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achieve debates on environmental engineering and sustainable development entrepreneurship on local,
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the magazine will include scientific contributions in the fields of environmental engineering and the
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original and high quality materials.

Readers: The scientific journal is designed to provide a source of scientific references to reach any
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politica, un instrument de lucru pentru a dezvolta astfel o afacere durabila protejand mediul inconjurator.
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Integrative Thinking in Waste Management
Through Circular Economy

There are currently many institutional
programmatic formulations that lead to the replacement
of linear economy with new principles of circular
economy. In this process, the way of thinking and action
regarding waste is changing, thus changing the
perception about them. Through the actions taken upon
them, they have changed the negative image with a new
one that creates a new platform for action, that of the
opportunities they bring both entrepreneurially and
economically.

Therefore, the current issue of waste determines
a specific way of thinking, one that oscillates between
the simple one, contented usually to find a simple
solution, and the integrative thinking, characterized by
the fact that reality is not accepted as it is, becoming
loaded with additional value and the desire to improve it.

In the context of using integrative thinking for the
proper waste management, | recall the necessary steps
to make a decision, in their logical sequence:
highlighting the issues that are considered important in
the process analyzed; determining and understanding
the causalities of deployment processes; determining
actions to be taken for solving the problem — at the level
of the arrangement of causal relations in a structure that
determines what to do and when to do it; and finding
solutions that are needed.

In order to avoid the situations which occur quite
frequently in addressing waste management issues, and to
create the climate for creative solutions, | think the "open
minds" should necessarily consider, by taking the
integrative thinking decision-making steps formulated by
Roger Martin [1], to multiply efforts to highlight several
aspects of the problem, to quantify multifunctional and
nonlinear causal relationships, to design the functional
dynamics of the whole architecture of the components and
determine creative solutions to solve dynamic problems.

In the first stage of integrative thinking, that of
highlighting issues that are considered to be important in
waste management, by synthetically summarizing them,
| appreciate that they can be grouped as follows: the
increase of the volume of waste; the diversifying the
types of waste as well as their formation into complex
materials difficult to recycle; the negative impact of
waste on the environment, which is noted more and
more in the communities; the increased air emissions
due to waste treatment and the existance of a high
potential for water and soil pollution.

In the second stage of integrative thinking, that of
determining causation, | would recall the shortcomings in
the law and the different and imprecise national
approaches, which leaves room for interpretation and
numerous legal actions. Without being the sole cause of
the current status quo, | think they are important
because in that the building regulatory framework there
are many interests, many of them located in the state of
major contradictions between the actors involved in the
waste management.

Géndirea integrativa in gestiunea deseurilor
prin intermediul economiei circulare

Existd in momentul de fatd multe formuldri
programatice institutionale care ne conduc la inlocuirea
economiei liniare cu noile principii ale economiei
circulare. Tn acest proces, modul de géndire si de
actiune a deseurilor se schimba, modificand astfel si
perceptia asupra acestora. Prin actiunile intreprinse
asupra lor, ele au schimbat imaginea negativd cu una
noud in care se creazd o noud platforma de actiune,
aceea a oportunitdtilor pe care le aduc la nivel
antreprenorial si economic.

Prin urmare, problematica actuald a deseurilor
determind o gandire specificd, care oscileazd intre
géndirea simpld, obisnuitd cu multumirea de a gasi o
solutie simpld, si gandirea integrativa, caracterizatd prin
faptul ca o realitate nu este acceptatd asa cum este ea,
devenind incércata cu o valoare suplimentara, aceea a
dorintei de a imbunététi-o. In contextul incercéarii utilizarii
gandirii integrative la nivelul bunei gestiuni a deseurilor,
reamintesc etapele necesare |ludri unei decizii in
succesiunea logica a cestora: evidentierea aspectelor care
se considerd importante in procesele analizate;
determinarea si infelegerea cauzalitéfilor desfasurérii
proceselor; determinarea actiunilor ce frebuie luate pentru
solutionarea problemei — la nivelul aranjarii relatiilor cauzale
intr-o structuréd care stabileste ce se face si cand trebuie
facut; si gasirea solutiilor de care este nevoie.

Pentru evitarea situatiilor, destul de frecvente in
abordarea problematicii gestiunii deseurilor, si in crearea
climatului pentru solutii creative, consider ca la nivelul
Lmintilor deschise” este necesar, preluénd etapele necesare
luérii unei decizii in varianta gandirii integrative formulate de
Roger Martin [1], s& se multiplice eforturile in evidentierea
mai multor aspecte ale problemei, sa se cuantifice relatiile
de cauzalitate multifunctionale si nonliniare, s& se
proiecteze arhitectura intregului prin dinamica functionala a
componentelor si s& determine creativ solutiile pentru
rezolvarea dinamica a problemelor existente.

In prima etapa a gandirii integrative, aceea a
evidentierii aspectelor care se consideréa a fi importante
in gestionarea deseurilor, intr-o prezentare sintetica a
acestora, apreciez ca ele pot fi grupate astfel: cresterea
volumului de deseuri; diversificarea tipurilor de deseuri,
concomitent cu constituirea acestora in materiale
complexe greu de reciclat; impactul negativ al deseurilor
asupra mediului, fapt ce este remarcat din ce in ce mai
mult /a nivelul comunitétilor; cresterea emisiilor poluante
in aer ca urmare a tratarii degeurilor si existenta unui
potential crescut pentru poluarea apei si a solului.

in etapa a doua a gandirii integrativd, aceea a
determindrii cauzalitatilor, as aminti in acest context
deficientele existente la nivelul legislatiei si abordéarile
nationale diferite si imprecise, fapt ce lasd loc de
interpretéari si numeroase acfiuni in justifie. Fdrd a fi
singurele cauze ale starii de fapt, consider cd acestea
sunt importante prin faptul ca la nivelul constructiei
cadrului de reglementare existda numeroase interese, multe
dintre ele situate la starea contradictiilor majore intre actorii
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The third stage, that of determining the structure or
architecture of actions to be taken, is based on the
assumption that the proper management of waste
begins at the birth of a product or material, in their
design phase, when, in addition to the traditional
conditionalities related to functionality, strength,
technology, proper operation and economy, two more
phases are also addressed from the beginning: the end
of life disposal phase and the environmental impact one.

The fourth phase, that of finding the necessary
solutions, is based, within the construction of circular
economy, on the principles of innovation along the value
chain of a product. This includes specific actions for the
proper waste management in Europe [2] the following:
low charging (reducing the amount necessary to provide
a particular service or to achieve a particular product),
durability (life extension of products and materials) ,
efficiency (reducing the use of materials and energy),
substitution (reducing the use of hazardous materials or
difficult to recycle), the market for recycled products,
eco-design, maintenance and repair, reducing the cost of
recycling and reuse, stimulating the generation of by-
products and efficient use of products and services. By
analyzing the activities mentioned, it appears that the
best waste management activities include design,
manufacturing, distribution, use, maintenance, regulatory,
market operation and less specific activities such as
storage and energy recovery. The proper routing of
management activities using the principles interrogative
thinking leads us towards the projection target of not
storing waste, in order for them to be processed for the
recovery of material and energy.

Given this exercise, that of applying interrogative
thinking to the field of waste management, | propose an
analysis of the concrete situation of waste management
in the community and in the production processes by
developing this analytical procedure. | affirm these things
given the innovative components of circular economy,
institutionally stated in the document "Towards a circular
economy: a program of "zero waste "for Europe" [2]:
technological innovation (design of materials and
processes, product design, management resources -
raw materials, waste, water, energy), social innovation
(models of production and consumption, product service
models, models of citizen involvement), organizational
innovation (effective tools for implementing public policy,
systems solutions of integrated actions, business models,
logistics development). Add to this the development of
skils and  knowledge that can  reposition
entrepreneurship in the new context of European
development.

[1] Roger Martin (Mintea opozabild: cum sé te bucuri de succes
prin géndirea integrativa, Editura Publica, Bucuresti, 2013;
Opposable mind: Winning Through Integrative Thinking)

[2] Comunicarea Comisiei catre Parlamentul European, Consiliu,
Comitetul Economic si Social european si Comitetul regiunilor
(COM (2014) 398) — Spre o economie circulara: un program
Ldeseuri zero” pentru Europa)

prezenti in procesul de gestionare a degeurilor.

Etapa a treia, aceea a stabilirii structurii sau
arhitecturii actiunilor ce trebuie intreprinse, se bazeaza pe
considerentul faptului cd procesul bunei gestiuni a
deseurilor incepe in momentul nasterii unui produs sau
material, in faza de proiectare a acestora, cand, pe langéa
conditiondrile  traditionale legate de functionalitate,
rezistenta, tehnologicitate, buna exploatare si economicitate,
se abordeazad de la bun inceput faza de eliminarea la
sférsitul ciclului de viatéa si impactul asupra mediului.

Faza a patra, aceea de géasire a solutiilor de care
este nevoie, se bazeazd in cazul constructiei economiei
circulare pe principiile inovérii de-a lungul lantului valoric
al unui produs. Aceasta cuprinde, in actiunile specifice
bunei gestiuni a deseurilor la nivel european [2],
urméatoarele: incdrcarea usoara (reducerea cantitatii
necesare pentru a presta un anumit serviciu sau pentru
realizarea unui anumit produs), durabilitatea (prelungirea
duratei de viatd a produselor si materialelor), eficienta
(reducerea gradului de folosire a materialelor si a
energiei), substituire (reducerea gradului de utilizare a
materialelor periculoase sau dificil de reciclat), piata
pentru produsele reciclate, proiectare ecologica, servicii
de intretinere si reparare, reducerea costurilor cu
reciclarea  si  reutilizarea,  stimularea  generdrii
subproduselor si utilizarea eficientd a produselor si
serviciilor. Din analiza activitdtilor mentionate, se
observd ca procesul de bund gestiune a deseurilor
include activitétile de conceptie, fabricatie, distributie,
consum, mentenanta, reglementare, functionarea pietei
si mai putin activitatile specifice, cum ar fi depozitarea si
valorificarea energetica. Prin urmare, buna dirjare a
activitdtilor de gestiune, folosind principiile géandirii
interogative, ne conduce la proiectivului obiectivului de a
nu depozita deseurile pentru ca acestea s& poatd fi
prelucrate in vederea valorificarii materiale si energetice.

Avénd in vedere acest exercitiu, acela de
aplicarea a gandirii interogative la nivelul gestiunii
deseurilor, va propun o analizd asupra situatiilor
concrete de gestiune a degeurilor la nivelul comunitatilor
si la nivelul proceselor de productie prin dezvoltarea
acestei proceduri de analiza. Afirm aceste lucruri avand
in vedere componentele novatoare ale economiei
circulare afirmate in institutional in documentul ,Spre o
economie circulard: un program de ,deseuri zero” pentru
Europa” [2]: inovare tehnologicéd (proiectare de materiale
Si procese, proiectare de produse, gestiunea resurselor
— materii prime, deseuri, apd, energie), inovare socialé
(modele de productie si de consum, modele de servicii
pentru produse, modele de implicare a cetateanului),
inovare organizationald (instrumente eficiente de
aplicare a politicilor publice, solutii si sisteme de actiune
integratd, modele de afaceri, dezvoltari logistice). La
acestea se adaugd dezvoltarea competentelor si
cunostintelor care pot repozitiona antreprenoriatul in
noul context de dezvoltare europeana.

Professor Vasile Filip SOPORAN, Ph.D.
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PHYSICAL-MATHEMATICAL MODELLING OF THE DYNAMICS OF MELTING AND
SOLIDIFICATION PROCESSES FOR DURALUMIN 2017 (ALCUMG1)
MACHINING THROUGH ELECTRO-EROSION

MODELAREA FIZICO-MATEMATICA A DINAMICII TOPIRII Si SOLIDIFICARII
DURALUMINIULUI 2017 (ALCUMG1) LA PROCEDEELE DE
PRELUCRARE PRIN ELECTROEROZIUNE

Liliana Florina POTRA*, Vasile Filip SOPORAN,
Maria Camelia BUNGARDEAN, Oana Cornelia SALANTA

Technical University of Cluj-Napoca, Faculty of Materials and Environmental Engineering, Department Environmental
Engineering and Sustainable Development Entrepreneurship, 103-105 Muncii Ave, Cluj-Napoca, Romania

Abstract: A new model of study of the processes occurring in
EDM is introduced, regarding especially the optimal speed of
removing the crater of the ‘piece electrode” from the ‘tool
electrode”, a crater resulted from the discharges in electrical
impulse through the dielectric channel in plasma state into the
piece electrode. This research is very important since both the
productivity of pushed out material (of nano materials) by
electro erosion, and the quality of the processed surface are
enclosed in the non-conventional proceedings of materials
processing, that is melting and solidification of materials. The
processing performance by electro erosion hangs essentially on
the optimal speed the piece electrode carries off the tool
electrode, respectively the liquid layer of dielectric disappears
(decreases) in the process of washing the pushed out material.
These are the essential processes influencing the capability of
EDM, but a more rigorous research supposes taking into
account other characteristics that we will present in this paper.
From this point of view, the new physical-mathematical
modelling studies the behaviour of a vector function:

f(R)= f(CR,CR,,...,CR,) 6
where: CRl,CRZ,,__,CRS, are components of the ﬁ vector,

which represents the essential characteristics of the processes
appearing in EDM. As the characteristics are linguistic
information, the modelling imposes the use of the FAHP (Fuzzy
Analytic Hierarchy Process) algorithm. This FAHP algorithm
also requires information about the transformation of electrical
energy by discharge in impulse into heat, which makes us
approach the research from the view of the discontinuous
Stefan problem, here we introduced an optimization procedure
using the spline regressions in the optimal approximation of the
heat flow energy function in the plasma-type dielectric channel.

Keywords:. electrical machining of the metals, mathematical
model, Fuzzy Analytical Hierarchy Process, pollution.

Rezumat: Se introduce un model nou de studiu al proceselor
care intervin in EDM, in special privind viteza optima de

X9

indepartare a craterului ,electrodului piesad” fata de ,electrodul
sculd”, crater rezultat prin descércérile in impuls electric, prin
canalul din dielectric in stare de plasma in electrodul piesa.
Aceastd cercetare este foarte importantd deoarece atét
productivitatea de material expulzat (a nanomaterialelor) prin
electroeroziune, cét si calitatea suprafetei prelucrate se
incadreaza in procedeele neconventionale de prelucrare a
materialelor, adica topirea si solidificarea de materiale.
Performanta de prelucrare prin electroeroziune depinde in mod
esential de viteza optimd cu care electrodul piesd se
indepérteaza de electrodul sculd, respectiv stratul de lichid din
dielectric dispare (se micsoreazd) in procesul de spélare a
materialului expulzat. Acestea sunt procesele esentiale care
influenteazé randamentul EDM, dar o cercetare mult mai
riguroasd presupune luarea in atentia cercetérii si a altor
caracteristici, pe care le vom prezenta in aceasta lucrare. Din
aceasta perspectiva, noua modelare fizico-matematica studiaza
comportarea unei functii vectoriale:

f(R)= f(CR,CR,,...,CR,) (1)
unde: CRyCsz---:CRs' sunt componente ale vectorului ﬁ

care reprezintd caracteristicile esentiale ale proceselor care apar
in EDM. Intrucat caracteristicile sunt informatii  lingvistice,
modelarea impune obligatoriu folosirea algoritmului FAHP (Fuzzy
Analitic Hierarchy Process). Acest algoritm FAHP solicitd si
informatii referitoare la transformarea energiei electrice prin
descércare in impuls in energie termica, fapt care ne obligd sa
aborddm cercetarea si din perspectiva problemei Stefan de tip
discontinuu, Tn care am introdus un prcedeu de optimizare
folosind regresiile de tip spline in aproximarea optimald a funcfiei
energiei fluxului termic aflat in canalul dielectric de tip plasma.

