter of the base are known, the volume Vp can

which can be transformed into the 3™ degree equation
with the unknown A,y

T+ Zd’h —vr =0
6" 8

The canonical form of the 3™ degree equation is:
y? + p-y+q =0 which means:

P
wal.arn -2V g
T
3 2 6V’
=, des 4=
p=7d

Note that the determinant of the equation:

also be written as: d 62 3 3y P
1 +
2 T
7h d
ypr ="m h’i _3| Ze
6 2 is positive and then the equation shall have only one
real solution which is exactly the maximum thickness
of the deposited layer:
2
3y d’ 3y 3v? d? 3y
h, =3 + + +3 - + (26)
/4 4 T V2 4 T
3. Conclusions References

The model proposed in this paper is a simplified
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the molten layer and the deposited one, taking into
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laser power across the laser beam and one —
dimensional heat flow into the workpiece.

The influence of the powder particles on the
transfer of energy from the laser beam to the surface
of the substrate to be deposited was considered.

The following parameters were determined: the
metal bath depth, the diameter of the metal bath, the
mass of the powder deposited, the average
temperature of the metal bath, the thickness of the
deposited layer.
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EXPERIMENTAL RESEARCH ON INCREASING THE DURABILITY
OF CAST ATCSi 5 Cu1 ALLOYS FOR SEA SHIPS THROUGH HEAT

TREATMENT

Adrian DIMA!, Iulia-Margareta DIMA2
1“Gh. Asachi” Tehnical University of lasi
2Scoala Gimnaziald “I. Simionescu” lasi
e-mail: adima@tuiasi.ro

ABSTRACT

This paper presents an experimental research study on the utilization of
complex heat treating on aluminum alloys in order to increase their durability. The
practical usage of the studied aluminum alloys (more specifically, silumin type
alloys) is envisaged to be in marine industry, where fatigue is very important,
especially in corrosive medium. The applied complex heat treating is of tremendous
importance and the results can be very good.

Durability means a combination of different characteristics that determine the
time period in which a cast part can be used in safe conditions. For a seagoing ship
condition, the durability of ATCSi 5 Cu 1 cast parts depends especially on
mechanical resistance and corrosive resistance in marine water.

The present work investigates the possibilities offered by different heat-
treating techniques in order to increase the overall durability of the seagoing ship
parts by increasing the mechanical resistance and reducing the corrosion in sea
water.

Thus, we conceived an original methodology of experimental research
comprising of an optimum combination of adequate heat treating, static and
dynamic tests as well as corrosion tests under pressure in conditions similar to sea

water.

KEYWORDS: aluminum alloys, heat treating, durability, intercrystalline

corrosion

1. Introduction

Applying thermal treatments to cast aluminum
alloys is carried out in order to increase the
mechanical strength characteristics or to increase
certain physicochemical properties, ideally together.
These types of thermal treatments are "quenching
solutions" followed by artificial aging. Solution
quenching leads to solubilization, dissolution of
precipitated phases from the structure to a rigorously
determined temperature followed by fast cooling in
order to retain the dissolved atoms in the solution and
to maintain a certain number of vacant sites in the
network in order to increase possibilities of diffusion
at low temperatures, thereby obtaining a solid
supersaturated solution at room temperature, which is
the optimal condition for hardening by precipitation.
At the same time, corrosion resistance can be
improved by slowing down using a rigorously

controlled cooling jacket. For these reasons, it results
that the choice of temperature-time cycles for the
thermal treatment of artificial aging should be done
very carefully depending on the desired purpose 1).

The basic requirements for an aluminum alloy to
be thermally treated by solution hardening and
artificial aging [1, 2, 4] are those that must allow for
solid phase transformations in the equilibrium
diagram. These alloys can withstand an order-
disordered-hardening reaction.

2. Materials and methods

The ATCSi 5 Cu 1 alloy is a complex
siluminous alloy from which pots used in the naval
industry can be poured, an alloy that allows the
structural hardening phenomenon by suitable heat
treatments because magnesium forms intermetallic
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phases with silicon or aluminum, phases having
variable solubility in the solid state of the Al,Cu type.
The research methodology essentially presents
the following steps:
- determination of chemical composition (Table
1);

- making Amsler study specimens (Fig. 1);

- experimentation of various cycles of complex
thermal treatments, cycles covering STAS 201 /
2-80 indications.

Table 1. Determination of chemical composition

Type of Cheml.c?l Impurity | %

alloy composition

Cu Si Mg Mn Al Fe Zn Pb Ni

ATC
Si5Cul

STAS
201/2- 80 1-1.5 5-6 0.3-0.6 | 0.2-0.5 | rest 0.8 0.5 02 1] 03

charge exp. | 1.15 5.4 0.32 0.25 rest 0.55 0.2 - -
, 89+01
L 5= L S=0l

it
€k
|
i
D
b
127 ar]

—_

Fig. 1. Amsler specimens

Fig. 2. Oval furnace of thermal treatments

The ATC Si 10 Mg alloy is widely used in the
naval industry. The alloy has the potential for
structural hardening through the appropriate heat
treatments, since magnesium forms intermetallic
phases with silicon or aluminum, phases having a
solid state variable solubility type Al2Cu.

The research methodology presents
following steps:

- determination of chemical composition (Table

D);

- realization of Amsler study specimens (Fig. 1);

the

- experimentation of various treatment cycles
thermal complexes, indicating cycles data by
STAS 201/2 -80 (SREN 1706/2000), (Table 2);

- determination and analysis of the main static

and dynamic mechanical properties;

- determination of fatigue strength reduction due

to stress corrosion effects (durability to breakage

at constant effort).

The research methodology approached made
possible the experimental determination of the
correctness of the theoretical hypothesis of correlation
between mechanical characteristics and susceptibility
to stress corrosion developed by Thomas and Nutting,
respectively Speidel and Engell [1-4].

