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BIOMEDICAL APPLICATIONS OF SHAPE MEMORY
ALLOYS

BY

DRAGOS CRISTIAN ACHITEL DAN-GELU GALUSCj&, 5
PETRICA VIZUREANU and ROXANA-GABRIELA STEFANICA

Abstract. Shape memory alloys found in various biomedical applications. The
paper presents a documentary synthesis of these applications and some chemical-
metallurgical issues related to their biocompatibility.

Key words: shape memory alloys, biomaterials, corrosion, prostheses.

1. Introduction

Biomaterials are synthetic materials used to replace a part of a living
system or to function closely with a living tissue.

Most commonly known are metallic biomaterials. Living tissues in very
small quantities tolerate most metallic materials, Fe, Cr, Co, Ni, Ti, Ta, Mo and
W, used for most implants, although some metallic elements are essential for
cellular functions.

A special category of biomaterials is shape memory alloys, which after
plastic deformation return, by heating, to the initial shape. It provides medical
applications such as for intracranial aneurysms, filters for vena cava, orthopedic
implants etc.

Vanadium was the first metal used in the manufacture of plates and
screws used for bone fractures. Human body can accept the most metals used
for implants within few minutes.

Biocompatibility of metallic implants is a problem because they tend to
corrode into hostile environments. The consequence of corrosion is loss of material,
which weakens the strength of the implant and perhaps even more important than
that, corrosion produces damages in tissues, leading to unwanted effects.
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2. Medical Applications of Shape Memory Alloys

Shape memory alloys are a unique group of alloys with the ability to
remember a form even after quite severe plastic deformations.

At low temperatures, shape memory alloys can be deformed apparently
like other metallic alloys, but this deformation can recover with a relatively
modest increase in temperature. This behavior is called shape memory effect.

Alloys with perfect shape memory effect are listed in the table bellow as
follows:

Table 1
Materials, Composition, Structural Transformation
No. Alloy Composition % (at.) Structural transformation

Ag-Cd 44 -49 Cd B, — 2H

2 | Au—-Cd 46.5-50 Cd B, - 2H
B2 — 9R

3 | Cu—Z2n 38.5-41.57Zn rhombohedra MOR

Cu—-Zn-X B, (DO3)— 9R
4 X= 4%

X = Si, Sn, Al, Ga fax. &% MOR (18R, M18R)

28 —29 Al

5 — Al —Ni D 2H

Cu 1 3-45Ni O
6 | Cu-Sn 15 Sn DO; — 2H, 18R

23 -28 Au
7 | Cu—Au—Z7n 45 47 7n Heusler — 18R
8 | Ni—Al 36 -38 Al B, -3R
D . B,—B19 monoclinic

9 |Ti-Ni 49 -5 Ni B, — rhombohedric — monoclinic
10 | Fe—-Pt ~25Pt L, — t.v.c. ordinate
11 | In-Ti 18 —23Ti c.f.c. > tfc.
12 | In-Cd 4-5Cd cfic. » tfc.
13 | Mn—-Cd 5-35Cd c.f.c. - tfc.
14 | Fe—-Pd ~30Pd c.fc. > tfc.

These features allow the use of shape memory alloys in smart
structures, micro actuators, some advanced composites, medical and dental
implants.

These types of materials are porous materials made of shape memory
alloys and used in medicine to replace certain bone parts.

In time, the organism will embed them, by developing inside the pores
of characteristic organic bone cells.
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Table 2
Medical Applications of Shape Memory Alloys Present Bellow

Coronary dilator

Drilling tools

Clips and clamps for bone system

Arch wires for dental corrections

Frames for glasses




12

Dragos Cristian Achitei et al.

Table 2
Continuation

Laser cutter

i ]

= -

Dilator for blocked
arteries

cateter

dilarator

artera

blocata

Brain spatula

Locomotors prostheses

Recovery elements of
bone structures (clips &
SCrews)
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In this way, internal micro prosthesis integrates with the entire body and
within with only a minimum risk of side effects.

Fig. 1 —a, b — large pores: porosity 42% ; scale 2.5x ;
¢, d —large pores: porosity 50% ; scale 10x, respective 50x.

Porous materials used in medical field for prostheses present besides the
above mentioned biocompatibility and elastic proprieties, mimicking the
behavior of bone part that substitute.

In the last 25...30 years points out a great diversification of metallic
alloys in the field of dental materials used to realize the gnato-prosthetic
devices.

Diversification has been made towards achieving both superior
material proprieties, both in terms of biocompatibility and physiognomic
appearance, but with high prices, as well as achieving not noble metallic
alloys (alloys of nickel or chromium, cobalt or titanium — with improved
composition) or inferior alloys (brasses and bronzes) — with extremely low
prices.

Copper alloys, initially used as training alloys, has begun to be
promoted as dental alloys from the seventh decade of last century, from
economic reasons — due to the significant increase in the price of precious
metals.
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View field: 285.49 ym_ Det: SE

Fig. 2 — Microstructures of shape memory alloys type CuZnAl:
a —x1000, cast state; b — x700, forged state.

In many countries, particularly in Europe, and a series of prosthetic
clinics in Romania, copper alloys are considered incompatible with the qualities
required to some prosthetic biomaterials, being presented as risk materials. They
present cytotoxic or allergic risk and have low resistance to corrosion placing
them at the inferior limit of acceptability.

After nearly three decades of use in vivo has imposed the need for more
careful studies on the behavior and properties of these materials, with respect to
chemical composition, cytotoxicity, and corrosion.

Copper and its alloys are recognized as materials with good corrosion
resistance and thus, they use in many fields. Good resistance of these materials
is related to the formation of a uniform and adherent film (oxides, hydroxides
etc.) protecting the substrate from the environment.

Corrosion phenomenon is related to the formation and stability of this
film. If the film is not formed or is destroyed, the metal is corroded
generalized — on the entire surface, or localized (crevices, cracks, pitting
corrosions).

Protective oxide film destroys locally when environment composition
changes, increasing the concentration of aggressive ions (CI,, SO4%, etc.) while
decreasing the oxygen content of the solution.

Copper is an essential metal for living organisms, but too much copper
can harm if it is in a biological available form. However, the biologic impact of
any available excess depends on environmental factors interacting with the
organism.

The excess capacity of biological available copper to limit biologic
activity makes it particularly useful in controlling some types of unwanted
growth. For example, it was shown that some copper alloys have antitumoural,
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anticancer activity. However, it was revealed that cytotoxic activity is related to
the amount of bivalent copper content in the compounds tested. Also, copper
has been recognized as an algaecides to treat parasites.

Although, copper is a useful metal in small quantities, its presence in
excess may have unintended harmful effects under certain conditions. As a
result, copper is commonly regarded as a risk environment. Pronounced toxic
effects of alloys containing these metals were confirmed when they were
implanted subcutaneously or intramuscularly. The analysis of actual data
indicates that these material lead to changes in tissues such as necrosis and
inflammations.

Copper may have role of chemical modifier, inducing greater
carcinogenic activity for nickel, from which it has normally.

Chronic copper poisoning is still a controversial problem, often
associated with muscular pains, hypertension, neuro-psychological phenomena,
hair loss etc. However, the World Health Organization considers copper a non-
toxic metal.

5. Conclusions

Shape memory alloys based on copper can be used as biocompatible
materials with human body only when corrosion tests allow this.

In addition, the manufacture of parts made of shape memory alloys
must take into account the fatigue phenomena that can occur, embodied in the
degradation of shape memory effect.

Received: May 14, 2010 “Gheorghe Asachi” Technical University of lasi
Department of Materials Science

e-mail: dragos_adc@yahoo.com
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APLICATII BIOMEDICALE ALE ALIAJELOR CU MEMORIA FORMEI
(Rezumat)
Aliajele cu memoria formei se regdsesc in diverse aplicatii biomedicale.

Lucrarea prezintd o sintezd documentard a acestor aplicatii si aspecte chimico-
metalurgice legate de biocompatibilitatea acestor aliaje.
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ELECTRICAL PROPRIETIES OF ZrOx THIN FILMS
PREPARED BY REACTIVE MAGNETRON SPUTTERING

BY

APREUTESEI MIHAIL, ARVINTE IONELA ROXANA
and CONSTANTIN DIDA

Abstract. In this article we present the investigation of the electrical proprieties of
the ZrOy thin films deposited at 200°C by the reactive magnetron sputtering method with
the variation of O, reactive gas flow and deposition time. In terms of composition it can be
observed two concentration regions, the first zone rich in Zr (max. 8 sccm for O, flow),
where the deposition rate was high, and second zone, rich in O, (for O, flow between 8
and 16 sccm), where the deposition rate decreased considerably. Films from zone I
revealed relatively low values of resistivity, ranging from ~ 90 pQ.cm to values around
200 pQ.cm which allows indexing these films as of a “roughly” metallic-type. In zone II
films show low conductibility and the resistivity can not be measure because of the
oxygen high content from this region.

Key words: thin films, ZrO,, electrical proprieties, reactive sputtering.

1. Introduction

The fourth-group transition metal, MeN (Me = Ti, Zr, Cr, V, etc.), have
been of extensive commercial interest for many years due to their optical and
mechanical properties. The unique combination of metallic and covalent
bonding characteristics lead to properties such as high melting point, hardness,
wear resistance, brittleness as well as good thermal and chemical stability and
corrosion resistance. Metallic properties such as electrical conductivity and
metallic reflectance, together with the aesthetic property of their prominent
colorations in the visible wavelength region make their applications as coatings
for decorative objects advantageous [1],...,[3].

Reactive magnetron sputtering is one of the most used techniques which
can be used for deposition of any work piece, and is currently used for a wide
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variety of thin films, from any solid metal or alloy to a variety of compounds.
The term “sputtering” comes from the Dutch word “sputteren” and is mean “to
spit out in small particles and with a characteristic explosive sound”. Groves
was the first how discovered the sputtering phenomena in 1852, but Plucker, in
1858 suggest that this discovery can be used as tool to achieve metallic films.
At the beginning Groves named the phenomena “cathodic disintegration”, but in
1921, Sir John Thompson renamed into “spluttering”, and after two years
Thompson dropped the “I” and term become “sputtering” which is used
nowadays [4]. Sputtering is a physical vapour deposition (PVD) process where
the material is removed form a target because of the energetic ion
bombardment, and is driven by momentum transfer between the ions and atoms
in the material, presented in Fig. 1. Collisions are elastic or inelastic, depending
on whether the internal energy of the colliding specie is preserved. In an elastic
collision, only kinetic energy is interchanged and there is conservation of the
momentum and kinetic energy of translational motion, and no atomic excitation
occurs and potential energy is conserved [4],...,[8].

Ar" ion by @

created @ Sputtered
;ar:lepc‘atgzn R\;\‘Z . target atom
Ar’ ion
@/J’\ . /
Electron = &
released\ /
from target

Target OOOOOO@OO}OOOOO
surface at OOOOOOOO\OOQOOOO
:33:;‘:‘* ooooooooiomo;oooo
OOOOOOOC}.OMOEOOOO
oo OOTTDDOOTOE
oo
oo OTTT

Fig. 1 — Scheme of the sputtering of the target atoms.

Magnetron sputtering dominates industrial production of metals and
alloys because it is fast, inexpensive and easily scaled up in size. Large
deposition areas and low substrate heating are added benefits. The films are
generally polycrystalline or amorphous. Metal deposition is used to make
electrical contacts on a variety of semiconductor substrates and for
interconnects. Metallization of plastic parts is utilized by the automotive
industry extensively. Reflective, darkened and decorative coatings on glass also
employ sputtering of metals. Metal films are deposited on plastic bags that
contain food to preserve freshness. Optical coatings, decorative coatings on
costume jewelry are among some of the other areas where sputtering of metals
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is used. The purity of the film is limited by the purity of the gas used to initiate
sputtering. In sputtering the metal target remains close to the room temperature
because of cooling, so that it is not a source for impurity gas [9].

2. Experimental Procedure

The ZrO samples were deposited by d.c. reactive magnetron sputtering
in homemade system from high purity Zr (99.6 at. %) target onto polished
stainless steel (AISI 316 ) ~ 0.5 mm thick for residual stresses analysis, standard
silica (100) for composition analysis and glass substrates (~ 1.2 mm) used for
optical characterization. Films were prepared in static mode (substrates to be
coated were fixed in front of the target), using a gas atmosphere composed of
argon and oxygen with a base pressure in the deposition chamber ~5x10 mbar
using constant values of temperature (200°C).

In Fig. 2 in presented a schematic representation of the home-made
deposition system with the pre-chamber, chamber, turbo molecular pumps, gate
valve and rotatory pumps.

Pre-chamber

turbomolecular ] Chamber
pumps

Fate valw

rotatory
pumps

Fig. 2 — Schematic representation of the home-made deposition system.
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Reactive gas flows varied from 1 to 15 sccm, with a total pressure
around 5x10° mbar and deposition times between 3000 and 3600s. The
experimental parameters are presented in Table 1.

The substrates were heated at T,=200°C using d.c. bias grounded.
Argon flow was kept constant at 60 sccm. The substrate rotation used was 7 rpm
with the substrate holder positioned at 65 mm in all runs. Evolution of
temperature was monitored with a thermocouple placed close to the surface of
the substrate holder.

Table 1
Experimental Parameters Used for ZrO, Films

Parameter Probe ZO1 Z0O2 ZO3 Z04 Z05 Z06 ZO7 Z08 Z09 ZO10

O, flow(sccm) 1 1.5 2 25 3 4 5 6 9 15
Deposition time(s) 3000 3000 3000 3000 3000 3600 3600 3600 3600 3600

Substrate bias(V) Grounded
Argon flow(sccm) 60
Total 3
pressure(mbar) ~>x10
Current(A) 2
Substrate 7
rotation(rpm)

2.1. The Characterization Technique Used for Electrical Proprieties.
Four Point Probe Technique

The electrical resistivity of a material is a number describing how
much that material resists the flow of electricity. Resistivity is measured in
units of ohm-'meters (Q m). If electricity can flow easily through a material,
that material has low resistivity. If electricity has great difficulty flowing
through a material, that material has high resistivity. The electrical wires in
overhead power lines and buildings are made of copper or aluminum. This is
because copper and aluminum are materials with very low resistivities (about
20 nQ m), allowing electrical power to flow very easily. If these wires were
made of high resistivity material like some types of plastic (which can have
resistivities about 1 EQ m (1 x 1018 ©Q m)), very little electric power would
flow [10], [11].

The four-point collinear probe technique of resistivity measurement
involves bringing four, equally spaced, electrical conducting pins in contact
with the material of unknown resistance [12], [13]. The array is placed in the
center of the material. A diagram of this technique is shown in Fig. 3.
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Ohmic
contacts

Film

Fig. 3 — The four-point probe method for measuring resistivity.

A known current is passed through the two outside pins and the voltage
is sensed at the two inside pins [14]. The resistivity is then calculated from the
following equation:

T vV
1 =——x—xtxk,
() P=1 7

V — the measured voltage in volts

I — the source current in amps

t — the wafer thickness in centimeters

k —a correction factor based on the ratio of the probe to wafer diameter,
and on the ratio of wafer thickness to probe separation

2.2. Results

For this work it was used the for point technique in order to measure
the resistivity of the ZrOy thin films. The reactive gas flow and the thickness
of the produced coatings are presented in Table 3. In Fig. 4 is represented the
deposition rate of produced ZrO, films as function of the reactive gas flow.
From Fig. 1 it can be observed that the evolution of the deposition rate is a
function of reactive gas flow can be divided in two different regimes.

In first regime, corresponding to the samples deposited with the reactive
gas flow below 8 sccm, the deposition rate has a stabilization where the obtain
values are roughly 6x10~ nm/s.
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Fig. 4 — Deposition rate of the produced ZrOx coatings
as function of the gas flow rate.

In second regime there is a decrease of the deposition rate with the increase of
the reactive gas flow from ~ 6.9x10” nm/s to the lowest value of the deposition
rate (~ 0.5x107% nm/s) corresponding to the ZrO10 sample with 200 nm
thickness presented in Table 2.

Reactive Gas Flow Rate During ngl))cl)iifions and Thickness of ZrO, Films
Sample Gas flow (sccm) Thickness (nm)
Zr0O1 1 1800
Zr02 1.5 1700
ZrO3 2 2000
ZrO4 2.5 1800
Zr0O5 3 2100
ZrO6 4 2300
ZrO7 5 2500
ZrO8 6 2500
ZrO9 9 230
Zr010 15 200

The ZrO, coatings have a wide range of different behaviors, as it can
be observed by the evolution of the electrical resistivity at room
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temperature, as a function of the reactive gas flow, presented in Fig. 5. From
the plot, the first conclusion to be drawn is that the evolution of the
electrical resistivity evidences the existence of two different zones.
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Fig. 5 — Electrical resistivity variations at room temperature as
a function of the oxygen flow.

As you can see in the plot in zone I the amount of oxygen flow is
varying from 0 to 6 sccm and is significant that the films are in the
conductive phases.

In this phase the samples have a low resistivity because the
electricity can flow easily through the material. In the same time the samples
have a high value of conductivity which is increasing with the increase of
the oxygen flow. For instance, at 1 sccm the resistivity value is around ~ 90
Qu.cm and it is get to 6 sccm where the resistivity value is around ~ 200
Qu.cm. At the end of zone I where the oxygen flow is 6 sccm starts the
transition zone and also the films are in a insulating phases. In zone II, the
samples show high values of the electrical resistivity and the conductivity is
thermally activated. Also, is significant the tendency to have highly
insulating phases. Therefore, the films tend to be of insulating type. In this
zone the resistivity is high and the electricity can not pass through the
material easy.

For these samples with higher resistivity it is impossible to measure
the electrical resistivity because the electricity instead of passing through the
coating will pass through the substrate. Therefore, it is very difficult to
measure the resistivity of the films because of the low conductibility; which
means that above 10'* Qu.cm. the resistivity can not be measure because the
films have a high content of oxygen.
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3. Conclusion

Electrical properties of thin films have practical importance and
theoretical interest. The solid-state revolution has created important new roles
for thin film electrical conductors, insulators, and devices.

The experimental data presented above offers an image of the reactive
sputter deposition of zirconium oxide. The electrical properties of ZrO, films
deposited by the reactive magnetron sputtering technique have been
investigated at varying O, flow rates. The O, flow rate is found to be an
important parameter in controlling the film composition, and properties.

The zirconium oxide films electrical behavior present straight
correlation between the crystalline and electronic structure. The initial low
values of resistivity were found to be related with the roughly metallic nature of
the films. For the higher reactive gas flows (zone II) the resistivity of the films
are increased, which can be explained by the decrease of the metallic bond
contribution. Regarding the last zone, the coatings present high electrical
resistivity and the conductivity is thermally activated.

One of most important fact is that during the experimental work all 10
coatings presented different evolution, but the two regimes (zone I and zone II)
remain clearly definite even that we use different characterization technique.
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PROPRIETATILE ELECTRICE ALE STRATURILOR SUBTIRI DE TIP ZROx
OBTINUTE PRIN PULVERIZARE REACTIVA IN SISTEM
MAGNETRON

(Rezumat)

In acest articol am prezentat o investigare a proprietatilor electrice ale
straturilor subtiri de tipul ZrOy depuse la temperatura de 200°C prin metoda pulverizarii
reactive In sistem magnetron cu variatia debitului gazului reactiv(O,) si a timpului de
depunere. In ceea ce priveste compozitia se pot observa doud regiuni de concentrare,
prima regiune bogatd in Zr (max. 8 sccm pentru debitul de O,), zond in care rata de
depunere este ridicata si cea de a doua regiune bogata in O, (pentru debit de O, intre 8 si
16 sccm), unde rata de depunere a scazut considerabil. Filmele din zona I prezinta valori
relativ scazute ale rezistivitatii, variind de la ~90 pQ.cm pana la valori in jur de 200
pQ.cm care permite indexarea acestor straturi ca fiind de tipul metalic. In zona II
filmele prezintd o conductibilitate scazuta si rezistivitatea nu poate fi masurata datorita
continutului ridicat de oxigen din aceasta regiune.
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Abstract. This paper contains the investigation of metallic surfaces using AFM
technology. This method provides the possibility to map out surface topography with
atomic resolution in all three dimensions. The data are digitally stored, allowing the
computer to manipulate and display the data as a three-dimensional rendition, viewed
from any altitude and azimuth as shown in Fig.l. For topographic analysis and
profilometry, the resolution and tree-dimensional nature of the data is unequalled by other
techniques. The ease of use and nondestructive nature of the imaging are notable.
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Fig. 1 — AFM image of the investigated metallic surface.

Key words: nanometers, AFM, metallic.

1. Introduction

Thermally sprayed coatings are now used extensively in a variety of
applications. However, their application has often preceded detailed knowledge
or understanding of their corrosion mechanisms or rates.
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Previous studies involving plasma sprayed coatings [5] have shown that
good quality coatings, in terms of low porosity, are essential to protect the
substrate from corrosion.

