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MORPHOLOGIC CHARACTERISATION OF
SOME THIN ZINC PHOSPHATE LAYERS

BY
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Abstract: The paper presents the surface morphologic characterization of
some thin phosphate layers on iron support. In study were involved SEM and 3D
optical profilometry in order to evaluate the compactness and uniformity of the
layers which are directly connected to the corrosion resistance of the samples.

Keywords: zinc phosphate layers; SEM; profilometry; particle size.

1. Introduction

As surface treatment on iron substrates, Zn phosphating is one of the
most widely used. Acid aqueous phosphate solutions containing zinc ions and
phosphoric acid are used (Amirudin & Thierry, 1996; Ghali & Potvin, 1972;
Rausch 1990). The phosphate coating develops via the nucleation, growth, and
coalescence of zinc phosphate grains. The corrosion resistance of the phosphate
coating is related to the size and population density of pores in the coating; that

* Corresponding author: e-mail: andrew_viktor@yahoo.com
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is, the pores provide a path for corrosion attack (Banczek et al., 2009; Flis et al.,
1997; Zimmermann et al., 2003). In the anodic area Fe?" ions are formed (from
the support) and contribute to the formation the primary layer of zinc
pyrophosphate, the resulted crystalline structures becoming inert to oxidative
processes (Bejinariu et al., 2009; Sandu et al., 2010; Sandu & Bejinariu, 2010).

The article’s aim is to characterize the surface morphology of the
obtained zinc phosphate layers deposited on steel.

2. Materials and Methods

The sample plates (round with a diameter of 20 mm) used are mild steel
DC 01 type, (SR EN 10130), used for plastic processing. Different solutions
were obtained and the samples were named as following: P1, P2, P3 and P4.

First all the samples were degreased in mild alkaline bath (10 min)
followed by pickling in an acid solution (20 min) and then immersion in the
phosphate bath. For P1, the phosphatation solution, 1 L contains 8.2 mL H;PO,
98%, Zn 4g, 2.5 mL HNO; 60%, 0.7g NaOH, 0.4g NaNO,, 0.05g Na;P;0,,. For
S2 sample was used the phosphatation solution adding 2g of
hexamethylenetetramine. For S3 10 g of tannin and for S4 1 g of hexamethyle-
netetramine and 5 g of tannin were added. All samples were merged for 30 mins
in the solutions kept at 80°C.

The researches have been carried out with a SEM VEGA II LSH
scanning electron microscope manufactured by the TESCAN Co., the Czech
Republic, coupled with an EDX QUANTAX QX2 detector manufactured by the
BRUKER/ROENTEC Co., Germany.

For the optical profiles an 3D optical profilometer AltiSurf 500 was
used. The selected areas were 2 by 2 mm.

3. Results and Discussion

In the images from Fig. 1, it can be observed the 3D surface profile of
the sample surfaces, with the uniformity of the layers. Samples P1 and P3 have
a very uniform structure, compared to the P2 and P4 ones.

In Fig. 2 we have the SEM images of the surface of the samples, where
we can observe a clear dendritic structure for the samples P1, P2 and P3 and an
non-uniformous structure on P4, where we can see also impurities.
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Fig. 3 presents the particle distribution on the phosphate layers.
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Fig. 3 — Particle Distribution (peaks/mm?).

For sample P1 and P3 the graph has a Gaussian shape and the average
dimension of the surface components is much lower and uniform. The samples
P2 and P4 present particles with higher dimensions, this having a negative
impact on the uniformity and compactness of the layer.

In Table 1 are shown for each sample on a surface of 4 mm?® the number
of particles, their average height and the average surface.