Thermal treatments were carried out in oval
furnaces of heat treatment (Fig. 2) according to STAS
201/2 -80 (SREN 1706/2000), (Table 2).

The research methodology approached made
possible the experimental determination of the
rightness of the theoretical assumptions of correlation
between mechanical characteristics and susceptibility
to stress corrosion developed by Thomas and Nutting
[1, 3, 4] respectively Speidel and Engell.
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Table 2. Thermal treatments in oval furnaces
Type of H?at
alloy experienced
treatments
Burning Aging
Heating temp. | Maintaining | Cooling | Heating temp. | Maintaining Cooling
°C time med. °C time med.
ATC o water at .
Si5Cul 520°C 6h 90°C 140, 160, 180 4-12 air

Thermal treatments have been carried out in
heat-treated oval heat treatment furnaces (Fig. 2),
which provide excellent sealing of the working space
as well as different heating speeds due to the highly
efficient controller from Euroline Inc.

Tensile strength tests were performed on the
Amsler 40ZD 1094-1973 traction test machine.

Tests for fatigue resistance and stress corrosion
resistance were performed on a Amsler NPL 434 type
machine, a load-carrying machine with a centrifugal
care mechanism providing 1500 cycles per minute.

For the stress corrosion study, the Amsler NPL
434 construction bolts were modified to overlap the
mechanical stress of the corrosive coating agent
(3.5% aqueous NaCl) on similar seawater.

For the mechanical and stress test for stress
corrosion or for each thermal treatment cycle, 5
specimens (in the diagrams presented in the paper we
use the average obtained values)

3. Experimental results

The tensile strength (R) obtained from the
experimental thermal treatment cycles for the ATC Si
5 Cu 1 alloy shows a maximum increase over the
casting state of the alloy of 24.80-daN / mm? for the
thermal treatment cycle containing an artificial aging
at 160 °C for 7 hours (Fig. 3). The average tensile
strength obtained from the heat treatment cycles
applied (Fig. 3) is superior to the minimum mean
value of STAS 201 / 2-80 (R = 22 daN / mm), for
thermal treatment cycles that only contain an artificial
aging at 160 °C with a residence time of 4-10 hours.

Following the study of the value tables and the
graphs of the average variation curves of the static
mechanical characteristics, it is found that a complex
thermal treatment consisting of hardening and
artificial aging at 160 °C with a holding time of 7-8
hours leads to the optimal mechanical properties
obtained after treatment for the ATCSi 5 Cu 1 alloy.

Corrosion-resistance durability curves (in 3.5%
NaCl solution overlapping a mechanical stress of 14

daN / mm?) until the experimentally determined test
specimens are broken down as:

lg N =f£ (t), in which:

N - stress cycles up to breakage;

t - the holding time at the constant temperature

of artificial aging, hours.

Aluminum alloys that are suitable for plastic
deformation are much more researched in terms of
physical-mechanical and structural properties due to
their predominant use in car body construction.

Casting alloys, of which complex copper, or
magnesium alloys, are increasingly being used to cast
parts that are required at varying loads, which leads to
the need to study their fatigue behavior.

The approach of the experimental researches
carried out to determine the fatigue behavior of the
alloy studied was also determined in order to study
the stress corrosion behavior of the ATC Si Cu Cu
alloy in casting or thermally treated after different
thermal treatment cycles in the research.

The experimental research methodology of the
variation of fatigue strength and stress corrosion,
depending on the thermal treatments applied [1],
adopted in the frame of the paper consists of:

1. Achievement of Amsler-type specimens (Fig.
1) needed to study the fatigue resistance of stress
corrosion and durability to stress corrosion at the
mechanical stress of cyclic bending constant;

2. Determination of fatigue resistance Wohler
curves of the studied alloys as well as tempered and
artificially aged at 160 °C for 7 hours to study the
influence of thermal treatments on the resistance to
fatigue.

In the experimental research studies on the
variation curves were plotted:

lg1=f(lgN)

where: 1g 1 is the bending fatigue resistance for the
symmetrical alternating cycle, daN / mm?,
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For the determination of Wohler fatigue curves
for cyclic variable and alternating symmetrical
bending variables, the classical working methodology
was used, taking a number of 14-16 samples for each
trace curve.

For the studied alloys, for the determination of
fatigue resistance, the number of cycles of stress at
108 cycles was limited. Similarly, we also proceeded
to determine the resistance to stress corrosion.

In the experiments, we have drawn Wohler type
charts, in semilogarithmic coordinates, for the cast
alloy and aged at 160 °C (Fig. 4). At the same time,
with the same methodology, we traced the Wohler
stress corrosion resistance curves for the cast alloy
and artificially aged at 160 °C and 180 °C (Fig. 4).

These parallel experimental tests were necessary
to highlight the influence of corrosive agent
overlapping (seawater, 3.5% NaCl solution) the
symmetrical bending cycle on the fatigue strength of
the alloy, studied in the mold and artificially aged at
160 °C, after pre-setting at 520 °C for 6 hours.

From the study of Wohler fatigue curves, it can
be noticed that in the case of stress corrosion, the
fatigue strength limit decreases from 4 daN / mm? to
3.2 daN / mm?. For the ATCSi 5 Cast 1 alloy it is
noted that by applying complex heat treatment cycles
containing aging at 160 °C, cycles that lead to
optimal mechanical properties, the fatigue strength
increases from 4 daN / mm to 10 daN / mm. Applying
stress corrosion to heat-treated alloys reduces fatigue
strength, which is still superior to 2 daN / mm? for the
studied alloy. It should be noted that the experiments
carried out on the live corrosion confirmed the non-
asymptomatic aspect of the aliasing of the variation
curves at 10% load cycles.