There are many thermal spray processes available to date: the high
velocity oxygen fuel (HVOF) process, which uses higher exhaust velocities and
lower flame temperatures than other processes, can produce coatings of low
porosity levels (1%) and avoids alteration of the mechanical properties of the
substrate [7]. The corrosion characteristics of thermal sprayed coatings in static
saline environments are extremely important where the flow of aqueous solution
over components intermittently ceases.

It has been established [1], [2] that where coatings are applied by a
high-quality process and under stringent quality control procedures, the coatings
can provide a very effective barrier to the substrate and prevent any corrosion
from occurring.

In this situation, however, it is very important to appreciate that
corrosion of the coating can occur and that initiation and propagation of
corrosion, associated with microstructural features of the composite system, are
a real issue. For improvements to the coating corrosion resistance to be made, a
full understanding of the corrosion rates and mechanisms, and in particular the
resistance of the metallic binder (in cermets systems), is required. In addition,
an understanding of static corrosion behavior can help reveal the mechanisms of
the coating degradation in erosion-corrosion environments [9], [10].

This article investigates the corrosion rates and mechanisms of two
HVOF coatings (WC-Co-Cr and WC-Co).

2. Experimental Procedure

Two HVOF sprayed coatings are studied in this work: a WCCo-Cr
coating with nominal composition 86%WC 10%Co-4% Cr, and a WC-Co
coating with a nominal composition 86% WC-14% Co. The coatings were
applied to a stainless steel substrate (UNS S31603). Specimens were soldered
on the rear side to an electrical conducting wire and subsequently encapsulated
in nonconducting resin.

The exposed coated face of the specimen was then ground with silicon
carbide abrasive papers and polished to a 6 um diamond finish. The main
seawater constituents were 19...300 ppm chloride, 11 000 ppm sodium, 2700
ppm sulfate, 1300 magnesium, 400 ppm calcium, 400 ppm potassium, and 150
ppm bicarbonate ions. The specimen-resin interfaces were sealed using Lacomit
varnish (Agar Aids, UK) to prevent interference from the substrate.

Electrochemical monitoring was carried out with a standard three-
electrode cell, comprising a platinum auxiliary electrode and a saturated
calomel reference electrode (SCE). Direct current (DC) anodic polarization tests
were carried out after 1 h immersion in the seawater at 18 and 50°C.
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The seawater was left open to the atmosphere. The potentiostat was
used to scan the electrode potential of the coating samples from the free
corrosion potential (Ecorr) in the positive (anodic) direction until a current in
the range of 500-700 pA/cm’. In addition, an atomic force microscope (AFM)
was used to map the topography of the coatings during accelerated corrosion
tests. The AFM was configured to probe the surface under water and to record
images during anodic polarization tests. Each image took 6 min to produce,
during which time the potential had shifted by approximately 90 mV.

3. Results

During the decrease in current (points B to C), the matrix is dissolving
at a steady rate, defining the hard phase particles more clearly (Fig. 2 ¢). As the
current increases (points C to D in Fig. 2 d), the matrix dissolves further,
revealing the smaller hard phases from point D to E (Fig. 2 e).

e A

Fig. 2 — In situ AFM images: a —Polished coating prior to polarization:
b —points A to B; ¢ — points B to C; d — points C to D; e — points D to E;
f—end of anodic polarization.
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At the end of the anodic polarization, areas where the matrix has
dissolved in some regions and areas of attack around the matrix-hard phase
interface can be seen (Fig. 2 f).

In a similar manner, the corrosion mechanisms during anodic
polarization of the WC-Co-Cr coating were examined. Fig. 3 a) shows the
coating at the free corrosion potential with the light grey hard phases encased in
the darker grey matrix.

The rapid increase in current with the potential corresponds to dramatic
matrix dissolution and leaves the hard phase protruding from the matrix (Fig. 3 ¢).
As the current stabilizes at point D, carbides begin to fall out from the matrix
and leave voids behind (Fig. 3 d).

Fig. 3 — In situ AFM images: a — Polished coating prior to polarization;
b —point B; ¢ — point C; d — point D; e — end of anodic polarization.
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This progresses until the end of the scan at point E, where the matrix
consists mainly of voids left by the carbide particles and a few carbides on the
next layer are visible (Fig. 3 e). After immersion in seawater for 1 h at 50°C, the
kinetics of the anodic polarization processes are accentuated on both coatings.

3. Conclusion

1. The use of an AFM can aid the determination of corrosion
mechanisms on a microscale.

2. The addition of chromium to a cobalt matrix increases the corrosion
resistance of a WC-based HVOF sprayed cermet coating and its extent of this
has been quantified.

3. Although the WC-Co-Cr coating undergoes more localized attack at
18°C, accentuated at the hard phase-matrix interface, the WC-Co has more
uniform corrosion affecting the entire matrix.

4. An increase in temperature results in extensive dissolution of the
cobalt matrix, whereas on the CoCr matrix more severe attack is further
localized in regions not associated with any specific microstructural features.
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CERCETAREA EXPERIMANTALA A METODELOR DE MASURARE A
SUPRAFETELOR METALICE

(Rezumat)

Acest document contine investigarea suprafetelor metalice folosind tehnologia
AFM. Aceastda metoda ofera posibilitatea de a reda topografia de suprafatd, cu rezolutie
atomica in toate cele trei dimensiuni. Datele sunt stocate digital permitand computerului
sd manipuleze si sa afiseze datele ca o predare tridimensionald, privitd de la orice
configuratie, asa cum se arata in figura 1. Pentru analiza topograficd si profilometrie,
rezolutia si natura tridimensionala a datelor sunt de neegalat in alte tehnici. Usurinta de
utilizare §i natura nedestructiva a imaginilor sunt notabile.
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Fig. 1 — Imagine AFM pentru investigarea materialelor metalice.
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Abstract. Coarse NaCl powder is used to manufacture leachable preforms as
prerequisites for obtaining metallic foams. This method is less time consuming because
leachable preforms can be obtained in approximately 45 minutes, compared to 2-100
hours by sintering. Samples obtained by these methods were characterized by optical and
electron microscopy.

Key words: NaCl powder, sintering, performs, water vapor bonding.

1. Introduction

Powdered sodium chloride were used for a long time as a model system
for the investigation of ceramic sintering behavior; however, the system is also
interesting from a practical point of view, because NaCl sintered preforms are
used in the manufacture of highly porous microcellular metals or ceramics by
the replication process [1].

NaCl preforms are used as porous agents for obtaining metal foams by
infiltration [2].

Previous work on NaCl sintering, provide some observations of
powders of different particle size exposed to a variety of sintering temperatures
[3],...,[7]

The present paper propose an alternative method of sintering the NaCl
particles in a much shorter time, all at once with the same properties with those
obtained by conventional sintering methods. Also, high temperatures are not
necessary. The only heat source is used to heat water.

This method is less time consuming because leachable preforms can be
obtained in approximately 45 minutes, compared to 2-100 hours by sintering.
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2. Materials and Experimental Procedures

Irregularly shaped NaCl powder was used, with grain sizes of 315 pm,
500 pm, 630 pm, 800 um and 1.25 mm. NaCl preforms were obtained by two
methods: sintering in air at temperatures between 700-780°C and sintering the
salt particles in water vapor. For each size fraction sintering times were 2, 4, 8,
16, 32 and 72 hours.

When sintering the NaCl particles in water vapor, interparticle links
similar to those obtained by conventional sintering are formed due to
condensation and dissolution. Thus, a solid matrix of salt is obtained, which
after leaching will become the intercommunicating porous structure of the
metallic foam.

To vacuum
T pump

E= = !

Fig. 1 — Schematic diagram of the NaCl particle sintering in water vapor.
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Schematic diagram of the method of sintering the NaCl particles in the
water vapor is shown in Fig. 1. A bowl of water 2 is placed on a heat source /,
and when reaching the input temperature begins to vaporize. The vapors 3 are
collected and directed through the collection tube 4. Between the collection and
directing tube 4 and directing tube 7, a sieve 5 is placed and on top of the sieve
the NaCl particles 6 are freely poured. Targeting end of the tube 7 is closed with
a rubber cork & troughs which is placed a tube of smaller section 9 which
connects the vacuum pump through the hose /0. In the water vapor sintering
experiment, the exposure was 5, 10, 15 and 30 minutes.

Samples obtained by the two methods were characterized by means of
optical and electronic microscopy and compared. The obtained preforms were
then infiltrated with a PbSn alloy, the salt was then dissolved and the final
porous structure was characterized using optical microscopy.

3. Results and Discussions

NaCl particles were freely poured in the die and sintered in air at a
temperature of 700°C, 720°C, 740°C, 760°C and 780°C. After studying the
samples, was found that the best regime of sintering temperature is at 760°C.
From the obtained results one could draw a curve of particles size as a function
of the sintering time. It was found that on the larger particles, the sintering time
is longer. For the particle size of 315 um the sintering time is 2 hours and for
the particle size over 1 mm the sintering time exceeds 70 hours (Fig. 2).
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Fig. 2 — Particles size as a function of the sintering time.
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One can see in Fig. 3, that for the particles of 1.2 to 1.6 mm size
fraction the sintering time of 2 hours is too short for the formation of solid
sintering necks (sufficient to give good mechanical strength).

Fig. 3 — Optical microscopy image obtained by
sintering salt in air (particles of 1.2—1.6 mm).

By increasing the time, the sintering necks between the particles are
growing, providing increased strength to the sample during the alloy infiltration.
Depending on the desired porosity and strength of the final sample an optimum
sintering time can be chosen. When choosing a short sintering time, the final
sample will have a high density and strength, while a longer sintering time gives
a much lower density and resistance.

Fig. 4 — Optical microscopy image of salt obtained by
sintering in air (1.2 to 1.6 mm particle size, for 72 hours).
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On a longer sintering time as shown in Fig. 4, the sintering necks
between the particles grow and become stronger, giving good resistance to the
preform during the infiltration. If the particle sizes of NaCl are larger, the
sintering time should be longer. A very short sintering time of NaCl larger
particles cannot ensure a good resistance of precursor during the melt
infiltration.

Fig. 5 — Optical microscopy image obtained by sintering
salt in water vapor (1.2 to 1.6 mm particle sizes for 10 minutes).

Preforms with good resistance to infiltration were obtained in a much
shorter time of about 10 minutes for the same particle sizes by sintering salt in
water vapors (Fig. 5).

Optimal sintering time for particle sizes of 1.2 mm was at a temperature
of 760°C with a maintaining time of 72 hours. By comparison, the optimal time
of sintering the same particle sizes in water vapor is 10 minutes, achieving the
same results.

A balance must be found between the amount of vapor generated and
the vacuum created to circulate an optmium quantity of water vapors between
the NaCl particles in the experimental setup. If the amount of steam is too high,
dissolution of salt particles occurs too quickly, and condensation builds up in
the sample destroying its structure. If the amount of vapor is too low sintering
cannot occur. Therefore, an optimum amount of vapor need to pass through the
setup. To better highlight the structure, samples were infiltrated with an PbSn
alloy (Fig. 6).

After solidification of the alloy, the salt is dissolved, leaving a solid
metal matrix with open porosity which represents the "negative" of the
infiltrated preform.
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Fig. 6 — Photo image with a PbSn sample obtained
by infiltration of preforms and dissolution of NaCl.

To better highlight the obtained porous structure, the samples were
embedded in resin, polished and studied with a metallographic microscope
(Fig. 7).

As one can see, the open porosity of the preform was filled completely,
and after cooling and dissolving the salt the final sample obtained was the
,hegative” of the preform.

Fig. 7 — Metallographic microscope image of a porous metal structure
obtained by sintering the NaCl particles in water vapor for 10 minutes.
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3. Conclusions

A balance must be found between the amount of vapor generated and
the vacuum created to circulate an optmium quantity of vapors between the
NaCl particles in the experimental setup.

Metal foams were obtained by two different methods using preforms of
salt, achieving the same result.

This method is less time consuming because leachable preforms can be
obtained in approximately 45 minutes, compared to 2-100 hours by classic
sintering.
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STUDIU COMPARATIV ASUPRA OBTINERII AGENTILOR
POROSI DIN PULBERI DE NACL

(Rezumat)

Preformele din NaCl sunt folosite ca agenti porogeni la obtinerea spumelor
metalice. S-a folosit pulberea de NaCl cu granulatia intre 400 pm — 1,25 mm. Au fost
obtinute preforme de NaCl prin doud metode: sinterizarea in aer la temperaturi cuprinse
intre 700-780°C si prin expunerea particulelor de sare in baie de vapori. La expunerea
particulelor de NaCl in vapori de apd se formeaza legaturi interparticule datorita
condensarii si dizolvarii, similare cu cele obtinute prin sinterizare. Se obtine astfel o
matrice solida de sare ce va reprezenta, dupa eliminare, in urma infiltrarii materialului
metalic, reteaua poroasd de pori intercomunicanti a spumei metalice. Metoda obtinerii
agentilor porogeni in baie de vapori este mai economicd deoarece se pot obtine
preforme in circa 45 de minute fatd de metoda sinterizarii care dureaza 2-100 ore.
Probele obtinute prin cele doud metode au fost caracterizate prin microscopie optica si
electronica.
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METAL FLOW AND SOLIDIFICATION OF BLADE TYPE
COMPONENTS NUMERICAL SIMULATION RESULTS

BY

DOREL BUTNACIUC, DAN-GELU GALUSCA, MIHAI DUMITRU
and CIMPOESU NICANOR

Abstract. A virtual casting and solidification analyze method is used for a
magnesium based alloy investigation. As product was analyze the pouring of a
magnesium based sample with much utilization like blades, pump components, small
gears, water impellers and housings, marine fittings, flanges, low pressure valves and
fittings, pipe fittings, plumbing fixtures, ornamental fixtures. Advantages of virtual
casting and solidification analyze method are clearly connected to price and time process,
an almost 90% correspondence between practical results and numerical result being
helpful in any case.

Key words: metal flow, solidification, numerical simulation, prostheses.

1. Introduction

Computer simulation packages have been successful in predicting
filling behavior in extremely complicated geometries, and most of the
current numerical solutions are based on a hybrid finite-element/finite-
difference scheme and the middle-plane model. This imported model causes
some inconvenience during applications. This study introduces surface
model as the datum plane, instead of the traditional middle-plane model and
additional boundary conditions in the gap wise direction are employed to
keep the flows in the surfaces at the same section coordinative. The
simulation presented here is compared with the experimental results
obtained with instrumented test mold and C-Mold results. It is demonstrated
that the present formulation is well suited to handle cavities generated
directly by mold design process with computer aided design (CAD) tools.
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Numerical solutions allow researchers to observe and quantify what
is not usually visible or measurable during real casting processes. The goal
of such simulations is to help shorten the design process and optimize
casting parameters to reduce scrap, use less energy and, of course, make
better castings. Simulation produces a tremendous amount of data that
characterize the transient flow behavior (e.g., velocity, temperature), as well
as the final quality of the casting (e.g., porosity, grain structure).

Numerical simulation provides a powerful means of analyzing
various physical phenomena occurring during casting processes. It gives an
insight into the details of fluid flow, heat transfer and solidification.

The capability to produce investment casting components of high
quality while at the same time reducing product costs and development
times is the challenge the foundry industry faces today. Increasingly
complicated parts are being made through the investment casting process
with less castable alloys. It takes good understanding of the actual casting
process, and experience in numerical simulation, for a designer to be able to
relate one to the other and derive useful conclusions from the results.
Computer aided modeling has been helping the foundry industry for the past
several years, not only with the design of new components, but also in the
redesign of existing products. By eliminating product defects and reducing
scrap and rework, the investment caster can achieve improvements and more
consistent product quality and obtain higher yields. Even though computer
aided process simulation has been available for the past fifteen years, many
investment casters still use the conventional trial and error approach for
process development. In many foundries, new cast components are often put
together in different departments working independently of each other.
When a new customer's need is identified, the design group generates the
part drawings [1].

In this paper with known input parameters a casting process is
simulated based on a numerical model obtaining a blade part.

2. Experimental Details

Choosing a complex part like blade we analyze the material behavior at
melting using a mathematical model evolve earlier [2].

In all researches concerning the melting process modeling,
solidification and alloys contraction the simulation was realize on
paralelipipedic bench marks type plate. Choosing this configuration is justified
by problems complexity connected with modulation and established limit
conditions [3].

As simulated melt material was used a B199 AZ92A alloy, commercial
material with extended applications [4] characterizes by a chemical composition
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presented

Material:

Criteria

hin
in
i
A

Approx

in Table 1.
Table 1
Chemical Composition of Investigated Alloy
B 199 AZ92A Standard: ASTM Country:  USA
General | Composition | Mechanical properties | SmartCross
Chemical Composition (%)
hdin. e,
Cu 0,2500
0,1000 0,3500
1,5000 24000
0,0100
83000 8,7000
0,3000

Total Cthers:

In alloy, a magnesium based alloy type C83600 elaboration the loading
consist from

proper waste materials;

magnesium ingot of technical purity;

zinc waste as span and wires;
brass waste materials;
Pb10 alloy waste products [5].

Paying respect for material properties, presented in Table 2, for pouring
simulation the behavior of thermal expansion coefficient with temperature
present more interest.

Table 2
Melt Material Properties
Prioperty YallLie
Dersity 1820

Specific Heat 1050
Thermal Cond...  wariable
Liguidus Terp,.. 593
Solidus Termpe.., 443
Latent Heat 273000
Cynarnic YWisco,., 0.001456
Coeff, of Ther,,, 2.6e-009
vol, Change o... 4.1
Critical Solid Fr... 0.3
Surface Tension 0,55

LInit
kaf...
ko™
Wi,

kg
kaf...
fK

%

M
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All materials change their size when subjected to a temperature
change as long as the pressure is held constant. In the special case of solid
materials, the pressure does not appreciably affect the size of an object, and
so for solids, it usually not necessary to specify that the pressure be held
constant. The coefficient of thermal expansion describes how the size of an
object changes with a change in temperature. Specifically, it measures the
fractional change in volume per degree change in temperature at a constant
pressure.

The volumetric thermal expansion coefficient is the most basic
thermal expansion coefficient. All substances expand or contract when their
temperature changes, and the expansion or contraction always occurs in all
directions. Substances that expand at the same rate in any direction are
called isotropic. Unlike gases or liquids, solid materials tend to keep their
shape. For solids, one might only be concerned with the change along a
length, or over some area. Experimental results concerning the thermal
coefficient behavior are presented in diagram from Fig. 1.
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Fig. 1 — Thermal expansion coefficient variation with temperature.

Expansion coefficients are specially defined for these cases, and they
are known as the linear and area expansion coefficients. However, they all come
from the volume expansion coefficient, which explains how the substance
expands in any direction.
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3. Blend use for Forming

For preparation of the used forming blend was used a quart sand mono
granular delivered by S.C. MINDO S.A. Dorohoi, Botosani with next
characteristics

- Medium granulation M50 = 0,220 mm
- Uniformity degree G.U. = 72%.

At forming blend preparation was used a sodium silicate as binding
element added in 6% proportion from sand mass. Sodium silicate was
purchased from S.C. CHIMFOREX S.A. Pleasa, Prahova, having next
characteristics:

- Relative density 1,54 kg/dm’
- Silicon dioxide 31,5%
- Full alkalinity, Na,O 14 %

Strengthening of forms is realized by CO, insufflations in proportion
of 60% from sodium silicate mass.

Preparing of forming mixture was realized in a swirl mixer with
discontinuous functioning.

Choosing the forming mixture by sand bind with sodium silicate was
made based on next advantages:
- was not necessary the form drying;
- stuffing special operations of forming mixture was not requested;

- was not necessary forming frames which allow the placement after
desire of thermocouples for temperature measurement from form cavity and
from form wall;

- high mechanical resistance of form fact that permit a good
manipulation of them, without degradation risks;

- big dimensional precision.
Thermo-physic parameters of forming blend bind with sodium
silicate are [5;7]
- density pumixure = 1550 [kg/m3];
- caloric capacity Cppixure = 1170 [J/kg grad];
- thermal conductibility Anixure = 0,4 [W/mK].

Elaboration process takes place in a casting furnace with heating by
induction with 1000 Hz frequency and carborundum crucible.

After charge calculation in furnace was put the proper waste
materials and brass waste alloys [5].
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Fig. 2 — Sand properties as specific heat and thermal conductivity variation with
temperature.

After heating, but before of liquid phase appearing, was added
protection and de-oxidation fondant with content made by NaCl, KCI, NaF,
Na;AlF¢ in proportion of 1% from loading, made by S.C. BENTOFLUX S.A.
Satu Mare, named flux [-2 [3]. In casting bath already form was add the
calculated quantities of high purity zinc and ferrous-manganese. After taking a
sample and fast chemical analysis effectuation using a spectrometer
METALSCAN 2500, was made the adjusting ads of composition with clean
waste alloy and technical zinc ingot. Simultaneous with this was used the
fondants for degassing 0,5% chloride zinc [6].