Table 1
Number of Particles and Their Average Height and Surface on 4 mm’
Sample Number of Average Average
particles height, [um] | surface, [mm’]
Pl 517 2.17 7.7 x 107
P2 340 3.09 11.8 x 10°
P3 450 2.41 8.8 x 10~
P4 400 4.81 10.1 x 10”

It is obvious that P1 sample has the finest and the most uniform
structure, followed by P3 and P2. The P4 samples present big difference
between the surface structure peaks.
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3. Conclusions

From the SEM images and the 3D profilometry we can observe that
sample P1 and P3 present a very compact and uniform structures, with small
particles and no impurities. This causes a better corrosion resistance due to the
low porosity of the layers.

The P2 sample even though presents a dendritic structure, the average
size of structure components is much larger and impurities are presented on
surface. P4 sample doesn’t have an uniform structure, with very large particles
sporadically distributed.
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CARACTERIZAREA MORFOLOGICA A UNOR
STRATURI SUBTIRI DE FOSFATI DE ZINC

(Rezumat)

Se prezintd caracterizarea morfologicd a suprafetei unor straturi subtiri
fosfatate pe support de fier. In studiu s-a apelat la microscopia electronica si la
profilometria optica 3D In vederea evaludrii compactitatii si uniformitatii straturilor,
care sunt direct legate de rezistenta la coroziune a probelor.
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Abstract: In medicine, the biocompatibility requires an interaction
between the material and the body. The placement of a restoration into the oral
cavity creates an interface between the material and the tissues adjacent to the
material. The interface exists, it is active and dynamic, involving two-way
interactions that allow the tissue to influence the material or vice versa. In dental
practice there are a number of possible biological reactions to dental materials
(toxic reactions, inflammatory reactions, allergic reactions, mutagenic reactions).
The use of materials to restore damaged or lost tooth structure creates
specialized environments in which the biocompatibility of the material is of
central importance for the long-term survival of the restoration. Three types of
tests, considered basic, are used to measure the biocompatibility of the dental
materials: the in vitro test, the animal test, the usage test performed either in
animals or in humans. In practice, no material can be shown to be 100% safe or
risk-free. The dentist must recognize that the use of materials in the oral cavity
requires a risk-benefit analysis. Only the use of biocompatible materials can
assure the success of the dental treatment.

Keywords: dental materials; biocompatibility; biological reactions.
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In medicine, the biocompatibility requires an interaction between the
material and the body. Placement of a material in the body creates an interface
that usually is not present. This interface that appeared is not a static one but, on
the contrary, it is the site of numerous dynamic interactions between the
material and the body through which the body is possible to alter the material or
the material may alter the body.

The dynamics of the mentioned interactions will determine:

a) the biological response to the material;

b) the ability of the material to survive or resist degradation or corrosion
in the body.

In reality, every biological interface is active, and therefore it is not
possible to have a material that is inert.

The activity of this interface depends on different factors: the location
of the material, the duration of the material in the body, the properties of the
material and health of the host.

The placement of a restoration into the oral cavity creates an interface
between the material and the tissues adjacent to the material. The interface
exists, it is active and dynamic, involving two-way interactions that allow the
tissue to influence the material or vice versa.

In dental practice there are a number of possible biological reactions to
dental materials. These reactions have been classified classically into: toxic
reactions; inflammatory reactions; allergic reactions; mutagenic reactions.

There are two important factors that appear implicated in determining
the biocompatibility of a material.

The first factor involves the various types of metal corrosion / other
types of material degradation. Corrosion results in the release of substances
from a material into the host. The release can take many forms and may be
caused by many factors. The biological response to the corrosion products
depends on the amount, composition, and form of these products, as well as
their location in tissues. Corrosion may be visible or invisible to the naked eye,
but it is ongoing for every dental material at some level.

Corrosion is determined by the material’s composition and by the
biological environment in contact with the material. The biological forces that
influence corrosion may be specific to an individual or they may be common to
all individuals. In any case, it is the biological interface that creates the
conditions for corrosion. This interface is active and dynamic, with the material
affecting the body and the body affecting the material.