For tracing the durability curves to stress
corrosion at constant mechanical stress, depending on
the time, the heat treatment is maintained for artificial
aging, or using sets of 18 specimens, two for each
holding time. The specimens used were checked for
roughness and ovality.

From the study of the mean points of durability
diagram for the ATC Si 5 Cu 1 alloy, it can be
observed that the minimum lifetime of corrosion
resistance is at a maintenance time of about 6 hours.
For this value of the holding time, the maximum
durability is represented by the artificially aged
specimens (3.3 x = 10] ~ 8 stress cycles) at 160 °C
(Figure 4).

The variation curves of the corrosion resistance
of the alloy studied will be used in the work in
correlation with experimentally determined physico-
mechanical characteristics.

In conclusion, the experimental determinations
have highlighted the fact that the application of
complex thermal treatment cycles of structural
hardening totally leads to the increase of the fatigue
resistance and of the resistance to the corrosion under
tension of the studied alloy.

Thermal treatments for structural hardening are
therefore a very effective method of reducing the
effects of stress corrosion on foundry aluminum
alloys while increasing the static and dynamic
characteristics of resistance.

From the diagrams of the average values
obtained for the ATC Si Cu 1 alloy (Fig. 4) diagram
drawn for distinct temperatures of thermal treatment
of artificial aging, the following main aspects are
important:

In the case of the ATC Si 5 Cu 1 alloy (Fig. 4),
the Speidel and Engell hypothesis is verified, the
maximum mechanical characteristics being different
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from the minimum resistance to corrosion under
voltage [3, 4]. Only for the artificially aged ATC Sil5
Cu 1 alloy 180 °C, we can consider valid (for
experimental mean values) Thomas' hypothesis, too.

From the point of view of the temperature of
thermal treatment of artificial aging, it is noted that a
thermal treatment of artificial aging at 160 °C (Fig. 3,
Fig. 4) leads to the highest values, both in terms of
the resistance to traction and resistance to corrosion
under voltage.

In conclusion, a complex heat treatment
solution, followed by artificial aging (Fig. 4) at 160
°C for 10 hours, simultaneously leads to the
maximum tensile strength correlated with a high
resistance to corrosion under tension.

4. Conclusions

Based on the research work carried out, the
following aspects can be highlighted:

1. The research carried out completes the
knowledge of the possibilities of applying thermal
treatment cycles to complex cast aluminum alloys;

2. In the field of theoretical and experimental
foundation of the influence of the duration of
maintenance on the thermal treatment of artificial
aging on susceptibility to the corrosion under voltage,
the following important conclusions are reached:

- the application of thermal treatments of
structural hardening leads to the increase of the
mechanical characteristics and the resistance to the
corrosion under voltage;

- the theoretical hypothesis elaborated by
Speidel and Engell is confirmed in the case of
"Corrosion Fatigue" stress corrosion, too;

- resistance to corrosion under stress is minimal
when the alloys exhibit a non-homogeneous
supersaturated solid structure and begins to increase
with the occurrence of separation processes of the
precipitation equilibrium;

3. A contribution is the accomplishment, by
constructive modifications, of the Amsler NPL-434
type fatigue test machine, to a corrosion-fatigue
corrosion test machine;

4. The experimental results obtained confirm the
validity of the methods for determining the
maintenance time for artificial aging, which gives
high resistance to corrosion under voltage;

5. Experimental temperature and maintenance
time were determined for heat treatment of artificial
aging to provide the physical and mechanical
properties or the corrosion resistance desired;

6. The method of research used in the research
on the effects of thermal treatments applied to cast
aluminum alloys is an original contribution, as it also
allows to study the intensity of the main physico-
mechanical and structural characteristics;

7. Research on the possibilities of decreasing the
effects of stress corrosion by application of thermal
treatment cycles has highlighted that this method of
reducing corrosion under tension is particularly
advantageous since at the same time it is possible to
obtain optimal physico-mechanical properties.

The prospects for further research are evident, as
similar research can be done on other types of non-
ferrous alloys.
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ABSTRACT

Traffic congestion is a phenomenon which occurs when road traffic is
disturbed. In Galati city, traffic congestion increases rapidly due to an increase in
the number of vehicles on the road. This work is an attempt to analyze the effects of
traffic congestion by applying the waiting theory. Traffic congestion is frequent
during the day, and the locals accept it as a daily routine. Urbanization in
developing countries indicates that more people live in cities than before. The trend
of urbanization, the population growth and the increasing number of registered
vehicles put pressure on traffic and make life in the urban area more difficult.
General data congestion and congestion management are the mitigation measures
proposed but they are labor intensive and a heavy investment would be needed.
Therefore, in order to find feasible measures, latest technologies such as GIS and
GPS help analyze the live traffic situation and suggest cost effective measures to
alleviate congestion. A previous attempt was effective in data collection, data
analysis and display of results [1, 2]. A Geographic Information System (GIS) is a
computer-based mapping tool that geographically analyses events and phenomena
occurring on Earth. GIS technology integrates common database operations such
as query and statistical analysis with unique viewing and the benefits of geographic
analysis provided by maps [2]. In Galati, the GIS system is still not applicable
because it has not been purchased by the competent authorities. In Romania, the
GIS system is partially implemented. The traffic congestion has begun to be solved
globally through GPS positioning technology with vehicle data collection, transport
and operation. Using GPS Vehicle will provide direct and objective data on the
behavior and status of the trip and the transport system that influences this
behavior [3].

