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Single Excimer Laser Pulse Ablation on TiO, Surfaces
S. Dinu', C. Oros', G. Dima', C. Stihi', M. Iordan', M. Voicu'

'Physics Department, Faculty of Sciences and Arts,
Valahia University of Targoviste, 18 Unirii Blvd, Targoviste, Romania

Abstract

This paper presents both theoretical and experimental investigations of the surface
temperatures of TiO, thin films under single nanoseconds excimer laser pulse irradiation. The
target’s temperatures were evaluated by solving the one-dimensional heat flow equation in the thin
films approximation. From the measurements of the surface profile, the volume dilatation or depth
of the ablation crater was obtained and, then, the surface’s temperatures were determined in good
correspondence with theoretical results.

Keywords: excimer laser, titanium dioxide, surface temperature

Introduction

Titanium dioxide (T10,) and TiO,-based materials have been extensively studied [1,2]. This
has been driven by their important applications in many fields such as heterogeneous catalysis,
energy storage and transfer, photovoltaic cell production, sensor design, pigment production,
corrosion protection, optical coating, ceramic manufacturing, electric device design, wastewater
purification and selfcleaning coatings. TiO;-based materials exhibit high photo-catalytic activity
and they are good catalysts in solar cell development and the photo-assisted degradation of organic
compounds. TiO; is non-toxic and plays a role in the biocompatibility of bone implants; Co-doped
TiO, is an ideal candidate for spin-based electronic devices. In addition, nanostructured TiO; -
based materials (e.g., nanoparticles [3], nanotubes [4], nanofibers [5], and nanoporous structures
[6]) are currently receiving much attention because of their unique chemical, electronic and
catalytic properties. In this context the study of laser interaction with TiO, thin films are of great
both theoretical and experimental importance.

When a laser irradiates the surface of a solid, the energy may be absorbed. In metals the
optical absorption is usually dominated by free carrier absorption, i.e. electrons in the conduction
band absorb photons and gain higher energy. In semiconductors electrons are excited from the
occupied valence bands to empty conduction band, provided that the photon energy exceeds the
band gap. In dielectrics with band gap larger than the photon energy multiphoton transitions are
necessary to promote electrons from valence band to the conduction band. In all these cases the
timescale of the energy deposition is determined by the laser pulse duration. Following absorption
the optical energy is transferred from electrons to phonons, that is, lattice heating occurs. In
dielectric materials, the laser pulse initially excites electrons to the conduction band there they can
be further excited by free-carrier absorption. During and after the excitation, electron-electron and
electron-phonon scattering occur, resulting in the thermalization of the electron system and the
electrons with the lattice, respectively. In semiconductors and dielectrics photoionization and
electron-electron impact ionization can produce a free electron gas of comparable high density.

In thermal processing with laser radiation energy deposition and heating in a material are a
consequence of the balance between the deposited energy, governed by optical material properties
and characteristics of the laser radiation, and the heat diffusion, determined by thermo-physical
material properties and the interaction time. Many studies made until now for different solid
materials (metals, dielectrics) have shown that the laser intensity of 1~10° +10° W/ecm? produces
only a heating of materials, the laser intensity of 1~10° +10" W/cm? produces the evaporation of
materials, and for the laser intensity of 1~10° +10° W/cm? starts the laser-induced plasma regime.
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Laser ablation of solids with nanosecond pulses of moderate intensity | ~10% =10 W/cm? is widely
used in modern technologies, such us thin film deposition, surface treatment, cluster formation
etc. [7].

This study concerned with an investigation of the TiO; thin film surface temperature, solid
heating and ablation induced by a nanosecond single excimer laser irradiation; to our knowledge
there is not previous studies on this subject reported in the literature.

Experimental method

1. Laser

The experiments were performed with a COMPex 205 KrF excimer laser operating at 248-
nm wavelength. The system is provided with a homogenizer. This laser delivers its energy, E =0.13
J, in a pulse duration of 7,=25 ns (FWHM) with a nearly rectangular beam cross-section spatial
profile. The laser radiation was focused onto the target’s surface with a convergent lens to the
desired spot size and was monitored by well-known methods of diagnostics by scanning the laser
beam with a pinhole in combination with a suitable detector. In order to obtain differed laser
intensities on the target the area of laser spot on the target was modified by changing the lens
position in respect on the target ‘s position, tab. 1. In these conditions the maximum value of laser
intensity was above 10’ W/cm® The maximum rate of repetition for laser shots is 20 Hz. All
experiments were performed by a single laser shot irradiation in air at normal conditions.

Table 1. The experimental laser intensities on the target’s surface

Laser spot | S;=7x13 | S5=6x11.5 | S3=5x9 | S$4=3.25x6 | S5=2.25%x4.25
area S =91 =69 =45 =19.5 =9.56
(mm?)

Laser I I, I3 I4 Is
intensity =0.57x10" | =0.75x107 | =1.15x10" | =2.66x10" | =5.43x10’
I(W/cm?)
2. Targets

TiO;, 100-nm thickness was deposited on glass by magnetron sputtering deposition (MSD),
which is known to produce films with nearly bulk-like refractive indices, low optical losses, and
high laser breakdown thresholds [8]. The coating chamber is an industrial system (TSD 400-CD
HEF&D) with various diagnostic facilities such as optical emission and mass spectrometers. The
target is sputtered in DC mode with an ENI RPG 100 generator. A typical SEM image of TiO; is
given in fig. 1.

)

Fig.1. SEM image of TiO;

Results and discussions

1. Theoretical results

The temperature rises in the target T(z,t) is quantitatively assess using well-know standard
equation for the time-dependent heat flow in a solid [9]. The thermal effects during pulsed
nanosecond laser irradiation can be explored by the solution of the one-dimensional heat flow
equation with non-linear boundary conditions arising due to the formation and movement of the
solid-liquid and vapor-liquid interface:
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where z refers to the direction perpendicular to the plane of the target and t refers to the time. The
terms c(T), R(T) and «(T) represent the temperature dependent specific heat capacity, reflectivity
and absorption coefficient, respectively. I(t) is the time dependent laser intensity striking on the
surface. The one-dimensional nature of the problem is primarily due to the fact that the transverse
dimensions of the laser beam are much larger than the thermal diffusion distance in nanosecond
time scales. Assuming the applicability of a one-dimensional model for the short pulses used, and
restricting consideration to single-pulse exposure, the temperature rise was calculated taking
account of the finite optical absorption depth and pulse duration of the laser. If the absorption takes
place in an infinitesimal thin layer (surface absorber), the temperature rise in the bulk T(z,t) during
the laser irradiation can be described by the solution of the heat flow equation (1) in the thin films

approximation, h<<lw, (I, = % 71T, 1s the thermal diffusivity lenght [9]):

1
_ = | |z—2nh z-2nh)’ + RS’
T(z,t)= M,/;{Tt > |erfc| I ierfc [( J 4R, T : (2)
Kr n=—oo 24 1+t 24 1+t
where: | = Si is the average laser intensity during the laser pulse (with E laser energy per pulse),
T

p

h is the film thickness, 7, is the laser pulse duration, y; =k—Tis the thermal diffusivity, S is the
oC

target’s laser spot area, and n is the number of iterations. In the approximate model the material
parameters used are assumed to be constant, i.e. they have no temperature dependences.