Before pouring the bath must be extra heated at 750°C, extract the slag,
take the final sample for chemical analyze and pouring the necessary alloy for a
sample in a hand caldron sheathed with refractor material. Approximate time of
pouring was around 5 seconds.

After form heating at 50°C the burner is put away the intermediary
semi-form is elevated and after the removal of sustain supports is set on inferior
semi-form. All experimental details were insert in numerical model and take in
calculus.

4. Experimental Results

As all computational programs, which conduit simulations, a series of
parameters must be set at the experiment begging like material properties
(density, specific heat, thermal conductivity, liquidus temperature or solidus
temperature) fact realize in the previous step. Using a numerical model,
already discussed in [8],...,[10], we analyze some base parameters of pouring
process.

Paying respect for model functioning was realized a careful study of
numerical, physical and technological parameters.
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Fig. 3 — Variation of material temperature at the pouring beginning with time.

Temperature variation with time at the beginning of pouring is
represented in Fig. 3 given important parameters of process.

During the analysis take place on our investigation we try to establish
some process parameters given by process like solidification time — presented in
Fig. 4a with precious information’s about problem areas in solidification process
like the yellow or red parts. In second image Fig. 45 is presented the registered
result of the filling time showing the last part for fill were can also appear
problems of solidification or material properties.

Figs. 5a and b present the solidification and filling sequence
characterizing the pouring process by geometrical point of view of the sample.

Analyzing all computed results we can conclude on melting
characteristics and improve the process parameters of each alloy we try to obtain
paying respect for his properties.

b
Fig. 4 - Backing sample: a — solidification time; b — filling time.
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a b
Fig. 5 — Backing sample: a — solidification sequence; b — filling sequence.

In Fig. 5 are present other two important properties the temperature
gradient and reciprocal interface moving velocity that gives also information’s
on material pouring.

All the registered data, obtain by theoretical evaluation are presented in
Table 3. Solidification time appreciation represent the most important parameter
that influence material properties and his geometrical shape, to avoid problems
that can appear like cavities that’s the reason to investigate the numerical model
response by this point of view. Results, except the first case, after five second,
the model appreciate right the experiment being very close for total
solidification point.

Table 3
Theoretical Results of Melting and Pouring Simulation of C83600 Commercial Alloy
- e Local  [Reciprocal . Retained .
g Ftli]]rilré s Sohdﬁlrt;lfeaUWTempgir:ntltlre solidification interface Ri:lalied melt Cor;):JGn &
g g time moving o d?ﬂus surface
S s s s velocity area S

g 0.0135 | 63390 1.2896 41.0923 0 0.03214 | 0315 | 1.5887

= - - - - - - - -

~1 025 3522 773466 | 91.1055 | 39.6489 | 0.39746 | 127.22 | 3.6760

A simulation model was developed to simulate the filling and the
solidification behaviours of the blade components, cast in an automatic sand
casting production line.

The verified model based on the experimental observations [11],
showed that the virtual mould is suitable and getting a uniform cast quality of
properties for all cast parts. The model also represented a different performance
between the gates for each cast part, suggesting a smaller cross-sectional area
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for the first gate to reduce the risk of air absorption. The present simulation
model is able to study the effects of several casting parameters including the
melt superheat, pouring time (velocity), mould surface roughness, gating
design, and the mould configuration on the quality of mechanical cast parts.

5. Conclusions

Good result of comparative tests between experimental registered
results and numerical calculus result promote the numerical method to be used
in any initial case to reduce charges and gain experience on a special alloy
casting. Between normal casting and solidification of a metallic material and
virtual simulation, are not big differences using the right numerical model. It is
more economical the virtual one, realized on computer obtaining an optimal
variant of casting and solidification and faster as well.

Received: May 14, 2010 “Gheorghe Asachi” Technical University of lasi
Department of Materials Science

e-mail:jimlachi@yahoo.com
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CURGEREA SI SOLIDIFICAREA COMPONENTELOR DE TAIERE CU
AJUTORUL SIMULARII NUMERICE

(Rezumat)

In lucrare s-a analizat o metoda virtuald de turnare si solidificare, investigandu-
se un aliaj pe baza de magneziu. S-a analizat o proba din magneziu utilizatd in cazul
pieselor tdietoare, componente pentru pompe, roti dintate mici, agitatoare si carcase etc.
Avantajele metodei virtuale de turnare si solidificare sunt legate de timpul propriu-zis si
de bani. O corespondentd de aproximativ 90% dintre rezultatele practice si rezultatele
numerice sunt de mare ajutor in orice caz.
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MOLDING PROCESS CONCERNING OBTAINING OF A
BODY PIECE
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Abstract. Complex part samples are difficult to coordinate on molding process so
simulation of this process is necessary to avoid looses or to improve the process. An
aluminum based alloy molding, especially filling and solidification, is analyzed using a
numerical model.

Key words: virtual casting, solidification, phase transformation, characteristics of
melting, velocity.

1. Introduction

Continuous casting is globally one of the most noted processes of
steelmaking or metallic materials and plays the leading role in industry in many
countries. During continuous casting, heat transfer, metal solidification and
stress—strain evolution in the solid shell in continuous casting mold will directly
affect the production quality, and even contribute to the crack formation in the
mold [1], [2]. Continuous casting is operated at high temperature above the steel
melting point. Therefore, the measurement of temperature and stress is almost
impossible. A full-scale physical simulation is also very difficult and expensive.
Based on intensive research in the area, the physical phenomena of heat transfer
with solidification and stress—strain evolution can be described by the
mathematically model, which normally is represented by a set of differential or
partial differential equations.
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The engineering department then identifies the mechanical stability and
establishes guidelines for finalizing the design of the component. Finally, the
foundry brings the component into production, conforming to the stringent
specifications provided by the designers. Inevitably, the foundry-man is always
under tremendous pressure to produce excellent castings within a tight schedule
and budget. Unfortunately the traditional approach rarely allows the foundry
man to participate in the design and engineering phases prior to the costly
production stage. In recent years, thanks to advanced computer aided
technologies and casting process modeling, the traditional approach is becoming
a thing of the past.

Process Simulation provides valuable information that facilitates
participation by the foundry engineer early in the product development stage.
This reduces the time between the concept stage and production stage in the life
of a new component [2].

2. Blend use for Forming

For preparation of the used forming blend was used a quart sand mono
granular delivered by S.C. MINDO S.A. Dorohoi, Botosani with next
characteristics:

- Medium granulation M50 = 0,220 mm

- Uniformity degree G.U. = 72%.

At forming blend preparation was used a sodium silicate as binding
element added in 6% proportion from sand mass. Sodium silicate was
purchased from S.C. CHIMFOREX S.A. Pleasa, Prahova, having next
characteristics:

- Relative density 1,54 kg/dm’
- Silicon dioxide 31,5%

- Full alkalinity, Na,O 14 %

- Modulus 2,32

Strengthening of forms is realized by CO, insufflations in proportion of
60% from sodium silicate mass.

Preparing of forming mixture was realized in a swirl mixer with
discontinuous functioning.

In figure 1 are presented most important properties of the sand used for
blending all of them in variation with temperature, paying respect for liquid
metal temperature from the pouring time, during cooling process and at room
temperature. It is very interesting to analyze de material density with
temperature variation especially around 1200 °C were the material exhibit a
maximum decrease.

Choosing the forming mixture by sand bind with sodium silicate was
made based on next advantages:

- was not necessary the form drying;
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- high mechanical resistance of form fact that permit a good manipulation

- was not necessary forming frames which allow the placement after
of them, without degradation risks;

desire of thermocouples for temperature measurement from form cavity and

- stuffing special operations of forming mixture was not requested;
from form wall;

- big dimensional precision.
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Fig. 1 — Sand use for blend properties: @ — specific heat; b — density;
denSity Pmixture

Thermo-physic parameters of forming blend bind with sodium silicate

are [3], [7]:
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3. Experimental Details

Choosing a complex part like body part we analyze the material
behavior at melting using a mathematical model evolve earlier [2].

In all researches concerning the melting process modeling, solidification
and alloys contraction the simulation was realize on paralelipipedic bench
marks type plate. Choosing this configuration is justified by problems
complexity connected with modelation and established limit conditions [3].

As simulated melt material was used a CS43A- ASTM alloy,
commercial material with extended applications [4]....,[6] characterizes by a
chemical composition presented in Table 1.

Table 1
Chemical Composition of Investigated Alloy
Material: B 271 C83600 Standard:  ASTM Country: USA

General | Compostion ?Cross-Reference: Mechanical properties | SmartCross

Chemical Composition (%)

Criteria Ilin. ez, Approx
| tn | 4 nong £,0000
i 1,0000
Fh | 4 0000 £,0000
Sn 40000 £,0000
Table 2
Melt Material Properties
Property Walle Uit
Diensity 27a0 kaf...
Specific Heat 0563 kg™
Therral Cond... 121 Wi,

Liquidus Termp... 625
Solidus Termpe,.. 520

Latent Heat 380000 1fka
Dynamnic Wisco,,, 0,001116 kaf...
Coeff, of Ther... Variable Mk
vol, Change 0., 7.14 %
Critical Salid Fr... 0.7

Surface Tension 0,698 My

In alloy, an aluminum based alloy type CS43A elaboration the loading
consist from:
- proper waste materials;
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- copper ingot of technical purity;

- zinc waste as span and wires;

- brass waste materials;

- Pbl10 alloy waste products [5].

Paying respect for material properties, presented in Table 2, for pouring
simulation the behavior of thermal expansion coefficient with temperature
present more interest.

All materials change their size when subjected to a temperature change as
long as the pressure is held constant. In the special case of solid materials, the
pressure does not appreciably affect the size of an object, and so for solids, it
usually not necessary to specify that the pressure be held constant. The
coefficient of thermal expansion describes how the size of an object changes
with a change in temperature. Specifically, it measures the fractional change in
volume per degree change in temperature at a constant pressure.

The volumetric thermal expansion coefficient is the most basic thermal
expansion coefficient. All substances expand or contract when their temperature
changes, and the expansion or contraction always occurs in all directions.
Substances that expand at the same rate in any direction are called isotropic.
Unlike gases or liquids, solid materials tend to keep their shape. For solids, one
might only be concerned with the change along a length, or over some area.

Experimental results concerning the thermal coefficient behavior are
presented in diagram from Fig. 2.

2.4200e-005
§ 0e-005
¢ CR0e-005
: " J0e-05
@

£ g 0e-05
;Eme—uus
i 5 we-nos
pgweons foorooiooaooa

D r T h

= L

a
i
P@We-005 Lo op ool ]

¢ % 10e-005
i T M0e-005

100 120 140 160 150 200 220 240 260 260 300 320
Temperature()

Therm

Fig. 2 — Thermal expansion coefficient variations with temperature.

Expansion coefficients are specially defined for these cases, and they
are known as the linear and area expansion coefficients. However, they all come
from the volume expansion coefficient, which explains how the substance
expands in any direction.
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4. Experimental Results

Working with a complicated geometry shape the molding process
became more difficult having many areas with possible problems or defects
appearing. Most important process parameters are centralized on Table 3 with
some few different values, differences comparing to other tests [10], [11]
appearing on solidification time and sequence with a huge value of 165.756
seconds most of this being because of the complicated geometrical shape.

Table 3
Molding Process Parameters
o1 o . s .o . . Local
Propertics F1.111ng Sohd%ﬁcatlon Filling |Solidification Tempe_rature Cooling solidification
time time sequence | sequence gradient rate time
Values 0.009 16,109 0.009 16,109 0.122 0.281 195.717
0.6056 | 165.756 | 0.6056 | 165.756 25.3071 0.53 360.819

In Fig. 3 filling time, solidification time, cooling rate and local
solidification time parameters are presented, simulated by time variation.

Fig. 3 — Most important molding parameters: a — filling time;
b — solidification time; ¢ — cooling rate; d — local solidification time.

Concerning the filling time the problems appear at the superior part
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were the material reaches in 0.6056 seconds and in joint parts also.

The solidification time start with 16.109 seconds based on material
properties and on geometrical piece shape the problematic part being on the
inside part of the sample were the materials get to solidify in 165.756 seconds.
Cooling rate confirm the filling time parameter so we have a reduce cooling rate
were the material gets in the end and the faster rate, 0.53°C per second on the
extremities were the material get inside first and meet the blend.

Local solidification time gives important information about critical
points were combined with other information can conclude for a solution or to
interfere from the parameters process point of view. At 360.819 seconds, the
largest solidification period, the material can occur different phenomena and not
reaching the propose characteristics.

3. Conclusion

- Good result of comparative tests between experimental registered
results and numerical calculus result promote the numerical method to be used
in any initial case to reduce charges and gain experience on a special alloy
casting.

- Between normal casting and solidification of a metallic material and
virtual simulation, are not big differences using the right numerical model. It is
more economical the virtual one, realized on computer obtaining an optimal
variant of casting and solidification and faster as well.

- Realizing a numerical simulation the producer gain time, materials
and energy decreasing the production cost of the final pieces and having the
possibility to improve all the process parameters.

- Choosing from a large scale of materials with similar properties for a
single piece can be taken the best choice and reduce most of the molding
problem.
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SIMULAREA SOLIDIFICARII SI UMPLERII A UNUI PROCES DE TURNARE
IN VEDEREA OBTINERII UNEI PIESE TIP CORP

(Rezumat)

Probele cu o geometrie complexa sunt dificil de urmarit din punct de vedere al
simulérii procesului de turnare care este necesard in scopul diminudrii pierderilor de
process sau chiar pentru Tmbunatétirea acestuia. Folosind un model numeric procesul de
turnare, In special umplerea si solidificarea, a fost analizat pentru un aliaj pe baza de
aluminiu.
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Abstract: The paper presents a study on the bimetalic bushes joint area grip.
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1. Theoretical Aspects

Bimetalic bushes characteristics are determined by the characteristics
properties of the components metalic materials and by the manufacture process.
Big majority of bimetalic bushes characteristics can be assessed through values
indicators such as: traction resistance, flow limit, hardness, elasticity module,
electric resistance, thermal conductivity, thermal dilatation, technology try
behavior, structural component, specify grip and corrosion resistance.

Bimetalic layers mechanical characteristics depend of components
characteristics, especially of basis metalic materials properties.

In Table 1 are presented mechanical characteristics guide of some
bimetalic layers used in metallurgical industry and cars building.

Besides bushes traction resistance, hardness and the relationships
between layers thickness, bimetalic bushes resiatance depends by components
joint technology. If the metals suffered a hardening through aging and the joint
proces is accompanied by a powerfull ecruisare, it can estimate an bimetalic
components resistance and hardness growth.

For example, carbon steel-stainless steel bimetal differs from stainless
steel through more advantageous properties: higher thermal conductivity
advantage the use of bimetal on machines construction in chemical industry,
working under heat action (heat changing).
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In general, thermal conductivity of bimetallic bushes is much higher
then by the laid-down material.

Table 1
Main Mechanical Characteristics of Some Bimetalic Components
SD - . .

Nr.| Layed- MB —Base Trgctmn ConvenFlopal Elongation
ot down material State resistance | flow limit Ax (%
ert. . R, (N/mm?)| R, (N/mm?) s (%)

material P
Deposition
1. | Copper | Carbon steel | through 520 357 20
casting
2. | Copper [Stainless steel - 343 252 12,5
3. | Brass | Carbonsteel | S2SUNS 428 224 31
distortion
4. Bronze | Carbon steel - 460 245 35
5. Cabon giointess steel] 550 400 35
steel

Like thermical conductivity, bimetalic components thermical dilatation
in perpendicular direction is different from the one in parallel direction.
Bimetalic thermical dilatation quotient used in general much lesser then Cr-Ni
austentic steels, and other metals.

Bimetalic layers hardness depends on components hardness and joints
nature. Electric conductivity and electric resistance and density is determined by
calculating weighted media of these properties, considering components
volumetric proportion. Unalloyed carbon steels magnetic permeability is
hundreds of times higher then Cr-Ni austenitice steels, wich leads to the use of
austenitic carbon-steel bimetalic components for heated pots through induction
(Cr-Ni austenitic steel pots cannot be heated through induction). The bimetals
formed from different dilatation quotient components tend to deform or to bend,
this property characterizing thermobimetals used at thermoregulators
manufacture.

2. Traction Through Breaking Resistance Consideration

Specific adhesion determination is made through developed methods by
scientific researchers that are a result of the made researches and field
experience. Thus on world plane specific adhesion determination of the
components joints and the bimetalic auto pieces are made through bend testing,
twisted, shear detachment and avulsion detachment.

A complete relationship of bimetalic auto bushes break resistance
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determination has to consider elasticity modules and components flow
limits.The proposed formula for bimetalic break resiastance determination is
given by relationship 1.

(1) R =R —5 4 g & +1(R,,12—Rp1) £ [N/mm?]

m ml 2
a+g Tgtg 2 g2 +8,

where:
R., —bimetalic auto components break resistance, [N/mm’];
R, —basis material break resistance, [N/mm’];
R, — basis material flow limit, [N/mm’];
R -layed-down layer break resistance, [N/mm®];
R, —layed-down layer flow limit, [N/mm’];
g) - basis material thickness, [mm];
g, — layed-down layer thickness, [mm)].

If during bimetallic specimen traction request, both components reach
the plastic state, the tensions between the two layers is determined with
relationships:

Ey
2) Ry=Epe+Rpy (1- E—ll) [N/mm’]
Er
3) Ry = Ery + Ry (1— E—;) [N/mm’]
where:

R, Ry, —basis material flow limit respectively layed-down leyer,
[N/mm?];

E,, E; - the basis material elasticity modules, respectively layed-down
layer, [N/mm’];

E., E, — basis material hardening modules, respectively layed-down
layer, [N/mm®];

€ - bimetalic sample axis destortion.

When request forces on traction act parallel with formulas bimetalic
semimanufactured layers for E elasticity module calculation, of R,, flow limit, of
R,, conventional traction break resistance and Ry real, arethefollowing:

(4) E= E1b1 +E2 bz

Q) Rp,=R; by + Rpobs
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&
(6) R, =R,,b, + R, b + gi(Rm2 —R,1) by, [N/mm’]
le 2
(7) R, =R,b, +R, b, + ?(Rk1 —R,,)-b,, [N/mm’]
1
where:

A . .
b, =71 - 1 material relatively content;

A,A; —1 and 2 materials proper areas in the bimetalic sample of the
cross section, [mm?®];

A - bimetalic sample of the cross section area, [mm’];
€u1, €2 —1 and 2 material maximum uniform distorsion;
Ry - real resistance on breaking, [N/mm’];

Y., ¥, —1 and 2 material bottleneck.

Index 1 refers to the metalic material less resistant, and index 2 to the
most restistant (in the case of carbon-bronze steel bimetalic auto bushes, 1-
bronze, 2-steel carbon).

In the case of components and bimetalic bushes, the type of the tube for
the resistance and elasticity mechanical attempts is made after the rules and
standards in force for the basis material, considering bimetalic
semimanufactured being like a piece formed from the basis material.

3. Bimetalic Layers Structure Analysis

Bimetalic bushes like hipoeutectoid steel - CuNiAl alloy can be
hardened through aging treatment for resistance growth to wear. After this
treatment, an intensification of the precipitation process take place of the
chemical compounds that leads to the layed-down hamdning. For pointing this
compounds, is used a modern analysis method of the bimetalic layers-mass
spectrometry through ion withdrawal, with the help of laser microprobe.
Through laser beam interaction with the sample, we achieve qualitative and
quantitative information on presented elements in analyzed sample, pointing
the precipitation phenomenon and they're influence on bimetalic layers
characteristics.

This method is based upon the sample irradiation with an laser beam
with dielectric solid activ environment, respectively a ruby laser doped with
Cr3+ ion or doped garnet with neodymium. Big powerfull laser beam, focused
finely on sample, produces the energy transmision towards the sample,
followed by a powerfull warming untill tha sample material evanescence, with
the achieving of an minicrater with 3-5 um diameter, materialized through ions
appeareance, atoms or molecules, characterized for the irradiated material, that
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are captured with the help of an optoelectronical sistem of ionic withdrawal and
analysed with the help of an mass spectrometer. Thus are obtained qualitative
and quantitative informations about presented elements in the analyzed sample.

Fig. 1 — CuNiAl type of bronze alloy treaty (hardening
by solution release+ 484C/1,5h/apa).Electronic microscopy
(x2500)-high density of incoherent precipitated in the basis matrix.

The obtained imagies for analyzed alloy, presented in figure 2, point out
a relatively uniform distribution of Ni atoms on the layed-down surface and
from near joint area. Sampes being in treated state, is possible that nickel crowd
pointed out to represent some basis compounds of precipited nickel, Ni,Si most
probably.

Fig. 2 — Ni atoms repartition in taken samples
from CuNiAl layed-down in treated state.
Rays X microscopy. X3000 enlarge.

4. Conclusions
The laser beam irradiation has been performed on chemical compounds

presented in the bimetalic samples microstructure.
In the sample's microstructure is optic vizualised the chemical compounds
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categories, pointing out they 're composition obtained by spectrometry.