The second important factor which affects the biocompatibility of a
material is represented by the characteristics of his surface. Research has shown
for all materials that the surface of the material is quite different than its interior
region. The surface is the part of a material that the body can see, the surface
composition, roughness, mechanical properties, and chemical properties are
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critical to the biocompatibility of the material. The surface characteristics may
affect the corrosion properties of a material, or they may influence
biocompatibility in other ways.

The surface can also affect negatively the biological response. For
numerous materials, a rough surface promotes corrosion. If the corrosion
products have adverse effects, then toughness is not desirable. Roughness may
also promote the adherence of bacteria and promote periodontal inflammation
or teeth decay. The chemical properties of a surface may also hinder the
biological response.

Several aspects of oral anatomy influence the biocompatibility of dental
restorative materials. The anatomy of the tooth, the periodontal attachment, and
the periapical environment has profound influences on the biological response
to materials, and all are sites of interface between materials and tissues in
dentistry.

The use of materials to restore damaged/lost tooth structure creates
specialized environments in which the biocompatibility of the material is of
central importance to the long-term survival of the dental restoration.

Three types of tests, considered basic, are used to measure the
biocompatibility of the dental materials: the in vitro test; the animal test; the
usage test performed either in animals or in humans.

Each test has different advantages and disadvantages; each test is used
to some extent to evaluate a material before it may be sold on market. Not a
single test can accurately estimate the biological response to a material and that
considerable controversy exists about the appropriate mixture of the three basic
types of tests.

In vitro tests, realized outside of an organism, historically, have been
used as the first screening test to evaluate a new material. In vitro tests may be
conducted in a test tube cell-culture dish, flask /other container, but they are
performed separately from an intact organism. The material is placed into
contact with some biological system (eg mammalian cells, cellular organelles,
tissues, bacteria, or some sort of enzyme). The contact between material and the
biological system may be direct (involves the exposure of the material directly
with the biological system) or indirect (occurs through a barrier such as agar, a
membrane filter / dentin).

In vitro tests can be subdivided into tests that measure cell growth or
death, those that determine cellular function of some type, and those that
evaluate the integrity of the genetic material of the cell.

In vitro tests have numerous advantages over animal or usage tests: are
relatively fast, inexpensive, easily standardized, may be used for larger-scale
screening than can either animal or usage tests. Conditions for these tests can be
tightly controlled to provide the highest quality of scientific rigor. The
disadvantage of in vitro tests is represented by their potential lack of relevance
to the in vivo use of the material.
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The animal tests place a material into an intact organism of an common
animal (mice, rats, hamsters, ferrets, or guinea pigs) but many other types of
animals have been used (eg sheep, monkeys, baboons, pigs, cats, and dogs).

Pulp studies and animal tests are distinct from in vitro tests. In the latter
tests, an animal intact is used rather than cells/tissues from an animal. Animal
tests are distinct from usage tests in that animal tests expose the animal to the
material without regard to the material's final use.

The animal tests can be subdivided into several types: short-term or
long-term systemic toxicity, exposure to intact or abraded membranes, and
immune sensitization or bone response. There are also animal tests for
mutagenicity, carcinogenicity and other specialized conditions.

The advantage of an animal test is its ability to allow an intact
biological system to respond to a material. The material may interact with the
many complex biological systems within the animal and a more complete
biological response is therefore measured.

The animal tests are expensive and difficult to control, may take many
months/even years to complete, depending on the species used. These tests are
controversial because of ethical concerns about proper animal treatment. The
relevance of an animal test is often questioned because of concerns about the
ability of any animal species used to adequately represent the human species.
The animal tests provide an important bridge between the in vitro environment
and the clinical use of the material.

The usage tests are performed in animals/humans and require that the
material should be placed in an environment clinically relevant to the use of the
material in clinical practice.

If the test is realized in humans, is called “clinical trial” rather than a
usage test. The choice of animals for a usage test will be more limited than for
an animal test. Not all species can be used for all clinical situations because of
the size or anatomy of a given species. Thus usage tests are more likely to be
performed on larger animals with anatomy that more closely resembles that of
humans. The relevance of a usage test to clinical practice is potentially high by
definition. However, the ultimate relevance of a usage test depends directly on
the quality with which the test mimics the clinical use of the material in terms of
time area, clinical environment, and placement technique.