Cuvinte cheie: prelucrare prin erorziune electricd, modelare
matematicd, Fuzzy Analytical Hierarchy Process, poluare.
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1. Introduction

Optimizarea proceselor EDM din orice perspectiva
a celor opt caracteristici, luate separat sau grupate,
conduce la rezultate pozitive privind prelucrarea
pieselor prin acest procedeu de tip neconventional.

Desi cele opt caracteristici acopera suficient
de bine procesele esentiale din EDM, ele nu sunt
exclusiviste. Totusi, abordarea optimizarilor prin
FAHP, combinatd cu problema lu Stefan de tip
discontinuu, este singura modelare matematica cu
caracter optimal care studiaza comportarea
proceselor esentiale ale prelucrarii pieselor prin
eroziune electrica, adicda o modelare optimala
fizico-matematica.

Topirea si solidificarea materialelor prin
EDM (prelucrarea materialelor prin
electroeroziune) este diferita de procesele clasice
de topire, respectiv solidificare. Acest fapt este
determinat de procesele care apar in tehnologia
folosita, cum ar fi: descarcarea electrica in impuls,
amorsarea si strapungerea, evolutia descarcarii
electrice, stingerea descarcérii electrice si
splalarea materialului.

Acesti timpi, in care se produce topirea si
solidificarea 1i prezentam in figurile urmatoare:
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1. Introducere

Optimizing the EDM processes from any
perspective of the eight characteristics, separately
or together, lead to positive results regarding the
processing of the parts using this non-conventional
procedure.

Although the eight characteristics cover well
enough the essential processes in EDM, they are
not exclusivist. However, the approach of
optimizations using FAHP, combined with the
discontinuous Stefan problem, it is the only
mathematical modelling with optimal character
which studies the essential processes of the parts
processing by electrical erosion, that is, an optimal
physical-mathematical modelling.

The melting and solidification of the
materials using EDM (materials processing by
electro erosion) is different from the classical
melting respectively solidification processes. This
fact is determined by the processes appearing in
the technology that is used, such as: electrical
discharge in impulse, firing and break-through,
evolution of the electrical discharge, extinction of
the electrical discharge and washing material.

These times producing the melting and
solidification are described in the following figures:

Forming plasma column

Wear crater
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Figure 1 a). Electrical impulse — firing b). Electrical impulse — break-through c). Evolution of the electrical discharge — ionization
d). Evolution of the electrical discharge — discharge e). Formation of the erosion crater

During T;, also called delay time, with
random character, the local preparation of the
firing and break-through conditions is achieved,
forming the ionized gas channel where the plasma
column is to be introduced, during T,. During T;
the electrical discharges in impulse through the

In timpul T, numit si timp de intarziere, cu caracter
aleator, se realizeaza pregatirea locala a conditiilor
de amorsare si strapungere, formandu-se astfel
canalul de gaz ionizat in care urmeaza sa se
inroduca coloana de plasma, in perioada timpului
T,. In timpul T5 descarcarile electrice n impuls
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plasma column the first removing activities of
melted micro particles are achieved in order to
process the piece electrode through electrical
erosion.

Finally, the T, time of the melting and
vaporization process, forming the crater of melted
material of the vapour layer.

The Ts time refers to the solidification
processes by “washing the material”.

Melting is governed by a problem limited to the
free border (a discontinuous Stefan problem),
combined with a classical limit condition which is
replaced with a Spline Regression.

Solidification is achieved through the process
of “material washing”, a process depending on a
large range of factors. For this purpose, we
proposed a Fuzzy modelling and the FAHP
algorithm.

We approached this study on a very good
electricity conductor appropriate to be used for the
piece electrode, but of high quality, used in
numerous special products, for parts with strong
structures, planes, metallic constructions, military
equipment, rivets, and can be processed at high
temperatures, welded, with high mechanical
resistance, good mechanical characteristics and
corrosion resistance only if treated at the surface,
and has other protections.

The results of this modelling can represent a
starting point in order to optimize new technologies
used in EDM, such as devices to maintain the
optimal distance between the tool electrode and
piece electrode, respectively the devices used in
the control of the dielectric used in “washing the
solidified material”.

2. Jump-type Stefan problem for the EDM
process

It is known that in the EDM process very small
diameter craters are obtained and by micro
melting these craters increase their volume. If
S(t) is the crater frontier, that is a surface
separating the liquid from solid materials, then
the surface S(t) changes, more exactly it moves
from the liquid to the solid part. The Surface S(t)
is called free or variable frontier. The solution to
a Stefan problem consists in determining the
free frontier and the solution of the equation,
besides satisfying the initial condition, the limit
classical condition and the heat flow jump in the
points of the free frontier.

prin coloana de plasma se ajunge la primele
activitati de dezlocare a microparticulelor de metal
topit in vederea prelucrarii prin eroziune electrica a
electrodului piesa.

in sfarsit, timpul T, a procesului de topire si
vaporizare, formandu-se craterul de material topit
a stratului de vapori.

in ceea ce priveste timpul Ts acesta se
refera la procesele de solidificare prin “spalarea
materialului”.

Topirea este guvernata de o problema la limita
cu frontiera libera (o problema Stefan de tip
discontinuu), combinata cu o conditie la limita clasica
care este nlocuita cu o regresie de tip Spline.

in ceea ce priveste solidificarea, aceasta se
realizeaza prin procesul de “spalare a
materialului”, proces dependent de o intreaga
gama de factori. In acest scop am propus o
modelare Fuzzy si algoritmul FAHP.

Am abordat acest studiu pe un material foarte
bun conducator de electricitate si care corespunde
a fi folosit pentru electrodul piesa, dar care este si
de mare calitate, folosit Tn numeroase produse
speciale, pentru componente cu structuri
rezistente, avioane, constructii metalice,
echipamente militare, nituri, fiind prelucrabile la
temperaturi inalte, sudabil, avand rezistenta
mecanica ridicata, caracteristici mecanice bune si
rezistentd la coroziune doar dacad este tratat la
suprafasa sau are alte protectii.

Rezultatele acestei modelari pot constitui baze
de plecare in vederea optimizarii unor tehnologii
noi care sunt folosite in EDM, cum ar fi aparatele
de mentinere optimala a distansei dintre electrodul
scula si electrodul piesa, respectiv al dispozitivelor
folosite in controlul dielectricului folosit Tn “spalarea
materialului solidificat”.

2. Problema lui
procesul EDM

Stefan de tip salt pentru

Este cunoscut ca Tn procesul EDM se obtin cratere
de diametre foarte mici si prin microtopire aceste
cratere isi maresc Tn timp volumul. Daca S(t) este
frontiera craterului, adica o suprafata care separa
partea de material lichid de cea solida, atunci, in
timp suprafata S(t) se modificd, mai exact se
deplaseaza dinspre partea lichida inspre cea
solida. Suprafata S(t) se numeste frontiera libera
sau frontiera variabila. Rezolvarea unei probleme
Stefan consta in determinarea frontierei libere cat
si a solutiei ecuatiei Fourier-Kirchhoff, care
satisface in plus conditia initiala, conditia la limita
clasica si conditia de salt a fluxului termic in
puctele frontierei libere.
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These limit conditions suppose the
knowledge of the heat flow or an approximation
thereof. We present in Figure 2 the geometric
image of the distribution of the heat flow for the
Gauss model and the regression cubic spline
model.

Below we present the
conditions on the general solution.

These conditions allow the unique mode of
determination of the integration constants from the
general condition and, therefore, of the unique
solution of the Fourier-Kirchhoff equation.

three types of

a.)

Aceste  conditi  la limitd  presupun
cunoasterea fluxului termic sau o aproximare a
acestuia. Prezentam 1in figura 2, imaginea

geometricd a distributiei fluxului termic pentru
modelul Gauss si modelul spline cubic de regresie.

In cele ce urmeazé prezentam cele trei tipuri
de conditii asupra solutiei generale.

Aceste conditii permit determinarea Th mod
unic a constantelor de integrare care intervin n
solutia generala si, deci, a solutiei unice a ecuatiei
Fourier-Kirchhoff.

_ Spline

b.)

Figure 2. The geometrical image of the distribution of the heat flow for the Gauss model
a). cubic spline b). regression.

In the theory of Stefan problems, these are
divided into two categories:

a) Continuous Stefan problems, corresponding to
the crystallization (solidification), respectively
the decrystallization (melting) of materials, slow
and needing a longer time. Mathematically, this
affirmation is expressed by requiring the heat
flow, crossing the free frontier to be continuous
function in its points.

b) The jump Stefan problems occur when the
crystallization, respectively the decrystallization
processes are quick in time and at very high
temperatures, that is the heat flow is
discontinuous in the points of the free frontier,
which supposes the admission of a a jump.

Therefore, the theoretical study in EDM is
achieved by using the Stefan problem, applied to the
determination of the field realized by micro melting.

For this reason, the three types of conditions will take

into consideration the formula for case b).

In the cylindrical coordinates, the Fourier-

Kirchhoff equation is:

oT , 0T
- =a°- ( 5
ot or

The general solution in the Bessel sense is:

T(t,r,2) =Ry (L,M)-Z,(M)-T,(L)- Jo(r -V L2+ M?

TOr,z)=T,

1 0T
+ -4
r or

in teoria problemelor Stefan, acestea se
impart in doua categorii:

a) Probleme Stefan de tip continuu, care
corespund cristalizarii (solidificarii) respectiv
decristalizarii (topirii) materialelor, lent si in timp
mai indelungat. Matematic, aceasta afirmatie se
exprima prin a cere ca fluxul termic, care
strabate frontiera libera sa fie functie continua
n punctele acesteia.

b) Problemele Stefan de tip salt apar atunci cand
procesul de cristalizare, respectiv decristalizare
se produce rapid si in timp foarte scurt si la
temperaturi foarte Tnalte, adica fluxul termic
este discontinuu Tn punctele frontierei libere,
ceea ce presupune sa admita un salt.

Deci, studiul teoretic in EDM se realizeaza
folosind problema Stefan de tip salt, aplicata la
determinarea campului realizat prin microtopire.
Din acest motiv, cele trei tipuri de conditii vor tine
seama de formularea pentru cazul b).

In coordonatele cilindrice, ecuatia Fourier-
Kirchhoff, este:

0T
0z°

) (2.1)

Solutia generala n sens Bessel este:
(2.2)
(2.3)
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The initial condition, on the limit
discontinuous Stefan-type leads to:
a. The initial condition (conventional)
This condition indicates the behaviour of the

heat field T(t,X,y,z) at the moment t=0 .
Consequently we have to know a function
w(X, Y, Z), therefore the restriction of Tla t=0
to coincide with W, that is:

T(t’ X, y’ Z)| t=0 — W(X’ y! Z)

In general, W is the value of the
temperature of the environment.
b. Limit condition

In the case of EDM, the limit condition is
Neumann-type. If q* is the heat flow, that is:

*

q

=-A<VT,n >0
q :[0,00)xS” — R where S” is the contact

surface on the processed piece with the heat flow
mentioned in Figure 2.
Consequently,

function S:[0,00)xS" >R , so that it is
produced the Neumann limit condition:

we have a continuous

*

q

where:
A - is a given constant
VT - the gradient of the heat field

N

N - is the normal exterior to 5°
<,> ;s - the scalar composition in R

The stability theory insists on the limit
conditions where this must be most accurate in the
relation with the studied problem. This is the
reason why we introduced the spline function.

In Figure 2 &) and b) where we note at I = W,
perturbation phenomena can occur, larger in the
Gauss case and smaller in the spline case. In these
figuresWand W, appear, representing the beam of

distribution of the heat field, respectively its minimum
beam. Consequently we should have:

(

Ty =Ry(L,M)Z,(M)T, (L)

-A<VT,n > =

fJn 2.4
: .
2.5)

Conditia initiala, la limitd si Stefan de tip
discontinuu conduce la:
a. Conditia initiald (conventionald)
Aceasta conditie indicA comportamentul

campului termic T(t,X,Yy,z) la momentul t=0.

In consecintd trebuie s& cunoastem o functie
w(X, Y, z), astfel incat restrictia lui Tla t =0 s&
coincida cu W, adica:

(2.6)

In general, W este valoarea temperaturii
mediului ambiant.
b. Conditia la limita
In cazul EDM, conditia la limitd este de tip

o * . . -
Neumann. Daca ( este fluxul termic, adica :

2.7)

q :[0,00)xS” — R unde S~ este suprafata de

contact de pe piesa prelucrata cu fluxul termic
precizata Tn figura 2.
in  consecinta da

continua s :[0,00)x S™ — R, astfel incat sa aiba

se o functie

loc conditia la limita Neumann:

S (2.8)
unde:

A - este o constants data

VT - gradientul cAmpului termic

N

N - este normala exterioara la &*

-~ 3
<,> s - produsul scalar in R°.

in teoria stabilitati se insistd asupra
conditiilor la limita, unde se cere aceasta sa fie cét
mai precise Tn raport cu problema studiata. Acesta
este motivul pentru care am introdus functia spline.

In figura 2 a) si b) in care se observa cala r = W,
pot sa apara fenomene de perturbatii mai mari in
cazul Gauss si foarte mici in cazul spline. In aceste

figuri apar W si W, , care reprezintd raza

distributiei cdmpului termic, respectiv raza maxima
a acestuia. In consecinta ar trebui sa avem:
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q

c. The limit jump type Stefan condition

(non-conventional)
As mentioned before, on the variable
S(t) , fig. 2, we put non-classical

conditions, that is conditions which are neither
Dirichlet nor Neumann.

it q°(t,x,y,2) . (XY,z)eS() and
[0 Jthe q" jump results, and the condition at the
S(t) frontier is:

frontier

[071(x,y,2) =&

where: 3> 0 is an empirical constant depending
on the type of micro melted material and the
intensity of the electricity applied in the EDM
process.

In the appliances to follow on this newly-
proposed model, we can highlight the manner of

presentation of the constants W,, 4 and & . In
the following figure, S~ is shown the contact
surface of the q*flow with the processed piece,
S(t) is the free frontier, M the material in liquid

state M the material in solid state.

______________________________________

(2.9)

c. Conditia la limitd Stefan de tip salt
(neconventionala)

Asa cum am mentionat, pe frontiera

variabila S(t), fig. 2, se pun conditii neclasice,

adica conditii care nu sunt nici Dirichlet si nici
Neumann.

Daca q (t,X,y,2) ., (X,y,2z) €S(t) si
[0 ]rezulta saltul lui q”, iar conditia la frontiera
S(t) este:

(2.10)

8>0 este o constantd empirica, care
depinde de tipul de material microtopit si de
intensitatea curentului electric aplicat in procesul
EDM.

in aplicatiile ce vor urma pe acest model nou
propus se vor evidentia modalitatile de precizare a

unde:

constantelorw,, 4 and &. in figura urmatoare,

S” se aratd suprafata de contact a fluxului q*cu

piesa prelucrata, S(t) este frontiera libers,

M materialul in stare lichidd Mg materialul in

stare solida.

Figure 3. The crater image with solid and liquid material.

3. The FAHP algorithm in the case applied in
the case of optimization of the distance
between the tool and piece electrodes

The FAHP abbreviation means the use of Fuzzy
logics in the AHP algorithm (the hierarchical
process analysis). We use the essential property of
the weighted average of the proper vector theory,
written by:

3. Algoritmul FAHP aplicat in cazul optimizarii
distantei dintre electrodul scula si electrodul
piesa

Abrevierea FAHP inseamna folosirea logicii Fuzzy
in algoritmul AHP (analiza ierarhica a proceselor).
Folosim proprietatea esentiala a madiei ponderate
generala de teoria vectorilor proprii, scisa prin:
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n
d=>w, -d, (3.1)
k=1
where: - W, are the best approximation weights unde: - W, sunt ponderile de cea mai buna

and,
- d, represents the measured distance

between the two electrodes, tool

depending on time.
Consequently, the FAHP algorithm is

reduced to determining the weights W, ,k =1+n

and piece,

and the experimental research.