The optical and thermo-physical parameters of TiO, used in calculations are [10,11]: the
thermal conductivity kt=6.52 Jm~ s'K™?, the thermal diffusion coefficient (thermal diffusivity)
77=1.610° m’s™, thermal diffusion length ls,~180 nm, vaporization temperature T,=2773+3273 K,
vaporization energy Eap=6.6 €V. The reflectivity coefficient R was calculated by Fresnel formulas
for n=2.37 and k=1.29: R=27%. The target surface temperature at the end of laser pulse was
calculated with formula (2) which in ou(r ];)articular case could be written in the form:

E(J
T(0,7,) 1.6><§(m—2), 3)
with T in Kelvins and 7, in seconds. The resulting representative number of iterations in our
calculations was n=3.

Accounting the electron interband transitions within the conduction and valence band under

248 nm photon action of energy ¢=>5¢eV in the optical absorption depth 6 =15nm, with a TiO,

band gap of E; =3 eV, results an effective energy for heating the target’s material: Q=0.4xE,

and the formula for temperature (3) become:

T(0,7,)=1.6x Q(Jz) — 0.64x E(‘]Z) . )

Sim ) Sim

The results are given in tab. 2 for five different conditions of laser irradiation, i.e., using the
convergent lens we have modified the area of laser spot on the target (at laser energy and pulse
duration constants).

For first three conditions of laser irradiation the target’s surface calculated temperatures are
smaller than TiO, vaporization temperature and one expect to have only heating of the material and
a volume dilatation. For last two conditions of laser irradiation the calculated temperatures are
greater than the vaporization temperature and in these cases are expected to have laser ablation and,

eventually, laser-plasma ignition with a corresponding ablation crater.
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Table 2. The target surface calculated temperatures

Laser

intensity | 4 I» I3 I4 I5
(see tab.1)

Temperature | 915 | 1205 | 1850 | 3280 | 4360
T (K)

In order to make quantitative predictions on whether plasma ignition takes place at a certain
intensity |, one can make use of the well known plasma ignition condition [12]:

WZZ B, Q)

with Ba4x10* Ws“?cm™. This rule was established for surface absorbing (metallic) targets with
nanosecond or longer pulses, but may give a rough estimate also for other conditions. In our
W

experiments 7,=25 ns and the estimated laser intensity for plasma ignition is | ~2.531-10° =5
this value is about ten times grater than our experimental intensities, so the plasma ignition does not
take place.

2. Experimental results

The theoretical results can be correlated with the observations of the experimental profiles
of the target’s surface after single pulse laser irradiation. The measurements of the target’s surface
profile were made with a Dektak 3030 ST profilometer. The diagrams given in figs. 2-6 show the
TiO; surface profiles induced after irradiation of different laser intensities (tab.1).

For the first three values of laser intensity the results are given in figs. 2-4. One can observe
that we have no laser ablation; the laser pulse just heating the target and the thermal expansion of
target’s surface due to the laser heating induces a surface elevation in the spot. One can estimate the
temperature in the area of interaction considering the thermo-deformation of the target’s interaction
area (a volume dilatation), and the temperatures are given in tab. 3.
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Fig. 3. 1=0.75x10"W/cm?
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Figs. 2-6. TiO; target profile after laser irradiation
Experimental values of temperature are bigger than the theoretical ones because in our
calculations we have no included the thermo-physical parameters dependence on temperature. Also,
in our model we did not take account by the surface roughness before laser irradiation, but from

tables 2 and 3 one can see that the results are in a relative good agreement.

Table 3: The estimated temperatures considering a volume dilatation

Laser I I I3
intensity |

(see tab.1)

Temperature | 1042 | 1375 | 2107
T (K)

The starting point for laser evaporation of material can be seeing in fig. 4, where in
distinction of figs. 2 and 3 a crater begins to arise. In figs. 5 and 6 a crater produced by laser
ablation is observed. In these conditions the temperatures achieved on target’s surface are greater
than vaporization temperature of TiO,. Also, around the crater the melt material can not be
observed; the surrounding surface is entirely devoid of any redeposited droplets, so is desirable to
consider that the target material transforms direct from solid state in vapour state. Starting with
evaporation time, the ablation rate per laser pulse can be estimated using the classical thermal rates
equation [13]:

10
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E

__vap

v=u,e ' (6)
where v, —=e” molecular layers/ns (for TiO;), kg is Boltzmann constant, and Evap 1s the
vaporization energy. Because E, =6.6€V for normal pressure and vaporization temperature,

v =1 molecular layers/ns and from equation (6) results v, =€ molecular layers/ns (for TiO,).

Using this equation, the dimension of the crater induced by laser vaporization let us to estimate the
ablation speed per pulse, v, and target’s surface temperature:

76520
T(K)= —. (7

In—2

1

The results are given in tab. 4 and they are also bigger than the theoretical ones, tab. 2. The
explanation consists in the limit of the model. When dealing with processes such as vaporization, it
is necessary to take account the fact it is a non-isothermal one, with a strong temperature
dependence of evaporation rate constant and, in order to make a correct evaluation of temperature,
it is necessary to know the values of the optical and thermal properties of the film and the substrate
at high temperature. Unfortunately, these are not known at the highest temperatures involving in
this work, and for this reason a theoretical evaluation of surface temperature is important in future
applications regarding TiO; and TiO,-based materials interaction with laser radiations.

Table 4: Ablation rates and surface temperatures

Laser spot area (mm?) 3.25x6=19.5 2.25%4.25=9.56
Ablation rate o (molecular 7 (i.e.35 nm/laser 10 (i.e.50 nm/laser pulse)
layers/ns) pulse)

Temperature T (K) 3635 3696

Also, at higher laser intensities we have observed that the film detached from the substrate.
This can be explained in first approximation using the thermal model and supposing that the
temperature film-glass substrate distribution is such that the interface stress is very high; but future
work on this subject must be done.

Conclusions

We have investigated theoretically and experimentally the interaction of single nanosecond
excimer single laser pulse with TiO, thin films deposited on glass by magnetron sputtering
deposition. Theoretically, in the case of solid heating, from the one-dimensional equation of heat
flow in the thin films approximation, the target’s surface temperatures were estimated. In the case
of laser ablation, the surface temperature is determined from classical thermal rates equation. A
reasonable agreement with experimental data (surface temperatures and removal depths) was
reached and the differences are explained by the limit of the theoretical model.

Acknowledgements: This work was partially supported by a  Erasmus-Socrates Mobility
Programm.
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Abstract

High precision measurements of the physical-chemical environmental variables are
essential but not sufficient to assess the response of ecosystems and humans to stress. A main goal
of environmental monitoring is to monitor the state of whole ecosystems using bioindicators.

The article reports the basic data on elemental content of the vegetables leaves and soil
from cropping areas. A correlation between elemental map of vegetables and elemental map of
surface soil was made. The concentrations of elements in samples were determined by different
methods: the Proton Induced X-ray Emission spectrometry (PIXE) and Atomic Emission
spectrometry technique with Inductively Coupled Plasma (ICP-AES). The PIXE analysis was
carried out at IFIN-HH in Bucharest using a 3 MeV proton beam which was supplied by the FN-
tandem accelerator and the ICP analysis has been performed in Targoviste using a Baird ICP2070
- Sequential Plasma Spectrometer. The results obtained by the two methods were compared.