The human clinical trial is therefore the "gold standard" of usage tests
and is the standard by which in vitro and animal tests are judged.

The usage tests have disadvantages: are very complex and difficult to
perform in terms of experimental control and interpretation, are exceptionally
expensive (if humans are to be used, must be obtained approval for clinical trial,
from an Institutional Review Board), the time required for these tests may
stretch from months to years if data on the long-term performance of a material
are desired. Finally, human usage tests may involve many legal liabilities and
issues that are not factors for animal and in vitro tests.



Bul. Inst. Polit. Tasi, t. LVIIT (LXII), f. 1, 2012 19

Generally, not a single test is used to evaluate the biocompatibility of a
new material. Must be used together: in vitro, animal and usage tests.Three
phases are generally recognized in the testing of a new biomaterial: primary,
secondary, and usage.

Primary tests are performed initially in the testing of a new material;
these tests are often in vitro in nature. Primary tests might also include some
animal tests to measure systemic toxicity.

Secondary tests are almost always conducted in animals. These tests
explore beyond toxicity/mutagenicity toward issues such as allergy,
inflammation and other sub lethal and chronic biological responses. More
sophisticated in vitro tests are being developed for inflammation, estrogenicity,
surface effects, and osteoinduction. that are also secondary in nature.

The testing of a new material is a linear progression from primary to
secondary to usage tests. Primary tests are conducted first and only the materials
that pass these primary tests are tested in the secondary phase. Similarly, only
materials that have favorable results in the secondary tests are subjected to
usage tests.

The ANSI/ADA document 41 for biological testing of dental materials
was updated in 1982 to include tests for mutagenicity. This specification uses
the linear paradigm for materials screening and divides testing into initial,
secondary and usage tests.

The initial tests include in vitro assays for cytotoxicity, red blood cell
membrane lysis, mutagenesis, and carcinogenesis, animal tests for systemic
toxicity by oral ingestion.

Secondary tests include animal tests for inflammatory or immune
responses.

Usage tests include tests for pulpal and bone response. The required
tests for a given material are not listed specifically. Rather, it is up to the
manufacturer to select the tests and defend the selection to the ANSI/ADA and
later to the FDA when applying for approval of the material.

The ISO 10993 document is the international standard for testing the
biocompatibility of materials and is not restricted to dental materials. This
document was first published in 1992, but modified versions are updated
periodically. In 2002, ISO 10993 consisted of 16 parts, each addressing a
different area of biological testing.

Two types of tests are covered in the standard: initial tests for
cytotoxicity, sensitization, and systemic toxicity, and supplementary tests for
chronic toxicity, carcinogenicity, and biodegradation. In addition, some
specialized tests for devices are addressed, such as the dentin barrier test for
restorative dental materials. The initial tests may be in vitro or animal tests,
whereas the supplementary tests are performed on animals or humans. In this
standard, usage tests are part of the supplementary tests. As with the
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ANSI/ADA standard, the selection of tests is left to the manufacturer, who must
then defend this selection upon application for approval.

The standardization of biocompatibility testing of materials has done
much to advance understanding of biocompatibility and to protect the patients.
Because the nature of biologic testing involves innumerable variables,
standardization is critical to the unbiased comparison of results from different
studies. In this sense, standards are very important. Standards have
disadvantages: most of them cannot keep pace with the development of new
scientific information, such as the rapid advance of-cellular and molecular
biological techniques; standards represent a compromise among manufacturers,
academicians, and the lay public; they tend to be developed slowly. Standards
for biological testing are desirable and necessary for scientists, manufacturers,
and patients.