The first step is to define the
characteristics of the studied phenomenon, in this
case we have eight essential characteristics
defined that we present in Table 1.

aproximatie iar,
- d, reprezinta distanta méasurata dintre

cei doi electrozi, scula respectiv piesa, in functie
de timp.

In consecinta algoritmul FAHP se reduce la
determinarea  ponderilor Wk,k =1l+n si la
cercetarea experimentala.

Pasul intdi este de a defini caracteristicile
fenomenului studiat, in cazul de fata avem definite
opt caracteristici esentiale pe care le prezentam in
tabelul 1.

Table 1.
Essential characteristics of the EDM processes
ASSIGNED
No. MEANING FUZZY No.
CR:1 | The degree of electrodes to be good electricity conductors 7a
CR The degree of the electricity generator fo provide a tension and a current in the form of an 1§
2 impulse o
CR3 | The level of avoiding the physical and electrical contact of electrodes 9a
CR The quality level of the dielectric of concentration of energy for each electrical discharge 1‘:[
4 facilitating the firing thereof in order to copy the form of the tool electrode u
CRs [ The degree of modification of the dielectric and composition properties of the work gap. 5a
CR The plastic deformation level of the tool and piece electrodes surfaces after the EDM 1~
® processes lbt
CR7 | The level of reduction of the usage of the tool electrode 9a
CRs | The speed of removing the tool electrode from the piece electrode 13a
The used Fuzzy numbers are cutting Numerele Fuzzy folosite sunt cele

triangular, represented in Figure 4, and the
immersion in the set of intervals is given by the
formulae (3.2).

y |

triunghiulare de taietura, reprezentate in figura 4,
iar scufundarea in multimea intervalelor este data
de formulele (3.2).

¥ Il 1

|
| | I

o0 1 2 3 4 5

_\__
Y

6 7 & O 10 1

Figure 4. The geometrical image of the Fuzzy cutting numbers.
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For the triangular Fuzzy numbers, the
general member function is defined by:

Pentru numerele Fuzzy triunghiulare functia
membru generala se defineste prin:

0, x<a
E’ x €[a,b]
_J/b-a
Ha(X) = (3.2)
C—X
——, xelb,c]
c-b
0, X>C

The general formula for the cutting triangular

Fuzzy numbers EI;, (2k +1),, , immersed in the

aggregate of intervals on R have the formula:

Formulele generale pentru numerele Fuzzy

triunghiulare de taietura EI;, (2k +1),, scufundate

in multimea intervalelor de pe R au formulele:

1 =[1, 3-2c]

(2k+1), =[2k —1+2a, 2k +3-2a], k=1+n

The organization in the arrays MOF
supposes the knowledge of the inverses of theses
Fuzzy numbers, which are defined by:

P
3-2a’

(3.3)

Organizarea Tn matricile MOF presupune
cunoasterea inverselor acestor numere Fuzzy,
care sunt definite prin:

|

Qk4nla:{ L

Therefore, each Fuzzy number is immersed
(an equivalent is taken) in a proper number. This
double immersion of the Fuzzy numbers allows the
numeric processing of the linguistic materials.

We note that the two immersions introduced
a, p €[01].
parameters are put at the user’s disposal in order
to obtain an optimal mathematical modelling, if the
used is in good knowledge of the studied
phenomenon, completed by the assignment of the
Fuzzy numbers to the essential characteristics.

It is compulsory to make an analysis
regarding the choice of the parameters:

« - the Fuzzy cutting parameter,

two parameters, These two

p - the convex combination parameter.

1
2k +3-2a’ 2k—1+2a}

(3.4)

In acest fel fiecare numéar Fuzzy se
scufunda (se ia echivalent) intr-un numar real.
Aceasta dubld scufundare a numerelor Fuzzy
permite prelucrarea numericd a informatiilor
ligvistice.

Se observa ca cele doua scufundari au
introdus doi parametri, «,f €[0,1]. Acesti doi

parametri sunt pusi la dispozitia utilizatorului in
vederea obtinerii unei modelari matematice
optimale, daca utilizatorul este in buna cunostinta
fatd de fenomenul studiat, completat cu atribuirea
numerelor Fuzzy caracteristicilor esentiale.

Este obligatoriu sa facem o analiza privind
alegerea parametrilor:

o - parametrul Fuzzy de taietura,

[ - parametrul combinatiei convexe.
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The first immersion of the Fuzzy number ia

in the interval means « €[01] which has a
probabilistic interpretation. If ¢ — 0, « [0, %), we

require the projection to be achieved in a longer
interval, that is we are in a pessimistic situation of

achieving the aimed goals. If ¢ 51, ¢ € (% 1], we

are certain that the process is almost surely
1

realized. If o =§, the phenomenon is balanced.

Consequently we have:

1) ac [O,;) , the phenomenon is pessimistic,

2) a= % the phenomenon is balanced,

1
3) ae (E 1], the phenomenon is optimistic.

A similar study is reproduced in the relation
with the convexity parameter f. For weak

processes we choose [ € (1, %) , and f3 :% for

immersion is
And for

the balanced case, where the
realized in arithmetical average.

1
pe (E 1] the process is supposed optimist.

This double immersion (defuzzification)
offers the operator the possibility to intervene if the
weighted deflects too much from the empirical
measurements.

For our proposal, these information can be
stated as follows:

Prima scufundare a numarului Fuzzy ia n

interval inseamnd « €[01] care are o

interpretare probabilistica. Daca ¢ -0, « e[O,E) ,
2

cerem ca proiectia sa se faca pe un interval tot mai
mare, adicd suntem intr-o situatie pesimista de
realizare a efectelor urmarite. Daca

a—>1 ae (1 1], avem certitudinea ca procesul se
2

. . . y 1
realizeaza aproape sigur. Daca ¢ = =, fenomenul
2
este ponderat. In consecintd avem:

4) ge [oé) , fenomenul este pesimist,

5) 4 :% , fenomenul este ponderat,

6) ae (% 1], fenomenul este optimist.

Un studiu cu totul analog se reproduce
relativ la parametru de convexitate [. Pentru

procese slabe alegem ﬂe(l,%) , dar ﬂ:%

pentru cazul moderat, caz in care scufundarea se
realizeaza Tn media aritmetica. lar pentru

1
pe (E 1] procesul se presupune optimist.

Aceasta dubla scufundare (defuzzyficare) da
posibilitatea operatorului sa poata intervenidaca
constatd ca media ponderata se abate prea mult
de masuratorile empirice.

Pentru propunerea noastra aceste informatii
se pot formula in modul urmator:

MOF,
CRy4 CRz CR; CRy CRs CRsg CR; CRg
CFH CH2 CHs CHa CRs CPs  CRs Clia
R CPR4 CHs
CRz|  MOF; MOF; CRa MOF
CRs CRs CRe
I'\."]O.F R LA [ 4 )
MIOFs
MO, G
’ C1 MOFa ?
i G
Ca
G
Cz

Figure 5. The logical diagram of movement in EDM.
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With the proposals for the characteristics and
logical diagram, we can introduce fuzzy numbers for
the matrices C,, C, and G respectively.

Table 2.

Cu propunerile pentru caracteristici  si
schema logica se pot introduce numere Fuzzy si
pentru matricile C;, C, si, respectiv G

Fitting up with Fuzzy numbers.

MOFs=11,

MOFs=13,

=15,

In this way, the fuzzification process is
complete and is presented as follows:

3.1. The fuzzification of the essential
characteristics
CR,, k=1+8, on the basis of the logical

diagram presented in figure 5, we can write, for
MOF1 matrix:

in acest mod procesul de fuzzificare este
complet si aratd dupa cum urmeaza:

3.1. Fuzzyficarea caracteristicilor esentiale

CR,, k=1+8 , pe baza schemei logice

prezentata in figura 5, putem sa scriem, de
exemplu, pentru MOF1, va fi:

CRy CR; CR; CR; CRs CRg CR; CRg
CRil v 3+, . 7. 9. 17, 7 13,
CRz2| 43 13, 13, 13, 13 13 1
CR:| 9 131, 177, 1 177, 9, 137,
CRI 17 137, 1% 1 1 11 137,
CRs| 9, 137, ¢ 11 ¢ 4T, 9, 13,
CRs| 11 137, 11 1 11, 1 11 137,
CRy| 7, 137, 9% 7. 9. 1. 1 13,
CRs| 13, 4 13, 13, 13, 13, 13, 1
The second  step, preparing  the A doua etapa, care pregateste procesul de

defuzzification process is to immerse the Fuzzy
numbers in the aggregate of the finite intervals on
R. For this purpose, we use the equations from 3.3
and for the opposite.

3.2. The defuzzification process

The deffuzzification in the first phase
contains the step of immersion in intervals, using
3.3 and 3.4 equations. At the end, the immersion in
R occurs, in our case, by using the convex
combination of an interval. Therefore we have, for
these three cases, moderate, optimist, pessimist,
for MOF1:

Moderate case:

defuzzyficare este sa scufundam numerele Fuzzy
in multimea intervalelor finite de pe R. In acest
scop folosim ecuatiile de la 3.3 iar pentru inverse
3.4.

3.2. Procesul de defuzzyficare

Defuzzyficarea in prima fazad contine etapa
scufundarii in intervale folosind ecuatiiale 3.3 si
3.4. In final scufundarea in & se produce, in cazul
de fata, prin folosirea combinatiei convexe a unui
interval. Tn concluzie, pentru matricea MOF1,
pentru cele trei cazuri, moderat, optimist, pesimist,
avem:

Caz moderat:
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1.0000  0.8000

13.5000 1.0000
9.5000  0.8000
MOF1= 11.5000 0.8000
9.5000 0.8000
11.5000 0.8000
0.1060 0.8000

13.5000 1.0000

Optimist case:

1.0000

13.0000 1.0000 13.0000 13.0000 13.0000

9.0000
MOF1= 11.0000 0.0780
9.0000
11.0000 0.0780
0.1110

13.0000

Pessimist case:

1.0000 0.0760

12.7500 1.0000
8.7500 0.0760
MOF1 = 10.7500 0.0760

8.7500  0.0760

0.0780

0.0780

0.0780

0.0780 0.1140

1.0000 13.0000 13.0000 13.0000

0.1080
12.7500

1.0000

10.7500

1.0000

0.1190 0.0960 0.1190 0.0960 7.5000 0.8000

13.5000 13.5000 13.5000 13.5000 13.5000 1.0000

1.0000 0.0960 1.0000 0.0960 9.5000 0.8000

11.5000 1.0000 11.5000 1.0000 11.5000 0.8000

1.0000 0.0960 1.0000 0.0960 9.5000 0.8000

11.5000 1.0000 11.5000 1.0000 11.5000 0.8000

0.1190 00960 0.1190 0.0960 1.0000 0.8000

13.5000 13.5000 13.5000 13.5000 13.5000 1.0000

Caz optimist;

01140 00930 0.1140 0.0930 01110  0.0780

13.0000 13.0000 1.0000

1.0000 0.0930 1.0000 0.0930 9.0000 0.0780

11.0000 1.0000 11.0000 1.0000 11.0000 0.0780

1.0000 0.0930  1.0000 0.0930 9.0000 0.0780

11.0000 1.0000 11.0000 1.0000 11.0000 0.0780

0.0930 01140 0.0930 1.0000 0.0780

13.0000 13.0000 1.0000

Cazul pesimist:

0.0890 01080 0.0890 6.7500 0.0760

127500 12.7500 12.7500 12.7500 1.0000

0.0890 1.0000 0.0890 10.7500 0.0760

1.0000 10.7500 1.0000 10.7500 0.0760

0.0890  1.0000 0.0890 8.7500 0.0760

10.7500 1.0000 10.7500 0.0760

10.7500 0.0760 10.7500

1.0000

0.1230  0.0760 0.1080

12.7500 1.0000 12.7500

The same method for all seven matrices then
pass to the method eigenvalues and eigenvectors
using MATLAB.

3.3. The application of the proper values and
vectors in determining the best approximation
weights:

0.0890
12.7500 12.7500

0.1080 0.0890  1.0000 0.0760

12.7500 12.7500 1.0000

Se aplica aceeasi metoda pentru toate cele
sapte matrici dupa care se trece la aplicarea
metodei valorilor si vectorilor proprii cu ajutorul
programului MATLAB.

3.3. Aplicarea metodei valorilor si vectorilor
proprii in determinarea ponderilor de cea mai
buna aproximatie:

wWrs

wirs

wrs

w2

Figure 6. Flowchart

of local weights.
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W =W, W, W, -W,
W, =W, -W,,
W, =W, W,
W, =W, W, -W, W,

W, =W, W, - W, -W,
W, =W, -W, -W -W,
W, =W, W, W, W,
W, =W, W,

m Caz moderat
M Caz optimist

Caz pesimist

Figure 7. Histogram of global weights.

4. Conclusions

The exposure work area led us to edge our
description of these two optimization models. We
consider it is essential to continue to work with
many case studies and make a comparison
between the results obtained. These two
optimization methods can be applied not only
separately, but also combined.
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ALUMINUM CANS, A SOURCE OF RAW MATERIAL
FOR THE CASTINGS INDUSTRY?

DOZELE DIN ALUMINIU, O SURSA DE MATERIE PRIMA iN
INDUSTRIA PIESELOR TURNATE?
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Abstract: Aluminium waste is a major source of raw material
for the aluminum industry. To achieve the highest possible
level of recovery of aluminum from waste, their preparation is
required before melting, casting and use. In the case of
aluminum cans without removing the coatings, the recovery of
aluminum from the process of recycling is very low. An
attempt was made to remove coatings from aluminum cans
waste, using two acids with a minimum level of danger in
handling and with minimum impact on the environment: the
lactic acid and citric acid. In general, aluminum cans waste is
recycled to form new cans, but the alloys components of this
packaging can be used in other applications, such as
aluminum castings, as aluminum base in the development of
other types of alloys.

Keywords:
usage.

aluminum cans, recycling, alloys, preparation,

1. Introduction

Aluminum, considered "the metal of the future " is
a material with a wide range of applications in the
transportation  industry,  constructions  and
packaging, in the electricity sector, in all
distribution systems of high voltage electricity, in
household appliances and in the metal industry.
Aluminum alloy castings represent a significant
share (40 %) of the total production of castings in
Romania. According to the Technical Association
of Foundry Romania, the production of aluminum
alloy castings in our country is increasing (Fig. 1),

Rezumat: Degeurile din aluminiu reprezintd o sursa majora de
materie prima pentru industria aluminiului. Pentru a atinge un
nivel cdt mai mare de recuperare a aluminiului din deseuri este
obligatorie pregdtirea acestora inainte de topire, turnare i
utilizare. Tn cazul dozelor din aluminiu fird indepartarea
acoperirilor, gradul de recuperare a aluminiului din procesul de
reciclare este foarte scdzut. S-a incercat Iindepértarea
acoperirilor de pe deseuri de doze din aluminiu, utilizdnd doi
acizi cu un nivel minim de periculozitate in manipulare si cu
impact minim asupra mediului: acidul lactic si acidul citric. In
general, degeurile de doze din aluminiu sunt reciclate pentru a
forma noi ambalaje tip doza, dar aliajele ce formeazad acest
ambalaj pot fi folosite si in alte aplicatii, cum sunt piesele
turnate din aluminiu, ca baza de aluminiu in elaborarea de alte
tipuri de aliaje.