Depending on the percentajes of the chemical elements obtained for
chamical compounds catgories, it can infer with aproximation the chemical
formulas for chamical compunds fron near joint area.

Ni,Si precipitates with an high intensity having a uniform distribution,
controbuting at the growth of layed-down layer hardness and at waer out
resistance of the bimetalic auto compound.

CuNiAl type of layed-down alloy hardness and thermal treated through
aging occurs thanks to the precipitation from Cu oversaturated solid solution
with chamical compounds based on Ni respectively Ni,Al and Ni,Sis.

Received: May 14, 2010 “Gheorghe Asachi” Technical University of lasi,
Department of Materials Science

email: cretu.sanda@yahoo.com
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CERCETARI PRIVIND ANALIZA ADERENTEI ZONEI DE IMBINARE A
BUCSELOR METALICE

(Rezumat)

Lucrarea prezintd un studiu asupra aderentei zonei de imbinare a bucselor
bimetalice.
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Abstract. The paper gives a definition and explains the “ultrasounds surface effect”
or the “reduction of the metal-tool contact friction” phenomenon which take place during
the tubes without inside guard drawing process; it makes their technological analysis,

considering the relative drawing velocity (V,. / vV, ), V,. - rate of drawing which

defines the technologic efficiency and v, - vibratory rate of the die (v, = 2 n f A),

which gives enough information about the ultrasound equipment used for the generation
and transfer of the ultrasounds energy. The tubes without inside guard drawing process, in
SONODRAW system, is used in the processing of the tubes with thin walls, made from
metallic materials which are hard malleable by cold drawing / work hardenable, in the

next condition: V,, / v, <<l

Key words: tubes, ultrasounds, ultrasounds surface effect, ultrasound energy
reflectors, relative drawing velocity.

1. Introduction

The tubes drawing may be over inside guard (over supported plug, over
floating plug or over mandrel) or without inside guard.

Depending on the ratio g / D (g-thickness of the wall, D-diameter of the
processed tube), the tubes may have thin walls (g / D < 0,21) or thick walls (g /
D > 0,21), [1], [2]. At the present moment, for the case of without inside guard
drawing processes, of the thin walls tubes, made from cold hard malleable
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metallic materials and work hardenable, too, SONODRAW system will apply,
(31, --., [6].

The case of without inside guard drawing processes of the tubes, in
SONODRAW system, means a processing with ultrasonic vibrations which are
sent to the die, along the drawing direction; so, during the plastic deformation, it
will obtain the “ultrasounds surface effect” or the “reduction of the metal-tool
contact friction”, [3], [7]. The wanted effect of the ultrasonic energy will be
obtained when the ultrasounds will have high values of energy-ultrasounds
longitudinal waves, as standing waves, with the die placed in a top position of
the wave oscillation. The ultrasonic or ultrasounds waves are a variety of the
elastic waves which have the frequency values between 16000 Hz and 10'° Hz.
Fig. 1 presents a stable system of standing waves, with vertexes (minimum
amplitude of the wave oscillations) and antinodes (maximum amplitude of the
wave oscillations).

Ay

| 2
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antinode

vertex [ 41

N U
A/4 \u=Asin(277\T et
= Ae
A
O-ugf O-us:E?l_l)-{l

! J g
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Fig. 1 — Standing waves system [6]: # — motion of the wave; ¢ — ultrasounds wave
velocity; 4 — wavelength; 4 — oscillation amplitude of the wave / maximum value:
running wave; — — — — regressive wave.

For the case of without inside guard drawing processes of the tubes, in
SONODRAW system, it will use the oscillator systems, as Fig. 2 shows.
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Fig. 2 — Oscillator system of the tubes without inside guard drawing process, in
SONODRAW system, [6]: I — ultrasounds generator; 2 — direct current source;

3 — polarization block; 4, /3 — ultrasound energy reflector (presser roll); 5 — rough tube;
6 — magnetostrictive magnetic amplifier; 7 — conic concentrator; 8 — nodulated flange;
9 — resistance structure /frame of machine; /0 — graded hardened concentrator; // — die;
12 — processed tube: Dy, D; — diameter of the rough and of the processed tube; v, — rate

of drawing; Vv, —maximum value of the vibratory rate; 4 — amplitude of the die

oscillation; B — wave oscillation at the oscillator system level / OS; C — wave oscillation
of the rough tube; D — wave oscillation of the processed tube: running wave;
— — — —regressive wave.

The ultrasonic energy reflectors / presser rolls (R; and R,) must limit
the effect of the ultrasonic energy on well-known distances, distances which are
result of the standing waves stable system forming mechanism, in the tube, [3],

(61, [7].
2. Developing of the Ultrasounds Surface Effect

Principle scheme of the tubes without inside guard drawing process, in
SONODRAW system, is shown in Fig. 3.
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Fig. 3 — Principle scheme of the tubes without inside guard drawing process, in
SONODRAW system, [6]: / — rough tube; 2 — die; 3 — processed tube; D, — external
diameter of the rough tube; D; — external diameter of the processed tube; P — arbitrary
point placed at the metal-tool interface; o — semiangle of the die cone; oy — normal stress
in the considered point; 7 — shear stress at the metal-tool interface; FV° — drawing force

/ SONODRAW system; Vv, — vibratory rate of the mould; v, — moving velocity of the

metal; v, — rate of drawing.

The developing of the “ultrasounds surface effect” or of the “reduction
of the metal-tool contact friction” during the tubes without inside guard drawing
process, in SONODRAW system, is based on the Severdenko’s model, [3] and
on the theoretical one, too, [7], when the friction is assumed as a Coulomb-type
and considering the “reversion mechanism” of the mean friction force. So, Fig.4
presents the developing of the “reversion mechanism” of the mean friction force
at the metal-tool contact, based the Severdenko’s model and on the theoretical
one, too, [3], [7].

The Figs. 3 and 4 show that, an arbitrary point P, placed in the
deformation focus area, make two kinds of movement: a feed movement, along
the cone element of the die, with v, velocity, and a vibration movement, with v,

velocity.
The vector of the friction force, (ﬁ'f

subtends to the direction of the metal moving velocity (‘7@), but in the case of

), in classical technology-TC,

SONODRAW technology, it subtends to the resultant vector-the composition
vector of the rates (V,) and (¥, ).
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Fig. 4 — The “reversion mechanism” of the mean friction force at the metal-tool
contact, [3], [7]: @ — variation of the metal rate of drawing (v;,) and of the slip rate (v,);

b — reversal of the mean friction force \F' ’. F ;.' - Severdenko’s model and the
theoretical one, too; c — reversal of the mean friction force depending on the relative rate
of drawing (v, /v,).

In the case of SONODRAW technology, the resultant vector of the
relative drawing velocity, (‘7” / \7v), will change the motion direction of the
point P in this way: during T / 2-2¢,, at a complete cyclic period level (7), its
motion is similarly with those of the metal one, when |\7”, / \7V| < 1,0 and, in an

opposite direction, during T / 2+2¢, (Vtr/ \7v) > 1. So, this consideration

explains the “reversion mechanism” of the mean friction force, in the metal-tool
contact area, [3], [7]. This means that, during T / 2-2t,, the friction force is
positive and during 7'/ 2+2¢;, (when the proper plastic deformation of the metal
takes place), the friction force is negative. During T / 2-2¢,, it takes place the
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elastic deformation at the most. This is the way to explain the fractional
character (in impulses), too, of the plastic deformation process, when the mould
is placed in the maximal position of the wave oscillation (antinodes) and it is
ultrasonic activated, on the drawing direction (for example: when the frequency
of the oscillation is 20000 Hz, it takes place the mould removing away from the
processed metal, 20000 times per second). Knowing that, in cold drawing
technology of the tubes made from hard malleable metallic materials, the
semiangle of the die cone is between 6° and 10° (cos a—1), assuming v,. = v,
[11,...,[3]

Assuming the Coulomb-type contact friction case, the frictional
coefficient in classical technology-TC, (') is given by the next relation:

(1) pe=—,

where: T — shear stress due to the friction; 6, — normal stress in an arbitrary
point considered placed at the metal-tool interface area.

The frictional coefficient, (u“'"), in the case of SONODRAW
technology, is smaller than the same coefficient, in the case of classical
technology-TC, the difference being a term which includes the influence of the
elastic waves, (4¢;/ T), noted &, [3], [7].

In these conditions, the frictional coefficient, (u

T2 y

) pP == s ( —%tj

T
oo T o o0 T o

UVD), 1S:

or
IuUVD:ﬂTCX(l_gg), 0<e<l

Assuming the ultrasound wave motion which follows the motion law, u
= A sinwt,, the vibratory rate will be determined as the time derivative of the
movement:

du
3 v, =— =|Awcoswt
3) o 1

v

The maximal value of the mould vibratory rate,(ﬁv), will be obtained
assuming the condition coswt; = I, meaning:



Bul. Inst. Polit. Iasi, t. LVI (LX), f. 3, 2010 71

) Vv=wA=27r-f'A:27ﬁA’

where: f is the resonant frequency of the oscillator system.
Considering relations (3) and (4), it will result:

®) vV, =V, -cosat,

Considering relation (5), it will result ¢

Vo
v,

v

1 v,
t, = —arccos—, <1

[0 v

v

Assuming, from the technological point of view, v, =~ v,, it can notice
that:

1 \%
(6) t, =—arccos—=-,

So, knowing ¢, anterior determined, it will obtain the effective influence
factor of the ultrasound oscillations up to the contact friction metal-tool, (&):

(7 ¢ =£arc cos¥

7 v,

Considering relations (2) and (7), the frictional coefficient, (u“""), in

point P, placed at the metal-tool interface, is:

<1,0

Vir

v

v

T v

v

2
(8) 1OV = "¢ [1 ——arcc os#} ,

3. Analysis Elements of the Ultrasounds Surface Effect During the Tubes
Without Inside Guard Drawing Process, in SONODRAW System

Assuming the Coulomb-type friction for the tubes drawing, in
SONODRAW system, and considering some information included in
paragraph 2 and Fig.4 above presented, it can observe that, knowing the
technological supposition v, = v, (when cos a—1), the analysis of the



72 Bogdan-Lucian Gavrila et al.

ultrasounds surface effect depends on the ratiov, /v, which is named the

relative drawing velocity, [3], [5], ...,[7]. This aspect is considered when
v, /v, <1,0. This is the case of without inside guard drawing process of the

tubes made from cold hard malleable metallic materials / work hardenable,
which have the semiangle of the die cone, (a), between 6° and 10°, [1,...,

[3], [6].

The relative drawing velocity, (v,./V,), becomes very important, too,

because v, is a variable which defines the technological efficiency and v, gives

enough information about ultrasonic equipment / EUS, (Fig.2), used for the
generation and the transfer of the ultrasonic energy by parameters f and 4,
(v, =27 f-A,rel. 4).

Knowing that “"”< 4" | it can conclude that the forces necessary, for

the tubes without inside guard drawing process, will keep the same kind of
dependence relation, FV"” < F'°, where FY” is the drawing force in
SONODRAW system and F'C is the drawing force in the case of classical
technology-TC. So, it can conclude that, in the case of the tubes drawing in
SONODRAW system, the safety of drawing increases as the next relation
shows, [1], [2]:

) ¢, =——m,

where: ¢, -safety of the draw coefficient; S -cross section area of the processed

tube; R, -mean resistance to rupture of the tube; F' -drawing force (FU"P or F™,
FUVD < FTC)
The efficiency of the ultrasonic energy, based on the “ultrasounds

surface effect”, may be estimate by the relative decreasing of the frictional
coefficient, (A ), as the next relation shows [6]:

TC _ UVD
(10) Ap=H"H 100, [%]
7

TC )

Based on the resonant frequency, (f), of the oscillator system/SO, (Fig.
2), it can dimension the concentrators of ultrasound energy (conical or graded
cylindrical), using relation, [4], [6]:

C

(11) A=
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where: 4 —wavelength; ¢ —wave velocity of ultrasounds in the certain medium,
(¢see= 5050 m/s); f—resonant frequency.

Table 1 shows the variation ,uUVD and Ay , depending on the relative

drawing velocity, v, /V,, (values which were calculated for v, and 17" using

relations (4) and (8)).
Tabel 1
Variation ,uUVD and Ap Depending on the Relative Drawing Velocity, V,, /v,
No | 4 f v, v, v, |7, u' P Au
pm Hz m/s | m/s %
1 5 20000 0,33 | 0,56 0,58 0,03 0,0123 59
2 10 20000 0,33 | 1,13 0,29 0,03 0,0060 80
3 15 20000 0,33 | 1,69 0,19 0,03 0,0040 87
4 20 20000 0,33 | 2,26 0,14 0,03 0,0030 90
5 25 20000 0,33 | 2,82 0,11 0,03 0,0027 91
6 30 20000 0,33 | 3,39 0,09 0,03 0,0024 92
7 35 20000 0,33 | 3,95 0,08 0,03 0,0021 93
8 40 20000 0,33 | 4,52 0,07 0,03 0,0018 94
)
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Fig. 5 — The variation of relative decreasing of friction coefficient
( Ap) depending on the relative drawing speed (Vi / V).
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3. Conclusion

The “ultrasounds surface effect” or the “reduction of the metal-tool
contact friction” phenomenon, during the tubes without inside guard
drawing process, in SONODRAW system, is obtained when the die is placed
in the maximal position of the waves oscillations and it is activated on the
direction of the drawing. The developing of the “ultrasounds surface effect”
is based on Severdenko’s model and on the theoretical one, depending on
the “reversal of the mean friction force” in the contact between metal and
tool area, assuming the Coulomb-type friction.

The wanted effect of the ultrasound energy during the technological
processes of the tubes drawing takes place when it will use ultrasounds
which have high energies-longitudinal ultrasound waves as standing waves
which generate vertexes/minimal and antinodes/maximal of the waves
oscillations. For a better efficiency of the ultrasound energy obtaining,
during the tubes without inside guard drawing processes, in SONODRAW
system, it will use ultrasound energy reflectors, presser rolls, which are
placed at well known distances, calculated considering the forming
mechanism of a standing stationary wave system in the tube. The analysis of
the “ultrasounds surface effect” is made depending on the relative drawing
velocity,v, /v, , (v, -rate of drawing, v, -vibratory rate of the die). The rate

of drawing defines the technological efficiency and the vibratory rate of the
die, (v, =27-f-A) and gives enough information about the ultrasound
equipment used for the generation and the transference of ultrasound energy

by fand 4 parameters.

Also, based on the resonant frequency, (f), it will realize the
dimensioning of the ultrasound energy concentrators, in 4/2, (A=c / f). The
tubes without inside guard drawing processes, in SONODRAW system, will
be used for the processing of the tubes with thin walls, made from cold
drawing hard malleable metallic materials / work hardenable, (a small
dying-out of the ultrasounds into the metal mass), in the next condition:

v, /v, << 1,0, the safety of the drawing being more better then in the clasical
technology-TC case.
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ANALIZA EFECTULUI DE SUPRAFATA AL ULTRASUNETELOR LA
TRAGEREA TEVILOR N SISTEM SONODRAW

(Rezumat)

In lucrare, pe langd definirea si explicitarea “efectului de suprafati al
ultrasunetelor” sau de “reducere a frecarii de contact metal-scula”, la tragerea tevilor
fara ghidaj interior, se face si analiza tehnologica a acestuia pe baza “vitezei relative de

tragere, (V,, /V,)", v, -viteza de tragere care defineste productivitatea tehnologica si v,

r
-viteza de vibratie a filierei, v, =27 -f- A, care prezintd suficiente informatii despre

echipamentul ultrasonic de producere si transfer a energiei ultrasonice. Tragerea tevilor
fara ghidaj interior in sistem SONODRAW se recomanda pentru procesarea tevilor din
materiale metalice greu deformabile prin tragere la rece/puternic ecruisabile, cu pereti

subtiri, pentru care este indeplinitd conditia: v, / v, <<l
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Abstract. Water properties are from a long time discussed by different points of
view by metallurgical interest in heat treatment area an important subject is water
temperature influence on samples properties for different heat treatments that need
relative fast cooling. Cooling curves and rates and thermal transfer coefficient were
determined using a start temperature of the metallic material of 800°C and as medium
water at 60 and 65°C.
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1. Introduction

Quenching is the act of rapidly cooling the hot steel to harden the steel.

Water quenching can be done by plunging the hot steel in water. The
water adjacent to the hot steel vaporizes, and there is no direct contact of the
water with the steel. This slows down cooling until the bubbles break and allow
water contact with the hot steel. As the water contacts and boils, a great amount
of heat is removed from the steel. With good agitation, bubbles can be
prevented from sticking to the steel, and thereby prevent soft spots.

Water is a good rapid quenching medium, provided good agitation is
done. However, water is corrosive with steel, and the rapid cooling can
sometimes cause distortion or cracking.

Salt water is a more rapid quench medium than plain water because the
bubbles are broken easily and allow for rapid cooling of the part. However, salt
water is even more corrosive than plain water, and hence must be rinsed off
immediately.



78 Adrian Grecu et al.

Oil is used when a slower cooling rate is desired. Since oil has a very
high boiling point, the transition from start of martensite formation to the finish
is slow and this reduces the likelihood of cracking. Oil quenching results in
fumes, spills, and sometimes a fire hazard.

Polymer quenches that will produce a cooling rate in between water and
oil. The cooling rate can be altered by varying the components in the mixture-as
these are composed of water and some glycol polymers. Polymer quenches are
capable of producing repeatable results with less corrosion than water and less
of a fire hazard than oil. But, these repeatable results are possible only with
constant monitoring of the chemistry.

Cryogenics or deep freezing is done to make sure there is no retained
Austenite during quenching. The amount of martensite formed at quenching is a
function of the lowest temperature encountered. At any given temperature of
quenching there is a certain amount of martensite and the balance is
untransformed Austenite. This untransformed Austenite is very brittle and can
cause loss of strength or hardness, dimensional instability, or cracking.

Quenches are usually done to room temperature. Most medium
carbon steels and low alloy steels undergo transformation to 100%
martensite at room temperature. However, high carbon and high alloy steels
have retained Austenite at room temperature. To eliminate retained
Austenite, the quench temperature has to be lowered. This is the reason to
use cryogenic quenching.

Water has some amazing properties. It is the only natural substance
found in all three states — solid, liquid and gas — within the range of natural
Earth temperatures. Its solid form is less dense than its liquid form, which is
why ice floats. It can absorb a great deal of heat without getting hot, has very
high surface tension (helping it move through roots and capillaries — vital to
maintaining life on Earth) and is virtually incompressible.

In this paper we analyze a metallic material behavior heated at 800°C
and fast cooled in water, varying the water temperature.

2. Experimental Results

Main objective of this study is to analyze the behavior of the material in
contact with water from the very first moment.

In Table 1 are present the process parameters that express the
temperature variation in time, and the heat transfer coefficient values function
of time and temperature.

Interesting at the entire process are the first three stages, especially the
calefaction and the boiling stages and in the end the last one the convection
phase.

The cooling rate increase until 29.33°C/s at 200°C, corresponding to
boiling finish period and decreasing after that until 0.67°C/s at 70°C.
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Table 1
Temperature Variation and Other Process Factors at Cooling in 60°C Water
Ta=60°C H[m']=0.228
T [°C] 800 |700 |[600 500 |400 [300 |200 [100 |70
t[s] 0 13.35]19.42 |26.09 |32.4 |37.51 [40.92 |84.3 |129
At 0 13.35]6.07 6.67 [631 |5.11 |3.41 |43.38 |44.7
V=AT/At 0 749 1647 |[14.99 |15.8 |19.57 [29.33 |2.31 |0.67
o [kcal/m’h grd]
0 62.13159.91 [175.4 |233.4 |389.4 [903.0 |164.9 [177.1

Cooling curves
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Fig. 1 — Cooling curves of a metallic material in water at 60° and 65°C.

Because of the medium temperature the sample — water temperature
transfer occurs for a longer time than other environments but is ideal for
sensible sample were cracks can appear and damage the sample.

Fig. 2 present visual the cooling stages with calefaction in a represented
by a gas protector bubble, in b the broken bubble representing the boiling and in
¢ the cooled sample in convection range.

R, T

s E—
c
Fig. 2 — Experimental images of a metallic material cooling: a — calefaction;

b —boiling; ¢ — convection.
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Concerning the cooling rates both mediums behave similar at least for
calefaction period, were are identical, and boiling were appear for water at 65°C
some variations in transition from calefaction and boiling represented by a
decrease of the cooling rate more evident than the material behavior in water at
60°C.

Cooling rates [°C/s]
800 *\
700 A
____"'""n
600 :3
T 500 ——
= A
5 400
= . v
3 200 =
100 &
]
0 5 10 15 20 25 30 35
Coolingrates [*C/s]
===3-- water Ta=60°C —t—water Ta=65°C

Fig. 3 — Cooling rates variation with temperature for medium temperature 60° and 65°C.

In table are presented most important parameter of cooling in
water at 65°C, starting from 800°C decreasing with 100°C until 100°C
and after to 70°C. Normally the time of each period increase at the
beginning with half of the first period time, almost became equal in 400 —
300°C range, corresponding to boiling period and increase exponentially
at entire cooling period.