KEYWORDS: GPS, GIS, vehicle, traffic congestion, urban life

1. Introduction

Nowadays, there are a number of challenges
lying ahead of the transport system. The idea of a
Single European Transport Area, promoted by White
Paper for Transport 2011, sets the goals to be
achieved by 2050. The transportation has to become
more competitive and resource efficient within this
time frame. The goals for urban transport, in this
respect, are to promote the use of cleaner cars and
cleaner fuels. The need is also to reduce the number

of fatalities and incidents. Yet another challenge is
that the amount of traffic in Europe’s urban areas has
been increasing rapidly during last decades. The task
of people involved in urban traffic management is to
best allocate the scarce resources of road and kerbside
space to potentially competing transport modes,
within a network that has finite capacity. A more
accessible public transport system has to be
prioritized in traffic management.
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2. Applications in traffic congestion
management

The intelligent system for traffic management
implemented in England made an impact in UE
legislation by contributing mainly to an increase in
the quality of urban life. England, even though they
leave UE, is looking for a continuous improvement of
the intelligent system of traffic especially because the
safety of the population is the most important. The
safety of people is achieved by decreasing the number
of accidents and by increasing the quality of urban
life through controlling and considerable reduction of
pollutant emissions in areas with high traffic.

Traffic congestion occurs when a volume of
traffic or modal split generates demand for space
greater than the available street capacity; this point is
commonly termed saturation. A 2011 study in The
American Economic Review indicates that there may
be a fundamental law of road congestion. The
researchers, from the University of Toronto and the
London School of Economics, analyzed data from the
U.S. Highway Performance and Monitoring System
for 1983, 1993 and 2003, as well as information on
population, employment, geography, transit, and
political factors. They determined that the number of
vehicle-kilometers traveled (VKT) increases in direct
proportion to the available lane-kilometers of
roadways. The implication is that building new roads
and widening existing ones only result in additional
traffic that continues to rise until peak congestion
returns to the previous level [4, 5].

2.1. Decision-makers in policy-making

The role of intelligent transport systems is
generated by problems caused by traffic congestion
and the development of new information technologies
for real-time simulation, control and communication
networks, offering the ability to address issues such
as managing urban traffic in an innovative
environment. Traffic congestion has increased as a
result of increased traffic motor vehicles, population
growth and changes in population density. Increased
urbanization has led to many large cities experiencing
high traffic levels in the peak hours, traditionally
between 07.00-10.00 and 16.00-19.00. The result is
that the road network in many urban areas in Europe
operates at or near capacity during several days. The
problem of traffic congestion is an increasingly
pressing issue and because of the harmful effect it
has, there is an increased need to mitigate its
consequences.

Congestion reduces the efficiency of transport
infrastructure and has negative impacts on travel time
and reliability, increases fuel consumption and air

pollution. Congestion also has a particularly negative
effect on the economy distribution services.

3. Intelligent transport systems to reduce
congestion in urban traffic

Proposed intelligent transport systems allow to
reduce significantly the idle time in traffic
congestions and to increase movement speed of
traffic participants, to reduce electrical energy and
fuel consumption. Such a solution allows to save up
to 26% of electrical energy of the total consumption
by city transport, as well to reduce idle time for
electric transport at crossroads up to 13% and
increase traffic speed up to 28% [6].

TEAFRIC FLAW MEASLEEMEN T
TRAFFIC CONGESTION ANALYSIS
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Fig. 1. Steps for Preventing Traffic Congestion

Galati City, one of the most important economic
centers in Romania, is under a continuous pressure
determined by the increasing road traffic. The system
bought responded to the identified needs by the
council of the city through the implementation of a
complex program to manage the traffic. This included
sub-systems of traffic lights, road signaling,
communications, urban video surveillance, automatic
identification of wvehicles’ registration numbers,
defects management. All the systems will be
coordinated in a performant center of control [7].

In Galati county, the intelligent system to
manage the traffic on city roads is relatively new,
being implemented in august 2016. The purpose of
implementing this intelligent system is to fluidize the
traffic, to increase the safety of the traffic participant,
to reduce the number of accident and road blockages,
but also to reduce pollution.

The implemented system is in accordance with
the European regulations and allows for the
identification in real time of traffic situation,
communication between crossroads, modification of
traffic lights time considering the number of vehicles.
This generates a fluency of vehicles in all 35big
crossroads in the city. Also, 26 crosswalks contain
synchronized and adapted lights, with an activation
system by button which can be pressed by
pedestrians. They are also correlated to the crossroads
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in the city in order to maintain a better fluency of the =~ modular and re-programmable and allow for fast and
traffic. easy extending of functionality by user request for the

Developed devices are easily integrated in the  solution of other tasks and adapt them to
existing infrastructure, functioning in united network  requirements and standards of different countries [8].

with wireless communication. They are flexible,
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Fig. 2. Work Centre Utilization Report [7]
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Fig. 4. Machine wise Completed Report AS: Brailei —

3.2. Negative impact of the traffic
congestion

* Wasting time of drivers and passengers in
blocked traffic affects the economic health of the
nations. * Wasted fuel increases air pollution and
carbon dioxide emission because of the increased
idling, acceleration and braking.

* Due to blocked traffic, emergency vehicles
may get delayed in reaching their destination where
they are urgently needed.

* Spillover effect from congested main routes to
secondary roads and side streets as alternative routes
is attempted which affects the real estate prices.

* Delays may result in late arrival for
employment, meetings and education, resulting in lost
business, disciplinary action or other personal losses

[4, 8].

4. How does the EU contribute to
improving the quality of the urban
environment?

Road traffic significantly affects the health of
the population in overcrowded urban areas where
traffic jams are formed. This is most obvious today
when the chronic disease age remains a link between
the health of the population and the environment.

People choose to live in urban areas so they can
have a better quality of life. They want to be at the

Cosbuc Street

heart of economic activity, and to have more job
opportunities and other social and economic
advantages. However, city living brings a range of
challenges. While living in close proximity to our
daily activities can be more efficient and contributes
to sustainability, other factors such as air pollution
can be far more acute in cities.