Cuvinte cheie: doze din aluminiu, reciclare, aliaje, pregatire,
utlizare.

1. Introducere

Aluminiul, considerat “metalul viitorului” este un
material cu o gama larga de aplicatii in industria
transportului, Tn constructii si ambalare, in sectorul
energiei electrice, n toate sistemele de distributie
a energiei electrice de nalta tensiune, in aparate
electrocasnice siin industria metalurgica. Piesele
turnate din aliaj de aluminiu reprezinta o pondere
semnificativa (40 %) din totalul productiei de
piese turnate la nivelul Romaéniei. Conform
Asociatiei Tehnice de Turnatorie din Roménia,
productia de piese turnate din aliaje de aluminiu
la nivelul tarii noastre este in crestere (fig. 1),

*Corresponding author / Autor de corespondenta:
Phone: +40 743/231952;
e-mail: camelia.bungardean@yahoo.com
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so that, recovering aluminum from waste is an
important source of raw material for the
secondary metallurgy of aluminum. For more than
thirty years, aluminum waste, such as cans, were
recycled as a way to produce aluminum, efficient
in terms of cost in comparison with the primary
production of aluminum from bauxite ore, but also
with regard to environmental protection [1].

astfel ca recuperarea aluminiului din deseuri este o
sursa importanta de materie prima pentru
metalurgia secundara a aluminiului. De mai mult
de treizeci de ani, deseurile din aluminiu, cum sunt
dozele au fost reciclate ca o modalitate de a
fabrica aluminiu, eficienta din punct de vedere al
costului in comparatie cu obtinerea aluminiului
primar din minereul de bauxita, dar si in ce
priveste protectia mediului [1].

2003 2004 2005 2006 2007 2008 2009 2010 2011

Figure 1. The evolution of aluminum alloys castings production (Technical Association of Foundry Romania).

2. Aluminum recycling - statistics

Aluminum is found in small quantities in the
municipal waste (about 1 %), having low specific
weight and relatively high volume, in the case of
cans if not compacted. According to the National
Report on the State of the Environment for the
year 2012, in Romania, the amount of aluminium
packaging placed on the market in 2011 was
20.050 tons, representing approximately 2 % of the
total of 992.510 tonnes of packaging placed on the
market. In 2011, 496.040 tons of packaging waste
were recycled, that is about 50 % of the total
number of packages available on the market. In
terms of the amount of aluminium waste, 7310
tonnes were recycled of the total of 20.050 tonnes
placed on the market, that is a percentage of 36 %,
as can be seen in table 1 [2].

Table 1.

2. Reciclarea aluminiului-date statistice

Aluminiul se gaseste in cantitati mici in cadrul
deseurilor municipale (aproximativ 1 %), avand
greutate specifica mica si un volum relativ mare, in
cazul dozelor, nefind compactate. Conform
Raportului National privind Starea Mediului pentru
anul 2012, la nivelul Romaniei, cantitatea de
ambalaje de aluminiu introdusd pe piatd in anul
2011 a fost de 20.050 tone, reprezentand
aproximativ. 2 % din totalul de 992.510 tone
ambalaje introduse pe piatd. Tn anul 2011 au fost
reciclate 496.040 tone deseuri de ambalaje, adica
aproximativ 50 % din totalul de ambalaje existente
pe piatd. In ce priveste cantitatea de deseuri de
aluminiu, s-au reciclat 7310 tone din totalul de
20.050 tone introduse pe piata, adica un procent de
36 %, dupa cum se poate observa si in tabelul 1 [2].

Structure of recycled packaging waste by type of material in 2011, in Romania [2].

Type of material

Amount of recycled

% of all packaging placed

waste (t) on the market

Glass 83.790 59.97
Plastic 112.460 40.34
Paper and cardboard 191.990 65.5
Aluminum 7.310 36.46
Steel 27.100 77.03
Wood 73.390 32.54
Others 0

Total 496.040 49.98
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Europe reached a new record on recycling
aluminum cans in 2011, reaching a rate of 68 %.
Figure 2 shows the recycling percentage of
aluminum cans in different countries in Europe, in
2011, where it is clearly observed that Romania
has to work more at this chapter, since it is almost
in last place in Europe [3].

In Romania, from all the aluminum cans
recycling stages, only a few take place, namely:
taking the aluminum cans waste from collection
centres, sorting them by magnetic separation and
compaction in the form of bales. The cleaning
stages of waste, the melting and casting into ingots
take place in specialized units from abroad. Finally,
ingots are processed by rolling and from the
resulting sheet new aluminum cans are formed in
Romania.

La nivelul Europei s-a atins un nou record
privind reciclarea dozelor din aluminiu Tn anul
2011, ajungand la un procent de 68 %. In figura 2
este prezentat procentul de reciclare a dozelor din
aluminiu in diferite tari din Europa, in anul 2011,
unde se observa clar faptul ca Romania trebuie sa
mai lucreze la acest capitol, intrucat se afla
aproape pe ultimul loc din Europa [3].

In Romania, din totalul etapelor de reciclare
a deseurilor de doze din aluminiu, au loc doar
cateva si anume: preluarea deseurilor de doze din
aluminiu de la centrele de colectare, sortarea lor
prin separare magnetica si compactarea sub forma
de baloti. Etapele de curatare a deseurilor, topirea
si turnarea in lingouri are loc in unita{i specializate
din afara tarii. In final, lingourile sunt prelucrate
prin laminare, iar din tabla rezultata se formeaza
noi ambalaje tip doza din aluminiu in Romania.

Finland
Belgium (+Lux.)
Germany
Norway
Switzerland
Denmark
Poland
Austria
Spain

Italy

France
Potugal
Hungary
Greece
Malta
Romania
Cyprus

98%
97%
96%
94%
%

60

80 100 120

Figure 2. European aluminum cans recycling rates in 2011 [3].

The European Aluminium Association has
established new goals to achieve regarding the
recycling of aluminum cans, namely raising the
recycling rate until 2015 to 75 % and by 2020 to
80 %. To achieve these objectives it is important to
invest in existing and additional collection and
sorting units [3].

3. The features of aluminum cans

Aluminum cans are used throughout the world,
with different dimensions and filling capacities, but
regardind their components, these are composed
of two types of aluminum alloys. The can’s lid is
made of an alloy stronger and tougher than the

Asociatia Europeana a Aluminiului a stabilit
noi obiective de atins privind reciclarea dozelor de
aluminiu si anume cresterea nivelului de reciclare
pana in anul 2015 la 75 % si pana in anul 2020 la
80 %. Pentru a atinge aceste obiective este
important sa se investeasca in unitdtile de
colectare si sortare existente si suplimentare [3].

3. Particularitatile dozelor din aluminiu

Dozele din aluminiu sunt folosite in Intreaga lume,
avand diferite dimensiuni si capacitati de umplere,
dar in ce priveste componenta lor, acestea sunt
compuse din doua tipuri de aliaje de aluminiu.
Capacul dozei este format dintr-un aliaj mai
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body of the can, whereas its upper part is provided
with an opening system and requirs high pressure
resistance.

The can’s body consists of AIMn;Mg; alloy
(3104-H19) which in the form of metal sheet has
the thickness of approximately 0.31 mm (300 pm)
and after processing the can’s walls have a
thickness of 0.10 mm (100 pm). Manganese, as
the main alloying element in this type of alloy,
makes it ductile, with good formability and medium
strength. In addition to use in forming the
aluminum can’s body, it has also other applications
such as building (in particular in the form of
architectural sheet), in other packaging, in the
industry of producing household appliances,
heating installations (heating tubes), beeing
frequently used because of its strengh and
formability, and because of it's behaviour at
welding, anodizing, because of it's resistance to
corrosion and relatively high thermal conductivity
[4].

The lid of the aluminum can consists of
another type of alloy, namely AlMg4, 5Mn0, 4
(5182-H34). The presence of magnesium as the
main alloying element leads to a medium
strength of this alloy, but still higher than the
strengh of AIMn1Mgl alloy (3104-H19), while
having also very good formability. The properties
of this alloy, good formability, medium strength,
excellent corrosion resistance and high quality
anodizing ability and weldability, lead to the
possibility of its application in many fields, such
as building (facade panels) scaffolding,
automotive (chassis components) and especially
in marine applications (ship building, platforms,
etc.) [4].

Another feature of these packages is their
surface coating both inside and outside. The
interior of aluminum cans is coated with an organic
protective layer against oxidation and to block the
contact between metal and product. This layer is a
water-based varnish, with epoxy resin and organic
solvent. On the outside there is an outer primary
coating, followed by the application of the design
and the final external coating with a water-based
acrylic lacquer forming a layer of about 10 um
thickness. The thickness of the epoxy resin layer
depends on the aggressiveness of the content;
cans that contain aggressive products may require
a thicker initial coating or a second layer of coating
[5].

The fact that aluminum cans consist of two
types of alloys and have different layers of varnish
and paint on their surface, represents an
impediment to their direct use in the aluminum

rezistent si mai dur decat cel al corpului dozei,
intrucat partea superioara a acesteia este
prevazuta cu sistemul de deschidere si necesita o
rezistenta ridicata la presiune.

Corpul ambalajului tip doza este format din
aligjul AlIMn;Mg; (3104-H19) care sub forma de
tabla are grosimea de aproximativ 0,31 mm (300
um), iar dupa prelucrare peretii dozei au o grosime
de 0,10 mm (100 pum). Manganul ca elementul
principal de aliere in acest tip de aliaj, il face ductil,
avand capacitate buna de formare si o rezistenta
medie. Pe langa utilizarea in formarea corpului
dozelor din aluminiu, acesta are si alte aplicatii
cum ar fii in constructii (in special sub forma de
tabla arhitecturald), in alte ambalaje, in industria
producatoare de electrocasnice, in instalatii de
incalzire (tuburi de Tncalzire), fiind utilizat frecvent
datorita rezistentei si formabilitati sale, datorita
comportamentului sau la sudare, anodizare,
datorita rezistentei la coroziune si conductivitatji
termice relativ mare [4].

Capacul dozei din aluminiu este format dintr-
un alt tip de aliaj si anume AlMg4,5Mn0,4 (5182-
H34). Prezenta magneziului ca element principal
de aliere duce la o rezistentd medie a acestui aliaj,
dar, totusi, mai mare decéat rezistenta aliajului
AIMn1Mgl (3104-H19), avand, de asemenea,
formabilitate foarte buna. Proprietatile acestui aliaj,
formabilitate buna, rezistenta medie, rezistenta la
coroziune excelentd, precum si capacitatea de
anodizare de nalta calitate si sudabilitate, duc la
posibilitatea aplicarii acestuia in multe domenii,
cum ar fi: in constructii (panouri de fatada), schele,
in industria auto (componente de sasiu) si mai ales
in aplicatii marine (constructii de nave, platforme
etc) [4].

O alta particularitate a acestor ambalaje
este acoperirea suprafetei lor atat pe interior cat si
pe exterior. Interiorul dozelor din aluminiu este
acoperit cu un strat organic protector, impotriva
oxidarii si pentru a bloca contactul dintre metal si
produs. Acest strat este un lac pe baza de ap3,
rasini epoxidice si solvent organic. Pe exterior
exista o acoperire exterioara primara, urmata de
aplicarea design-ului si lacuirea exterioara finala
cu un lac acrilic pe baza de apa formand un strat
de aproximativ 10 um grosime. Grosimea stratului
de rasini epoxidice depinde de agresivitatea
continutului; dozele ce contin produse foarte
agresive pot necesita un strat initial mai gros sau
un al doilea strat [5].

Faptul ca ambalajele tip doza sunt compuse
din doua tipuri de aliaje si au diferite straturi de
lacuri si vopsele pe suprafata lor, reprezintd un
impediment in utilizarea lor directa in industria

26



Ingineria Mediului si Antreprenoriatul Dezvoltarii Durabile — Vol. 3, Nr. 2 (2014)

industry. To fully benefit from their properties, such
waste must go through a process of surface
cleaning and a separation of alloys.

Generally, aluminum cans waste is recycled
to form new cans, thus it is used for the same
purpose forming a closed-loop recycling cycle, this
beeing the most efficient way to process them, in
terms of energy and resources consumption. In
order to form new cans of the same type, a
minimum addition of raw materials is required.
Moreover, these alloys that form the aluminum
can, may also be used in other applications, such
as aluminum castings, as aluminum base for the
development of other types of aluminum alloys,
since they have a high purity, being necessary a
refining of the metal bath in order to remove gases.

4. Methods of preparation for use of aluminum
cans waste

In order to achieve a higher level of recovering
aluminium from waste, their preparation is required
before melting, casting and use. In case of
aluminum cans, without removing the coatings, the
degree of aluminum recovery from the recycling
process is very low.

A method for removing coatings, which is in
use, is the thermal cleaning where, the shredded
aluminum cans are subjected to heat at a
temperature just below the melting point of
aluminum. The high temperatures incinerate the
coatings to eliminate them, and cans treated in this
manner can be recycled with a high recovery of
aluminum. Thermal cleaning has at least two major
drawbacks: the gase resulting from the
combustion of coatings requires treatment to avoid
harming the environment, metal losses occur and it
is required a rigorous control of the temperature
there beeing a fine line between insufficient
removing, just enough and too much removing
leading to oxidation and loss of material [6].

Another method used for removing coatings
is cleaning with solvents. Many combinations of
solutions have been attempted in this regard, such
being: the use of methylene chloride or a mixture
of methylene chloride with formic acid and/or
acetic acid to promote the swelling, separation and
removal of paint from aluminum cans. These
solvents are effective for removing coatings, but
they have disadvantages in terms of environmental
protection, because they are volatile and
dangerous and default their handling is
cumbersome and expensive [6].

aluminiului. Pentru a putea beneficia din plin de
proprietatile lor, aceste deseuri trebuie sa treaca
printr-un proces de curatare a suprafetei lor si o
separare a aliajelor.

in general, deseurile de doze din aluminiu
sunt reciclate pentru a forma noi ambalaje tip doza,
astfel, se utilizeaza n acelasi scop forméand un ciclu
inchis de reciclare, acesta fiind cel mai eficient mod
de a le procesa, din punctul de vedere al
consumului de energie si resurse. Pentru a forma
noi ambalaje de acelasi tip este necesar un adaos
minim de materie prima. De altfel, aceste aliaje ce
formeaza doza din aluminiu pot fi folosite si in alte
aplicatii, cum sunt piesele turnate din aluminiu, ca
baza de aluminiu la elaborarea de alte tipuri de
aliaje, intrucat au o puritate ridicata, fiind necesara o
rafinare a baii metalice pentru a elimina gazele.

4. Modalitati de pregatire pentru utilizare a
deseurilor de doze din aluminiu

Pentru a atinge un nivel cat mai mare de recuperare
a aluminiului din deseuri este obligatorie pregatirea
acestora fnainte de topire, turnare si utilizare. In
cazul dozelor din aluminiu fara indepartarea
acoperirilor, gradul de recuperare a aluminiului din
procesul de reciclare este foarte scazut.

O metoda pentru indepartarea acoperirilor,
care este in uz, o reprezinta curatarea termica in
care dozele din aluminiu maruntite sunt supuse
incalzirii la o temperatura putin sub punctul de
topire al aluminiului. Temperaturile ridicate
incinereaza acoperirile pentru a le elimina, iar
dozele astfel tratate pot fi reciclate cu o recuperare
foarte mare de aluminiu. Curatarea termica are cel
putin doua dezavantaje majore: gazele ce rezulta
in urma arderii acoperirilor necesita tratare pentru
a nu dauna mediului, au loc pierderi de metal si
este necesar un control riguros al temperaturii
existand o linie fina intre indepartare insuficienta,
exact suficienta si prea multd care sa duca la
oxidare si pierdere de material [6].