Temperature Variation and Other ;;‘:cl:si Factors at Cooling in 65°C Water
Ta=65 °C H [m']=0.245
T [°C] 8001700 [600 500 (400 300 200 100 70
t [s] 0 [13.76]19.59 [27.6 |34.52 |38.24 |41.84 |85.16 |139
At 0 [13.76]5.83 |8.01 [6.92 |3.72 [3.6 43.32 |[53.84
V=AT/At 0 [|7.27 |17.15 |12.48|14.45 ]26.88 [27.78 |2.31 [0.56
gr[dljcal/mzh 0 [60.72|167.9 |147.5[215.6 |544.49 [879.65 |178.03 |206.48
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The cooling rate increase until the boiling period finished, around
300°C, reaching a 26,88°C/s rate and decrease until 0.56°C/s at the medium
temperature.

Thermal transfer coeficients variation

300

700

600 \?
— 500 i
2 it
= 400
g e
E o300 e T —,
g ............. T
g 200
2 10 g5

0

0 100 200 300 400 500 600 700 800 900 1000

Thermal transfer coeficients variation

[W/nek]

=sa3eee water Ta=60°C ey ater Ta=65°C

Fig. 4 — Thermal transfer coefficients variation with temperature.

In calefaction period the thermal transfer coefficient, in water at 65°C,
decrease around 100 W/m’k and after the break through to boiling increasing
passing even the similar coefficient of water at 60°C.

3. Conclusion

- Considering the water as cooling medium for heat treatments can be
used at different temperatures considering the purpose of the treatment and the
sample state.

- Comparing the wormed water at 60 or 65°C in the first medium the
sample reach a cooling rate of 29,33/s at 200°C and the second 26,88°C/s at
the 300°C, both with decreasing temperature after this until 2 maybe 1°C/s,
enlarging the domain of samples that are sensible in different temperature
range.

- All cooling states, calefaction, boiling or convection have a
relatively big deployment period considered good for sensitive samples.

Received: May 14, 2010 “Gheorghe Asachi” Technical University of lasi,
Department of Materials Science
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INFLUENTA TEMPERATURII APEI ASUPRA RACIRII MATERIALELOR
(Rezumat)

Proprietatile apei sunt de mult timp discutate din diferite puncte de vedere, in
domeniul metalurgiei, in special domeniul tratamentelor termice, un subiect important
este influenta temperaturii apei asupra proprietatilor probelor pentru diferite tratamente
termice ce necesitd o racire relative rapida. Curbele si vitezele de racire cat si
coeficientul de transfer termic au fost determinate folosind o temperatura de pornire, a
materialului metalic, de 800°C si ca mediu de racire apa la 60° si 65°C.
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Abstract. This paper presents some technological considerations about the building
and the efficiency of oscillating systems for the hardening and finishing with ultrasonic
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1. Introduction

The hardening and finishing proceeding of the superficial layer by
plastic deformation in a cool with ultrasonic vibrations applied on the active
element (ball or roll), in the head of metallic surfaces having a flat or a
cylindrical symmetry, take part from the mechanical treatment category [1]....,
[3].

The mechanical treatments are the oldest hardening and finishing
proceedings of the superficial layers. Less known than thermal treatments and
thermo chemical treatments, they are, at this moment an advantageous
alternative available to each mechanical processing department or workshop.

The hardening of the superficial layer is explained by accumulated
hammer hardening during the plastic deformation in a cool basing on
dislocation theory.

The hardening and finishing superficial layer through plastic
deformation in a cool of metals with ultrasonic vibrations - DPS (a recognized
symbol for superficial plastic deformation), leads to structural modifications and
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physical - mechanical proprieties modifications for the products processed in
that way, concomitantly with a finishing or an improvement of the surface
quality [1],..., [3].

A classification of hardening and finishing proceedings through plastic
deformation of superficial layers / DPS is presented in Fig. 1, [2].
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Fig. 1 — The classification of hardening and finishing proceedings through plastic
deformation of superficial layers/DPS [2].

2. The Characterization of Proceeded Layer Through DPS

»  The surfaces situation of a metallic piece by DPS is definite by
STAS 5730, which expresses [2].

v' The geometrical situation through geometrical deviation of real
surfaces of pieces, as against with that is already geometrical defined one with a
technical documentation of the execution.

v' The physico-chemical condition, through physic-chemical
characteristics of the superficial layer for the respective piece.
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»  The stress situation of a metallic piece processed through DPS, can
be [6].

v' Simple, when the steering tensors ¢ and 7 of unit stresses keep
constant values in each point of the piece body.

v' Complex, when the steering tensors of the stresses are changing
their values.

The relation between the units stresses components and deformation
components over the elasticity limit are established by plasticity theories:

a. Plastic deformation theory, which formulates direct relations between
stresses and deformations;

b. Plastic flowing theory, which formulates relations between velocities
or deformations increases and increases of stresses.

[liusin has demonstrated that in the simple charge case (linear level of
stresses, the deformational type theories and flowing theories are the same,
existing an unique theory of the plasticity - the theory of little elastic
deformation ( Henckly — Iliusin ), available also in DPS in a cool.

» As aresult of elastic and plastic deformations that took place during
the DPS processing, in metal mass it is created, simultaneously or successive, a
supplementary stresses situation ( residual ) which remain in the deformed piece
body and which generate linear modifications or volumetrically modifications
un uniform residual [5], ..., [7].

These residual stresses are classified in two or three groups as:

v" Stresses of the first class (1-st), which is coming in equilibrium in
the macro volumes of piece and has an oriented direction.

v" Stresses of the second class, which is coming in equilibrium in the
limits of little volumes (measurable with grain dimensions) and has no
determinate direction.

v’ Stresses of the third class, which appear at each crystal level of the
net (micro stresses limited at some atoms).

On a certain deep of the plastic buckled layer, the axial residual and
tangent stresses have the same variation law, passing from negative values
(compression) to positive values (extension) and approximately to initial status
which exists in the other part of the mass metal.

» The processed layer structure has a fibrous character, as a result of
DPS processing and it is good to coincide with the fibrous that the piece must
have.

» It is occurred an increasing of dislocation densities and of internal
energy.

» The superficial hardness layer of the piece, depending on the
material quality and situation and working conditions, can increase to 100%
compared to initial hardness.

» The initial roughness of the piece can be improved by 3 to 40 times,

depending on the piece material and the hardening conditions. The wearing
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behavior is improved taking into account that it directly depends on the
hardness and roughness of the surfaces.

The essential effect of plastic deformation in a cold place is the
formation of compressed residual stresses that determinate a considerable
increasing of the weariness strength.

As a result of plastic deformation it is definite as nominal pressure in
MN on a one meter square capable to deform the superficial layer with a
micron.

The plastic deformation in a cold place/DPS improves sensitive the
corrosion resistance. They are modifying the physical proprieties: the electric
resistivity increases, the magnetic permeability decreases), [2].

3. Building Elements of the Oscillatory System

The scheme of a hardening and finishing installation with ultrasonic
vibrations has, as a rule.
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Fig. 2 — The scheme of a hardening and finishing installation with ultrasonic vibrations
(7): 1 — ultrasonic generator; 2 — magnetostrictive transducer; 3 — cylindrical
concentrator in steps; 4 — contact element-steel ball; 5 — piece for processing;

6 — leithe body; P0 — pressing strength; Sp — piece advance.

For successful results of the hardening and finishing process with
ultrasonic vibrations we used lengthwise ultrasonic waves in stationary waves
regime — with knot forming centers of wave’s oscillation [5], [7], [10].

The ultrasounds generation is, in fact, a high frequency generator. The
high frequency is transformed in oscillations/displacements, on the base of a
specific effect of the magnetostrictive transducer, on the scheme from Fig. 2,
magnified through the cylindrical concentrator in steps. These oscillations/
displacements (for example at 20000 Hz there are 20000 makings and
remakings of the contact) are transmitted to the steel ball which comes in
contact with the piece for processing through a beating/kicking effect.



Bul. Inst. Polit. Iasi, t. LVI (LX), f. 3, 2010 87

In Fig. 3 there is, for example, the scheme of oscillating system and the
wave’s displacement, [5], [7], [10].
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Fig. 3 — The scheme of oscillating system and the waves oscillation: a — the properly
construction; b — the waves oscillation: / — magnetostrictive transducer; 2 — conic
concentrator; 3 — cylindrical concentrator in work steps; 4 — crucial flange; 5 — carcass:
A — progressive wave; B — regressive wave; A’ — the amplitude of waves oscillation.

The dimensioning of oscillating system is realized in A /2, where n is
the number of knots and [] is the wave length. The wave length can be
determinate with the relation:

(1) A=<

where: ¢ — is propagation velocity of the waves in the respective environment
(Cseer=5050m/s); f — resonance frequency of the oscillating system
(magnetostrictive transducer f ;esonance = 20000 + 22000Hz; f=1/T, where T is
oscillation period.
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As an estimation criterion of the efficiency of hardening and finishing
process with ultrasonic vibrations they are using these notions: “ultrasonic
finishing degree” and “ultrasonic hardening degree” defined with the relations

(81, [9]:

2) Gro= (Ra” - R,") 1100 [%]
and
(3) Gy = (Hv"* —Hv") - 100 [%]

where Ra® and Ra"* the parameters of (Ra) - with and without ultrasonic waves;
Hv"* and Hv® hardening parameters with and without waves.

The reported results by researchers in this domain demonstrate a better
efficiency of the hardening and finishing process, as against with classic
processes.

4. Applications at a Industrial Level

The applications at an industrial level, for hardening and finishing
proceeding with ultrasonic waves, can be realized with success, especially for
pieces with cylindrical symmetry in aeronautical, automobiles and nautical
industries. Numerous researches were done in the last few years on stainless
steels.

5. Conclusions

This paper presents some technological considerations, regarding the
construction and the dimensioning of oscillating system and regarding the
efficiency of the hardening and

Finishing proceeding with ultrasonic waves. For a better efficiency it is
recommended the using of lengthwise waves in working conditions with
stationary waves with the knots and centers formation. The dimensioning of
oscillating system must be realized in A /2. As main assessment criterion of the
hardening and finishing process efficiency, process with ultrasonic waves, they
are used these notions: “ultrasonic finishing degree” and ultrasonic hardening
degree.
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UNELE CONSIDERATII ASUPRA PROCEDEULUI DE DURIFICARE SI
FINISARE CU VIBRATII ULTRASONICE

(Rezumat)

In lucrare sunt prezentate cateva consideratii tehnologice despre eficienta
fabricarii sistemelor oscilante pentru durificarea si finisarea cu vibratii ultrasonice a
semifabricatelor metalice.
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Abstract. Using the Scale Relativity Theory the momentum transport in fractal
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1. Introduction

The theoretical description of microphysical systems is based on the
wave mechanics of Schrodinger [1], the matrix mechanics of Heisenberg [2], or
the path-integral mechanics of Feynman [3]. Another approach is the
hydrodynamic formulation of quantum mechanics due to Madelung [4], de
Broglie [5], Takabayasi [6] and Bohm [7] (idea of ‘subquantum medium’”). The
hydrodynamic theory of quantum mechanics has been later extended by de
Broglie (idea of the ‘double solution’) [8], [9].

The theory of scale relativity (SR) is build by completing the standard
laws of classical physics (motion in space-time) by new scale laws (in which
“the space-time resolutions are used as intrinsic variables, playing for scale
transformations the same role as played by velocities for motion
transformations” [10],...,[12]). This model is based both on the fractal space-
time concept, that is also introduced by Ord [13] and El Naschie [14] and “on a
generalization of Einstein’s principle of relativity to scale transformations. The
space-time resolutions are redefined as characterizing the state of scale of
reference systems, in the same way as velocity characterizes their state of
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motion. Then, one requires that the laws of physics apply for any state of the
reference system, of motion (principle of motion-relativity) and of scale
(principle of scale-relativity). Mathematically, the principle of SR is achieved
by the principle of scale-covariance, requiring that the equations of physics to
keep their simplest form under transformations of resolution” [10-12].

Three scales of interaction of SRT were developed: (i) A ‘Galileian’
version corresponding to the standard fractals with constant fractal dimensions
[15] and which involves quantum mechanics [10-12]; (ii)) A special scale-
relativistic version which implies the high energy physics [10-12,16]; (iii)) A
‘general scale-relativistic’ version which implies the cosmology [10-12,17].

In the present paper, using SRT the transport momentum in materials is
analyzed.

2. Mathematical Model

In the Nottale’s model of SRT it is supposed that the motion of “micro
particles” takes place on fractal (continuous but non-differentiable) curves of
fractal dimension Dg=3. A manifold compatible with such motion was called
fractal space-time. The fractal nature of space-time implied, through non-
differentiability, the substitution of the standard time derivative d/dt by the

complex operator olot.

o 0 .
1 —=—+V.V+
(12) o o bv
where
(1b) V=v-iu

is the complex speed field ,D the fractal-non-fractal transition coefficient and
(1) Vi=

In these conditions the microparticle movements are described by the
second Newton’s laws

(1) N _N NIV DVV =0
o ot
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The means that in the fractal space-time the local acceleration, OV/0t ,

the convective effects, V.VV and dispersive ones, V'V ,are reciprocally
compensating at any scales .

By substituting (1b) in equation (1d), and separating the real and the
imaginary parts, we obtain the following system:

2 2
%+V(%—%}+DV3V:O
(2a,b) !

Z—‘;+v(v-u)+Dv3u =0

In the one-dimensional differentiable case, for u =0 or p=const.,
using the dimensionless parameters,

3) d=(viv), T=wy, & =kX
and the normalizing condition
k k;
4) Yolto =D -1
6w, W,

the equations (2a,b), takes the standard form [18],
(5) 0.9 +6¢65¢ +85§5¢ =0

Through the substitutions,

(6a,b) w(@)=¢(&.7), 0=Cv,T
equation (5), by double integration, becomes
1 v
(7) Ew'2 = F(w) = —(w’ —waz —gw—h)

with g, & two integration constants. If F(w) has real roots, they are of the form
[19]

¢)) e1=W+2a[&—i},62=W+2a{E(S)—1},e3:W+2a&
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with
Le3—e 5, ey-—e T2 oo an
a= , S , K(s) = I(l—s sin“ @) '“do,
2 e; —e 0
(€))

/2
E(s)= [(1-57sin® )" dp
0

w a reference value and K(s), E(s) the complete elliptic integrals of s modulus
[19]. The stationary solution of equation (5) has the expression,

(10) ¢(§,T)_W+ZO{K(S) 1] Qacrf{s {f (6W+4d([((s) 2 DTJrfo}s}

where cn is the Jacobi’s elliptic function of s modulus [19] and é?o an

integration constant. As a result, the one-dimensional oscillation modes of the
speed field are of cnoidal type [19] — and have the normalized wave length,

(11) A=2sK(s)/a
- the normalized phase speed,

(12) v, :6W+4a[3(E(s)/K(s))—((l+s2)/S2)]

- and the normalized group speed,

(13)
. N:0N _i+ JE A -DEOKEO)~(-DK*(s) | As—DK()

Kl EOK(s)+K2(5)-sK2(s)  s°[E(s)+K(s)~sK(s)]

Then, the followings result: (i) Through the D coefficient, the parameter
s becomes a ‘measure’ of ‘charge’ transport type in the considered matter. Thus,
the solution (10), for s = 0, is reduced to one-dimensional harmonic waves, and
for s — 0 to one-dimensional waves packet.

These two subsequences describe the ‘charge’ transport in a non-quasi-
autonomous regime [18]. For s =1, the solution (10) becomes an one-
dimensional soliton [18], while for s —1 one dimensional solitons packet
results. These last two subsequences describe ‘charge’ transport in a quasi-
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autonomous regime [18]; (ii) By eliminating the parameter a from relations (11)
and (13), one obtains:

(14) (v, —6W)A* = A(s),
A(s) = 16[3S2E(S)K(S) —(1+s>)K? (s)]

We observe that for s =0+ 0.7, A(s) = const. and consequently equation
(14) takes the form, (v, — 6W)/12 = const. . Therefore, in the differentiable case,

the ‘charge’ transport is controlled through the flowing regimes of the fractal
fluid, and the separation between them is given by the 0.7 value of the
parameter s; (iii) The previous results show through the normalized group speed
(13) an increase of the ‘charge’ transport by means of quasi-autonomous
structures. This theoretical result explain some “anomalies” that were
experimentally observed in nanostructures, e.g. the increase of the thermal
conductance in nanofluids [20], [21] etc.

3. Conclusion

The main conclusions of the present paper are as follows:

i) Using the mathematical formalism of the scale relativity theory, the
momentum transport in materials is analyzed;

i1) It results, through an equation of motion for the complex speed field,
that in a fractal fluid, the local acceleration, the convection, and the dispersion
are reciprocally compensating at any scale (differentiable or non-differentiable).

iii) At differentiable scale, the ‘charge’ transport is achieved by one-
dimensional cnoidal oscillation modes of the speed field. For different degrees of
the ‘charge’ coupling, the one-dimensional cnoidal speed oscillation modes
contain the one-dimensional speed harmonic waves, the one-dimensional speed
wave’s packet, the one dimensional speed solitons packet and the one
dimensional speed soliton. The first two subsequences describe the non-
autonomous regime of the ‘charge’ transport, while the last ones describe the
quasi-autonomous regime of the ‘charge’ transport. In the non-autonomous
regime, a relation between the normalized wave length and the normalized phase
speed, i.e. a dispersion type relation, is obtained. These two regimes are separated
by “0.7 structure” that is experimentally observed for various nanostructures.
These results are in according with those obtained in [22],...,[27].
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TRANSPORTUL DE IMPULS IN MATERIALELE FRACTALE

(Rezumat)

In lucrarea de fati este analizat transportul de impuls in materialele fractale

utilizand teoria relativitatii de scala. Se disting doua tipuri de transport de impuls, unul
prin intermediul structurilor non-autonome, iar celdlalt prin intermediul structurilor

Cv

asi-autonome.
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issues is presented and characteristic micro-hardness.
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1. The Method of Research

The thermal treatments executed with concentrated sources of
energy and laser radiations and electron beams are based on thermal
phenomenon.

In experimental research we used a laser facility for surface heat
treatments (Fig. 1) produced by INTEC Bucharest, plant, which can
generate a impulse beam of 10 KW maximum power for a focused diameter
of 4 mm, E = 10 — 100 J diameter. The gas environment is composed of a
mixture of helium, nitrogen and carbon dioxide.

The generation of the free electrons is made through thermo-
electrical emission. The electrons send by the cathode are accelerated
towards the anode due to the potential difference between the cathode and
anode. These electrons are focused in a fascicle/beam according to the
confirmed system configuration of polarization of the cathode — anode.
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Fig. 1 — Laser installation for the superficial surface heat treatments: /— laser;
2 — Laser beam focusing system; 3 — Specimen apparatus;
4 — The test-piece which needs to be treated.

Laser heating carried out under the scheme in principle shown in Fig. 2
which noted that serum has a particular importance of focusing the laser beam
system to obtain results.
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Fig. 2 - The schematic diagram of laser surface heating: / — Radiated area;
2 — Light spot; 3 — Radiated band; 4 — Optical focusing system; 5 — Inert gas;
6 — Laser beam; 7 — Device for obtaining the laser beam; § — Rotating mirror.
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Thermal plant surface with electron beam used in the experiments has
the following principle scheme (Fig 3).

—

Fig. 3 — Schematic diagram of the installation of the thermal electron beam (e-gun):
1 — Thermo electronic cathode emission; 2 — Electrode focusing device;
3 —Anode for acceleration; 4 — Magnetic lenses; 5 — Deflection coil;
6 — Piece to be treated thermally.

For the trials we used grey cast iron GCI 200 in the given
composition: C 3,21%, Si 2%, Mn 0,7 %, Ni 1,5%, Cr 0,7%, P 0,6%. This
cast iron depicts a ferro - perlite structure. The 100 x 100 x 8 mm test pieces
have been heated with a laser beam in which a 1 mm layer of black carbon
coating has been used to obtain a treated layer of 4mm thickness. For the
treatment, used a laser system of heating (P =10 kw, v =7 mm/s) which let to
a depth of treated layer of 0,6 mm, gaining a hardness of 672 HV (640 HB).
From the same batch of test-pieces we treated superficially with thermal and
electrons fascicle/beams (speed 0.7 mm/s, radiation power 7 km, deepness
0,4 mm and U = 10 kw).



100 Laurentiu Marin and Adrian Dima

2. Experimental Results

The micro hardness gained as a result of the electron fascicle/beam
laser treatment is presented in image no. 4 and 5.
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Fig. 4 — Micro hardness variation of sample of GIC 200 as a result of the laser
treatment.
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Fig. 5 — Micro hardness variation of iron cast GIC 200 as a result of electrons fascicle
thermal treatment.

In both cases it can be seen that due to the finishing structure of the
ferro — perlite powder it results an increase of micro hardness at the test-pieces
surfaces in comparison with the micro hardness of the cores.