Introduction

Vegetal samples can be used in monitoring environmental pollution by heavy metals. Plants
not only intercept pollutants from atmospheric deposition but also accumulate aerial metals from
the soil. Aerial heavy metal deposit are taken up from the soil by plants via their root system and
translocated to other regions of the plant. Particle deposition on leaf surfaces may be affected by a
variety of factors, including particle size and mass, wind velocity, leaf orientation, size, moisture
level and surface characteristics'. The deposited particles may be washed by rain into the soil,
resuspended or retained on plant foliage. The degree of retention is influenced by weather
conditions, nature of pollutant, plant surface characteristics and particle size . Harrison and
Chirgawi (1989) demonstrated experimentally the significance of foliar accumulation and
translocation of air derived metal pollutants. The foliar route was found to be of similar importance
to the soil-root pathway. Heavy metal absorption is governed by soil characteristics such as pH and
organic matter content °. Thus, high levels of heavy metals in the soil do not always indicate similar
high concentrations in plants. The extent of accumulation and toxic level will depend on the plant
and heavy metal species under observation. In an investigation of Cd, Cu, Ni and Pb uptake from
air and soil by Achillea millefolium (milfoil) and Hordeum vulgare (barley) in Denmark, Pilegaard
and Johnsen (1984)" concluded that Cu and Pb plant concentrations correlated with aerial
deposition but not with soil concentrations. In contrast, Ni and Cd content in the plants correlated
with deposition and soil content. The interpretation of analytical data is therefore complicated by

13
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many factors. However, metal accumulation in plants can reflect the relative extent of the burden
and its dispersal. The article reports the basic data on the heavy metal content in the vegetable
leaves and soil from cropping areas obtained by Particle Induced X-ray Emission (PIXE) > method
and Atomic Emission spectrometry technique with Inductively Coupled Plasma (ICP-AES) . Data
collected indicated a direct influence of heavy metals concentrations in the chain soil-vegetables.

Experimental

Sampling

The sampling of vegetable, Apium graveolens (celery), Brasica oleracea (cabbage), leaves
samples were made in phenological phase mature fruit of vegetables. The samples of fresh leaves
were weighed, then were dried in drying stove at 105 °'C for 1 hour.

The soil samples from vegetables cropping area were drew from different depths in soil: over
surface, 10 cm in deep and 20 cm in deep. The soil samples were also dried in the same conditions
as the biological samples.

PIXE experimental procedure

Sample preparation

A few tens of milligrams of vegetable leaves and soil were weighted and put in SOmL HDPE
vials. For each sample an equal volume of 2-4mL HNO3 and a few hundreds of microliters H ,0,
and HF were added. In order to assure complete digestion the samples were heated 4 hours at 75°C.
After digestion each sample was diluted with a convenient volume of deionized water followed by
addition of internal standard (200ul solution of Y ;O3 in HNO3 medium, containing 160.8ug Y/ml).
Volumes of 150ul were deposited and evaporated on Mylar foil (2,5um thickness) fixed on
aluminum frames.

Analysis

PIXE measurements of target elements were made using a 3 MeV proton beam extracted from
the Tandem Accelerator FN-8 of the National Institute of Nuclear Physics — Horia Hulubei of
Magurele, Bucharest. X-ray spectra were measured with a spectrometric chain with a CANBERRA
Ge hyperpure detector with a 160 eV resolution at 6.4 KeV of Ka line of iron. The X-ray spectrum
analyses were made off-line, at Valahia University of Targoviste, using LEONE fitting programs.

ICP-AES experimental procedure

Sample preparation

The dried leaves were grained and after powdering, 2.00 g powder leaves have been digested in
40 ml HNOj. After a set aside in fume cupboard overnight the obtained liquid was gently boiled
(without major loss of volume). For a good digestion 3 ml acid perchloric have been added and
2-3 ml water after cooling.

Analysis

The cooled sample solution was diluted with water at 250 ml solution and nebulized into plasma
of spectrometer. I[CP-AES measurements were made using the Baird ICP2070 -Sequential Plasma
Spectrometer in Targoviste.

Results and discussions

PIXE analysis allowed determination of S, Cl, K, Ca, Ti, Mn, Fe, Ni, Cu, Zn, Sr in
vegetable samples (table 1) and of K, Ca, Mn, Fe, Cu, Zn, Cr, Sr, Mo in soil samples (table 2) with
the uncertainties of the data point of the order of 10%.

ICP analysis allowed determination of Na, Mg, Fe, Cu, and Zn in vegetables samples (table
3). The uncertainties are less then 6%.

We can observe the presence of toxic element Sr in soil and leaves of vegetables: the higher
concentration of Sr is on the surface of soil and decrease inside the soil. Also the calcium,
potassium and iron concentrations are higher at the surface soil and decrease inside the soil.

14
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Table 1. Concentration (mg/100g fresh sample ) of elements from vegetable leaves
analysed with PIXE method

Samples

Cl K Ca Ti Mn

Fe

Ni

Cu

/n

Sr

Apium
graveolens
(celery) leaves

18

59 19.6 51 0.098 | 0.116

0.382

0.006

0.011

0.078

0.017

Apium
graveolens
(celery) leaves

143

51.5) 1578 | 66.6 | 0.111 | 0.172

0.346

Nd’

0.018

0.088

0.019

Brasica
oleracea
external
(cabbage)
leaves

45.6

89 12 7.84 Nd® | 0.098

1.164

0.003

0.053

0.13

0.012

Brasica
oleracea
external
(cabbage)
leaves

49

88 10.7 6.7 Nd 0.095

1.38

Nd

0.061

0.138

0.014

Brasica
oleracea inside
(cabbage)
leaves

21.8

E3

599 | 363 11.9 Nd 0.022

1.7

0.006

0.054

0.033

0.006

Brasica
oleracea inside
(cabbage)
leaves

28.5

4.75 36 14.22 | 0.005 | 0.017

1.88

Nd

0.045

0.031

0.008

" not detected

Table 2. Concentration (mg/100g ) of elements from soil samples analysed with PIXE

method

Samples K Ca Mn Fe Cu Zn Cr Sr Mo
Soil from | 37 12 0.07 46 0.005 0.13 | 0.04 | 3.6 | 0.13
surface

Soil from 10| 27.2 8.12 0.77 35.6 0.007 0.02 | 0.06 | 2.6 | 0.1
cm deep

Soil from 20| 23.6 7.80 1.33 31 0.008 0.01 | 0.16 | 1.2 | 0.05
cm deep
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Table 3. Concentration (mg/100g fresh samples ) of elements from vegetable leaves
analyzed with ICP-AES method

Samples Na Mg Fe Cu Zn

Apium graveolens 5.24 0.92 0.374 0.017 0.07
(celery) leaves

Apium graveolens 5.72 0.95 0.376 0.018 0.082
(celery) leaves

Brasica oleracea 12.2 1.25 1.17 0.05 0.131
external (cabbage)
leaves

Brasica oleracea 12.8 1.74 1.25 0.058 0.135
external (cabbage)
leaves

Brasica oleracea 11.7 1.87 1.67 0.047 0.04
inside (cabbage)
leaves

Brasica oleracea 10.8 1.82 1.74 0.045 0.032
inside (cabbage)
leaves

A correlation between elemental map of vegetables and elemental map of surface soil was made

(figure 2). We found an order two polynomial dependence between the elemental maps of surface soil
sample and celery leaves sample.

celery leaves

60 y = -0.1046x> + 4.7489x - 1.965
50 - Iy R? = 0.8083

&»
2

40 . 50
soil surface

Figure 2 Corelation between elements concentrations of
surface soil and celery leaves
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Eg 15 o
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s 3
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o
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1 2 3 4 5 6
Samples
Figure 1a) Fe concentration in vegetables leaves obtained by
PIXE and ICP methods
& 007, [ o cuPxeE a Cu-(CP |
2 006 - 2
S . 0.05- z a .
£< 004
= £ 0.03
% © 0.02 - N 2
£ 001 e
2 0
© 1 2 3 4 5 6
Samples
Figure 1 b) Cu concentration in vegetables leaves obtained
by PIXE and ICP methods
Conclusions