Overcrowding, traffic pollution, noise, and
industrial emissions are just a few of the issues that
have to be constantly monitored and addressed to
achieve a high quality of life without high
environmental costs. But doing this will also bring
benefits beyond city borders.

The Urban Environment is important for all of
us, because so many of us live in cities. The European
Commission recognizes the role that cities play in the
lives of so many Europeans and has committed itself
to act in this area. Urban environments directly
influence the lives of millions of European citizens
and, in turn, have a substantial impact on the wider
environment. European cities need more than ever to
be sustainable and should offer the kind of quality of
life and opportunity that make people want to live
there and make businesses want to invest [9].

4.1. The EU and the urban environment

Key elements of the EU’s approach to the urban
environment [10]:

1. The Thematic Strategy on the Urban
Environment aims for better implementation of the
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existing EU environmental policies and legislation at
local level through the exchange of experience and
good practice between Europe’s local authorities, in
order to achieve ‘a better quality of life through an
integrated approach concentrating on urban areas.’ Its
principles and approaches are reflected further in
other strategies such as the Thematic Strategy on Air
Pollution.

2. The Leipzig Charter on Sustainable European
Cities demonstrates a further commitment to making
our cities healthy, attractive and sustainable places to
live and work in.

3. The renewed Sustainable Development
Strategy for the EU calls for the creation of
sustainable local communities with a high quality of
life, attention to urban transport and greater
cooperation between urban and rural areas.

4. The renewed Lisbon Strategy sets as a priority
the high quality of urban environments to ‘make
Europe a more attractive place in which to invest’.

5. The Europe 2020 Strategy builds on the
Lisbon Strategy and sets out a broader approach
aimed at achieving a resource efficient Europe. This
means decoupling economic growth from the use of
resources, supporting the shift towards a low carbon
economy, increasing the use of renewable energy
sources, modernizing our transport sector and
promoting energy efficiency — actions that will affect
the cities of Europe.

5. Conclusions

The importance of road transport in the Union's
transport policy is also highlighted by the share of
this mode of transport in both freight and passenger
transport. Cities make up only two percent of the
earth’s surface, yet they are home to over half of the
world’s population. In Europe, the proportion of
urban dwellers is even higher. Today, nearly 75% of

Europeans live in cities and urban areas, and by 2020
this is expected to rise to 80%.

In the light of these considerations, the proposed
work justifies its importance and usefulness in the
field of traffic management in order to improve the
quality of urban life.

We considered it useful to highlight the general
objectives of EU policy in the transport sector,
especially in metropolitan areas, where pollution is
expected to increase, as a consequence of increased
vehicle purchases.

EU legislation on road transport must be
adopted taking into account social, technical, tax,
safety and environmental regulations. That is why
road transport regulations generally have the
objective of providing a unitary framework for
Member States in the field.
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FUEL CONSUMPTION STUDY FOR AUXILIARY ENGINES THAT
EQUIP AN OIL TANKER
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ABSTRACT

The paper deals with an oil tanker whose propulsion system with internal
combustion engine during navigation was investigated. For a power plant with
internal combustion engines we distinguish the subsystems: the internal combustion
engine; consumer (s); mechanisms and auxiliary installations of the internal
combustion engine power plant. The energy required for the proper functioning of
the energy system is provided by the engines it is equipped with. During the voyage,
the ship has several conditions for navigation, and the main engine and auxiliary
machinery do not work all the time on the same charge.

KEYWORDS: auxiliary machinery, fuel consumption, internal combustion

engine, voyage, oil tanker

1. Introduction

The operating mode of the propulsion engine
depends on: the type of ship, navigation conditions,
ship body construction, propellant type, on the mode
of transmission of energy from the engine to the
propeller.

In the paper is calculated the fuel consumption
of auxiliary engines that equip a ship.

The measurements were made on an oil tanker
equipped with a single propeller.

2. Case study

We must take into account the fact that during a
voyage the ship has more navigational situations and
the main engine and auxiliary machinery do not
always work at the same load.

The propulsion of the ship is provided by a six-
cylinder MAN B & W Diesel Engine.

Engine power 9480 [kW], engine speed 127
[rpm]; ship speed 15.38 [Nd].

The ship is equipped with three Diesel
generators, each of 6 cylinders in line 960 kW power,
900 rpm.

The main engine of a ship is the main fuel
consumer and the major energy producer on board
ships.

For a naval propulsion plant with internal
combustion engines, an independent variable which
gives its operating regimes is considered.

The study was conducted for several operating
modes for full load and ballast. Ballast tanks are built
into the hull of a ship in order to help maintain its
stability by filling them with seawater.

We calculated the fuel consumption for
auxiliary engines for each navigation situation (a.
ship's march; b. loading the ship; c. maneuvers
through straits; d. stationary with loading; e.
stationary with unloading) [1].

a. Pyar=tmar - Fopa-2 kW (D)

-HUpaq = 047 - the charge coefficient of the

auxiliary motors;

M1 = Puar CSyac kehl ()
“Myact - fuel consumption of auxiliary engines

- CSpa.c - specific fuel consumption of auxiliary
motors = 0.180 [kg / kW.h] [5]

TMA,m1 = Tm,7 +7p3 [h] 3)

T - the time of march to the port of origin;

m,7

Tp,3 - the march time to the destination port;
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TMA,m,1 - the number of engine operating hours;

CCha1 = MMA,C,1 ThAm 1 1073 @

CC a1 - fuel consumption of auxiliary engines;

b Pyao =#ma2  Fopa -2 kW (5)

Hpypap = 0.495 - the charge coefficient of the

auxiliary motors;

n.iMA,C,Z =Pyap - CSpya,c [kehl (6)

Myaco - hourly fuel consumption of auxiliary

engines;
TMA,m,2 = Tm,i T Tp,i [h] (7

TMA,m,2 - the number of operating hours of the

auxiliary motors;