3. Conclusion

It can be clearly seen that the efficiency and timeliness of the surface
thermal treatments in order to increase, the hardness and the durability of the
grey cast iron pieces subjected to a severe wear out system.
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CERCETARI ASUPRA SCHIMBARILOR STRUCTURALE DIN FONTA
INCALZITA CU SURSA CONCENTRAT/% DE LASER GIC200 PENTRU A
CRESTE REZISTENTA LA UZURA

(Rezumat)

Tratarea termicd a suprafetelor epruvetelor prin intermediul surselor
concentrate de energie va conduce la cresterea evidenta a rezistentei la uzare a reperelor
fabricate din acestze materiale.In lucrare sunt prezentate aspecte structurale si de
microduritate caracteristice.
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Abstract. In this paper is presented the influence on thermochemical treatment of
sintered products. Were analyzed two types of powders, an iron-based powder (P;) and an
alloyed powder (P,) with the following elements: Cu, Ni and Mo. Carburizing was carried
out in fluidized bed at temperature of 900°C, maintaining 20 minutes and respectively, 40
minutes for the two types of powders studied. It found that the best values of Vickers
microhardness were recorded when carburizing time is 40 minutes for powder P,.
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1. Introduction

Parts produced by powder metallurgy (PM) are widely used, especially
in the automotive industry worldwide. Powder metallurgy parts of complex
shapes are obtained and close to final form, with precise surface, so that specific
parts produced by powder metallurgy helps to save time, energy, materials,
labor and money [1],...,[]3]. Compared with conventional metals, additional
processes (such as processing, forging, etc.) are minimized in powder
metallurgy [4], [5].

To obtain sintered parts metal powders are used, whose characteristics
(size, shape, structure, surface quality) are determined by the material they are
made and the technological development process. Metal powders by shape, size,
structure and type of production, have an important impact on static and
dynamic properties of the materials produced.

An important role in shaping and sintering is the powder morphology
an dimensions, contributing to the microstructure of sintered material. Sintered
material properties are determined by the nature of material, powder
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characteristics used by pressing and sintering process parameters and post
processing procedures applied [6].

Sintering is the process of compaction, consolidation heat treatment (T<
Twp) of a solid, which is a porous bulk made from powder. Is a process
representing a summation of physical and physicochemical phenomena that
success or overlap.

Sintering process can be conventionally divided into three stages that
succeed in increasing temperature:

- initial phase - is to turn the contact point between particles bridges
and their expansion to about 25-30% of the particle radius, with the formation
of "necks" which cause hardening of the bulk. At this stage the particles retain
their individuality, and contractions are small (max. 4-5%).

- intermediary step consists in expanding the necks between particles
to the particle loss of individuality. At this stage occur 85-90% of total
densification and most important growing grain.

- final stage starts at a lower porosity - 10% m it consists in
transforming the network channels in isolated pores, ring-shaped their large
grain growth by including the fine particles. This step is very important for
completing the material microstructure.

Mechanisms involved in the transport of material in sintering are the
surface diffusion, intergranular limits diffusion and the volume diffusion

(Fig. 1).

'y

Fig. 1 — The schematic of two powder particles during sintering, carried out by finite
element method at different sintering times, ty <t; <t, <t; [7].
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In addition, the mechanical properties of steel powders can be modified
depending on the composition, density and type of heat treatment applied. On
hardening steels of low carbon powder, hard phases, as martensite and bainite
are needed in microstructures. On the other hand, ferrite and pearlite areas
specific in powder metallurgy steels help improve the tensile strength.

2. Experimental Procedure

This paper aims to analyze the thermochemical treatment of carburizing
on sintered products based on iron powder. Studied powders are produced by
water atomisation. The chemical composition of the two powders are shown in
Table 1.

Table 1
Chemical Composition of Analyzed Powder
Powder Cu Mo Ni C
type % % % %
P, 0.096 0.08 0.046 <0.01
P, 1.50 0.50 1.75 <0.01

High purity of powder assures a remarkable compressibility.
Combination of purity, high compressibility and resistance in pressed state
confers to the studied powder ideal for use as complex components, where
strength and density are high. Table 2 presents the sieve distribution of the

powders, determined by sieving machine.

Table 2

Sieve Distribution of Analyzed Powders

Granulate size distribution
Sieve size P, P,

m(g) Xp(%) m(g) Xp(%0)

>150 pm 2,78 3% 3,72 4%

>100 pm 17,73 18% 20,98 21%

>63 pm 25,01 25% 30,65 31%

>45 pm 20,19 21% 20,99 21%

Plate 32,22 33% 23,90 23%
m(g) 99,93 100 % 99,64 100 %

The analyzed powders were pressed at room temperature using a
hydraulic press at a pressure of 600 MPa. Cylindrical samples were pressed into
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8x6 mm dimensions. In order to minimize the effect of wall friction between the
mold and powder, a lubricant that zinc stearate, 1% was added. Lubricant not
only reduce friction between particles, but also facilitates removal mold parts.

Pressed samples were sintered at 1150°C in a sintering furnace. The
total cycle lasted 2 h, 60 min was maintained at maximum temperature of
1150°C.

After sintering, samples were carburized in fluidized bed at a
temperature of 900°C, with different times, respectively 20 minutes and 40
minutes, after which they were cooled in air. The purpose of this review is to
highlight the layer formation and microhardness measurements.

Fig. 2 — Microstructures of sample sintered (powder P;) at 1150°C:
a — surface; b — core (100x).

Fig. 3 — Microstructures of sample sintered (powder P,) at 1150°C:
a — surface ; b — core (100x).
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Carburizing is the addition of carbon to the surface of low-carbon steels
at temperatures generally between 850 and 950°C (1560 and 1740°F), at which
austenite, with its high solubility for carbon, is the stable crystal structure.
Hardening is accomplished when the high-carbon surface layer is quenched to
form martensite so that a high-carbon martensitic case with good wear and
fatigue resistance is superimposed on a tough, low-carbon steel core.

Carburized steels have a complex microstructural composition at a high
carbon surface, composed of martensite, residual austenite and carbides, which
leads to high surface hardness and increased mechanical resistance to fatigue
and wear. The combination of these properties is recommended for applications
where high loads are required and cyclic loads, such as gears [8], [9].
Carburized layer depth is a function of carburizing time and carbon potential
available surface [10].

a b
Fig. 4 — Microstructures of sample carburized (powder P;) at 900° C, 20minutes
(200x): @ —unetched; b — etched Nital (2%).

a
Fig. 5 — Microstructures of sample carburized (powder P,) at 900°C,
40minutes (200x): a — unetched; b— etched Nital (2%).
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When carburizing times are prolonged, deep carburized layers is
obtained, a potential carbon produces a surface with a high carbon content,
which can lead to a structure consisting of residual austenite in excess or free
carbides. These two microstructural elements have adverse effects on residual
stress distribution in the fuel layer. Therefore, a high carbon potential may be
suitable for short carburizing times, but not for prolonged carburization. In this
study, it appears that only the carburized sample with 40 minutes is showing the
carburized layer. Microstructures of carburized samples for maintaining time of
20 minutes and 40 minutes are shown in Figs. 4 and 5 for powder P;.

Microstructures of carburized samples for maintaining time of 20
minutes and 40 minutes are shown in Figs. 6 and 7 for powder P;.

a b

Fig. 6 — Microstructures of sample carburized (powder P,) at 900°C, 20minutes (200x):
a — unetched; b — etched Nital (2%).

a

Fig. 7 — Microstructures of sample carburized (powder P,) at 900°C, 40 minutes (200x):
a — unetched; b — etched Nital (2%).
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Vickers microhardness tests were perform on carburized sample.
The load was 100gf with standby time of 20s, each value represents an
average microhardness of at least three determinations.

3. Results and Discussions

In Fig. 8 and Fig. 9 are presented the microhardness variation from
surface to the center of carburized sample (P, and P;) at T=900°C, 40 minutes.

Microhardness, [HV]

0 01 02 03 04 05 06 07 08 09 1 1M 12 13 14 15 18 17 18 19

Distance from surface, [mm]

Fig. 8 — Microhardness variation from surface to the center for
carburized sample (powder Py) at T=900°C, 40 minutes.

300
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Microhardness, [HV]
g

0 010203 04 0506 07 0809 1 1112 13 14 15 16 17 18 19
Distance from surface, [mm]

Fig. 9 — Microhardness variation from surface to the center for
carburized sample (powder P,) at T= 900°C, 40 minutes
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As is depicted in the Fig. 8 for sample P, further cooling in the air, it
allows easy decaburizing the superficial layer of the sample, which explains the
amounts lower of microhardness to about 0.2 mm distance from surface.

Comparing the two types of powder, is found that the powder P,
presents the best values of Vickers microhardness.

4. Conclusions

The experiments have shown that the best hardness values were
recorded when the sample was carburizing at 900° C for 40 minutes, especially
for powder P,.

When carburizing times are prolonged, deep carburized layers is
obtained, a potential carbon produces a surface with a high carbon content.

Carburized layer depth is a function of carburizing time and carbon
potential available surface.
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STUDIUL INFLUENTEI CARBURARII ASUPRA PRODUSELOR
SINTERIZATE

(Rezumat)

In aceastd lucrare este prezentati influenta tratamentului termochimic asupra
produselor sinterizate din pulberi. Au fost analizate doua tipuri de pulberi, o pulbere cu
baza de fier (P;) si o pulbere aliata (P,) cu urmatoarele elemente: Cu, Ni si Mo.
Carburarea a fost realizatd in strat fluidizat, la temperatura de 900°C, cu timp de
mentinere diferit, respectiv 20 minute si 40 minute pentru cele doua tipuri de pulberi
studiate. Se constatd cd, cele mai bune valori ale microduritatii Vickers au fost
inregistrate in cazul carburarii cu timpul de mentinere de 40 minute si pentru tipul de
pulbere P,.
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Abstract. We studied the influencing factors of centrifugal powder sedimentation
process (defloculant agent concentration, centrifugation speed and time).
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1. Introduction

The gravitational sedimentation process for obtaining gradual porous
materials based on gravitational acceleration [1] are usually limited to
particles with diameters over lum. This limit may be lowered if we use
centrifugal force instead of gravitational acceleration. In this way, even using
ordinary laboratory centrifuges the particles size limit may be lowered to a
diameter of 0.05um. Suspensions centrifugal sedimentation process ensures
the reduction with (1-2) orders of magnitude of the sedimentary particles size
(about below 0.100um - 100nm). Consider a container with a suspension of
solid particles, entrained in a rotating speed . Under the action of centrifugal
force, these phases will be separated from each other making the deposit on
the inner wall of the container. The techniques ensemble that allows such a
separation is called centrifugation.

Depositions with addition material can use for increasing wear
resistance of sliding surfaces of lathes beds, as well as pair-surfaces from
mobile slide.

During rotation of the centrifuge container filled with particle
suspension, the centrifugal force tends to stick solid particles to the inner wall
of the container forming a sediment layer composed of particles [2].
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Centrifugal sedimentation process allows the obtaining of porosity
gradient membranes [3]. By this method porosity gradient filters were obtained
with 18 mm in diameter, 0.1 mm and Imm in thickness using TiO, powder in
aqueous suspension containing particles with sizes between 10nm - Sum [4],

[5].
2. Experimental

For the experimental tests in order to determine the influencing factors
of centrifugal powder sedimentation NiO < 1pum powder particles were used. A
suspension with 2.8% concentration of powder and 0.2% - 0.4% dispersant
agent was prepared.

S1 -2,8% NiO powder, 0,2% dispersant agent, 97% water.
82 - 2,8% NiO powder, 0,4% dispersant agent, 96,8% water.

The test tube has a 7 ml volume. For each centrifuge test 7ml of the
initially prepared suspension was used. The process was carried out using a
laboratory centrifuge type “Janetzki T24” with variable speed in the range of 0-
16000 rpm.

Fig. 1 — Schematic representation of centrifuge head.

Centrifugal force varies according to the length of the radius at which
the particle is at a given moment. To emphasize this variation, Fig. 2 shows the
relative acceleration (Z factor) dependence on speed for the minimum, mean
and maximum of radius, of the used centrifuge head.

To study influencing factors of centrifugal sedimentation the
fotosedimentation method was used (Turbidimetry) according to ASTM B 430
standard.
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Fig. 2 — Variation of relative acceleration (Z factor)
depending on speed and radius.

The centrifuged powder suspension was introduced in a glass cell. A
collimated light beam passes through the cell. The intensity of light beam was
measured by the generated voltage of the photo detector that captures the light
beam passing through suspension. Generated voltage is measured using a milli
voltmeter and a data recorder [6].

Fig. 3-The principle scheme of determining
turbidity of homogeneous suspension.

Two important conditions are necessary for determining homogeneous
suspension turbidity, which if not met can lead to erroneous analysis. First is
correct sampling. Tests are conducted with relatively small amounts (from
tenths of grams to several grams), and these samples must be representative for
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the entire amount of powder. We can say that the most important factor for
accurate and precise results is the dispersion. Coagulation process due to
insufficient dispersion has the effect of different sizes particles agglomeration.
Smaller particles agglomerated around the larger particles and settle
simultaneously, therefore the Stokes law is not respected.

3. Results and Discussions

The influencing factors of centrifugal sedimentation process were
revealed by centrifuging of <Ium particle size powder suspensions with
at different parameters, measuring and comparing the suspension
turbidity values after each centrifugation.

3.1. Determination of the Optimal Dispersant Agent Concentration

Studies were done on the influence of dispersant agent concentration in
suspension for different centrifugation parameters. For research S1 and S2
prepared suspension were used.

The results of experimental centrifugation tests for S1 and S2
suspensions at 1000rpm are shown in Table 1:

Table 1
Turbidity of the S1 and S2 Suspension According to the Time of Centrifugation
Time [min.] 0 1 2 3 4 5 6 7 8

S1Turbidity [au.] | 02 {09 1.7 3 | 52 | 58 | 84 | 10 13
S2Turbidity [a.u.] | 0.2 | 0.2 | 0.2 ] 02 | 0.21 | 0.22 | 0.22 | 0.23 | 0.24

14
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Fig. 4 — The influence of dispersant agent concentration on turbidity at 1000 rpm.
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It was concluded that 0.2% concentration of dispersant agent in
suspension (S1) was insufficient to disperse the powder particles and lead to
increasing the size of powder particles by flocculation. In S2 suspension for a
better dispersion was chosen a higher concentration of dispersant agent
(0.4%). This concentration leads to a uniform dispersion of powder particles
and stabilize the suspension.

Comparing the results of two experiments we show the
importance and role of dispersant agent. In the first case we obtained a
suspension of agglomerated powder particles 1000rpm was sufficient to
deposit the particles in suspension. In the second case we obtained a
stable suspension where the speed of 1000rpm had little influence on the
desagglomerated particles in suspension.

3.2. Centrifugation Time

Starting from previous results with S1 and S2 suspension where the
speed was relatively small, attempts were made by increasing the centrifugal
sedimentation speed at 5000rpm but in this case only for S2 suspension. The
results are presented in Table 2.

Table 2
Turbidity of the S2 Suspension According to the Time of Centrifugation
Time[min.] 0 1 3 5 8
Turbidity [a.u.] 0.2 0.24 0.5 0.94 34

354
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Fig. 5 — The influence of centrifugation time on turbidity at 5000 rpm.
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Comparing graphs 4 and 5 is apparent a variation of turbidity values for
S2 suspension in the same experimental conditions at different speeds. From
this we can infer an influence of the centrifugation speed on the particles in
suspension.

Starting from the conclusion above tests have been made in order
to determine the influence of centrifugation speed on the particles in
suspension.

3.3. Centrifugation Speed

Using the same suspension as in previous experiments (S2) centrifugal
sedimentation attempts were made at different speeds. In this case, the
centrifugation time was kept constant at 3 minutes for each determination. The
results are shown in Table 3.

Table 3
Turbidity of the S2 Suspension Depending on Centrifugation Speed
Speed [rpm] 0 1000 | 3000 5000 8000 10000 | 12000
Turbidity [au.] | 0.2 0.2 0.26 0.72 2 5 10
10
84
S 6
Al
z
3 4
5
= 1
2
0
s T z T . T . T : T T T 2
0 2000 4000 6000 8000 10000 12000

Speed [rpm]

Fig. 6 - Turbidity of the S2 suspension depending on centrifugation
speed at 3 minute centrifugation time.

Fig. 6 shows the variation of turbidity according to the centrifugation
speeds. It may be noted that speed has a major influence on the centrifugal



Bul. Inst. Polit. Iasi, t. LVI (LX), f. 3, 2010 119

sedimentation process of particles in suspension. There is a pronounced increase
of turbidity values if the speed exceeds 8000 rpm. This increment can be
achieved not only by increasing the centrifugation speed but also by increasing
the centrifugation time, outlined in Fig. 5 where one can see a centrifugation
efficiency more than 4 to 5 minute, even if the speed is lower.

4. Conclusions

The limit of the gravitational sedimentation process (~1pm) may be
lowered if we use centrifugal force instead of gravitational acceleration. In this
way, even using ordinary laboratory centrifuges the particles size limit may be
lowered to a diameter of 0.05um. Suspensions centrifugal sedimentation
process ensures the reduction with (1-2) orders of magnitude the sedimentary
particles size (about below 0.100 um = 100 nm).

Studies were done on the influence of dispersant agent concentration in
suspension for different centrifugation parameters. It was concluded that in S1
suspension the powder particles size has been increased by flocculation
obtaining a suspension of agglomerated powders and the 1000rpm speed was
sufficient to deposit the particles. The S2 suspension was stable at 1000rpm
centrifugation speed even for eight minutes.

Experimental tests were conducted to determine the influence of the
centrifugal sedimentation speeds on the powder particles.

There was a pronounced increase of the centrifugation efficiency (NiO
powder with <lum grain size) with speeds above 8000 rpm, but also by
increasing the centrifugation time over 4-5min at lower centrifugation speeds.
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FACTORII DE INFLUENTA Al SEDIMENTARII CENTRIFUGALE
(Rezumat)

S-a studiat factorii de influentd ai procesului de sedimentare centrifugalda a
pulberilor (concentratia de agent defloculant, viteza si timpul de centrifugare).
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Abstract. The paper presents the obtaining of alumina nanoporous membranes by
the anodic oxidation method. Using this process, anodic porous structures can be obtained
with different characteristics from those of membranes obtained by other methods.
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1. Introduction

The two-step anodization process for obtaining self-ordered alumina
nanostructures was mentioned for the first time in 1995. This increasing
attraction for these types of membranes is mainly due to their easy and
relatively low cost processing. By two-step anodization it is possible to
fabricate well-defined self-ordered porous alumina with different inter pore
distances. Recently, the anodization of aluminum is one of the most widely
used synthesis method of highly ordered nanostructures. The anodizing of
aluminum can result in two different types of oxide film: a barrier-type
anodic film, and a porous oxide film. The nature of an electrolyte used for
anodizing aluminum is a key factor which determines the type of oxide
grown on the surface. Thus, the adherent, non-porous and non-conducting
barrier-type of anodic film can be formed by anodizing aluminum in neutral
solutions (pH = 5-7) in which the anodic oxide layer stays practically
insoluble These films are extremely thin and dielectrically compact. Porous
oxide films are made using strong acid anodizing electrolyte solutions

[11,....[6].
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2. Experimental

The substrate used was an aluminum sheet having 0.3 mm in thickness.
It was cut to a working diameter of 35 mm.

Before anodization it was initially done the preparation of the surface
that will be anodized. To reduce the surface rugosity it was performed a
mechanical polishing. To eliminate dislocations, the substrate was then
annealed for 1 h at temperature of 350 [1°C. The aluminum oxide on surface of
the layer was removed with a 5% NaOH solution at a temperature of 60°C for 1
min. Aluminum layer was subsequently electrochemically polished for 1 min in
a 1:4 mixture of HCIO, and C,HsOH at a current density of 100 mA/cm2 at
room temperature.

The anodizing process was carried out in two steps. Electrolytes used
were two solutions of concentration 0.3 M of sulfuric and oxalic acids.
Counter electrode was a Pt mesh and the working distance was chosen
according to the type of the electrolyte used. The working bias was chosen
depending on the anodizing acid solution, so for anodizing in sulfuric acid the
voltage was 25 V and for anodizing in oxalic acid the voltage used was 40 V.
For a better homogenization of temperature, the electrolyte was continuously
stirred.

Tests of first anodization were made by varying the duration of the
process, depending on the acid solution. After the first anodization step the
formed alumina layer was chemically removed in a mixture of 1.8% and 7.1%
H;PO,4 CrOs; in distilled water. The aluminum was re-anodized under the same
anodizing conditions as those used in the first anodization. After anodization the
remaining aluminum substrate was dissolved in a saturated solution of HgCl,,
thereby obtaining a porous anodic alumina thin film. The obtained samples were
subjected to a chemical process for opening and enlarging the pores by
immersion in a solution of H;PO,.