The obtained elemental composition of soil can be use to establish the optimal distances to
plant the vegetables used in agroalimentary domain. A good correlation between the elemental map
of plants and the elemental map of soil samples can be made in the next work using the obtained
basic data. For Fe Cu, elements which can be determine by both methods, the concentrations
obtained by ICP method are in good concordance with the concentration obtained by PIXE method
(figures 2 a, b). The obtained results demonstrate the complementarity of the two analytical
methods PIXE and ICP, in determination of the whole elemental map of different samples.
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APPLICATION OF PIXE METHOD TO
PHOSPHATASE ENZYME ANALYSIS

Ion V. Popescu, Gabriel Dima, Claudia Stihi, Laur Manea

Abstract

The aim of this work is the microelemental analysis of blood
serum samples by PIXE (Particle Induced X-Rays Emission) method
in order to making correlation’s with phosphatase alkaline enzyme
activity. This enzyme is responsible of the bone formation and growth
(Ca/P ratio) and the measurements are made on normal, rachitic,
paretic and osteoporoutic animals (cattle’s). We used PIXE method in
internal standard variant for systematically errors elimination’s. The
samples introduced into the reaction chamber are bombarded with 3.2
MeV proton beam. The characteristics X-rays spectra were detected
by a Ge hyperpure detector with the energy resolution of 160 eV at the
Ka 6.4 keV X-ray iron line are recorded using an acquisition
computer. As an internal standard element for spectrum'’s
normalisation we used Yttrium. Using the calibration curve and the
Leone software were making determinations on Ca, P, Fe and Mg
content of analysed samples. We find a dependency of Ca/P ratio and
Mg content of blood serum.

1. Iniroducion.
Phosphatase alkaline enzyme is implicated in bone growth
process. In order to study their activity we have collected blood

serum of some cattle’s, interesting from medical reasons and make
determinations of P, Ca and Mg content using the PIXE method.
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For a normal organism, the ratio Ca/P is among 1 and 2, for
rahitic organisms is grater then 3 and for osteoporoutic ones 1s less
then 1. The Mg is an activator of the enzyme.

2. Samples preparations.

Blood serum samples are collected from jugular zone of cattle’s
selected by following criteria:

-the season of food alimentation (winter/summer),

-great milk productions;

-advanced pregnancy steady (last weeks);

-the weight of cattle’s.

After the serum separation (24-36 hours), the target sampies
were doped with standard solution (1:1) of Yttrium for spectrum
normalisation and deposited on mylar foils who are attached on
aluminium supports in order to introduce them in irradiation chamber
(a multitarget irradiation chamber). We have prepared 10 samples.

The cattle’s having the experience number 4,5.6,7,8,9 are
cattle’s in the first days after bomn of the young’s cattle’s. The cattle’s
having the experience number 2,3,10 are cattle’s in the last week of
pregnancy.

3. The experimental set-up.

Measurements of mineral substances were made using a 3.2
MeV protons beam extracted from the TANDEM accelerator from
IFIN-HH Magurele, Bucharest. X-ray's spectra were measured with a
spectrometric chain, with a CANBERRA Ge hyperpure detector with
a 160 eV resolution at 6.4 KeV of XK, line of iron. Amplitication,
generation and analysis of electric signals were achieved by an
adequate electronic device: a sensitive preamplifier with field effect
cooled at the liquid nitrogen temperature, a linear amplifier and a
multichannel analyser with 4096 channels having an acquisition
computer for data output - PDP11. For each sample target were
recorded the characteristic X-ray spectra. The X-ray spectrum's
analyses were made off-line using a computer fitting programme -
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LEONE. The calibrations of experimental set-up were made using
standard targets witch are prepared by evaporating pure elements (N1,
Cu, Ge, Ag, Sn, Au, Pb) on mylar foil .

The determinations of phosphatase alkaline enzyme is analysed
blood serum samples were made by spectrometric analysis using
Bessey-Lowry method (the enzyme is a cathabolit for chemical
reaction:R-O-PO3I-{2+H20~—>R-OH+H3PO4).

4. Results and conclusions.

A typical X-ray spectrum of blood serum samples is shown in
fig. 1. _

The contents of Ca, P, Mg, alkaline enzyme of analysed samples
and the normal values are shown in table 1.Analysing our data, we
can see a good level of Ca. The samples number 1 is from a young
cattle having a dismorexy's syndrome. We can see a great level of
enzyme content. The sample number 10 have a great level of Ca and
P than the normal one, and the result shows that in a young organism
there are compensatory mechanisms for balancing the loses of Ca by
a great milk production. The content of Mg in the same sample is

grater than the normal value, because Mg is an activator of
phosphatase alkaline enzyme.

oo | Counts
Folld,

Figure 1.
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Table 1.
Sample Ca P Mg Phosphatase

(mg/dl) (mg/dl) (mg/dl) alkaline
(LUN)

1 9.7 6.5 2.3 40.42

2 12.2 59 3.1 15.19

3 9.8 7.5 2.3 17.15

4 9.1 6.6 2.5 9.55

5 9.2 7.0 2.3 11.27

6 10.8 5.5 2.6 13.23

7 10.1 7.0 2.7 9.55

8 93 - 6.5 29 8.57

9 9.5 7.0 2.7 9.55

10 12.3 8.1 35 29.75
Reference 8-11 5-7.2 2.1-2.8 10-36

value
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EFICIENCY INCREASE METHODS OF METALS
HEATING BY LASER

Calin Oros. Dana Vladescu, Marin Iordan, Marina Olariu
"Valahkia" University of Targaviste

Abstract

An efficient apllication of laser technology impose the choise of
some irradiation conditions which permit metals heating until
expected temperature with minimum irradiation duration and

gxpanses.

This paper presents a review for some experimental data and
theoretical observations regarding the influence efficiency increase
metals heating by power laser, irradiation conditions, incidental angle
and wave length.

1. The influence of irradiation cénditions

* Irradiation continuous regime

The consumption of energy for target heating under the action of
a laser source with constant power P, until the melting temperature,
Ty, 15:

€Em = Pty

where t,, is the time of melting initiation.

Fig. 1 shows the dependences €m =&m (P. Ap), (Ay 1s the
intrinsec absobtivity coefficient of the sample) for copper target
irradiated with a CO, laser in continuous beam [1].
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Fig. 1. :T .‘\

There is an optimum power laser which depends on the fact that
P
in low values of the ratio S_s (S, is the irradiation spot area), the

essential part of energy absorbed of metal is compensated for thermic
damage.

* The irradiation medium

Fig. 2 shows the ratio ex /€n? between the necessary energies
for heating until T, in air and in nitrogen at Py, varying with the
initial absorbtivity of the copper target [2].

= -
|
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The mineral elements concentration give information about the
nourishment value of Basella plant leaves.

Among the reported work we used PIXE analysis method [1] to
determine the elemental composition of Basella leaves. cultivated in
Variety Testing Centre (VTC) and green houses of Targoviste for a
given level of soil fertility. _

2. Experimental

Particle Induced X-Ray Emission was applied on Basella Alba L
leaves, which are listed in table 1.
The measurements were made using a 3 MeV protons beam of a
TANDEM Van de Graaft FN-8 accelerator of IFIN-HH Bucharest.
The target samples were placed into PIXE chamber, and the beam
intensity was measured by means a Faraday cup. The beam diameter
on the target was 4 mm and the targets were fixed at an angle of 45° to
the beam direction and to the detector direction.