O alta metoda utilizata pentru Indepartarea
acoperirilor este curatarea cu solventi. S-au
incercat numeroase combinatii de solutii in acest
sens, cum ar fii: utilizarea de clorura de metilen
sau o combinatie intre clorura de metilen cu acid
formic si/sau acid acetic pentru a promova
umflarea, desprinderea si indepartarea vopselelor
de pe dozele de aluminiu. Acesti solventi sunt
eficienti pentru Tndepartarea acoperirilor, dar
prezintd dezavantaje n ce priveste protectia
mediului, prin faptul ca sunt volatili si periculosi si
implicit manipularea acestora este greoaie si
costisitoare [6].
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In view of the disadvantages of the
mentioned removing methods, the present aim is
to find a combination of solvents or a method for
cleaning aluminum-can type packaging which
would give improved vyields of aluminum
recovery and which are admissible or even
optimal regarding the protection of the
environment.

Doris Arruda and Kathleen M. Tomaswick
suggest as optimal solution in terms of
environmental protection, the use of an aqueous
solution, for the removal of coatings from
aluminum cans, containing at least one short chain
organic acid, preferably being a mixture of two
short chain organic acids and optional
components, such as surfactants, cleansing taking
place through the contact between the packaging
and the aqueous solution in the presence of heat
and stirring. The best solution for the removal of
coatings is considered by these researchers, an
agueous solution containing citric acid, lactic acid
and optionally a surfactant.When applying coatings
on metal a physical bond forms between them and
the acids act by loosening and breaking this bond.
Coatings treated with such a solution containing
acids, do not dissolve, but detach from the metal,
in the form of large or small particles of coating
foils, so the solution may be filtered, to remove
particles of coating, and reused. Agitation plays an
important role in this process of removing coatings,
whereas the more the waste is agitated in solution,
the faster the separation of coating from the metal
takes place [6].

In this sense, an attempt was made to
remove coatings from aluminum cans waste, using
two acids with a minimum level of danger in
handling and with minimum impact on the
environment: the lactic acid and citric acid.

4.1. Materials and methods

In order to achieve the removal of coatings,
monohydrate citric acid and lactic acid 80 %
concentration were used as solvents, in different
proportions, diluted in demineralized water.
Aluminum cans waste was prepared by washing,
drying and shredding up to dimensions of
approximately 1 cm?®.

The solution used for the removal of
coatings consist of 100 ml of demineralized water,
8 ml of lactic acid and 8 g of monohydrate citric
acid. Using the measuring cylinder 100 ml of
demineralized water were measured and then
transferred to a Berzelius beaker with 8 ml of lactic
acid and 8 g of citric acid weighed using an
analytical balance.

Avand in vedere dezavantajele care le prezinta
metodele de indepartare mentionate, in prezent se
urmareste gasirea unei combinatii de solventi sau
a unei metode de curatare a ambalajelor tip doza
din aluminiu care sa dea randamente imbunatatite
de recuperare a aluminiului si care sunt
acceptabile in ce priveste protectia mediului sau
chiar optime.

Doris Arruda si Kathleen M. Tomaswick
propun ca solutie optima in ce priveste protectia
mediului, utilizarea unei solutii aproase pentru
indepartarea acopeririior de pe dozele din
aluminiu, contindnd cel putin un acid organic cu
catena scurta, preferabil find un amestec de doi
acizi organici cu catene scurte si componente
optionale, cum ar fi agenti tensioactivi, curatarea
avand loc prin contactul dintre ambalaje si solutia
aproasa, in prezenta caldurii si a agitarii. Cea mai
buna solutie pentru indepartarea acoperirilor este
considerata de catre acesti cercetatori, o solutie
apoasa continand acid citric, acid lactic si optional
un agent tensioactiv. La aplicare acoperirilor pe
metal se formeaza o legatura fizica intre acestea,
iar acizii actioneaza prin slabirea si ruperea acestei
legaturi. Acoperirile tratate cu o astfel de solutie
continand acizi, nu se dizolva, ci se desprind de pe
metal, sub forma de particule mari sau mici folii de
acoperire, astfel solutia poate fii filirata pentru a
elimina particulele de acoperire si refolosita.
Agitarea joaca un rol important in acest proces de
indepartare a acoperirilor, intrucat cu cat deseurile
sunt agitate mai tare in solutie cu atat are loc
separarea acoperirii de metal mai repede [6].

In acest sens s-a incercat indepartarea
acoperirilor de pe deseuri de doze din aluminiu,
utilizdnd doi acizi cu un nivel minim de
periculozitate in manipulare si cu impact minim
asupra mediului: acidul lactic gi acidul citric.

4.1. Materiale si metoda

Pentru realizarea indepartarii acoperirilor s-
au folosit ca solventi acidul citric monohidrat si acid
lactic de concentratie 80 %, in diferite proportii,
diluate in apa demineralizata. Deseurile de doze
din aluminiu au fost pregatite prin spalare, uscare
si maruntire pana la dimensiuni de aproximativ 1
cm?.

Solutia  folosita  pentru  indepartarea
acoperirilor consta in 100 ml apa demineralizata, 8
ml acid lactic si 8 g de acid citric monohidrat.
Utilizand cilindrul gradat s-au masurat 100 ml de
apa demineralizata ce a fost transferata apoi intr-
un pahar Berzelius impreuna cu 8 ml acid lactic si
8 g acid citric cantarit cu ajutorul balantei analitice.
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The beaker with the solution thus prepared
and the associated magnet of the equipment was
put on the plate of the magnetic stirrer to increase
the temperature of the solution (Figure 3). With the
help of a thermodetector, the temperature of the
solution was measured, and when it has reached
50 °C, 12 g of shredded waste in the form of
aluminum plates, weighed with the analytical
balance, were immersed in the beaker.

Paharul cu solutia astfel pregatita si
magnetelul aferent echipamentului a fost pus pe
plita agitatorului magnetic cu incalzire pentru a
creste temperatura solutiei (figura 3). Cu ajutorul
termodetectorului s-a masurat temperatura solutiei,
iar cand aceasta a ajuns la 50 °C s-au imersat in
pahar 12 g de deseu maruniit sub forma de
placute de aluminiu, cantarit cu balanta analitica.

Figure 3. The process of coating removal from the aluminum surface.

4.2. Results and discussions

After one hour in which the solution loaded
with waste came to a boil and was stirred at about
350 revolutions/min. a partial removal of coatings
from the metal surface was observed by
sampling. At an interval of 30 minutes after the
first sampling other aluminum plates from the
solution were also analyzed and the removal of
lacquers on the metal at the rate of about 75-80%
was observed. After 2 hours from the immersion
of the shredded waste in the solution, the
complete removal of the coatings from their
surface could be observed (Figure 4).

A- Initial aluminum plates

B- Aluminum plates after 1 h
C- Aluminum plates after 1.5 h
D- Aluminum plates after 2 h
E- Removed coating (as foil)
F- Removed coating (waste)

4.2. Rezultate si discutii

Dupa o ora in care solutia incarcata cu
deseuri a ajuns la fierbere si a fost agitata la
aproximativ 350 rot/min. s-a putut observa o
indepartare partiala a acoperirilor de pe suprafata
metalului prin prelevarea de probe. La un interval
de 30 min. de la prima prelevare s-au analizat alte
placute de aluminiu din solutie si s-a observat
indepartarea lacurilor de pe metal in proportie de
aproximativ 75-80%. Dupa 2 ore de la introducerea
deseurilor maruniite in solufie s-a putut observa
indepartarea completa a acopeririior de pe
suprafata acestora (figura 4).

Figure 4. The gradual removal of coatings from the metal at different time intervals and its outcome.
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Coated aluminum plates, thus treated, were
removed from solution, washed and dried. In the
used solution the detached coatings from the metal
have been observed as thin foils with a lower
density than the density of water and have been
separated from the solution by filtration, such that
by regeneration, the solution can be reused. Figure
5 shows the can waste plates in their original state
and after the removal of the coatings. Plates in
Figure 5b can be melted to form new packaging or
other products such as castings.

a.)

Placutele de aluminiu acoperite, astfel
tratate, au fost scoase din solutie, spalate si
uscate. In solutia folosita s-au putut observa
acoperirile desprinse de pe metal sub forma de folii
subtiri cu densitate mai mica decat densitatea
apei, ce au fost separate de solutie prin filtrare,
astfel ca prin regenerare, solutia poate fii
refolositd. in figura 5 se pot observa placutele de
deseu de doze in starea lor initiala si dupa
indepartarea acoperirilor. Placutele din figura 5b
pot fii topite pentru a forma noi ambalaje sau alte
tipuri de produse, cum sunt piesele turnate.

Figure 5. Plates of aluminum cans waste:

a.) Before coating removal.

In order to determine the effectiveness of
this method of coating removal, were examined
primary aluminum alloy plates used in the forming
process of cans (Figure 6) and plates of treated
waste in final state (Figure 7), as it is intended that
the treated waste to be used as a substitute for
primary alloy with a minimum consumption of
resources. Thus it was analyzed, the surface and
the chemical composition of these plates by x-ray
spectroscopy. In terms of surface, the differences
between these plates are minor, on the treated
waste plate are observed only traces of the
coatings removal process.

ull Scale 7841 cts Cursor: 0.000 keV

b.) After coating removal.

Pentru a determina eficienta acestei metode
de indepartare a acoperirilor s-au analizat placute
din aliajul primar de aluminiu folosit la formarea
dozelor (figura 6) si placutele de deseu ftratat in
forma finala (figura 7), intrucat se urmareste ca
deseul tratat sa poata fii folosit ca inlocuitor al
aliajului primar cu un minim de consum de resurse.
Astfel s-a analizat suprafata si compozitia chimica
a acestor placute prin spectroscopie de raze x. In
ce priveste suprafata, diferentele dintre aceste
placute sunt minore, pe placuta de deseu tratat
observandu-se doar urme de la procesul de
indepartare a acoperirilor.

Figure 6. EDX spectrum and SEM image of the primary aluminum alloy plate.
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Figure 7. EDX spectrum and SEM image of the treated aluminum waste plate.

As can be seen in Figures 6 and 7, nor
with regard to the chemical composition of the
aluminum plates, there are no major differences,
copper being the distinctive element identified by
the EDX analysis of the treated aluminum alloy.

For the elemental analysis of the primary
aluminum alloy plate, aluminum was identified as
the main element in proportion of 79 % (Table 2),
carbon at the rate of 16 % and oxygen,
magnesium and manganese in very small
amounts.

In the case of treated aluminum waste
plate (Table 3) the amount of carbon and oxygen is
higher than in the primary alloy, aluminum as a
basic element was found at a rate of 70 %,
magnesium and manganese are the same, found
in small amounts. The distinctive element that was
found in the composition of the treated waste plate
is copper, but in a very low rate of 0.06%.

Dupa cum se poate observa in figurile 6 si 7,
nici in ce priveste compozitia chimica a placutelor
din aluminiu nu exista diferente majore, cuprul fiind
elementul distinctiv ce a fost identificat la analiza
EDX a aliajului de aluminiu tratat.

La analiza elementala a placutei din aliaj de
aluminiu primar s-a identificat aluminiul ca element
principal in proportie de 79 % (tabelul 2), carbonul
in proporiie de 16 %, iar oxigen,magneziu si
mangan in cantita{i foarte mici.

In cazul placutei de deseu de aluminiu tratat
(tabelul 3) cantitatea de carbon si oxigen este mai
mare fata de aliajul primar, aluminiul ca element de
baza s-a gasit in proportie de 70 %, magneziul si
manganul se gasesc la fel, in cantitati mici.
Elementul distinctiv ce s-a gasit in componenta
placutei de deseu ftratat este cuprul, dar intr-o
proportie foarte mica de 0,06 %.

Table 2.
EDX elemental analysis of primary aluminum alloy plate.
. . Weight .
El App Intensity Weight Atomic
ement [%0]
(%] i [%]
Conc. Corrn. Sigma
CK 0.72 0.2105 16.72 0.13 30.81
OK 0.33 0.7330 2.16 0.05 2.99
Mg K 0.19 1.3495 0.69 0.01 0.63
Al K 20.46 1.2540 79.47 0.13 65.19
Mn K 0.16 0.8191 0.95 0.04 0.38
Totals 100.00
Table 3.
EDX elemental analysis of treated secondary aluminum alloy plate.
App Intensity Weight Weight Atomic
Element [%0]
[%] i [%]
Conc. Corrn. Sigma
CK 1.24 0.2325 19.12 0.14 33.16
OK 1.81 0.7441 8.72 0.07 11.36
Mg K 0.20 1.2644 0.56 0.02 0.48
Al K 23.86 1.2039 70.85 0.16 54.71
Mn K 0.16 0.8108 0.69 0.04 0.26
CuK 0.01 0.7878 0.06 0.11 0.02
Totals 100.00
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5. Conclusions

Aluminum waste recycling is the way to obtain
aluminum, efficient in terms of cost compared to
obtaining primary aluminum from bauxite ore, and
with low environmental impact. Romania, with a
rate of only 22 %, in respect of the aluminum cans
recycling, ranks nearly on last place in Europe.

The fact that aluminum cans consist of two
types of aluminum alloys and have different layers
of varnish and paint on their surface, represents an
impediment to their direct use in the aluminum
industry, so it is necessary their passing through a
process of surface cleaning and a separation of
alloys.

Removing the lacquers from aluminum cans
waste as a preceding process to melting was
achieved using two acids with a minimum of
danger in handling and with minimal environmental
impact: lactic acid and citric acid. After 2 hours
from the immersion of the shredded waste in the
solution, the complete removal of the coating from
the surface was obtained. By filtration and
regeneration, the solution, containing the detached
coatings from the metal can be reused.

The SEM/EDX analysis results on plates of
treated aluminum alloy waste and primary
aluminum alloy, indicate that the removal of
coatings wusing citric acid and lactic acid is
effective, the differences between the treated
waste plates and those of primary alloy being very
small in terms of chemical composition, thus being
able to be used as a raw material in the formation
of new aluminium packaging.

Generally, aluminum cans waste is recycled
to form new cans, this beeing the most efficient
way to process them, in terms of energy and
resources consumption, but these may also be
used in other applications, such as aluminum
castings, as aluminum base for the development of
other types of aluminum alloys, since they have a
high purity, being necessary a refining of the metal
bath in order to remove gases.

5. Concluzii

Reciclarea deseurilor din aluminiu este modalitatea
de a obtine aluminiu, eficient din punct de vedere al
costului in comparatie cu obtinerea aluminiului
primar din minereul de bauxita si cu impact redus
asupra mediului. Roménia, cu un procent de doar
22 %, in ce priveste reciclarea dozelor din aluminiu,
se claseaza aproape pe ultimul loc din Europa.

Faptul ca ambalajele tip doza din aluminiu
sunt compuse din doua tipuri de aliaje de aluminiu
si au diferite straturi de lacuri si vopsele pe
suprafata lor, reprezinta un impediment Tin
utilizarea lor directd in industria aluminiului, astfel
ca este necesara trecerea lor printr-un proces de
curatare a suprafetei si o0 separare a aliajelor.

Indepértarea lacurilor de pe deseurile de
doze din aluminiu ca proces premergator topirii, a
fost realizata utilizadnd doi acizi cu un nivel minim
de periculozitate Tn manipulare si cu impact minim
asupra mediului: acidul lactic si acidul citric. Dupa
2 ore de la introducerea deseurilor maruntite in
solutie s-a obtinut indepartarea completa a
acoperirilor de pe suprafata acestora. Prin filtrare
si regenerare solutia contindnd acoperirile
desprinse de pe metal poate fii refolosita.