3. Results and Discussions

First anodization is done in order to obtain a pattern on the aluminum
surface that will trigger a well-ordered growth of the alumina oxide layer by the
second anodization. The first anodization in sulfuric acid was done for 1 hour.
For oxalic acid the anodization time was 2 hours. Fig. 1 presents the structures
of the layers obtained in the two electrolytes, after first anodization.

It was observed that in sulfuric acid the anodization process is faster
due to increased growth rate of the oxidic layer.

The duration of the second anodization step will determine the
thickness of the obtained porous alumina. Fig. 2 presents the structures of the
oxidic films obtained by anodization in sulfuric acid for 2 hours, respectively in
oxalic acid for 6 hours.
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Fig. 1 — Oxidic structures obtained by a two step anodization process: a — 2 h sulfuric
acid; b — 6 h oxalic acid.

3. Conclusions

Anodization time is one of the most important factors for obtaining self-
ordered porous structures. During the first anodization irregular pores are
formed on the aluminium surface. Depending on the anodization time due to
repulsive forces between neighbouring pores the ordering can occur.
Anodization process is faster in sulfuric acid electrolyte.

The thickness of the layer obtained after the second anodization step
was found to be time dependent.
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MATERIALE POROASE OBTINUTE PRIN ANODIZAREA ALUMINIULUI
(Rezumat)

Lucrarea prezintd obtinerea materialelor nanoporoase prin metoda oxidarii
anodice. Prin acest procedeu se pot obtine structuri poroase auto-ordonate, cu
caracteristici diferite de cele ale membranelor obtinute prin alte metode. Experimentele
au fost facute utilizand doua tipuri de solutii electrolitice ale acizilor sulfuric, respectiv
oxalic. Tensiunile de lucru au fost de 25 V in acid sulfuric si de 40 in cel oxalic.
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Abstract. In the current paper the authors studied the possibilities and limitations of
a system intended to evaluate the quality of ceramic products directly on the production
line. The system is based on a data mining specific approach in analyzing the sound
produced by ceramic products when hit in a non-destructive manner.

The research showed that good results in discriminating among different quality
grades can be obtained for products having similar shape and size even when working with
up to six different quality grades. Reducing the number of quality grades to be
discriminated increases the method’s precision. In industry the number of necessary quality
grades to be discriminated is usually no higher than three, thus the authors consider that the
method is suited for industrial implementation.

Key words: ceramics; continuous flux production, non-destructive online quality
control, data mining.

1. Introduction

In the current study coarse ceramic sample sets were used. They were
made out of common clay using the moist fabrication method by extrusion. Six
samples were chosen for testing. These were burned at the following
temperatures: 600, 700, 800, 880, 920 and 970°C. For the studied clay different
quality grades can be obtained starting from 600°C up to around 1000°C. In
large production furnaces there is always a temperature gradient thus in a large
batch there are always different quality grades depending on the local
temperature in the area of the product. Thus having samples burned in a
controlled manner at a specific temperature, different quality grades are
obtained. From the six items sample set, two other sets were obtained by
reducing the size of the items up to 113 mm and 75 mm. In Fig. 1 a photograph
showing the third sample set (75mm) is presented.
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1.1. Recording and Analysis of the Sound Pattern for
Non-Destructive Percussion

In order to record the sound pattern for non-destructive percussion the
samples were held by a thin string from the center of gravity. For percussion a
light metal round shaped instrument with a curvature of about 8 cm was used.
The curvature of the instrument allows more energetic hits without damaging
the sample.

For every sample a number of about 100 percussions were recorded.
Throughout the 100 hits set slight modifications were made at the position the
sample was held at relative to the center of gravity. Also, slight variations were
made regarding the point of impact when hit (closer to the extremities or
towards the center). Variations of percussion energy were also made. All these
slight modifications were made in order to replicate the probable conditions that
might be dealt with when working in industrial conditions.

Fig. 1 — Third sample set, burned at:
600°C-75mm, 700°C-75mm, 800°C-75mm,
880°C-75mm, 920°C-75mm, 970°C-75 mm.

Fig. 2 — The optic microstructure of the
studied samples.

Fl e T D 1T L

Fig. 3 — EDS analysis of the studied samples.
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The recording of the sound patterns at non-destructive percussions was
made in a silent environment in order to avoid the alteration of the power
spectrum with non-specific elements.

2.1. Data Processing
a) Calculation of the Power Spectrum

The data recorded in wav files were loaded into Matlab and the power
spectrum was calculated and recorded in a structure with 18 records, one for
each item (3_sample_sets x 6_items_per_set). The Matlab code that calculates
the power spectrum is:

[v,Fs,bits] = wavread(fisier);

N =2.(ceil(log(length(y))/log(2)));

FFTY = fft(y,N);

NumUniquePts = ceil((N+1)/4);

FFTY = FFTY(1:NumUniquePts);

Pyy = conj(FFTY).*FFTY / N;
=(99:floor(NumUniquePts/2)-1)*2*Fs/N;
frecvente{i} = f;

Pyy = Pyy(100 : floor(NumUniquePts/2));
putere{i} = Pyy;

b) Scaling the Power Spectrum in [0,1] Domain and Modification of the Sampling Step

In order to efficiently compare the data visually and in an algorithmic
manner it was necessary to scale the all the data in the same domain and to
synchronize the power spectrum sampling rate. The chosen domain for scaling
was [0, 1], the choice being arbitrary without any special meaning; the sampling
rate was chosen to be the highest in the data set.

2.2. Techniques for Exploring the Data Set

The visual exploration of the data set is very important and needs to be
realized in collaboration with a human expert. A strategy needs to be
established in order to present the data in manner that is concise, easy to
understand and representative for the aspects that need to be analyzed. Also
after analysis it is possible to determine the direction that has to be followed for
the algorithmic analysis of the data.

For the study regarding the possibility of implementation of a quality
evaluation system through the sound pattern obtained through non-destructive
percussion the following aspects have to be studied.
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a) The Homogeneity of the Data Set is Good Enough in Order to Observe Common
Characteristics for the 100 Recordings of One Item of the Data Sets

In order to answer this questions the approximately 100 recordings of
each sample have been represented in graphical form in two dimensions using a
color code for intensity, the ordinate for the number of the recording [1:100]
and the abscissa for the frequency [250Hz:11000Hz].

In Fig. 4 the least favorable case encountered in the data set is
presented. As it can be observed, there is an important dispersion of the
maxima, but in the same time a specific pattern can be distinguished. This
pattern is more clearly highlighted in Fig. 6 where on the abscissa there is the
frequency [250Hz:11000Hz] and on the ordinate there is the sum of the power
spectrum of all the 100 recordings for the sample. As a comparison in Fig. 5 and
Fig. 7 the same representations are presented that can be considered as typical
for the data set.

b) Are There Common Characteristics for all the Samples in the Data Set?

In order to answer to this question it is needed to calculate the
median of the power spectrum of all the samples in the data base. This is
presented in Fig. 8. From the figure it can be observed that there are
common frequencies around 6200Hz, 8000Hz and 10650Hz. The most
important maxima being at the frequency of 8000Hz. These common
frequencies represent an error source for discriminating among the different
quality grades. This error is maximum for the sample burned at 600°C
having 113mm, where these maxima common for all the samples overlap the
specific maxima for this given sample. Because of this overlapping we
cannot filter the entire set to eliminate these common maxima.

¢) Are There Common Characteristics for Samples Burned at the Same Temperature for
all Shapes and Sizes?

This question can be answered by comparing the power spectrum of the
samples burned at the same temperature and having different length.

In order to clearly put into evidence these common characteristics,
two representations were used. The first one has on the ordinate the length
of the sample and on the abscissa the frequency in the domain of
[250Hz:11000Hz], the grayscale lighting representing the value of the power
spectrum at the given frequency. The second representation overlaps the
power spectrums using different colors for different samples. Analyzing
these representations it can be observed that the only common frequencies
that we can highlight using an algorithm in a robust manner would be the
frequencies that were presented in the previous section as being common to
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all the samples in the data set. Thus it can be stated that by analyzing the
sound pattern at non-destructive percussion in the domain of
[250Hz:11000Hz] it is not possible to highlight characteristics specific to the
burning temperature without regard to the shape and size of the product.

In Fig. 9 the comparative spectrum for the samples burned at 970°C
having the lengths of: 75mm, 113mm and 197mm is presented. Besides the
maximums in the vicinity of 8kHz and 10.6kHz which are common to all the
samples there is also a slight overlapping near 3kHz for the samples having
113mm and 197mm but for the sample having 75mm there is no maximum
in this vicinity.

The above shown figures prove that it is possible to distinguish
between products having the same shape and size burned at different
temperatures, and thus having different quality grades. It is however likely
to have in isolated cases classification errors as a result of the overlapping of
some sample characteristic maxima with maxima common to all samples.
The phenomenon is most probably generated by limitations in the sound
production and recording. More specific, the percussion instrument will
produce its own characteristic spectra and the microphone might also work
as an antenna and capture some electromagnetic noise in the frequency
domain of the sound waves that are analyzed. All these perturbations will
however be of relatively low amplitude, thus their influence on the sound
pattern will be significantly lower than the influence of the characteristic
spectra.

o

i

Fig. 4 — The power spectrum for individual percussions for the sample burned
at 800°C having a length of 183mm.
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Fig. 5 — The power spectrum for individual percussions for the sample burned
at 880°C having a length of 75mm.

Fig. 6 — The sum of the power spectrum of all the recordings made for the sample
burned at 800°C having the length of 183mm.



Bul. Inst. Polit. Iasi, t. LVI (LX), f. 3, 2010 131

Fig. 7 — The sum of the power spectrum of all the recordings made for the
sample burned at 880°C having the length of 75mm.
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Fig. 8 — Common frequencies for all the samples in the data set highlighted by
calculating the median values of the power spectrums of every sample for each
frequency point.
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2. Conclusions

As a result of visual data exploration it can be said that regarding the
possibility to evaluate the ceramic products quality by using the sound pattern
recorded at non-destructive percussion it is not possible to distinguish common
characteristics of the power spectrum for products burned at the same
temperature that have different shape and/or size.

It is however possible to evaluate the quality grade for products that
have a given shape and size. In this case it is possible to improve the
classification accuracy by choosing a low number of quality grades to be
distinguished among (a maximum of 6 quality grades would give good results).
Also improvements in the classification accuracy can be obtained by improving
the quality of the sound recording system and choosing an appropriate
percussion instrument.
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SISTEM ACUSTIC DE CONTROL AL CALITATII PRODUSELOR CERAMICE

(Rezumat)

sistem de evaluare a calitatii direct pe linia de productie a produselor ceramice si
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limitele unui astfel de sistem. Sistemul propus se bazeaza pe tehnici specifice data
mining pentru analizarea sunetului produs de produsele ceramice la lovire nedistructiva.

Studiile au aratat ca se pot obtine rezultate bune in ceea ce priveste clasificarea
pe grupe calitative diferite pentru produse cu forma si dimensiuni cunoscute chiar si
atunci cand se lucreaza cu sase grupe calitative distincte. Reducerea numarului de grupe
calitative in care trebuie incadrat produsul analizat are ca rezultat cresterea preciziei de
clasare. In industrie numarul de grade calitative pentru un produs in general nu va fi mai
mare de trei, astfel autorii considera ca metoda propusa este potrivitd pentru utilizarea in
industrie.
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Abstract. For this experiment, from a hot rolled water quenched Cu-15 Zn-6 Al
(mass. %) SMA three fragment was cut and, after careful mechanical removal under
water cooling of any marks of superficial corrosion, it was subjected to two, three and
five series of thermal cycles up to 453K with a heating rate 1.67x10™" K-sec™', isothermal
maintaining for 180 sec and a cooling rate of 8.33x10 K-sec. In all cases, during
heating, an endothermic peak was observed corresponding to martensite reversion to
parent phase. The DSC charts were analyzed with Proteus software.

Key words: shape memory alloys, differential scanning calorimetry.

1. Introduction

Cu-based shape memory alloys (SMAs) have been studied since 1970
by L. Delaey [1] and since then they have became commercially available.
Cu-Zn-Al alloys are derived from Cu-Zn, some of the old shape memory
alloys [2]. Among the commercial shape memory alloys (SMA) [1] the Cu-
Zn-Al (a Cu-based alloy) is ranked after Ni-Ti because relatively low cost
and good electrical and thermal conductivity, higher high ductility than
NiTi, and resistance to intergranular fracture [3]. Consequently some
industrial applications have been developed such as high work-output
thermal actuators [4] or hydraulic and electric couplings [5], or fastening
device [3]. Given the good properties of CuZn alloys, they were used to
obtain electric actuators [6], heat engines [7], anti-seismic dampers [8] or
high temperature applications [9].

In spite of the promising development perspectives as constrained-recovery
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or work-generating applications, the use Cu-Zn-Al SMAs has been hindered by a
series of drawbacks caused by metallurgical processing [10], training [11] and
cycling [12]. Thermal fatigue was reported to be the primary cause for the change
of critical temperatures for reverse martensitic transformation. As a result, the
degradation of shape memory effect (SME) was noticed in Cu-Zn-Al which was
ascribed to the high temperature stabilization of martensite [13]. Considering that,
under such cycling conditions, the direct and reverse martensitic transformations
occur in different ways and often even the thermal cycling range is varied, a
gradual depreciation of thermal memory behavior is expected to occur. Therefore,
the present paper aims to monitor the evolution of a Cu-Zn-Al SMA during
thermal cycling comprising controlled heating.

Several experimental techniques are used in characterizing the reversible
martensitic transformation which governs SM phenomena in alloys [14].
Between them, the calorimetry enables one of the easiest and most accurate
determinations of transformation temperatures and energy dissipation [15].

2. Experimental Procedure

From plates of Cu-15 Zn-6 Al (mass.%) SMA obtained via casting - hot
rolling - instant water quenching [16-18] three small fragment were cut and,
after careful mechanical removal under water cooling of any marks of
superficial corrosion, it was subjected to two, three and five thermal cycles. The
samples were heated to 453 K using a NETZSCH differential scanning
calorimeter type DSC 200 F3 Maia was used (found in to laboratory SIM-TM-
06 from Department of Materials Engineering and Industrial Safety, Faculty
Materials Science and Engineering). A technical specification of DSC F3 Maia
is: sensitivity: < 1uW, temperature accuracy: 0.1 K and enthalpy accuracy:
generally < 1%. The device was calibrated with Bi, In, Sn and Zn standards.

Fig. 1 — Calorimeter DSC F3 Maia.
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Each thermal cycle comprised: (1) heating, with 1.67x10-1 K-sec™; (2)
isothermal maintaining for 180 sec and (3) cooling to 300 K with a cooling rate
of 8.33x107 K-sec". In all cases, the first heating was accompanied by an
endothermic peak on DSC charts associated with martensite reversion to parent
phase. Subsequent cooling enabled the return to the same thermally induced
martensitic structure. The measurements were performed under Ar protective
atmosphere using corresponding correction to 570 K. Since no cooling stage
was attached to the DSC device, it was able to provide a controlled cooling rate
only very briefly at the beginning of cooling.

3. Results and Discussion

The DSC charts illustrating the calorimetric evolution of the specimen
during the heating stages. It is noticeable that an endothermic peak occurs
during first heating suggesting that the specimen in initial state contains a large
amount of thermally induced martensite, which reversibly transforms to parent
phase (austenite) [19].
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Fig. 2 — DSC charts for two thermal cycles.

The Table 1 summarizes the results obtained via PROTEUS form the
experimental series of measurements. According to data evaluation results given
by Proteus, reverse martensitic specific the first sample (Fig.2), the first
transformation occurs during first heating at As=394.9 K, reaches maximum
transformation rate and 50 % of transformed phase at A5;=399.7 K and ends at
Af=407.6 K, and for a two heating starts As=397.2K, maximum transformation
1S A5;=401.2K and ends at Af=406.6 K.

After two cycling, Asp increases with 1.5 K and specific enthalpy
decreases with 7%. When the sample cycle three times (Fig. 3), retainer’s
tendency to peak two to move to higher temperature.
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Table 1
Summary of Data Evaluation with Proteus Software
T ¢ method dT/dt
angent metho
Number | Sample g Asy | AH/m . .
of mass, Heating | Cooling
cycles A Ag
10°kg K K K kJ/kg [K/sec] [K/sec]
394.9 407.6 | 399.7 | -3.870 3 2
2 40.8 1.67x107| 8.33x10

397.2 406.6 | 401.2 | -3.628

393.3 404.4 | 397.8 | -5.157
3 57.3 398.0 406.3 | 402.1 | -4.945 | 1.67x107"| 8.33x10?
397.8 405.8 | 401.9 | -4.922

393.0 402.1 |396.7 | -5.283
398.0 405.0 | 401.2 | -5.953
5 45.1 398.0 405.0 | 4012 | -5.724 | 1.67x10"| 8.33x10
398.1 404.7 | 401.1 | -5.267
397.9 404.6 | 401.0 | -5.224

During the third heating, starts and end temperatures of transformation
decreases.
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Fig. 3 — DSC charts for three thermal cycles.

The sample cycle five times keep the same trend of moving sites peak
at higher temperatures in cycle two, three and four, followed by the lest heating
they decreases. These observations are confirmed by the values listed in Table
1. From Table 1 observed after five heating A;decreases with 4.9K and A with
2.5K.
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Fig. 4 — DSC charts for five thermal cycles.

Also is obvious a decrease in peak intensity. Two main causes could
be the origin of this degradation of thermal memory cause by thermal
cycling: the lack of thermally induced martensite or the formation of
stabilized martensite.

3. Conclusion

A hot-rolled water quenched Cu-15 Zn-6 Al (mass. %) SMA, with
self-accommodated thermoelastic martensite structure, experienced cyclic
reversion to austenite during two, three and five series of consecutive
thermal cyclings, comprising controlled heating up to 453K, with a heating
rate 1.67x10-1 K-sec' isothermal maintaining for 180 sec and a cooling rate
of 8.33x107 K-sec™.

The peaks are changed in two manners during thermal cycling: 1 -
they tend to move to larger temperatures and to increase in intensity during
the second cycling series and 2 - they tend to move to lower temperatures
and to become less intense, up to total extinction, during the third and fifth
cycling series.
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EFECTELE CICLARII ASUPRA REVERSIEI MARTENSITEI iN AMF PE
BAZA DE Cu

Pentru acest experiment dintr-o bara de aliaj cu memoria formei pe baza de Cu
au fost tdiate 3 fragmente si supuse Incalzirii cu ajutorul unui calorimetru cu scanare
diferentiala DSC F3 Maia. Dupd ce probele au fost slefuite pentru a indeparta orice
urma de impuritate, acestea au fost incélzite pana la temperatura de 453K cu o viteza de
incalzire de 1.67x10"" K-sec” si supuse ciclarilor termice dupd cum urmeazi: prima
proba a fost supusa la doua cicluri termice, a doua proba a fost supusa la trei cicluri
termice iar ultima la cinci cicluri termice. In toate cazurile, in timpul incalzirii a fost
observat un peak endotermic care corespunde reversiei martensitei. Graficele DSC au
fost analizate cu software-ul Proteus.
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Abstract. Electrochemically hydroxyapatite coating can be a good cover for
implants if it is found a perfect combination of parameters during the producing process.

Key words: hydroxyapatite, titanium substrate, dissolution, electrodeposition.

1. Introduction

Over the years research has been conducted for the purpose of finding a
methods bone replacement Metallic biomaterials have increasingly gained
ground because of their special properties used to make ortopedic, dentare as
well as neural and cardiovascular implants [1].

However, the lack of a full compatibility with the physiological
environment, the corrosion susceptibility, mechanical properties with the
skeletal properties make that these metallic biomaterials to be used like
substrate covered with various ceramics that complete disadvantages above.
Titanium has the advantage of passivation being able to acquire a TiO,
layer [2].

The purpose of this project is to prepare the surfaces before the
electrochemical deposition of hydroxyapatite paying special attention to the
influence of surface roughness on the hydroxyapatite layer.The present paper to
improve the TigAl,V alloy sublayer and in the implicitly the electrochemically
deposited hydroxyapatite, as well as for test resistance of the hydroxyapatite
deposited layer by dissolution in distilled water and phosphate buffer saline
solution. All experiments has been conducted at Surface Engineering
Laboratory Strasbourg, National Institute of Applied Sciences, Strasbourg,
France (INSA Strasbourg, France).
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2. Experimental

The method chosen was the electrochemical deposition, an
inexpensive method of producing the hydroxyapatite. The sample preparation
consists of the following steps: cutting, integration in ‘“bakelita”, polishing
(with abrasive paper between 600, 1200, 2400, 4000 granulation respectively),
ultrasound cleaning, electrochemical pickling (using NaOH) [3]. All these
steps are very important for a good quality of HAp deposition because each
flaw or impurity of the surface can affect the hydroxyapatite layers
morphology and/or mechanical properties.The surface morphology is a very
important criterion. For the hydroxyapatite the following parameters have
been used: Eliaz’s solution, temperature 90°C, no steering for 30 minutes,
potential (-lmmA), deposition time 1 h and 2 h and 3 h respectively, all
parameters are constant throughout the process.