Samples Green mass [g] Dried mass [g]
P, 5 0.2966
P, 5 0.3080
P, 5 0.4412
P, 5 0.4133
P, 5 0.4317
P; 5 0.4174
P, 5 0.4458
Py 5 0.4511

Tabie 1. Bascila Alba L icaves sampies

Usual spectrum acquisition time ranged from 15 to 30 min. The
characteristic X-ray radiation of samples was measured by a Canberra
Ge hiperpur detector with a 160 eV resolution at 6.4 KeV of XK, line
of iron. Amplification, generation and analysis of electrical signals
were achieved by an adequate electronic device: a sensitive
preamplifier, a linear amplificator and a multichannel analyser with
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3. The influence of the incidental angle

The direction of laser radiation on target under an angle 6
differed from 0° and the utilization of a polarized radiation involves a
considerable diminution - in some cases with more orders of measure
- of energy consumtions for laser heating of metals which oxidize.

Fig. 6. shows the evolution of firing time depending on the
incidence angle of radiation t, (©), at constant power P = 700 W.
Wolfram targets with thickness h = 200 um were used [6]. The
diameter of heating spot at ©® = 0° was approximately 5 mm, much
small than transversal dimensions of samples.

Fig. 6

On entire investigated domain of variation for ©, the firing time
value t, is more low in the case of oblique incidency than in the case
of normal incidency, even though the irradiation spot surface
increases because of fascicle inclination.

4. The influence of the polarization of laser - radiation
The polarisation efect of laser radiation concerning metals
heating was analiysed by means of polarized CO, laser source, in

periodical impulses [7].
The titan targets were used (h = 50 pm, Ry = 3 mm).
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The radiation could be polarized both in incidence plane (|])
and in perpendicular plane ( L) on this. The evolutions of activation
relative times for titan targets oxidation both in the case K, =t, (©)/ t,
(0") and in the case k, = t, (®) / t, (0°) are given in fig 7.

.
A3
: .}
1
.

Fig. 7

The gain regarding energetically expenses obtained at
inclination of laser beam is characterized of 1 / k, and depends on
choise for direction of polarisation.

The energetical gain which results through olique incidence of
radiation is determined on angular dependence of metal - oxyde
system absorbitivity and on great interdependence between oxidation
process and heating process.

5. Conclusion
The consideration and correlation of analysed factors lead to

maximalize the efficiency of laser metals heating trough reduction of
energetical expenses.
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PIXE ANALYSIS OF BASELLA ALBA L. AND
BASELLA RUBRA L LEAVES

Claudia Stihi, Gabriel Dima, Gabriela Busuioc, Ion V. Popescu
Valahia University of Targovite

Abstract:

Particle Induced X-ray Emission (PIXE) is a sensitive and
reliable technique for the determination of elements with atomic
number > 13 in biological materials.

This quantitative method applicable to Basella plants . is
described in this work, along with the results obtained from the
elemental analysis of leaves from different Basella plants cultivated in
Variety Testing Centre and in Green Houses of Targoviste. The target
samples were bombarded with 3 MeV protons beam obtained at
Tandem Accelerator of IFIN-HH Bucharest. The X-rays were detected
with Ge hiperpur detector with 160 eV at 5.9 KeV energy resolution
and the characteristic X-ray spectra were recorded using an
acquisition system with a PC computer. The concentration obtained
for the chemical elements who give a great nourishment value of
Basella plants : P, Ca, Mg, K, Na, Fe, Mn, Zn, Cu, have an estimated
precision of less than 12%.

1. Introduction

Basella plant belong to Basellaceae family is a tropical plant
used as a vegetable.

One of the problems of actual foods department is the vanety
about the vegetables with a great nourishment value. Is the case of
Basella plant like the native spinach (Spinacea oleracea).
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The mineral elements concentration give information about the
nourishment value of Basella plant leaves.

Among the reported work we used PIXE analysis method [1] to
determine the elemental composition of Basella leaves. cultivated in
Variety Testing Centre (VIC) and green houses of Targoviste for a
given level of soil fertility.

2. Experimental

Particle Induced X-Ray Emission was applied on Basella Alba L
leaves, which are listed in table 1.
The measurements were made using a 3 MeV protons beam of a
TANDEM Van de Graaff FN-8 accelerator of [FIN-HH Bucharest.
The target samples were placed into PIXE chamber, and the beam
intensity was measured by means a Faraday cup. The beam diameter
on the target was 4 mm and the targets were fixed at an angle of 45" to
the beam direction and to the detector direction.

Samples Green mass [g] Dried mass [g]
P, 5 0.2966
P, 5 0.3080
P, 5 0.4412
P, 5 0.4133
P; 5 0.4317
Py 5 0.4174
P, 5 0.4458
P, 5 0.4511

Tapie i. Baselia Aipa L ieaves sampies

Usual spectrum acquisition time ranged from 15 to 30 min. The
characteristic X-ray radiation of samples was measured by a Canberra
Ge hiperpur detector with a 160 eV resolution at 6.4 KeV of XK, line
of iron. Amplification, generation and analysis of electrical signals
were achieved by an adequate electronic device: a sensitive
preamplifier, a linear amplificator and a multichannel analyser with
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4096 channels having an acquisition computer for data output-
PDP11.

The X-ray spectrum’s analysis were made off-line using an
computer fitting programme - LEONE. Figure 1 show a graph of a
typical X-ray spectrum (Basella Alba leaves sample) obtained with
the experimental arrangement described.

X-Ray Energy (KeV)
Fig. 1 A typical spectrum of Basella Alba leaves sample

In the experiment we used young Basella Alba Leaves [2] sorted
in four groups: Basella Alba - green house (P, P, ); Basella Alba -
VTC (P,, P, ); Basella Alba - VTC cultivated in soil treated with an
artificial fertiliser using N (P, P3 ); Basella Alba - VTC cultivated in
soil treated with natural fertiliser (P4, Ps).

The target sample have been prepared in the following manner:
the washed leaves were simply air-dried at a temperature of 50° in a
clean box preventing further contamination. The dried leaves were
grained and after powdering a layer of the samples material were
deposited on hostaphan foils.

3. Results and discussions

Using PIXE method we identified and we determined the
amount of the following elements: P, Ca, Mg, K, Fe, Mn, Zn. In table
2 are presented the results of PIXE analysis on Basella Alba leaves
samples with an instrumental error less than 12%.
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Samp- P Ca Mg K Fe Mn Zn

P 67.40 | 29431 | 147.02 | 230.04 4.80 1.50 1.32

P, 6754 | 29327 | 14681 | 23182 | 4.72 1.37 1.25

P, 82.40 | 38137 | 15820 | 228.32 5.20 1.72 1.24

P, 8278 | 38933 | 16125 | 22520 | 498 1.80 133

P; 8820 | 31638 | 152.72 | 202.20 4.92 1.62 0.98

Ps 89.12 | 318.02 | 150.25 | 200.82 4.80 1.58 0.87

P, 94.02 | 35122 | 156.12 | 22751 5.12 1.25 1.12

Py 9450 | 364.71 | 156.82 | 225.72 5.02 1.25 1.02

Table 2. The concentration of elements in Basella Alba L leaves
samples, mg/100g

The concentration of elements: Ca, Mg, K is often an essential
requirement in agroalimentary domain because theirs presence in a
big concentration is beneficial and give a remarkable nourishment
value of Basella plants.