In urma analizelor SEM/EDX a pl&cutelor de
deseu din aliaj de aluminiu tratat si a aliajului de
aluminiu primar, rezultd faptul ca indepartarea
acoperirilor utilizand acid citric si lactic este una
eficienta, diferentele dintre placutele tratat si cele
din aliaj primar fiind foarte mici in ceea ce priveste
compozitia chimica, astfel putand fii folosite ca
materie prima la formarea de noi ambalaje din
aluminiu.

In general, deseurile de doze din aluminiu
sunt reciclate pentru a forma noi ambalaje tip
doza, acesta fiind cel mai eficient mod de a le
procesa, din punctul de vedere al consumului de
energie si resurse, dar acestea pot fi folosite si in
alte aplicatii, cum sunt piesele turnate din aluminiu,
ca baza de aluminiu la elaborarea de alte tipuri de
aliaje, intrucat au o puritate ridicata, fiind necesara
o rafinare a baii metalice pentru a elimina gazele.
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STUDII ASUPRA IMBUNATATIRII CONDITIILOR DE MUNCA
DIN SECTOARELE DE DEZBATERE A PIESELOR TURNATE
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Abstract: The paper presents several technologies to improve
indoor air debate sectors castings. They used equipment that
creates the possibility of aspiration and efficient retention of
pollutants resulting from production processes. The equipment
used creates the possibility of improving working conditions and
reducing pollution in metallurgical sectors.

Keywords: reduction of dust, mold castings debate.

1. Introduction

Currently technologies debate and cleaning
castings are one of the sources of dust in
foundries. Dust emissions have negative effects
on all components of the environment, human
personnel, equipment and surroundings near
these  sources of  pollution. Ensuring
environmental requirements imposed achieving
productive investment to modernize these
sectors in order to reduce emissions of these
pollutants. In these circumstances the use of
modern equipment or upgrade existing ones
should be a priority of all operators in Romania.

2. Teoretical considerations

Uses of aspiration system of pollutants ensure
their capture in order to retain dust purification
equipment specific. Figure 1 shows the
theoretical variation of the speed of carrier fluid
to the aspiration suction mouth [1].

Rezumat: In lucrare sunt prezentate cateva tehnologii pentru
imbunétatirea atmosferei interioare in sectoarele de dezbatere
a pieselor turnate. Sunt utilizate echipamente care creeaza
posibilitatea aspirdrii si refinerii eficiente a poluanfilor rezultafi in
urma proceselor de productfie. Echipamentele utilizate creeaza
posibilitatea Tmbunétéfirii condifilor de munca si reducerii
poludrii in sectoarele metalurgice.

Cuvinte cheie: reducerea emisiilor de praf, dezbatere forme.

1. Introducere

La ora actuald tehnologiile de dezbatere si de
curatire a pieselor turnate reprezinta una din sursele
de praf din turnatorii. Emisiile de praf au efecte
negative asupra tuturor componentelor mediului,
personalului uman, echipamentelor si imprejurimile
de langa aceste surse de poluare. Asigurarea unor
cerinte de mediu a impus realizarea unor investitii
pentru modernizarea acestor sectoare productive in
sensul reducerii emisiilor acestor poluanti. In aceste
conditii utilizarea unor echipamente moderne sau
modernizarea celor existente trebuie sa constituie
un obiectiv prioritar al tuturor agentilor economici din
Romania.

2. Consideratii teoretice

Utilizarea sistemelor de aspiratie a poluantilor
asigura captarea acestora in vederea retinerii
prafului in echipamentele de epurare specifice. In
figura 1 este prezentata variatia teoretica a vitezei
fluidului purtator la nivelul gurii de aspiratie [1].
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The ratio of air velocity V, of a point at a
distance from the suction port and the speed of
the suction is also shown in Figure 1.

Is apparent that the major axis of the
aspiration air velocity has the largest value. The
particles are entrained in the air sucked on the basis
of the phenomenon of carrier-bearing [2]. Reduce
airspeed and therefore lift Having regard to lift and a
decrease in the literature indicated for the long-
distance systems use air-entraining [1, 3]. Retraining
can be done by blowing air. Injection speed can be
measured in the same conditions of vacuum.

Raportul dintre viteza aerului V, dintr-un
punct aflat la o anumita distanta de gura de
aspiratie si viteza maxima V,, din gura de aspiratie
este de asemenea prezentat in figura 1. Se
poate observa ca pe axa principala de aspiratie
viteza aerului are cele mai mari valori.

Particulele aspirate sunt antrenate de aerul
purtator pe baza fenomenului de portanta [2].
Reducerea vitezei aerului si deci a portantei face
ca la o anumita distanta particulele sa nu mai
poata fi aspirate.

%]

>
d

Figure 1. The graph speed relative to distance from the suction surface nuisances present.
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Figure 2. Variation rate of aspiration function of the distance from the surface of the air aspiration.

Figure 3 shows the plot of velocity variation
depending on the distance from the mouth of
insufflation.

in figura 3 este prezentat graficul variatiei
vitezei Vi in functie de distanta de la gura de
insuflare.
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Figure 3. The variation in the insufflation’s rate depending on the distance from the surface of the air insufflation.

From the graph shown in figure 3 shows that
particles can retrain the distance from mouth
insufflation.

3. Presentation installations before upgrading

Plants were in the debate existing pollution
norms during their introduction to service. Over
the years the physical wear equipment led to the
gradual increase of dust emissions, especially
during the debate very large of forms. By
introducing new pollution norms aspiration
equipment do not meet the new situation which
has led repeatedly to overcoming maximum
levels both in the short and long term emissions
admissible values dust.

Dust
leakage

ﬁ

Din graficul prezentat in figura 3 rezulta ca
particulele pot fi reantrenate la distante mari de la
gura de insuflare.

3. Prezentarea instatiilor inainte de modernizare

Instalatile de dezbatere se incadrau in normele de
poluare existente in perioada introducerii acestora
in exploatare. Odata cu trecerea anilor uzura fizica
a echipamentelor a condus la cresterea progresiva
a emisiilor de praf, in perioada dezbaterii formelor
de dimensiuni foarte mari. Prin introducerea noilor
norme de poluare echipamentele de aspiratie nu
mai faceau fata noilor situatji, ceea ce a condus in
mod repetat la depasirea nivelelor maxime atat pe
termen scurt cat ti pe termen lung a valorilor
admisibile a emisiilor prafoase.

Dust

—f

For

sewage

treatment
plant

leakage
/"
( | 1 Legend:
I 2 1. Cabin installation
L debate

. Central dust
collector
3. Dust collector side
For 4. Blinds
sewage 5. Temporary form
treatment
large

plant
6. Debate table form

Figure 4. Schema an debate installation of before modernized.
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In Figure 4 is shown schematically
installation before upgrading. The operation of the
installation was the next to The operation mod of
the installation was the next to. It introduces
temporary form 5 with crane and deposited on the
table for debated and mold release 6.Table
executes a vibratory movement of high amplitude,
leading to the mold release debate form
respectively. During the debate and Mold release
resulting amounts of dust. They are absorbed by
the central collector 2 and the side, 3 where dust is
then directed to the treatment plant. In order to
increase the yield factor of the capture dust
particles in the absorption blinds have 4, been
introduced. Disadvantages of the system are the
impossibility capture emissions from the corner
areas what you drive to significant leakage of dust
in the environment. The small particles that were
strongly accelerated during the debate and they
escaped into the production hall.

4. Presentation of modernizeds installations

To avoid leakages of dust were mainly two viable
solutions for these installations.

The first solution was closure thereof with
the help of lids.

A second solution was closure thereof with
the help of solid walls, but not with the help of air
curtains.

The most convenient solution for
modernization was through the introduction of air
insufflation in the top of the plant. These
injection systems are directed so helps captors
side aspire entirely dust that rises during the
debate.

Directorate air jets so instilled by these
curtains is designed to cover the entire cabin
area of debate. The speed that the air jet must
have been so calculated that it does not exceed
0.7 m/s in the central point of the cabin [1], [3].

For air entrainment have used low-
pressure ventilators, dimensioned for pressure
losses in the circuits of instilling air and pressure
drop ejectors placed inside the cabin [1].

in figura 4 este prezentatd schematic
instalatia inainte de modernizare. Modul de
functionare al instalatiei a fost urmatorul. Se
introduce forma temporara 5 cu ajutorul podului
rulant si se depune pe masa de dezbatere si
demulare 6. Masa executa o miscare vibratorie cu
amplitudini mari, ceea ce conduce la demularea si
respectiv dezbaterea formei. In timpul procesului de
demulare si dezbatere rezultd cantitdti insemnate
de praf. Acestea sunt absorbite de captatorul central
2 si de cei laterali 3 de unde praful este apoi
directionat spre instalatile de epurare. Pentru a
creste randamentul factorului de captare a
particulelor de praf in zona de absorbtie s-au
introdus jaluzelele 4. Dezavantajele sistemului
constau in imposibilitatea captarii emisiilor din
zonele de colt ceea ce conducea la importante
scapari de praf in mediul ambiant. De asemenea
particulele de dimensiuni reduse care erau puternic
accelerate in timpul procesului de dezbatere scapau
si ele Tn mediul halei de producitie.

4. Prezentarea instalatiilor modernizate

Pentru evitarea scaparilor de praf s-au ales doua
solutii viabile pentru aceste instalatii.

Prima solutie a fost inchiderea acestora cu
ajutorul unor capace.

A doua solutia a fost inchiderea acestora cu
ajutorul nu a unor pereti solizi ci cu ajutorul unor
perdele de aer.

Solutia cea mai convenabila a fost
introducerea unor sisteme de insuflare a aerului in
partea superioara a instalatiei. Aceste sisteme de
insuflare sunt directionate sa ajute captatorii
laterali sa aspire in intregime particulele de praf
care se ridica in timpul procesului de dezbatere.

Directia jeturilor de aer insuflate prin aceste
perdele este astfel proiectata astfel incat sa
acopere integral suprafata cabinelor de dezbatere.
Viteza pe care jetul de aer trebuie sa o aiba a fost
astfel calculata incat ea sa nu fie mai mare de 0,7
m/s n punctul central al cabinei [1], [3].

Pentru antrenarea aerului s-au folosit
ventilatoare de joasa presiune, dimensionate pentru
acoperirea pierderilor de presiune in circuitele de
insuflare a aerului si a pierderilor de presiune pe
ejectoarele introduse in interiorul cabinei [1].
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Figure 5. Schema an debate installation moderniyed.

Those ejectors piping together with
system-related and of instilling fans 7 and 8 of
Figure 5. Installations were set to work in
automatic cycle so that they can be decoupled
timed power systems to the debate installations
shut down. Those of air curtains have the
advantage of eliminating lids that close these
installations and access to the zone can be
much easier than in previous terms of
modernization, which actually leads to facilitate
the work with this equipment.

5. Conclusion

By upgrading the debate forms large casting
lines ensures optimum work area and their
proximity and thus the working halls where they
are installed [4]. Plants introduced after this
upgrade did not result in modification of existing
installations only filling with air insufflation
systems. The chosen solution can be applied to
other similar installations of some equipment
generating dust or other pollutants [5] to improve
working conditions and reduce emissions.
Among these plants blast cleaning cabinet type,
or even drafting installations for the alloys [6].

Aceste ejectoare formeaza impreuna cu
tubulaturile si ventilatoarele aferente sistemele de
insuflare 7 si 8 din Fig. 5. Instalatiile au fost prevazute
sa lucreze in ciclu automat astfel incat ele sa fie
decuplate temporizat de la sistemele de alimentare
cu energie la oprirea instalatiei de dezbatere. Aceste
perdele de aer au avantajul eliminarii capacelor ce
inchid aceste instalatii, iar accesul in zona se poate
face mult mai usor decat in conditile anterioare
modernizarii, fapt ceea ce conduce si la usurarea
muncii cu aceste echipamente.

5. Concluzii

Prin modernizarea instalatilor de dezbatere a
formelor mari de pe linile de turnare se asigura
conditii optime Tn zona de lucru si din imediata
apropiere a acestora si implicit in halele de lucru
unde acestea sunt instalate [4]. Instalafjile introduse
in urma acestei modernizari nu au condus la
modificarea instalatiei existente ci numai la
completarea cu sistemele de insuflare a aerului. De
asemenea solutia aleasa poate fi aplicata si pentru
alte instalati similare ale unor echipamente
generatoare de praf sau alte tipuri de noxe [5] Tn
vederea imbunatatirii conditiilor de munca si
reducerii emisiilor poluante. Dintre acestea amintim
instalatile de curatire prin sablare tip cabina, sau
chiar instalatjile de elaborare a aliajelor [6].
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RECYCLING OF COPPER CASTINCS INDUSTRY
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Abstract: The extensive use of copper, manufactured in
various forms, leading to the accumulation of large amounts
of waste. Recycling is important not only through the prism
reduction of the quantity of waste, but also because of the
copper products reuse as production of copper in recycled
products requires 85% less energy than the production of
copper ore. Due to its very high electrical conductivity, the
main area of application is the copper production of metallic
conductors for the energy industries. It is a durable material
that continues to operate during a product's life cycle, without
significant loss of performance. In general, the waste of
copper in electrical cables are recycled and returned to the
production process of the wires and electric cables but can
also be used for other applications, such as molded castings
copper.

Keywords: copper, mould castings, recycling, electrical wiring.

1. Introduction

Copper has been among the first metals extracted
and used by humans, so that it may submit a major
contribution to the development of society of
ancient times. Due to its high electric conductivity
(from this point of view is on the silver metal), the
main area of application is the copper production
of metallic conductors for energy industries,
electrical equipment, electronics, telecommu-
nications, etc. Copper is a durable material that
continues to operate during a product's life cycle,
without significant loss of performance. [2]

Metallic copper is produced in many
countries, in Fig. 1. It is presented distribution on
continents, primary production of copper. About
88% of production of copper comes from this metal
ore processing. The remaining 12% is provided by
copper recycling of waste. [2]

Rezumat: Folosirea pe scaré largd a cuprului, prelucrat sub
diferite forme, conduce la acumularea unor cantitati insemnate
de degeuri. Reciclarea este importantd nu numai prin prisma
reducerii cantitatii de deseuri, ci si datorita refolosirii produselor
de cupru, deoarece productia de cupru din produse reciclate
necesitd cu 85% mai putind energie decéat productia din
minereu de cupru. Datoritd conductibilitatii sale electrice foarte
mari, principalul domeniu de utilizare a cuprului il reprezinta
productia de conductori metalici pentru industriile energetice.
Este un material durabil care continud sa functioneze pe
parcursul ciclului de viatd al unui produs, fard pierderea
semnificativd a performantelor. In general, degeurile de cupru
din cablurile electrice sunt reciclate si reintroduse in procesul
de productie a firelor si cablurilor electrice dar pot fi folosite si
in alte aplicatii, cum sunt piesele turnate din cupru.

Cuvinte cheie: cupru, piese turnate, reciclare, cabluri electrice.

1. Introducere

Cuprul a fost printre primele metale extrase si
utilizate de oameni, ceea ce a facut ca acesta sa
prezinte o contributie majora la dezvoltarea societatji
din cele mai vechi timpuri. Datorita conductibilitatji
sale electrice foarte mari (din acest punct de vedere
este aldoilea metal dupa argint), principalul domeniu
de utilizare a cuprului este productia de conductori
metalici pentru industriile energetice, electrotehnice,
electronice, telecomunicatji, etc. Cuprul este un
material durabil care continua sa functioneze pe
parcursul ciclului de viata al unui produs, fara
pierderea semnificativa a performantelor. [2]

Cuprul metalic este produs in multe tari, Tn
Fig. 1. este prezentata distributia pe continente, a
productiei primare de cupru. Circa 88% din
productia de cupru provine din prelucrarea
minereurilor acestui metal. Restul de 12% este
asigurat de reciclarea cuprului din deseuri. [2]

*Corresponding author / Autor de corespondenta:
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e-mail: oana_salanta@yahoo.com
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In Romania copper occurred about a
pyrometallurgical through melting furnaces with
hearth and melting in suspension, and at present is
to be obtained only from scrap metal.