T

m,i - running time of auxiliary engines (full load);

T}, ; - operating time of auxiliary motors (ballast);

CCMAL2 =My 00" TMAM,2 10731 @)

CCpra2 - fuel consumption of auxiliary engines
(freight loading march);

¢ Pyaz=#maz Fema-2 kW1 9)

Hpga3=0.625 - the charge coefficient of the

auxiliary motors;

Myncs = Puas- CSyac (ke/hl (10)

Myacs - hourly fuel consumption of auxiliary

engines;

TMA,m,3 = Tm,s + Tp,s [h] (11)

TMA,m,3 - the number of operating hours of the

auxiliary motors;
Tjp,s - running time of auxiliary engines (full load);

Tp,s- running time of auxiliary engines (ballast)

(maneuver through straits).
CCMA,3 = r.nMA’CJ . TMA,m,3 . 10_3 [t] (12)
CCpyp 3 - fuel consumption of auxiliary engines;

d. Pyaa=tmas Poma -2 kW] (13)

HpA 4 - 0420- the charge coefficient of the

auxiliary motors;

Mpa,c.4 = Pyaa - CSyac lkghl (14

Myaca - fuel consumption of auxiliary engines;

TMA,m4 =Tm,6 + 7p2 [h] 15)

T .
MA.m.4 " the number of operating hours of the
auxiliary motors;

T6 - the loading time in the port of destination;

Tp - the loading time in the port of origin;

CCMA,4 :mMA,C,4.TMA,m,4 '10_3 [t] (16)

CC a4 - fuel consumption of auxiliary engines;

e Pyas=tmas Fema-2 kW1 (17)

Hpra,5 = 0.8 - the charge coefficient of the auxiliary

motors;

MMA,C,s = Pyas5 CSya,c kel (18)

Myacs - fuel consumption of auxiliary engines;

TMA,m,5 = Tm,5 + Tpg [h] 19)
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T,y.5 - download time in the port of destination;
Tp g - download time in the port of origin;

TMA,m,5 - the number of operating hours of the

auxiliary motors;

CCMAS =M yp 5 TrAms - 107 [h] (20)

CCppa5 - fuel consumption of auxiliary engines

(stationary unloading);
CSpa,c - specific fuel consumption of auxiliary

engines = 0.180 [kg/kW.h];

v [Na]

13

g
=
-

Fuel consumption of auxiliary engines on
voyage:
CCMA total = CCMA,1+CCMA,2+CCMA,3+CCMA 4
+CCMA,5 2D

Fuel consumption of auxiliary engines (annual):

CCMA,total,an = CCMA,total Ny (22

The calculations were made based on a program
in Engineering Equation Solver.

Figure 1 shows the ship's speed (load and
ballast). In Table 1 are presented the results obtained
for the fuel consumption of auxiliary machines for
several navigation situations.

10 120

Fig. 1. Speed of the ship

Table 1. Fuel consumption for the studied navigation situations

Regime CCMA;tot | CCMA,1 | CCMA,2 | CCMA,3 | CCMA 4 CCI[\:[]A’S
g [t/voiaj] [t] [t] [t] [t]
regime 1 98,870 85,390 2,737 2,592 2,423 5,722
regime 2 97,990 84,520 2,737 2,592 2,423 5,722
regime 3 93,175 79,700 2,738 2,592 2,423 5,722
pRE]
— w1
.‘L=' 1A e em = W Spmmid
£ 6 TN 1 TR
T G | ki
4 mM EEA TS ] :
= 3,178 MBS
% m ne
WO
8 DI T
¥ M| N
COMET  ECMAT TOMET  DIPMAL  ToMAS

Fig. 2. Fuel consumption

Fig. 3. Fuel consumption for the studied
navigation situations
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3. Conclusions

The fuel consumption of the auxiliary engines is
the lowest for operating at speed v = 150 [Nd].

For the operating mode with: speed of the
ballast ship vb = 15 Nd, the fuel consumption is:
CCMA, total = 93,175 [t/voyage]. The calculations
were made based on a program in Engineering
Equation Solver.

The vessel must operate at the parameters for
which it was designed and built, thus meeting all
technical and economic requirements.
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Ni-P COATING ON STEEL SUPPORT BY ELECTROLESS METHOD
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ABSTRACT

The autocatalytic reduction method (electroless method) was applied to obtain
the Ni-P layers with different P contents. Nickel sulfate was used as nickel ion
source and as reducing agent the sodium hypophosphite. The surface morphology,
microstructure, layers thickness and corrosion resistance in acidic and basic
environment were analyzed. The research results show a strong connection between
layer characteristics and process parameters: pH and temperature. The analyzed
layers show a high stability in 10% NaOH solution and different corrosion rates in
HCl solutions (1 N and 0.5 N) depending on the phosphorus content in the layer.

KEYWORDS: Ni-P
resistance

alloys,

1. Introduction

The electroless deposition method consists of
the immersion of the support in a solution containing,
in principle, a salt for providing the ions of the metal
to be deposited and a reducing agent. Several metals
and alloys can be deposited through this method, such
as: Sn, Cu, Mn, Co, Ni-P, Ni-B, Ni-P-Sn, Ni-P-Zn:
and others, on different supports: steel, Al, Mg, Cu, et

macrostructure,

microstructure, corrosion

all. The name of the method comes from the fact that
no external electrical source is used. When Ni-P
alloys layers are obtained, the solution contains
NiSO;4 or NiCl and the reduction is done with sodium
hypophosphite. By using hypophosphite ions as a
reducing agent, the reactions underlying the
deposition of Ni-P on the active surface of the support
are the following [1]:

Ni%t + H,PO5 + HyO — Ni+2H" + H(HPO;)™ (1)
HPO; + H,0 — H(HPOs)™ +1/2H, ®)

When using sodium hypophosphite, Ni-P
coatings with phosphorus in varying concentrations
are obtained, from 1 to 12%, depending on the
process parameters. The phosphorus content is very
important as it determines the structure and
consequently the properties of the coating [2-4]. Ni-P
layers with low-phosphorus have a high resistance to
wear that can be improved by heat treatment [5-7].
High P content in the layer grants high corrosion
resistance [8-10]. The method also has the advantage
of covering supports with complicated configurations
because the deposited layer closely follows the
topography of the surface [11].