4. Conclusions

The use of PIXE technique give possibility to determine the
elemental composition of plants with a great sensivity - the limit
detection is 1 pg/g, that is genuine trace-element analysis capability
[3]. A series of elements was put in evidence in Basella Alba leaves

samples, elements which give a great nourishment value of Basella
plant.
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ON THE SENSITIVITY OF GRAVITATIONAL OSCILLATOR

Marin Ilordan, Calin Oros
Valahia University of Targovite

Until year 1960,the very low energy of gravitational radiation has determined
the deception of experimentators. In year 1960 J. Weber presents /1/ the theoretical and
experimental principles of the direct observation of gravitational waves. The
gravitational wave detector imagined as two masses m, united by an elastic spring has
been studied of Einstein theory point of view of gravity.

We proposed /2/ a relativist - restricted linear theory of gravity that has an
important advantage: the analogy with the electromagnetical field theory.

Considering the detector imagined by Weber from our theory point of view,
we obtained for equation of motion of mass m, the equation

du
T =Gut+ 2= g ¢}
where
3 i : da, A, .
G = ‘"—‘—'mni";mmm[“ (Aus— A (i - w2 ) + 22 A “wiAw)|

Fi = (1 + GnAmu™u?) ™" *F,

with G the Newton constant of universal attraction, Aik stress potential of
gravitational field, v velocity quadrivector. The first term from right part of equation
(1) represents the contribution of gravitational field and the second term represents the
un gravitational interaction between the two masses. Since each mass m, is moving on
a univers line, let's consider a parameter with the propriety that for any univers line a
value of o is corresponding,

derivating equation (1) in relation to the parameter o and using the notations

=% | uG=E , Zf )

we obtain
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ol _plgpy 1 o :
ds? o E,pn + moczfl (3)

We choice for quadrivector n® defined in (2) the expression

n'=r+§& 4
where ' is the static component of the normal vector 1i° at the univers lines and gl is
the dynamic component. Certainly Aik=0 and internal damping is very high n-r. If
r>>E! taking into account (4),we obtain for the motion equation (3)

a’g 1 1
= " met B ®)

. k _
We admit that f consists of two terms, «cDL%— , corresponding to the

damping force and the second term —K!,£™ corresponding, to the elastic force. By

means of their, the equation (5) becomes

gl g 95T 1 ¢l 1 .k
5+t mePin g o — Bk (6)

In the proper reference system, with the origin in the center of the oscillator

mass, the equation (6) becomes
dlfjl dém .
=+ @D + LKLEM=cEL (D)

We consider the oscillator orientated to direction x'=x, consequently D,'=D,
K,'=K In the hypothesis of a dynamic gravitational field described by

-1t

E! 1(x,t) = EL k(x, @)
the solution £(w, t) = £*(@)e ™" of equation (7) offers us:

. o moc‘[li',k(m)r‘*)
g ((D) T oo ? 48] K+i8) 0D (8)

We can observe from (8) that the deformation &' presents a maximum if the

resonance condition ©* — wg=0 (0} = K/m) is fulfilled.
We assume that the total dissipation D takes the form of D=D_+D,,, where D,

is characteristic for external dissipation and D,, is referred to the irreversible processes

from the aerial. The mean power that my be returned to the external apparatus is .
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<Pex> = 202|E'(0)]"Dex ©
At resonance ,we obtain for (9), using the expression (8) of the deformation.
Pex> =LmicH{ E', w(@)r*)’ V(Dex + Din)* . (10)

that represent a maximum when Dex=Din, as

ex

<P,> . ~imic*{ EL o)ty )D2, (10)

The medium value <(E'k( ©)r*)* is obtained by the analogy with the
electrodynamics as proceeded by Broginski /3/ . Let be the gravitational analogue of
the radiation vector Poynting then

I | (1)

4nmiGno|r?

where it has been done the link between the electrical charge to the gravitational
charge mo /Gn and where-

F2, = moC?E", 1™ (12)
By means of the equations (11) and (12) we obtain the requested mean value
< (B", m(@)r™)? >= 4np?Gylr|?7/c?
which introduced in (10) leads to
< Pox >max = TMPB2Gn1/(2cDin) (13)

Since the lost power by a quadrupolar oscillator is given by relation (4)
[\ 2 .
P=Gnl1) /60c*

from the expression of the total energy accumulated in the oscillator W = %mum 2g2
and the definition of the oscillator quality factor

Q=0W/P =7 we obtain for D,, :

Dgn=2(31qmg|r|2m4/1505
that introduced in (13) leads to the expression
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< Pex >pax = ’f;: T (14)
expression that establishes for the efficient section of the oscillator the relation
o= 150\%/16n

ie a efficient section proportional to the square of the wave length and independent
of the gravitational constant . This is a consequence of our admitting ab initio that the
internal damping is caused by the radiation , the condition not being fulfilled
practically because other irreversible processes from the aerial are more important.

We assume that oscillator is orientated for a maximum reply , in this case the
equality

< E' k(®)*)? >4 = 35 < E, ((0)r¥)?2 > reply . max.

that leads to the expression for the absorbed power

p, = —lslnGngQlerIzt/mc
that implicates the efficient section

S=£§f—nGNmoQB2|r|2/coc (15)

The result obtained by us, (15), is corresponding to that obtained by Weber.
We appreciate that for evaluation of the gravitational waves of low intensity we may
use the formalism of a linear theora. The theory proposed by us has the advantage of
the analogy with the description of the electromagnetical field that leads to an easy
development.

/1/Weber.J., Phys.Rev.,117,306(1960)

/2/Gottlieb. 1. Ionescu-Pallas N., lordan,M. _Rev.Roum.Phys,
27, 01.2,115(1982)

/3/Braginski,V.B., U.F.N..86,433,(1965)

/4/Tonescu-pallas, N., Relativitatea generala si cosmologie,
Ed.St. si Enciplopedica, Bucuresti,(1980).
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B. CHEMISTRY SECTION
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GREEN PIGMENTS DERIVATIVES FROM HETEROCYCLIC
DIQUINOXALINE-PIPERAZINE SYSTEMS

C. Radulescu 1, A.-M. Hossul, L. Ionigﬁl, E. I. Moater'

">Valahia’’ University of Targoviste, Faculty of Science and Arts , 18-22 Unirii Blvd. 130082

Abstract: In this paper, it was studied the alkylated compounds obtained by organic synthesis for
first time, by spectral analysis, IR, UV-VIS and NMR. The alkylation reaction was realized with
very good vyields, if the process parameters were respected during the time of reaction. The
alkylated diquinoxaline-piperazine-dicarboxylic acids were obtained by original synthesis and as
thermorezistance green pigments can be used for paint as powder type.

Key words: pigment, diquinoxaline-piperazine-dicarboxylic acids, spectral analysis
1. Introduction

Many traditional pigments and pigment preparations have difficulties to keep the pace with
technological progress in processing equipment. In addition, recent toxicological findings put
pressure on established dispersing additives, which formerly enjoyed broad application in the paint
industry [1, 2]. In last temps were prepared, for example, some red pigment with very good
properties which found suitable applications in automotive paints, high grade printing inks, plastics,
high grade industrial and architectural paints and as electrophotographic toners [3]. Also, the
literature [4] present another red pigments (1,4-diketo-3,6-diphenylpyrrolo[3,4-c]pyrrole) which
have attracted attention as colorants for imaging areas as well as color filters of liquid crystal
displays.