Growing demand has made that copper
production to rise enough in the past few years.
Substantial savings can be achieved by reusing
the copper recovered from waste.

In Romania cuprul s-a produs pe cale
pirometalurgica prin topire in cuptoare cu vatra si
topire in suspensie, iar in prezent se obtine numai
din deseuri metalice.

Cererea tot mai mare de cupru a facut ca
productia sa creasca destul de mult Tn ultimii ani.
Economii substantiale pot fi obtinute prin
reutilizarea cuprului recuperat din deseuri.

Oceania; 4%

- Europe; 21%

i Africa : 3%

America;
41%

Figure. 1. Distribution by continents copper production [2].

Recycling remains a key element of the
coverage requirement of copper. Copper can be
recovered from most of its applications and
reintroduced into the production process without
loss of quality. Having a very limited access to
primary sources of domestic markets, EU industry
traditionally has given much attention to the so-
called "mine surface" relying heavily on the supply
of waste to reduce the trade gap deficit of raw
materials for copper.

According to some studies it was estimated
that 95% of the old copper wastes that are
recycled are available.[2]

1. Statistical date

In 2010, 44% of the total copper demand in
Europe was provided in the recycling. he energy
required for recycling accounts for about 20% of
that required for primary production (mining).
Moreover, the relatively high value of copper,
combined with easy recyclability, is a key factor in
the recovery and recycling of the products
reached the end-of-life, which otherwise would be
lost. [8]

According to statistics, electronics and
electrical engineering industry are the most
important industries in terms of the quantities
processed copper, using nearly 60% of the total
guantity manufactured in copper (fig. 2).[8]

Reciclarea raméane un element-cheie al
acoperirii cerintei de cupru. Cuprul poate fi
recuperat din cea mai mare parte a aplicatiilor sale
si reintrodus 1in procesul de productie fara
pierderea calitatii la reciclare. Avand un acces
foarte limitat la sursele primare de cupru de pe
pietele interne, industria UE Tn mod traditional a
dat multa atentie asa numitelor “mine de suprafata”
bazadndu-se in mare masura pe alimentarea cu
deseuri pentru reducerea deficitului diferentei
comerciale mari de materii prime pentru cupru.

Conform unor studii s-a estimat ca 95% din
vechile deseurile de cupru care sunt disponibile
sunt reciclate. [2]

1. Date statistice

In 2010, 44% din cererea totald de cupru din
Europa a fost asigurata din reciclare. Energia
necesara pentru reciclare reprezinta aproximativ
20% din cea necesara pentru productia primara
(din minerit). Mai mult, valoarea relativ mare al
cuprului, combinat cu reciclabilitatea usoara, este
un factor cheie in recuperarea si reciclarea
produselor ajunse la sfarsitul ciclului de viata, care
altfel s-ar pierde. [8]

Conform statisticilor, industria electronica si
electrotehnica sunt industriile cele mai importante
prin prisma cantitafilor de cupru prelucrat, folosind
aproape 60% din cantitatea totala de cupru
prelucrat in UE (fig.2). [8]
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Figure. 2. Consumption of copper in Europe [8].

In 2010, 2.25 million tons of copper have
been reused-an increase of 14% in a year, coming
from products held to the end of the life cycle and
recycled waste directly into the factory (in direct
melting). This high percentage of recycling copper
is determined by increased use of the metal in
European society.[8]

Castings made of copper and copper alloys
have now account for only 5% of the production of
castings in Romania in 2011 (fig. 3).

in 2010, 2,25 milioane de tone de cupru au
fost refolosite - o crestere de 14% intr-un an,
provenind din produse ajunse la sfarsitul ciclului de
viata si din deseuri reciclate direct in fabrica (din
topire directd). Acest procentaj mare al reciclarii
cuprului este determinat de cresterea utilizarii
metalului in societatea europeana. [8]

Piese turante din cupru si aliaje de cupru au
reprezintat o pondere de doar 5% din produciia
piesele turnate in Romania n anul 2011 (fig.3).

2% Malleable
1%

Graphite \/ \
nodulare Cu

Ally 5%
6%

Figure 3. Quantitative distribution of the main casting alloys, in the production of the year 2011 [3].

2. The life cycle of the products of copper

Copper is a durable material that continues to
function throughout the life cycle of a product,
without significant performance loss. It is very
unlikely that the reason why a system reaches the
end of their useful life to be copper.[6]

The copper industry is at the forefront of the
industries that have engaged in to reduce the
impact of its operations on the environment.
Today, a third of the energy consumption in the
manufacturing process of copper in modern
Europe is used to take measures to protect the
environment. [11]

Unlike other materials, copper can be
collected, re-melted and reused up to infinity,
without loss of properties. Recycled copper has the
same features as the result of copper mining.

2. Ciclul de viata a produselor din cupru

Cuprul este un material durabil care continua sa
functioneze pe parcursul ciclului de viata al unui
produs, fara pierderea semnificativa a
performantelor. Este foarte putin probabil ca
motivul pentru care o aparatura ajunge la sfarsitul
ciclului util de viata sa fie cuprul. [6]

Industria cuprului este n fruntea industriilor
care s-au angajat in a reduce impactul
operatiunilor sale asupra mediului. Astazi, o treime
din consumul de energie din procesul de fabricatie
al cuprului din Europa moderna este folosita pentru
a lua masuri de protejare a mediului. [11]

Spre deosebire de alte materiale, cuprul
poate fi colectat, retopit si refolosit pana la infinit,
fara pierderea proprietatilor. Cuprul reciclat detine
aceleagi caracteristici ca si cuprul rezultat din
minerit.
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Figure. 4. Life cycle of copper products [10].

3. Recycling of copper

According to the report published by the
International Group for the study of the Copper
41.5% of the copper used in Europe comes from
recycling. This reveals that the requirement for the
recycling of copper, in a progressive percentage.[8]

Copper and copper alloys are characterized
by 100% recyclability, superior technical properties
(high thermal and electrical conductivity), the ability
to be easily processed and sustainability.

Therefore copper stands in the center of
several technologies that will form the basis for the
competitiveness of Europe in the future.[9]

Recycling is an important component of the
deliveries of raw materials to manufacturing and
refining facilities.[6]

Copper can be recycled from waste
electrical and electronic equipment, electrical
wiring, old faucets, plumbing pipes or other
objects. After gathering, operatiunie copper is sent
to specialist centres where it is melted and used
for the manufacture of new products.[7]

In Romania a good part of the raw material
used for making copper products is obtained by
collecting.

Eco wire .
materials _

Recycling of the
materials into pellets

Waste electrical wire

3. Reciclarea cuprului

Potrivit raportului publicat de Grupul International
de Studiere al Cuprului 41,5% din cuprul utilizat n
Europa provine din reciclare. Acest lucru dezvaluie
ca cerinfa pentru cupru este asiguratd din
reciclare, intr-un procent progresiv. [8]

Cuprul si multe aliaje din cupru sunt
caracterizate prin reciclabilitate de 100%,
proprietaii tehnice superioare (conductivitatea

electrica si termica ridicata), capacitatea de a fi
usor de prelucrat si durabilitatea. Prin urmare
cuprul sta in centrul mai multor tehnologii care vor
sta la baza competitivitatii Europei in viitor. [9]

Reciclarea  constituie un  component
important al livrarilor de materii prime catre
facilitatile de rafinare si fabricare.[6]

Cuprul se poate recicla din deseuri de
echipamente electrice si electronice, cabluri
electrice, robinete vechi, tevi sanitare si alte
obiecte. Dupa operatiunie de colectare, cuprul este
trimis catre centre specializate unde este topit si
utilizat pentru fabricarea unor noi produse. [7]

In Romania o buna parte din materia prima
folosita pentru realizarea produselor din cupru este
obtinuta prin colectare.

Disassembly and pulverization of
electrical wire, etc.

and coating
materials

P

Recovery of
mixed coating
materials

e

Figure 5. The recycling process [12].
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Copper recycling process of electrie
cables include the following stages: preliminary
sorting, cutting the cables to length of 100 mm
with the aid of guillotine followed by milling with
a mill with two-stage discs for release of copper,
aluminum and plastics that contained in these
cables and electrostatic  separation  of
components.

Electrostatic separation is based on the
difference between the conductivity of the
material that makes up the meal blends of
metallic conductors and cables: neconductoare

plastics.[1]

The operating principle consists in
charging the electric charges some time
neconductoare materials surfaces or by

bombarding electrons or ions, either by friction
and thus the charged particles with tasks can be
separated from other (non-) unloaded. Particles
moving in a field generated by an electrode of
DC and high voltage (above 35 kv), uploading it
with electric charges. The conductors will be
downloaded immediately and will be removed
from the drum under the action of centrifugal
force. Non conductive particles will adhere to the
drum, maintained as its own task, and from here
will be routed to another area by brushing.[1]

electrodes

777

Grounding

Scraper

Rotating drum

Procesul de reciclare a cuprului din cabluri
electrie include urmatoarele etape: sortarea
preliminara, debitarea cablurilor la o lungime de
100 mm cu ajutorul ghilotinei dupa care urmeaza
macinarea cu ajutorul unei morii cu discuri in doua
trepte pentru punerea in libertate a cuprului,
aluminiului si a plasticului care intra in compozitia
acestor cabluri si separearea electrostatica a
elementelor componente.

Separarea electrostatica se bazeaza pe
diferenta dintre conductibilitatea materialelor care
compun amestecurile de materiale macinate din

cabluri;  metalice conductoare si  plastice
neconductoare. [1]
Principiul de functionare consta in

incarcarea cu sarcini electrice un anumit timp a
suprafetelor materialelor neconductoare, fie prin
bombardarea cu ioni sau electroni, fie prin frecare
si astfel, particulele incarcate cu sarcini pot fi
separate de celelalte neincarcate (neconductoare).
Particulele se deplaseaza intr-un cAmp generat de
un electrod de curent continuu si voltaj ridicat
(peste 35 kv), incarcandu-se cu sarcini electrice.
Cele conductoare se vor descarca imediat si vor
eliminate din toba sub actiunea fortei centrifuge.
Particulele nedconductoare vor adera la toba,
mentinute fiind de propria sarcina, si de aici vor fi
dirijate spre alta zona prin periere. [1]

Electrode (+}

s

Separation and recovery
container

.+
e
STV

Figura 6. Electrostatic separator of copper.

4. Possibilities of using copper in castings

One of the most used methods of manufacture of
parts is that of pouring. Basically it consists in
pouring molten metal in a form corresponding to
the song in question, obtaining or ingots or finished
parts that require further processing in small
volume.

4. Posibilitati de utilizare a cuprului Tn piese
turnate

Una dintre cele mai utilizate metode de fabricare a
pieselor este cea a turndrii. In principal ea consta
in turnarea metalului topit 1intr-o forma
corespunzatoare piesei respective, obtinand fie
piese brute, fie piese finite care necesita prelucrari
ulterioare in volum neinsemnat.
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Romanian foundry industry occupies an
important position in the manufacture of castings in
the world, both through the existing production
capacities, and by notable achievements in various
fields.[13]

Industria de turnatorie romaneasca ocupa o
pozitie importanta in fabricatia de piese turnate pe
plan mondial, atat prin capacitatile de productie
existente, cat si prin realizarile notabile Tnregistrate
n diverse domenii.[13]
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Figure 7. The production of castings of Romania 2003-2011 [4].

The technique and especially in casting
industry a wide use of copper alloys. They can be
formed with a very wide range of chemical
elements and can have very different properties,
but also particularly attractive for normal or peak
areas of the technique.[3]

In general, the waste of copper electrical
cables are recycled and reintroduced into the
production of wires and cables but can also be
used in other applications, such as castings made
of copper.

Copper alloys are the main dynasties (Cu-
Sn) and audible (Cu-Zn).

The bronze due to alloying with Tin
procedure and other items is harder than copper,
which makes anti-corrosive and turnabil alike.

Bronze is the most popular metal used for
high-quality bells and newer is used for guitars.

Commercial bronze (such as brass) is 90%
copper and 10% zinc, Tin, without content is
stronger than copper and is used for screws and
cables.

In tehnic& si mai ales n industria de piese
turnate o larga utilizare o au aliajele cuprului.
Acestea se pot forma cu o gama foarte larga de
elemente chimice si pot avea proprietafi foarte
diferite, dar si deosebit de atractive pentru domenii
normale sau de varf ale tehnicii. [3]

in general, deseurile de cupru din cablurile
electrice sunt reciclate si reintroduse in procesul
de productie a firelor si cablurilor electrice dar pot fi
folosite si in alte aplicatii, cum sunt piesele turnate
din cupru.

Principalele aliaje ale cuprului
bronzurile (Cu-Sn) si alamele (Cu-Zn).

Bronzul datorita procedurii de aliere cu
staniu si alte elemente este mai dur decat cuprul,
ceea ce il face anticoroziv si turnabil deopotriva.

Bronzul este cel mai popular metal utilizat
pentru clopote de calitate superioara si mai nou este
utilizat si pentru saxofoane.

Bronzul comercial (de astfel cunoscut ca
alama) 90% cupru si 10% zinc, fara continut de
staniu, este mai putenic decéat cuprul si se utilizeaza
pentru suruburi si cabluri.

sunt
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Figure. 8 Castings made of copper and alloys [14].

5. Conclusions

Recycling of copper is a very effective way to
reintroduce a valuable material in economics.

Copper is 100% reusable without loss of
properties, and the process of reuse is an energy
savings of 85 percent of production from the ore of
copper, so copper is going to influence the
sustainable development of mankind.

Due to the fact that copper can be recycled
and reused to performatelor is no loss infint need
to make sure that the products and waste of
copper are processed correctly when they reach
the end of the life cycle.

Copper can be recycled from two sources-
from products held to the end of life, as well as
from waste which is produced from direct smelting.

The advantage of cable recycling, unlike
other non, is that it only required electricity, the
process is dry, you don't need special conditions
for location.

After the appearance of the bronze age, a
wide range of castings have become affordable.
Cast copper alloys have an extremely wide range
of application.
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ALUMINOTHERMIC PROCEDURE
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Abstract: The current trend in fuel prices, increased durability
and competitive advantages in cast parts industry offer new
impulses for the development of solutions for recovery of
metallic waste from foundries. This paper proposes to present
the aluminothermic procedure used to recover wastes resulted
from the foundry industry.

Keywords: aluminothermy, metallic waste, boring dust.

1. Introduction

A growing issue of humanity is related to waste
elimination methods that evolved alongside the
industrial revolution. Waste can be seen in terms
of environmental protection and in economic
terms, because it may represent an important
source of secondary materials reducing thus the
consumption of raw materials, contributing to
sustainable development.

After machining of cast parts results a large
amount of waste in the form of boring dust. For
the most part these borings come from machining
steel and cast iron parts, castings from
nonferrous alloys (especially copper and
aluminum alloys).

There are many industrial plants that by
machining produce borings, dust, and granules
resulting from welding oxides. They do not these
products, storing them in various places.

Recovery of this material and of alloying
materials is made by remelting in various thermal
aggregates. For this process to be carried out, the
following preliminary steps must be conducted [1-3]:

Rezumat: Actuala evolutie a pretului combustibililori, cresterea
durabilitatii si avantajele competitive in industria pieselor turnate
oferd noi impulsuri pentru dezvoltarea de solutii pentru
recuperare degeurilor metalice rezultate din turnétorii. Lucrarea
propune prezentarea procedeului de alumino-termie utilizat
pentru recuperarea deseurilor rezultate din industria de
turnatorie.