Hydroxyapatite dissolution in aqueous system is governed by the mass
action law and concentration law. Hydroxyapatite dissolution can be
performed both in distillated water and PBS -Cl, 0.6g KCI, 3.6g
Na2HPO4,0.6gKH2PO4-(physiological serum).Many inorganic biomaterials
like HAp have been used as a biological model for mineralization and
demineralization.Most studies claim that the dissolution is a spontanecous
process which continue until the balance is reached or until all the phases
solid disappear [4].

It is well known that crystallization is not spontaneous until nucleus or
the displacement source from the crystal surface reaches a critical size or until
conduction force (over the saturation) is big enough. Similarly, the
hydroxyapatite dissolution is accompanied by hole formation in the area
throughout all the stages of dissolution. When the size of the dissolved
crystals approaches the critical value for the active holes, the dissolution may
stop .Only holes that are larger than the critical size contribute to dissolution.

Morphology and growth of hydroxyapatite coating have been
observed by Scanning Electron Microscope (Philips 30FEG Environnement).
The chemical composition and hydroxyapatite crystals orientation have been
studied with X-ray diffraction under grazing incidence [5]. Hydroxyapatite
coating stability has been analyzed by dissolution in distilled water and
phosphate buffer saline (PBS) for 1 hour and filing evidence 2 hour. Topographic
studies were performed with profilometer (Logiciel Micromesure 2).

3. Results and Discussions
3.1. Before Dissolution Process

Both representations show that the surface is nearly smooth, without
irregularities.
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Fig. 1 — Ti alloy surface: a — 2D profile; » — 3D.

Fig. 2 — SEM analysis for 1h deposition sample: @ — Chimical composition for 1h
sample deposition; b — Sample section for 1 h.

The crystals had accicular shape. The 30 minutes without steering
during the deposition process is cell growth time. Ratio Ca / P is 1.28 and Ti is
present in big quantities. The deposition time is very short until the surface is
fully cover with Ti alloy sublayer. After determining the quantity ratio of Ca/P
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by EDX, the analysis shown that the report for hydroxyapatite is not the specific
ratio of 1,67.

Fig. 3 — SEM analysis for 2h deposition sample: @ — Chimical composition for 2h
sample deposition; b — Sample section for 2 h.

3.2. After Dissolution Process
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Fig. 4 — Sample after dissolution in phosphate buffer saline solution (SEM).
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After 2h, deposition Ca and P quantity are important. Titanium
sublayer is covered and the report Ca/P is 1.46. Forma crystal is needle with
various orientations. After dissolution in water for seven days report the
Ca/P 2.14.

SABD T EORV .  NTBEg  WD 8 0man - Tam WD 80mm

Fig. 5 — Sample after dissolution in distilated water.

The crystals have a needle shape and there are several flower-shaped
crystals. Their different sizes and their tips are rounded. Orientation of the
crystals is oblique or perpendicular. After dissolution, crystals can have
perpendicular and inclined orientation. After a period of seven days dissolution
in phosphate buffer saline, the Ca/P ratio is 2.29 higher compared with the
dissolution sample in distilled water.

Fig. 6 — Sample after dissolution in phosphate solution.

All crystals have a rounded shape with oblique and perpendicular
orientation needle peaks. Contrary to distilled water sample dissolution, the
dissolution sample in phosphate buffer saline solution does not submit drill
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crystal flowers.

This study was performed with samples of phosphate buffer saline
solution and distilled water each time set. It may be noted that both the
amount of Ca> " and PO, in the beginning is increased.
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Fig. 7 — Ca*" and PO,* after dissolution in distilled water
and phosphate buffer saline solution: @ — Ca>" Analysis;
b—PO,” analysis.
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Followed by stagnation and then a reprecipitation. It can be said that
two behaviors are similar. But small differences can be observed: in the
figure a) the amount of calcium ions is slightly higher at a time close to 100
hours for dissolution in water while the dissolution in saline can letup; in
figure b) representation around the same time the 100 hours amount of PO,*"
is higher for saline solution while the amount of PO,” in distilled water
drops.

4. Conclusions

Electrochemical deposition is an available technique to achieve a
uniform hydroxyapatite coating while having an ideal structure to cover the
implant, if it can be found a perfect combination of parameters and the suitably
roughness. Roughness has a large influence on the appearance, form and
orientation of particles produced by deposition.

Hydroxyapatite obtained by electrochemical deposition is a distribution
of crystals of "nails" and "petals". Obviously, there are treatment for reducing
crystal size by "crushing" to get a structure that allows growth cell, but
unfortunately this type of treatment increases the production cost of
hydroxyapatite and also outgoings implant.
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CERCETARE PRIVIND PREGATIREA IMPLANTURILOR PROTETICE
(Rezumat)

In aceasta lucrare a fost utilizat aliajul Ti6Al4V ca substrat pentru depunerea
de hidroxiapatitd pe cale electrochimicd. S-au efectuat studii de disolutie a
hidroxiapatitei in apa distilatd si solutie salind de fosfat. Aliajul de TisAl,V poate fi
considerat aliajul biomedical standard. Obiectivul acestui proiect este focusat asupra
pregatirii suprafetelor inainte de depunerea electochimica a hidroxiapatitei in special
influenta rugozitatii asupra startului de hidroxiapatitdi. Dupd depunerea de
hidroxiapatitd, probele au fost analizate cu difractie de raze X, analizd SEM,
microscopie opticd precum si inainte de depunere prin profilometrie §i microscopie
optica. Depunerile de hidroxiapatitd realizate pe substartul de TigcAlyV au fost realizate
pentru protezele de sold.
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WHAT IS SUBMITTED BY CHEMICAL VAPOR (C-CVD)?
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IRINA-ELENA SURDU and DAN-GELU GALUSCA

Abstract: Analyzing the evolution process of chemical vapour deposition from the
beginning until the present stage. Chemical vapour deposition (CVD) is a chemical
process used to produce high-purity, high-performance solid materials. The process is
often used in the semiconductor industry to produce thin films. In a typical CVD process,
the wafer (substrate) is exposed to one or more volatile precursors, which react and/or
decompose on the substrate surface to produce the desired deposit.

Key words: deposition, cvd, layers, gas mixt.

1. Definition and Purpose Type CVD Layers

The parts required to wear, for which lubrication is not possible or not
recommended, and for heavy tools required to wear and corrosion, classical
thermo chemical fail to obtain sufficient durability in exploitation of.
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Fig. 1 — Chemical Vapour Deposition (CVD).
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As a result, have developed a number of new active surface layers of
protection against wear and corrosion applications for known CVD layer
generic Chemical Vapor Deposition.

Chemical vapour deposition is a part of physical vapour deposit. The
time difference between PVD and CVD was blurred due to the emergence of
new technologies. Chemical vapour deposition include spraying, coating ion
coating low pressure chemical vapour, laser coating, reactive evaporation, ion
beam, laser evaporation and other variations.

2. Deposit CVD: Theoretical Principles

Variants differ by converting gas to reactive gas mixtures. In a CVD
process reactant gas mixture contacts the part surface. The gases are heated to
form a reactive gas mixture.

The coating is made of another material known as reactive vapours can
be dispersed as solid or liquid gas. The gases are introduced into the chamber at
normal pressure and temperature, while the solids and liquids at temperatures
and high pressures. Inside the enclosure parts get energy to facilitate reaction
with carrier gas.

The main stages in the CVD process are:

 the formation of reactive gas mixtures;

+ the transport of reactant gas to the surface of the piece;

 the reactants absorption layer;

* the reaction to absorb the layer forming the deposit.

Surface treatment is very important Vapour Deposition and particularly
CVD. Primary treatment involves the use of chemical and mechanical means
before submission reactor parts.
The piece should be cleaned before submission and reactor chamber must also
be clean, sealed, no dust and moisture. Cleaning is done with ultrasound and
vapour degreasing to increase adherence with Vapour polishing is required.

During the coating process operators must maintain the area clean to
prevent accumulation of particles. Manufacturers use acid or low concentration
gas to clean the oxide layers that formed during the preheating.

Final treatment may include heat treatment to facilitate diffusion of coating
material. Companies use CVD for corrosion resistance and wear. CVD is used
mainly to obtain specific properties that are difficult to obtain by other
processes. CVD process is important because the ability to control the
microstructure of the material stored.

Microstructure CVD deposits depends on the chemical mixture, the
energy of atoms, ions or molecular fragment, chemical properties of the surface,
the surface of the piece, temperature part, the presence or absence of a current
play. The metals used are: Ni, W, Cr, Ti carbide.
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Firms also use CVD to create films, coatings, powders, composite
materials, bodies, spherical particles, filaments and whiskers. Most applications
are in electronics, optics, Optoelectronic, photovoltaic and chemical industry.
Starting costs are high.

Technology for obtaining such layers on the metal surface consists in
passing over this area, heated in a watertight enclosure relatively radiates
temperatures, a reactant gas mixture, which contains the chemical elements of
the layer in the form of volatile chemicals.

In the role of protective layers to wear, the gas mixture generally
confines vapours of a volatile campus of a transition metal. This chemical
compound is usually a metal halide that, playing the role of donor metal.

The complete chemical reactions that occur at process temperatures
between donors (donors) of metal, gas mixture and other metal parts inside the
area on the surface precipitation type layer CVD.

Regarding the nature of type CVD layers, they can be made of pure
metals or their compounds harsh, such as carbides, nitrides, borides or oxides.
CVD layers are compounds that make up metal type - non-metals, characterized
by hardness and/or refractory high.

Precipitation layer of CVD gas mixture inside the normal pressure can
occur (rarely) or subatmospheric pressure (usually vacuum field coarse or fine).
In most CVD processes, maintaining temperature at which the growth layer is
set within the area 900 - 1100°C, but there are processes that occur later in
lower temperatures (500 to 700°C).

In CVD processes, diffusion phenomena at the interface layer-based
material are reduced in weight, they are manifested mainly by finding some of
the alloying elements of the basic material in the layer. Therefore, it is believed
that CVD layers are layers of additive.

In this area we are using the term originating from the galvanic
deposition technique. Thus, the process for obtaining layer is often called filing
or CVD coating and parts to cover are called substrates.

3. Procedures for Obtaining Layers CVD

The principles of process to obtain high-temperature CVD layers.

In chronological order, first appeared was the CVD process which takes
place at high temperatures, the process is named HT - CVD (High Temperature
Chemical Vapour Deposition). As the CVD layers used for protection against
wear than are those consisting of carbides, nitrides and cabinetries of titanium,
the conduct of trials in HT-CVD process will be exemplified below for CVD
layers of this type.

General reaction which occurs in HT-CVD processes can be written as:

(D) MEX metalloid donor H2 «» Men (Cx, NY, Bz, Ow)
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where:

Me = transition metal, respectively (in this case titanium)

X = halogen (CL, I, Br, etc.).

n, X, y, Z, w = index chemical compound of the formula that (carbide,
nitride, boride or oxide).

Donors non-metal consists of a gaseous compound or a mixture of
gases, which assigns appropriate non-metallic layer formation (nitrogen for
nitrides, carbon carbide, etc.). Donors of metalloids used more frequently in the
HT-CVD techniques are CmHn gaseous hydrocarbons (mainly methane CHy),
molecular nitrogen N,, carbon monoxide CO, carbon dioxide CO,, etc. BCl;
boron trichloride.

If the layer is formed only by titanium carbide, the general reaction (1)
becomes:

) 2TiCl, N, 4 H, <> 2TiN 8HCI

The reaction occurs at temperatures above 1000°C, in atmosphere with excess
hydrogen. It is likely that this high-temperature reaction as:

3) 2AICl; +3CO; + 3H; <> A1,05 +3CO + 6HCI

which justify the beneficial effect of excess H, on reaction kinetics. Apparent
from these reactions result in a reaction product corrosive hydrochloric acid.
Moreover, in almost all CVD processes also result corrosive nature-products,
such as halogenated acids and chlorides. This installation requires execution
components of filing of stainless materials and neutralization of exhaust gases
from the process.

Customizing reaction (1) to obtain layers of nitrides, titanium carbide
respectively, becomes:

4) 2TiCly + N, + 4H, <> 2TiN + 8HCI
to deposit layers of aluminium oxide, the reaction is:
5) 2TiCly + CH4 + N, + 2H, <> 2TiN (Cx, NY) + 8HCI

As you can see, all these reactions, hydrogen plays an important role. In
addition to chemical reactions between metal halides and gaseous compounds
with non-metal role of donors in CVD processes is involved in other types of

chemical reactions:

(6) 2AICl 5+ 3CO, + 3H, <> AL, O3 +3CO + 6 HCI
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a) Reactions of thermal decomposition (pyrolysis)

In this case, a gaseous compound, unstable temperature deposit, decays.
Such reactions may occur as side effects or even the main reactions of
submission. One example is the deposition of carbon by methane decomposition
at temperatures above 1000°C:

(7 CH, < [C] +2H,

b) Reactions with hydrogen reduction. This is to reduce the metal halide
with hydrogen at high temperatures. They are used for CVD deposition of
layers consisting of pure metals (Ti, Ta, W, Zr). One example is the deposition
of Ti by the reaction:

(8) TiCly + 2H, <> [Ti] + 4HC1
¢) Oxidation reactions

Generally occur between volatile compounds of a metal which is
deposited and an oxidizing compound nature (O,, CO,, etc.). Getting silicon
oxide layers from silane is typical for this kind of reaction:

9) SiH, + 20, < [Si0,] + 2H,0

The reactions described above take place in sealed enclosures (wall
reaction tubes warm or cold wall), in which production processes of heat and
mass transfer specific CVD technology. The complete process takes place in
different areas in relation to the play area, presented schematically in Fig. 2.

Fig. 2 — Schematic representation of mass and heat transfer in CVD processes.
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Of these areas, the fundamental role in the processes of mass transfer
boundary layer plays, which is defined as the area adjacent to the substrate
surface, where gas differ in speed, chemical composition and temperature of the
atmosphere from the rest of the enclosure.

Mass transfer processes taking place at the deposition by CVD is
illustrated in Fig. 2. One can distinguish the following stages of filing:

- transport of reactants to the boundary layer (1), caused by convection;

- transport of reactants through the boundary layer (2), the phenomena
of diffusion in the gas;

- processes in gas-solid interface (adsorption, germination and
phenomena of rearrangement ions and atoms);

- proper growth of the crystals;

- desertion of reaction products (4);

- transport of the product gaseous reaction flask back in the atmosphere
(5).

As you can see the main chemical reactions of type (1) above, they are
characterized by being mixed reactions, with increasing the number of moles.
Therefore, low pressure in the calibrated, the values below the atmospheric
pressure will favour the production of these reactions in the desired direction,
however, unlike other deposits, the type CVD technology is used only a coarse
vacuum pressure in the flask during deposit generally ranging between 200 and
800 mbar abs.

A prerequisite for the success of any deposition by CVD is a reaction
using high purity gases. Thus, an impurity gas only 3 + 6 ppm oxygen or water
vapor leads to surface oxidation of substrates inside the vacuum, leading in turn
to lack of adhesion between coating and substrate.

4. Conditions Imposed Substrates and CVD Layers Properties

Substrate on the carrying place submission must meet the condition that
the structure does not change irreversibly deposit temperature and possess
sufficient corrosion resistance against the gases used in the process. To obtain a
good adhesion of the layer, it is necessary that the substrate surface to be
smooth and clean. In general, this area is subject, before filing several stages of
cleaning, the last of which took place in the ultrasonic bath. Another condition
is compatibility between the coating and substrate.

The set consists of layer and substrate is a true composite. Different
expansion coefficients of layer and substrate are responsible for the internal
tensions that arise from the cooling temperature and requests submission of the
composite thermal shock.

Differences too large expansion coefficients in the layer give rise to a
specific defect called “craquelure” which consists of a network of fine cracks.
He does not mind very much in those applications where wear is not
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accompanied by corrosion. Regarding the shape of the substrate by CVD
processes may be covered with layers of high uniformity complex geometry
parts including the inner surfaces of fine holes.

Intermetallic compounds, which form the most common layers
deposited by CVD are titanium carbide (TIC), titanium nitrides (TiN),
chromium carbide (Cr;Cs), tungsten carbide (W2C), aluminium oxide (Al,O53),
iron boride (FexB) and silicon carbide (SiC). All these deposits have
thicknesses ranging from 2 to 10 layers such p.m. is characterized by a series of
specific properties. Of these, the most remarkable is the hardness, which is in
most cases large and very large values.

Resistances to oxidation of the fuels are different. Chromium carbide
and silicon are stable to oxidation until at least 1000°C, while the titanium
carbide to the tungsten and titanium nitrides, oxidation starts already at 540°C.

Tribological behavior of CVD layers is strongly dependent on the
material layer on the surface, the hardness of his nature and the couple of
materials. The friction abrasive solids the lower friction coefficients present
titanium carbide and iron boride largest, as seen from Table 1. In conditions of
mixed friction, all couples of materials have low coefficients of friction, but
large differences occurred in what the limit of application.

Hardness CVD layers and their low tendency to cold weld formation for
obtaining a very high wear resistant type adhesive.

Table 1
Wear and Friction Coefficients of CVD Hard Material Layers

Type abrasive friction beiween solids (2.5N)  |Rubhing a conposite (S0N)

Attrition rate Attrition rate Pregnancy failure N
Type layer L L

10 yun? /m 10 yum? /m
[ron borides <0.1 0.35-040 15 0.09 = 200
Titanium cathide |14 0.11-0.13 10 0.09 > 2400
Titanium nitides 0.3 0.17-021 0.1 - 006 |1000- 1700
Chromium catbide (2.3 0.30-0.50 |5.9 008 > 2400

Cutting removable cover plates with layers of ICT monophasic, TiN
and Ti (C, N) with thicknesses of 3 + 6 microns has allowed improving their
sustainability 3 + 5 times, and covering them with double layers, composed
of a phase 3 + 6 microns in ICT and a phase 1 + 3 im in Al,O; allowed
increasing the sustainability even of 8-10 times compared to uncoated plates.

Corrosion protection exerted by the layers obtained by CVD depends
on their porosity and the extent to which these layers are cracked. TiN layers
deposited by, although CVD cutting tool gives a high resistance to wear,
does not protect the substrate against corrosion requests. Therefore, it is
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recommended their use in aggressive environments where pitting occurs
frequently. The cause of this adverse reaction is that transition metal nitrides
are more electrochemically noble than steel substrate on which they are
applied. In itself, the material deposited (TiN) is highly resistant to
corrosion and acts as a noble metal. Unfortunately, just because of this,
small layer flaws inherent listed by leading to the formation of local
galvanic cells between layer and substrate material less noble steel.
Therefore, local substrate can be attacked unless nai chemical deposition of
TiN is missing. These effects are illustrated in Fig. 3. This raises the effect
of detachment of the layer, which annihilate its good mechanical properties.

Porosity layers deposited in vacuum is an inherent consequence of
the process of atomic layer growth during submission. After germination,
clusters with different orientations simultaneously grow and accommodate
mismatches network is realized by the appearance of tension gradient, the
areas of defects and vacancies.

If some vacancies are merged, may form microspore. Of course, the
greater the size of species condenses the more big pores. If a por extends
from substrate to the surface, it is called por entered, and if not, por open.

increase service life

or
cathodic
substrate
=
ano dic
- s

protective film

Y

- cathodic

anodic deposition

deposition

Fig. 3 — Coupling Anodic - cathodes parts covered by a CVD.

In general, macroscopic defects are as a consequence of the surface
layer defects, which are responsible for most of the porosity of deposit,
although usually these pores are not entered. Local cracks in rosette or local
detachment of the layer named ,,macro porosity”.
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5. Conclusions

Hard layers for tribological purposes

The HT-CVD processes, is getting tough layers of ICT, TiN and
Al,O5 on sintered carbide tools. Since 1980, we achieved the ICT and TiN
deposition by low temperature CVD processes (MOCVD, PACVD) and high
alloyed tool steels. The increase in the durability of tools for different types
of layers deposited by CVD processes.

O items also special tribological properties of CVD deposition,
published recently, is represented by soft layers with high adhesion to
substrate, which have lubricating effect, characterized by low coefficients of
friction and their affinities reduced compared to alloying elements. In this
category are a series of monometallic layers, such as Al, Ti, Cu, precious
metals.
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9]

CE ESTE DEPUNEREA CHIMICA DE VAPORI (C-CVD)?
(Rezumat)

Analizdnd evolutia procesului de depunere chimica de vapori de la inceput
pand la etapa actuald. Depunerea chimicd de vapori (CVD) este un proces chimic
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utilizat pentru producerea de puritate inalta, materiale de 1naltd performantd. Procesul
este adesea utilizat in industria de semiconductori pentru a produce filme subtiri. Intr-un
proces tipic CVD, substratul este expus la unul sau mai multi precursori volatile, care
reactioneaza si/sau se descompune pe suprafata substratului pentru producerea

depozitului dorit.