It is known [5, 6] that the light fastness benefit of pigments tends can be associated with a
poorer, duller shade and has predisposed the two classes of colorant towards different applications.
Of particular interest in recent years has been the development of inks for ink jet printing. Until
recently almost all colour inks for use in Small Office/Home Office (SOHO) market have been
based on dyes. The dominance of dyes is likely to continue in the developing “photographic”
market, but for use on plain paper, pigment based inks, are becoming more prevalent [7-9].

This paper presents the syntheses and characteristics of new alkylated pigments derivatives
from piperazine-quinoxaline systems. The experimental researches effected on these alkylated
systems were demonstrated that due their ionic character can be utilized for paints of powder type
under the thermorezistance green pigments.

2. Experimental

The condensation reaction, for the synthesis of diquinoxaline-piperazine dicarboxylic acids,
was possible in DMF (Merck 99.9% and b.p. =153°C) either by the using the compounds 1 and 2 or
the compounds 4 and 5, or 2 equivalents compounds 4 (Figure 1). The results are the same: the
obtaining of heterocycles systems 3, respectively 6, derivatives of fluorubin, yellow shadows with
red fluorescence. A mixture of 0.01 moles 2,3-dicloroquinoxaline-6-carboxylic acid, 0.01 moles
2,3-diaminoquinoxaline-6-carboxylic acid and 500 mL DMF (or 0.01 moles 2-cloro-3-
aminoquinoxaline-6-carboxylic acid, 0.01 moles 2-amino-3-cloroquinoxaline-6-carboxylic acid and
500 mL DMF) was refluxed in 12 hours, under stirring; then, 10 hours it was distillated the DMF.
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The product was filtered and recrystallized from alcohol, yellow needles, separated and purified by
TLC and HPLC methods; yield 74.8% [4, 5].

The heterocyclic systems 3 and 6 were methylated with dimethyl sulfate in excess acetic
acid medium, the molar ratio was (CH3),SO4:system 3 or 6 = 3:1 at 60-70°C in 14 hours (until the
chromatograme indicated total conversion) under stirring. The next step was the conditioning with
NaCl time 15 minutes at 70°C where there were obtained needles yellow-green with yield 92.6%
(figure 2) [7, 8].

H
HOOC Nx¢ Hooc \N NH, HoOC N\j:N:[/N COOH
DMF
Zcl ¥ G T T = N
HOOC\©: :|:NH Hooc\©: I DME HOOC\©: :[ I @COOH
pZ H N COOH P X
N NN COOH

Fig. 1. The synthesis reactions of diquinoxaline[2,3-b][2,3-¢e]piperazine-6,6’-dicarboxylic acid, 3,
and diquinoxaline[2,3-b][2,3-e]piperazine-6,7’-dicarboxylic acid, 6

H
HOOC AN COOH H cmso, HOOC COOH
X =N 000N
NT NN
H
éHs CH,SO, (CI)
| R CH,SO, (CI)

H
HOOC\@NIN]:/NJQ\ (CHg)zSO HOOC\@ -~
+
T X I I "0
N H N COOH COOH

6
Fig. 2. The alkylation reactions of heterocyclic systems 3 and 6

The results obtained from purification methods by TLC and HPLC, the melting points and
the yields of synthesized compounds 3 and 6, respectively 7 and 8 were presented in Table 1.
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Table 1. The purification and separation by TLC and HPLC methods of compounds 3 and 6,
respectively 7 and 8

Compound Thin-layer chromatography HPLC chromatography Melting poilYields [
Diquinoxali |Substratum: silica gel F,s4 (Merc{Column: Polygosil® 60-2540 C 5

ne [2,3-b][2,3-e]|Eluent: n-butyl alcohol : DMF =Eluent: 1.015 mM heptansulfonic

piperazine -IR¢~0.92 and Ry ~ 0.76 yellow pjmethyl alcohol solution 4% 357-358  |74.8

dicarboxylic Flow: 0.8 mL/min.

acids, 3 and 6 Detection: 307.5 nm

Alkylated Substratum: silica gel F2s4 (MerclColumn: Nucleogen® 4000-7-DEAE

diquinoxaline- Eluent: dioxane : formic acid : w|Eluent: 5M urea, 20 mM phosphate t

piperazine- Solvent: water, 0.01% solution |Flow: 1 mL/min. 364-366  |92.6

dicarboxylic R¢ ~0.83 and R¢ ~0.68 yellow-|Detection: 348 nm for both

acids, 7 and 8 green shadow compounds

The HPLC results were obtained by using an apparatus Jasco 800 with gel permeation
columns Polygosil® 60-2540 C18 and Nucleogen® 4000-7-DEAE. They were considered to be the
most appropriate because they allow retention times long enough for an efficient separation and do
not present the clogging phenomenon for the heterocyclic systems [ 9].

The TLC method was used: the absorbent layer silica gel, the plate material aluminum and
the eluents which were chosen different for each compound.

The melting points were determined with a Boetius apparatus with microscope and heating
plate, without correction and the results were presented in Table 1.

The spectral analysis

All organic compounds obtained by synthesis were studied employing chemical, UV-VIS,
NMR and IR spectroscopy [12, 13] confirming the structures proposed.

The UV-VIS electronic spectra were performed with Secoman S 750 apparatus in quartz cells
(I=lcm) for DMF, respectively water of c~2x10°M synthesized compounds solution. The
characteristic absorbances were presented depending on the maximum wavelength.

The IR spectra were made including the synthesized compounds in KBr disk; the absorption
has been measured with FT-IR Jasco 620 spectrophotometer.

The heterocyclic systems, 3 and 6, respectively 7 and 8 were analyzed by NMR
spectroscopy using Varian Gemini 300 BB apparatus, the frequency of registration for proton
spectrum, *H-NMR, is 300 MHz and for carbon spectrum, **C-NMR, is 75 Hz. The purified prove
was dissolved in deuterio-dimethylsulphoxide, DMSO-ds, and the signals was reported at TMS.

3. Results and discussions

The alkylation of the pigments 3 and 6 was studied by chromatography during along time of
reaction, on base of solubility difference in water for initial and final compounds. The reaction time
can’t be so long and the temperature so high, for not lead at partial decomposition of the pigment
with the formation of the resin.

The alkylation reaction was effected by using dimethylsulfat in excess. In this case, finally,
it was added hot water for the hydrolysis reaction of dimethylsulfat excess and then the next
operations were: the adding of active carbon, the filtration, the reduction of acid character by
neutralization and the precipitation of the pigments under chloride.

The problem which appearing was: where it was fixed by alkylation the —CH3; group at
heteroatoms of quinoxaline ring? The NMR spectroscopy was demonstrated the presence of only
methyl group at nitrogen atom (example N' or N' for compound 3, figure 3) at the biggest distant
of the carboxyl group, a singlet at 3.58 ppm. In accordance with 'H-NMR spectrum the
polimethylations is not possible.
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H 4 H #
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H

C. 1
8N
H

I0=0

Fig. 3. The presence of methyl group at nitrogen atom of quinoxalinic ring, at compound 3

The 'H-NMR (DMSO-d¢) and “*C—NMR (DMSO-d¢) results for each synthesized

compounds were presented.

Diquinoxaline[2,3-b][2,3-e]piperazine-6,6’-dicarboxylic acid, 3, and diquinoxaline[2,3-b]
[2,3-e]piperazine-6,7’-dicarboxylic acid, 6: oy (ppm): 6.92 (1H, s, CcH3); 7.07 (1H, d, CsH3); 6.32
(1H, d, C¢Hs); 9.50 (2H, s, 2COOH); 4.66 (2H, s, 2NH); ¢ : 114.2; 118.6; 114.2 ppm for C°, C’

and C*; 142.0; 142.0; 126.4; 140.0; 135.2 ppm for C*, C, C°, C’ and C'%; 198.0 ppm (COOH).