Many of the reactions from the electroless
process are sensitive to the changes in the solution
pH. The main nickel reduction reaction is accelerated
by the increase of the pH and, since it predominantly
controls the deposition rate, increasing the pH of the

solution leads to an increase in the nickel deposition
rate. At the same time, the increase of the solution pH
leads to a slowdown in phosphorus reduction due to
the production of hydroxide ions. Therefore,
increasing the solution pH leads to decreases in the
phosphorus content of the coating. To maintain the
pH at the desired values in the coating solution, a
buffering agent is inserted. Specialty literature
indicates a wide range of such substances [12]. The
solution may also contain other additives that
improve the stability and the characteristics of the
deposited layer [13]. This paper shows the way to
obtain Ni-P alloy layers, with different phosphorus
content, by electroless method using a simple and
accessible solution that can also be applied
industrially.
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2. Experimental conditions

The bath used to obtain Ni-P layers contains the
following salts:

- nickel sulphate, as a supplier of nickel ions -

25 g/L;

- sodium hypophosphite, as reducing agent - 23

g/L;

- sodium acetate, as complexing and buffering

agent - 9 g/L;

- lead acetate, as a stabilizer by lead ions - 0.01

g/L.

The salts were dissolved in distilled water and
placed in the bath of the experimental installation,
charged with 0.5 L distilled water at 70 °C, in the
following order: lead acetate, sodium acetate, nickel
sulfate and sodium hypophosphite.

After the salts were introduced, the bath was
filled with distilled water up to the work volume (1 L)
and the solution was stirred at 300 rpm. The working
temperature was 83 °C and pH 6.6; 5.11 and 4.32.
The pH was corrected with glacial acetic acid or
ammonium hydroxide, as appropriate. The cleaning
of the surface of steel strips samples had three
operations:

- cleaning in commercial solution (MASCO) at

pH =2 and 60 °C; immersion time 3 min;

- washing in hot water at 60 °C;

- washing in hot water at 80 °C.

3. Characterization of layers

For the characterization of the samples, specific
analyses were made to determine the main
characteristics of practical interest, namely:

- chemical and structural analysis;

- layer thickness;

- corrosion behavior.

3.1. Chemical composition

The chemical composition was determined by
EDX analysis on an electron microscope, Quanta 200
type, equipped with an X-ray analyzer. The analysis
was performed in layers section, obtained at the three
experimental pH values (4.3, 5.11, 6.6) at a 5 minutes
immersion time, at 83 °C. EDX spectra show an
increase of phosphorus content to at lower pH. Figure
1 shows the result of EDX analysis on a Ni-P layer
obtained at pH = 5.11. The diffraction spectrum
presents, alongside Ni and P, peaks for Fe, C and O.
Fe and C come from the steel support and O occurs as
a result of surface oxidation. The chemical analysis
showed phosphorus contents from 4.74 (pH = 6.6) to
12.42 wt.% (pH = 4.3). At pH = 5.11 the phosphorus
contents were 9.53 wt.%.

] L]

Fe:
0
C
Ll i pliis il i ek . A
1] 1

o 1100 11

Fig. 1. EDS spectra for the Ni-P layers obtained at pH = 5.11 and 5 min immersion time, at 83 °C

3.2. Surface morphology

The macroscopic surface of the Ni-P coated
strips has a very glossy and smooth silvery look.
Microscopically (Fig. 2, a, b, c), regardless of the
experimental conditions, a strip deposit is observed

which closely follows the roughness of the steel
substrates. Moreover, an increase in the layer’s
uniformity is observed, at decreasing the pH, without
having the substrate roughness completely disappear.
(Fig. 2c¢).
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Fig. 2. Optical micrographs of Ni-P layer depending on the pH, T = 83 °C, 5 min.

3.3. Layer thickness

The layer thickness is a challenge in the
electroless coating method. The deposition is
relatively slow and, only when the optimum
parameters are assured, a thickness over 20 pm can be
obtained. Out of these parameters, the immersion
time is important but also the temperature and pH. In
order to ensure high productivity, the nickel-plating
process requires a reduced duration, a high working
temperature and an acidic pH. In order to analyze the
effect of the considered working parameters on the

a) pH-6.6

thickness of the layer, the metallographic
measurement method was applied. In Figure 3 a, b the
optical thicknesses are presented, measured on the
optical microscope, which were obtained at
immersion times of 5 minutes at 83 °C at the three
experimental pHs. There is a decrease in layer
thickness from 5 pm to 2 um, when the pH decreases.

For the electroless process, the nickel deposition
rate increases exponentially at temperature rise, the
variation curve being similar to other deposition
techniques (Fig. 4).

b) pH-4.32

Fig. 3. Influence of the pH on layer thickness

layer thickness [um]
o =~ N W Hh 01O N © O O

75 78

temperature [0C]

81 84 87

Fig. 4. Influence of the temperature on layer thickness
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The deposition rate is low at temperatures below
75 °C and increases with temperature increase [14].
Generally, in the nickel electroless process the
maximum working temperature is about 90 °C.
Above this temperature the bath tends to become
unstable.

3.4. Corrosion resistance

The corrosion resistance evaluation was done in
various corrosive environments by gravimetric
method, according to G1 /2004.