In practice, no material can be shown to be 100% safe or risk-free. The
dentist must recognize that the use of materials in the oral cavity requires a risk-
benefit analysis. Only the use of biocompatible materials can assure the success
of the dental treatment.
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ASPECTE PRIVIND BIOCOMPATIBILITATEA MATERIALELOR UTILIZATE IN
STOMATOLOGIE

(Rezumat)

In medicina, biocompatibilitatea presupune o interactiune intre material si corp.
Aplicarea unei restaurari in cavitatea orala creeaza o interfatd intre material si tesuturile
adiacente acestuia. Interfata existd, este activa si dinamica si implicd doud modalitati de
interactiuni prin care tesutul poate influenta materialul sau viceversa. In practica
stomatologica existd o serie de posibile reactii biologice la materialele dentare (reactii
toxice, reactii inflamatorii, reactii alergice, reactii mutagene). Utilizarea materialelor
pentru refacerea structurilor dentare afectate sau pierdute creeaza medii speciale in care
biocompatibilitatea materialului este primordialda pentru supravietuirea restaurdrii pe
tipuri de teste, considerate de baza: testarea in vitro, testul pe animale, testul de utilizare,
efectuat fie la animale sau la oameni. in practici, nici un material poate fi dovedit a fi
100% sigur sau lipsit de risc. Medicul dentist trebuie sa recunoasca faptul ca utilizarea
materialelor in cavitatea orald necesitd o analiza risc-beneficiu. Numai utilizarea unor
materiale biocompatibile poate asigura succesul tratamentului stomatologic.
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Abstract: The solidification process includes nucleation and growing
steps, each of them are being influenced by specific parameters. According to
some specific condition, nucleation can be homogeneous or heterogeneous and it
will assure the forming condition of a amorphous or crystalline microstructure.

Knowing the values of the technological parameters for spraying it is
possible to determine the growing speed of a sprayed layer through
mathematical calculation or by numerical simulation.

Keywords: thermal spraying; nucleation; crystal morphology; technolo-
gical parameters.

1. Introduction

The solidification process of a thermally sprayed layer begins right after
the contact between the splat and the metallic substrate. The resulting heat will
be released through the cold substrate after it crosses the lamella formed on the
substrate.

* Corresponding author: e-mail: tudor_brian@yahoo.com
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The solidification process of splats may occur:

a) by deformation of the splat from the contact with the substrate
surface;

b) simultaneously with the splat deformation;

¢) before deformation of the splat begins.

The contact surface between the coating and the metallic substrate will
be the initiation spot of the nucleation process. Solidification of the first sprayed
liquid particles will have a heterogeneous character and the grains will grow
like columns.

2. Specific Parameters of Nucleation and Grain Growth

The nucleation process is influenced by two main parameters:
undercooling effect and thermal contact resistance.

The undercooling effect (A7) is represented by the difference between
the theoretical temperature (7, = T;) and real temperature (7,) of the solidifica-
tion process. The undercooling effect of heterogeneous solidification is lower
than the one for homogeneous solidification. Dyshlovenko (Dyshlovenko et al.,
2006) showed that, for hydroxyapatite spraying, if the particles solidify before
they reach the substrate surface the undercooling effect is:

AT=(0.12...0.14) T, (1)

Wilden (Wilden et al., 2001) noticed that dendrite structure formed
through solidification is finer for lower values of undercooling effect.

The thermal contact resistance formed at the interface between splats
and substrate acts as a thermal barrier of latent heat evacuation from the
solidification process. This resistance is characterized by a variation of its value
in different points of the splat/substrate interface but also in different points of
splat/sprayed layer interface (Fig. 1).

ﬁ:l" —?—”:‘ ‘D gt
- 7A = --“‘4-?—— Coating
!l} / / \\ 4—:‘———— Substrate

Symmetric about impact point

Fig. 1 — Curling of the splats surface

Curling with a certain amount (f) of upper and lower part of the splat
surface is determined by a difference of temperature between them.
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2.1. The Morphology of Formed Crystals

According to the cooling speed of the splat mate