Cuvinte cheie: aluminotermie, deseu metalic, span.

1. Introducere

O problema tot mai mare ale umanitatii este legat
metodele de eliminare a deseurilor, care a evoluat
alaturi de revolutia industriala. Deseurile pot fi
privite din punct de vedere a doua aspecte una
legat de protectia mediului si alta din punct de
vedere economic, deoarece poate reprezenta o
importanta sursa de materii secundare reducand
astfel consumul de materii prime, contribunid la o
dezvoltare durabila.

In urma prelucrari mecanice a pieselor
turnate rezulta un mare volum de deseuri sub
forma de span. Acest span in cea mai mare parte
provine de la prelucrarea pieselor de fonta si otel,
piese turnate din aliaje neferoase (in special aliaje
din cupru si aluminiu).

Exista foarte multe unitati industruiale care prin
prelucrarile mecanice efectuate produc span, praf,
granule rezultate din oxizi de la sudura, nu valorifica
aceste produse, depozitand n diferite locuri.

Recuperarea acestui material de baza si a
celor de aliere se face prin retopirea Tn diverse
agregate termice. Pentru realizarea acestui proces
trebuie efectuate urmatoarele etape preliminare [1-3]:

*Corresponding author / Autor de corespondenta:
Phone: +40 264/401624;
e-mail: viorel.dan@imadd.utcluj.ro
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— boring dust that is recovered must be clean,
without other materials;

— to operate boring dust easier it can be pressed
in briquettes then stored;

— boring dust storage must be done in special
containers, on concrete platforms;

— to eliminate unwanted substances used for
machining (paints, adhesives etc.) it is
necessary to use the calcination process;

— finally, transportation of boring dust briquettes
to the thermal aggregate used for melting.

After the hot rolling process results another
byproduct: scum, which is made of iron oxides and
steel alloying elements. The amount of these
byproducts is very high thus occurring problems
with their storage and recovery [3, 4].

In addition to traditional methods, these
byproducts can be recovered by an
aluminothermic method of producing cast iron and
steel.

2. Materials and Methods

Procesul de alumino-termie consta in producerea
de caldura la reactia de reducere de catre aluminiu
(posibil si de catre magneziu) a unui oxid superior
in unul inferior sau Tn metalul acelui oxid.

Reducerea reprezinta procesul de acceptare
de electroni, prin transformarea oxidului superior Tn
metal si formarea unui nou oxid. [5]

Reactia in cazul reducerii alumino-termice
este de forma:

— spanul care se recupereaza trebuie sa fie curat,
fara alte materiale;

— pentru a manevra mai usor spanul acesta se
poate bricheta dupa care se depoziteaza;

— depozitarea spanului trebuie sa se realizeze in
containere speciale, pe platforme betonate;

— n vederea eliminarii substantelor nedorite
utilizate la prelucrare (vopsele, cleiuri, etc.) este
necesara folosirea procesului de calcinare;

— in final transportul spanului brichetat Ila
agregatul termic utilizat pentru topire.

In urma procesului de laminare la cald
rezultda un alt subprodus, fundarul care este
compus din oxizi ai fierului $i a unor elemente de
aliere a ofelurilor. Cantitatea acestor subproduse
este foarte mare astfel apar probleme legate de
depozitarea si valorificarea acestora [3, 4].

Acestea subproduse pot fi valorificate pe
langa metodele clasice printr-o metoda de
aluminotermice de producere a fontei si a otelului.

2. Materiale si metode

Procesul de alumino-termie consta in producerea
de caldura la reactia de reducere de catre aluminiu
(posibil si de catre magneziu) a unui oxid superior
in unul inferior sau Tn metalul acelui oxid.

Reducerea reprezinta procesul de acceptare
de electroni, prin transformarea oxidului superior in
metal si formarea unui nou oxid. [5]

Reactia in cazul reducerii alumino-termice
este de forma:

MexQOy +2/3 Al =xMe+1/3yAl, O, +Q 1)

In equation 1, Q is the heat released in the
process and it is equal to the sum of heat balance
per mass unit.

During the aluminothermic process there
are modifications of enthalpies of reaction
products up to the melting temperature,
transformation and melting heats are consumed.
[6] If Q is the sum of these heats and if we admit
that the caloric capacities of smelts don’t vary
with temperature, then using the following relation
is obtained the maximum temperature of the
aluminothermic reaction, which is (equation 2):

TM

:Q—Q1+CP-Me T, +Cp -ALO,-T,

In ecutia 1, Q reprezinta caldurd degajaté in
urma procesului si este egald cu suma bilantului
termic raportata la unitatea de masa.

In timpul procesului alumino-termic au loc
modificari a entalpiilor produselor de reactie pana
la temperatura de topire, se consuma caldurile de
transformare si de topire [6]. Daca se noteaza cu
Q: suma acestor calduri si daca admitem faptul ca,
capacitatile calorice ale topiturilor nu variaza cu
temperatura, atunci se obtine cu ajutorul
urmatoarei relatii temperatura maxima a reactiei
alumino-termica este (Ec. 2.):

)

C,-M,+C,-ALO,
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From equation 2 it results that the
temperature of the aluminothermic process is
determined by the reduction reaction thermal
effect. In order to determine the temperature
resulting from the aluminothermic process we must
consider that some of the emitted heat is partially
consumed for heating products taking part in the
reaction and transformation and melting process.

The aluminothermic method for producing
liquid cast iron or liquid steel from boring dust is
based on oxidation-reduction reactions between
iron oxides in the form of scum and aluminum or
magnesium. [7, 8]

The aluminothermic reaction occurs in the
mixture which is called “thermite” by priming it with
a special mixture called “thermal primer”. Thermal
primer triggers the aluminothermic reduction
reaction, obtaining the liquid phase that consisting
of cast iron or steel and slag, at a temperature that
may reach 2000 °C or even above it (2200 °C).

Thermite is a mixture of scum, aluminum
and boring dust. To produce liquid cast iron or
steel there are used different recipes of thermite,
percentages of the three components varying
depending on the product we want to obtain.

The aluminum component in thermite can be:

— boring dust from mechanically crumbled
aluminum;

— secondary powdered aluminum;

— high quality, pyrotechnic powdered aluminum,
specially prepared.

In order to obtain a cast iron or steel of a
certain composition, it is required that in the load of
the production aggregate to also introduce
additions to regulate the chemical composition,
temperature, slag composition and its fluidity. The
following can be used as addition materials:
ferrosilicon, ferro-magnesium, ferrochrome, and
other ferroalloys, broken pieces of electrodes,
quick lime, fluorspar, and limestone.

In order to start the aluminothermic reaction
it is required to ignite the primer. This ignition can
be done in various ways, either by pouring a few
drops of liquid cast iron or steel, or by using a steel
wire with a diameter between 0.75-1 mm and a
length of 200 cm, passed by a low voltage current,
or by using a special mixture placed above the
load that is ignited using a red-hot steel rod, or by
using other methods.

Composition of the primer may be composed
of manganese dioxide, potassium chloride,
aluminum powders, sulfur or thermite, magnesium
scrapings, potassium nitrate, gun powder or
potassium dichromate, aluminum powder etc.

Din ecuiia 2 rezultd ca temperatura
procesului alumino-termic este determinata de
valoarea efectului termic al reactiei de reducere. in
vederea stabilirii temperaturii rezultata in urma
procesului alumino-termic trebuie sa avem in
vedere ca o parte din caldura degajata se consuma
partial pentru incalzirea produselor, care iau parte la
reactia si la procesul de transformare si topire.

Metoda alumino-termic de obfinere a fontei
lichide sau a otelului lichid din span se bazeaza pe
reactiile de oxido-reducere dintre oxizii fierului sub
forma de fundar si aluminiu sau magneziu. [7, 8]

Reactia alumino-termica se produce in
amestecul care poartd denumirea de ,termit” prin
amorsarea acesteia cu un amestec special
denumit ,amorsa termica”. Amorsa termica
declanseaza reactia de reducere alumino-termica,
obtindndu-se faza lichida, ce consta din fonta sau
otel si zgura, la o temperatura care poate ajunge la
2000 °C si chiar peste aceasta (2200 °C).

Termitul este un amestec format din tundar,
aluminiu si span. Pentru producerea de fonta sau
otel lichid se folosesc diverse retete de termit,
procentajele celor trei componente variind Tn
functie de produsul pe care dorim sa-l obtinem.
Componenta de aluminiu din termit poate sa fie:

— span de aluminiu faramitat mecanic;

— aluminiu secundar pulverizat;

— aluminiu pirotehnic pulverizat, de Tnalta calitate,
pregatit special.

In vederea obtinerii unei fonte sau otel de o
anumita compozitie este necesar ca in Tncarctura
agregatului de elaborare sa se mai introduca
adaosuri care sa regleze compozitia chimica,
temperatura, compozitia zgurei si fluiditatea
acestuia. Drept material de adaos pot fi: ferosiliciu,
feromagneziu, ferocrom, alte feroaliaje, sfaramituri
de electrozi, var nestins, fluorina, calcar.

Pentru declansarea reactiei alumino-termice
este necesar sa fie aprinsa amorsa. Aceasta
aprindere poate fi facuta in diverse moduri, fie prin
turnarea céatorva picaturi de fonta sau otel lichid, fie
prin folosirea unei spirale din sarma de otel avand
un diamteru cuprins intre 0,75-1 mm, lungime de
200 cm, prin aceasta trece un curent de joasa
tensiune sau fie prin folosirea unui amestec special
asezat deasupra incarcaturii, care se aprinde cu
ajutorul unei tije de otel inrosita la capat sau prin
alte metode.

Compozitia amorsei poate sa fie constituita
din dioxid de mangan, clorat de potasiu, pulberi de
aluminiu, sulf sau termit, pilitura de magneziu,
azotat de potasiu, praf de pusca sau bicromat de
potasiu, praf de aluminiu, pilitura de magneziu, etc.
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3. Results and Discussion

The aluminothermic method allows recovery of
some byproducts considered waste resulted from
machining of metals, rolling and forging. This
method of preparation of cast iron and steel is
advantageous and rational when it comes to
obtaining a small amount of alloy, in a short time
and when the unit does not have elaboration
aggregates.

By using this procedure, any foundry that
manufactures boring dust can obtain spare parts,
simple parts, and semi-finished products in the
form of cast bars or tubes.

Figure 1. Thermite melting pot. [3]

The method allows use of waste (scum from
rolling and forging, cast iron or steel boring dust,
aluminum and magnesium boring dust).

Cast iron and steel obtained in small
amounts can be allied in reaction retorts or pots.
By using this method it is possible to reduce the
metal and energy consumption.

Development time is short, on the order of
several minutes, depending on the size of the load.

Due to the high temperature of cast iron or
steel, there is a good separation of molten slag.
The amount of metallic smelt depends on the
guantity of the load or the capacity of the oxidation
retort. For example, for a retort capacity of 82 kg,
the weight of metal obtained is approximately 50
kg and at a capacity of 160 kg the weight is
approximately 100 kg.

Method of producing gray cast iron and high
alloy cast iron with chrome was performed in the
experimental research obtaining very good results.
Duration of production of the cast iron is very short,
approximately 2-3 minutes.

3. Rezultate si discutii

Metoda alumino-termica permite valorificarea unor
subproduse, considerate deseuri de la prelucrarea
mecanicd a metalelor, de la laminare si forja.
Aceasta metoda de elaborare a fontelor si a
otelului este avantajoasa si rationala atunci cand
trebuie sa se obtind o cantitate mica de aliaj, intr-
un timp foarte scurt si cand unitatea respectiva nu
dispune de agregate de elaborare.

Orice turnatorie care produce span poate
prin acest procedeu sa obtina piese de schimb,
pise simple, semifabricate sub forma de bare sau
tuburi turnate.

Figure 2. Start of the reaction. [3]

Metode permite utilizarea unor deseuri
(tundarul de la laminoare si forja, spanul de fonta
sau otel, spanul de aluminiu si magneziu).

Fonta si otelul obtinut in cantitati mici pot fi
aliate in retorte de reactie sau in oala. Prin aceasta
metoda se permite reducerea consumului de metal

si energie.

Durata de elaborare este scurta, de ordinul
catorva minute, fiind functie de marimea
incarcaturii.

Datorita temperaturii ridicate a fontei sau
otelului se produce o buna separare a topiturii de
zgura. Cantitatea de topitura metalica depinde de
cantitea ncarcaturii sau de capacitatea retortei de
oxidare. De exemplu la o capacitate a retortei de 82
kg, greutatea metalului obtinut este de cca 50 kg, iar
la o capacitate de 160 kg este de circa 100 kg.

Metoda de producere a fontei cenusii si a
fontei inalt aliate cu crom a fost realizata in cadrul
cercetarilor experimentale obfinand rezultate foarte
bune. Durata de obtinere a fontei este foarte scurta
aproximativ 2-3 minute.
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The aggregate used for obtaining the cast
iron is very simple, consisting of a special pot
(retort) or a melting pot. In Fig.1. is presented the
melting pot and at Fig.2. the start of the reaction.

In order not to release toxic products it is
required that all input materials to be cleaned and
burnt in advance. Gases resulting from the
equation are captured by an exhaust system which
can be routed to a wet electrostatic precipitator
with prewash.

4. Conclusions

When molding cast iron produced by the
aluminothermic procedure, for preheating of the
support piece of up to 600°C there were no
problems with the formation of the compact and
continuous link layer because of the oxide layer
that was formed. This is explained by the fact that
the thin layer of oxides (FeO) is easily dissolved in
the liquid cast iron, temperature of these melting
oxides being inferior to 1800°C (cast iron
temperature).

Besides the advantage created by high
temperature, using cast iron elaborated in the
aluminothermic process also presents other
important advantages, such as:

» in a short time there can be developed a
strictly necessary quantity of cast iron
needed for molding (an amount greater or
lesser, depending on the specific needs).

» developing cast iron doesn’t required special
thermal aggregates; it can be developed in a
simple retort.

» for development are mainly used materials
considered wastes (scum, cast iron boring
dust, aluminum boring dust, scrapings of
electrodes).
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Agregatul pentru obtinerea fontei este foarte
simplu, constdnd dintr-o oala de speciala (o
retortd) sau dintr-un creuzet, in Fig.1l. este
prezentat creuzetul iar Fig.2 declansarea reactiei.

Pentru a nu degaja produse toxice este
necesar ca toate materialel care intra Tn
incarcatura sa fie curatate, sa fie calcinate in
prealabil. Gazele rezultate in urma reactiei sunt
captate de catre un sistem de exhaustare, putand
fi dirijate catre un electrofiltru umed cu prespalare.

4. Concluzii

In cazul turnarii fontei elaborata prin procedeul de
aluminotermie, la preincalziri a piesei suport pana
la cca 600°C, nu au aparut probleme cu privire la
formarea stratului de legatura compact si continuu
din cauza stratului de oxid format. Acesta se
explica prin aceea ca stratul subtire de oxizi (FeO)
este usor dizolvat in fonta lichida, temperatura
acestor oxizi pentru topire fiind inferioara
temperaturii de 1800°C (temperatura fontei).

Folosirea fontei elaborata prin procedeul de
aluminotermie pe langa avantajul creat de
temperatura ridicata prezinta si alte avantaje
importante cum sunt:

» se poate elabora intr-un timp foarte scurt o
cantitate de fonta strict necesara turnarii (o
cantitate mai mare sau mai mica, in functie
de necesitatile concrete).

> elaborarea fontei nu necesitd agregate
termice speciale, putandu-se elabora intr-o
retorta simpla.

> la elaborare se folosesc 1n principal
materiale considerate deseuri (fundar, span
de fonta, span de aluminiu, resturi de
electrozi).
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