The following steps were taken:

- weighing with four decimals of the samples,

resulting in the initial mass;

- immersion in crystallizers, where the corrosive

environment is;

- removing samples after a determined time and

washing them with distilled water to remove

corrosion products and then with acetone

followed by drying;

- weighing dry samples.

Samples  were selected with  different
phosphorus contents (small, medium, high) obtained
at different pH values coded according to Table 1.

Table 1. Samples tested

Code Layer types and conditions of obtaining

NP1 layer Ni-P with small phosphorus (4.47 wt.% P), obtained at pH-6.60, 83 °C, 5 min.

NP2 layer Ni-P with medium phosphorus (9.53 wt.% P), obtained at: pH-5.11, 83 °C, 5 min.

NP3 layer Ni-P with high phosphorus (12.42 wt.% P), obtained at: pH-4.32, 83 °C, 5 min.
These samples were individually submerged, S - surface area of the samples [m’];

according to G31 /2004, in containers containing 1 N and
0.5 N hydrochloric acid solution. Samples were weighed
to determine the initial mass and measured for surface
determination.

The study was conducted over a period of 168
hours (one week) For the calculation of the corrosion
rate, the following relation was applied:

m

cor

vcor = S . l‘

where:
V., - gravimetric index [g/m®h];

Meor - Mass loss by corrosion [g];

2.6

t - corrosion time [h].

3.4.1. Corrosion behavior estimation, in
corrosive environment I N HCI

For each type of layer, the corrosion rate in 1 N
hydrochloric acid was determined as average on
samples subjected to corrosion (minimum three per
coating type). The results after 168 hours are presented
in Figure 5. As it can be seen from this data, the sample
with a medium phosphorus content (Vcor = 1.35) has
the best corrosion behavior in this highly corrosive
medium and the sample with lower phosphorus content
(Vcor = 2.60) the weakest behavior.

no
o

N

1.65

—_

corrosion rate [g/m2 h]
o

o
o

NP1

NP2 NP3

sanples code

Fig. 5. Corrosion rate in 1 N HCI depending on the type of protection layer, after 168 hours of testing
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The direct observation of the samples, after 168
hours of corrosive attack, showed an attenuation of
the metallic gloss for all samples. Moreover, on all
samples were localized attacks with the formation of
red rust spots. Figure 6 shows aspects of the surface
of highly corroded samples.

Localized corrosion is specific to nickel coatings
because it provides a cathodic protection to the steel

T e

The initial appearance of the surface

support, so any porosity or nonuniformity of the layer
will result in a strong corrosive effect of the steel
substrate. The localized corrosive attacks observed on
samples may also be caused by microscopic defects
such as micro-porosity or discontinuity of the layer
due to the presence of impurities anchored from the
nickel bath as shown in Figure 7.

Sample code NP1

Sample code NP2

Sample code NP3

Fig. 6. Macroscopic appearance of Ni-P layers after corrosive attack in 1 N HCI solution, 1:1

Fig. 7. Localized corrosion caused by a pore,
1:1

3.4.2. Corrosion behavior in corrosive
environment 0.5 N HCI

The results of the corrosion process after 168
hours in 0.5 N HCI are shown in Figure 8. The
sample with high phosphorus content (Vcor = 0.43)
has the best corrosion behavior in this corrosive
environment and the sample with medium

phosphorus content (Vcor = 2.64) has the highest
corrosion rate.

3 —_
2.64
— 2.5 1
<
£
5 27 175
[
B 1.5
c
2
g 17
S 4
© 0.5 0-43
0 -
NP1 NP2 NP3
sanples code

Fig. 8. Corrosion rate in 0.5 N HCI depending
on the type of protection layer, after 168 hours
of testing

Macroscopic analysis (with the naked eye and
magnifying glass X20) shows the production of
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generalized corrosion, with the formation of a smaller
amount of corrosion products than the previous test.

3.4.3. Assessment of corrosion resistance in
the basic environment

The basic environment in which the samples
were individually immersed was 10% NaOH solution.

They were kept for 1.512 hours, every 168 hours
being removed, washed, dried and weighed. As it can
be seen in Table 4, mass loss is zero or within the
range of 0.0001-0.0003 (within the error limit), which
means zero corrosion rate in 10% NaOH. All types of
coatings tested proved to be practically inert in the
alkaline medium during the experiment.

Table 4. Test results in 10% NaOH solution

Sample mass NP1 NP2 NP3

mo (initial) 0.7866 1.3432 3.9313

my (after168 hours) 0.7866 1.3434 3.9315

m: (after 336 hours) 0.7867 1.3433 3.9314
ms3 (after 504 hours) 0.7866 1.3432 3.9315
my (after 672 hours) 0.7866 1.3433 3.9313
ms (after 840 hours) 0.7865 1.3433 3.9314
me (after 1008 hours) 0.7868 1.3437 3.9313
my (after 1176 hours) 0.7864 1.3433 3.9314
ms (after 1344 hours) 0.7865 1.3436 3.9316
mo (after 1512 hours) 0.7868 1.3433 3.9313

4. Conclusions

Ni-P alloy layers with different phosphorus
content obtained by electroless method used a simple
and approachable solution: nickel sulfate 25 g/L,
sodium hypophosphite 23 g/L, lead acetate 0.01 g/L
and sodium acetate 9 g/L.

The surface of the Ni-P layers obtained has a
very glossy and smooth silver look with an increase
of the uniformity at pH decrease.

It is observed a decrease in layer thickness from
5 um to 2 pm when the pH decreased from 6.6 to
4.32;

The sample with 9.53 phosphorus content (Vcor
= 1.35) has the best corrosion behavior in 1 N
hydrochloric acid (after 168 hours of testing) and the
sample with 4.47 phosphorus content (Vcor = 2.60)
has the weakest corrosion behavior.

All types of coatings tested proved to be
practically inert in the alkaline medium during the
experiment (1512 hours).
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