H
H 5
00C_ 6 /Cm _ /COOH HOOC._ <~ 5G

C 4 H . 4 5.H
(AL i““ i A S B
Il I [ i - 1| I
7 9 7 9 2 2 "9 '7

C. R 1 1 o
H8 2N ﬁsc//c NN SN G ©

H H H

3 6

Diquinoxaline[2,3-b][2,3-e]piperazine-dicarboxylic acids, 3 and 6

Ptk Y e i WO L.%;, ot — T
T T T T T T T T T T T T T T T T T T

ppm

The "H-NMR spectrum for compound diquinoxaline[2,3-b][2,3-e]piperazine-6,6’-dicarboxylic acid
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The *C-NMR spectrum for diquinoxaline[2,3-b][2,3-€]piperazine-6,6’-dicarboxylic acid
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The *H-NMR spectrum for compound diquinoxaline[2,3-b][2,3-e]piperazine-6,7’-dicarboxylic acid
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The **C-NMR spectrum for diquinoxaline[2,3-b][2,3-e]piperazine-6,7’-dicarboxylic acid
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Alkylated diquinoxaline[2,3-b][2,3-e]piperazine-6,6’-dicarboxylic acid, 7, and alkylated
diquinoxaline[2,3-b][2,3-e]piperazine-6,7’-dicarboxylic acid, 8: o4 (ppm): 6.92 (1H, s, C¢H3);
7.07 (1H, d, C¢H3); 6.32 (1H, d, C¢H3); 9.50 (2H, s, 2COOH); 4.66 (2H, s, 2NH); 3.58 (3H, s,
CH3) oc : 114.2; 118.6; 114.2 ppm for C’, C’ and CS; 142.0; 142.0; 126.4; 140.0; 135.2 ppm for C2,
C*, C% €’ and C'; 198.0 ppm (COOH); 35.5 ppm for CHj resulted from alkylation reaction.

CH,SO, (Cl)
H o, H, H J(orto)
HOOC G N oSGy COoH HOOC BC/ °c //5
J(meta) \ I 1 i i J(meta) J(meta) \ I 1 i i II
1 7 C. C 1
GectO TN / K Cy\COOH
U H (':ﬁ f'
J(orto) ~ H J(orto) J(orto) " J(meta)
CH,SO, (CI)
7 8

Alkylated diquinoxaline[2,3-b][2,3-e]piperazine-dicarboxylic acids, 7 and_8

L ‘ " el 4 'r"“ * M Sk et | 4 o . 4 ., ‘ s g -uwf -uw i
9 SDD 9 DDD 8 EDD 8 DDD 7 SDD 7 DDD B SDD B DDD 5 EDD 5 DDD 4 SDD 4 DDD 3 EDD 3 DDD 2 EDD 2 DDD 1 EDD 1 DDD o EDD o DDD ppm

The *H-NMR spectrum for compound alkylated diquinoxaline[2,3-b][2,3-€]piperazine-6,6’-
dicarboxylic acid

S SV — .J WL S - .J s st ) g
# =5 G i3 o \ s

2000 ppm

The 13C NMR spectrum for alkylated dlqumoxalme[z 3 b] [2 3 e]plperazme 6 6’ -dicarboxylic
acid

43



The annals of “Valahia” University —Sciences Section, vol. nr 15 (2005)

The values of IR obtained spectra for unalkylated and alkylated compounds are in
accordance with the emitted conclusions by the NMR spectrum.
- The -COOH group (Table 2) presents bands, approximately, at 1720 and 1410 cm™.
- The bands appeared at 1640, 1530-1570 cm™ are proposed for the characterization of quinoxaline
ring (depending by ve=n and vc.x.); these values are due to the conjugation with the aromatic ring
(the bands are sharps) and lead at the values diminution vc=y and increase the intensity of valence
vibration vcn.
- The C-NH- group, from piperazine ring, is characterized as faint absorptions as small intensity, at
1690 cm™ and 1510 cm™.
- The large presented band at 2800 cm™ was attributed of N"-CHj group.
- The presence of alkylated nitrogen was identified at 1280, 1360 cm™.

Table 2. The IR spectra of compounds 3, 6 and 7, 8

Compound | v.coon VN-CH3 | VN alkyl. Ve=n+ VCH=N- VC-NH- Vphenyl
3,6* 1270; 1400; 1720; 1750 |- - - 1640;1570 |1690:;1510|910; 850;
830; 1010
7,8* 1240; 1410; 1720; 1740 [2800 |1280; 1360 [1690;1700|1630;1570 |1695:1520|755; 845; 860; 890

*The IR spectrum for compounds 3 and 6 are identically, the same thing for products 7 and 8.

By the study of UV spectra for alkylated compound was observed the apparition of a
bathochromic shift with a great possibility of conjugation at chromophores system: from Amax =
307.5 nm with maximum absorbance value 0.736 at A = 348 nm with maximum absorbance
0.989 for 2°10” mole/L solutions in DMF and water.

4. Conclusions

In this paper, it was studied the alkylated compounds obtained by organic synthesis for first
time, by spectral analysis NMR, IR and UV. The alkylation reaction was realized with very good
yields, if the process parameters were respected during the time of reaction. The alkylated
diquinoxaline-piperazine-dicarboxylic acids were obtained by original synthesis and as
thermorezistance green pigments can be used for paint as powder type. The pharmacological tests
didn’t proved toxicity and the lethal dose is insignificant for both alkylated compounds obtained by
syntheses.
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Abstract: The determination of vitamin D has gained increased significance in several areas of
analytical chemistry such as pharmaceutical, clinical and food application.

A large number of methods have been developed for quantifying vitamin D contents in
pharmaceutical. The present paper presents research results regarding the establishing of the
optimal working conditions for the determination of vitamin D from pharmaceuticals by HPLC.

Keywords: vitamin D, pharmaceuticals, high performance liquid chromatography.
1. Introduction

Vitamins D, and D3 are very important fat soluble vitamins for human and animal diets. For
this reason, they take part in many pharmaceutical preparations, foods and feed formulation. Due to
the biochemical activity of the vitamins, their concentrations in the preparation are always very low.
For this reason, a specific and sensitive method was essential for determination of vitamins D, and
Ds.

The first physico-chemical technique for quantification of vitamins D and their principals
isomers was the measurement of their absorption in UV. Vitamins D, also the pricipals isomers and
their degradation products present absorption in a spectral domain beetwen 250 and 300 nm [1-5].
Other quantification methods were elaborate such as: colorimetry [6,7], spectrofluorimetry [8-10],
voltametry [11], spectroscopy IR [12-16], mass spectrometry coupled with chromatographic
technics (HPLC or GC) [17-19] and NMR spectroscopy [20].

The quantification of vitamins D in pharmaceutical preparations for human usage is realised
in the most of cases by HPLC method coupled with UV spectrophotometrically detection [21-23].
Because of the simplicity and fastness of these methods, they represente the advantage of their
utilisation in current mode. The analytical procedure is realising by absorption HPLC [24], or by
inverse phase HPLC.

In this study, we described a rapid and straightforward method for the determination of
vitamin D in their commercial pharmaceutical preparation without purification. The described
method could also be applied for determination of other vitamin D derivatives, fat soluble vitamins,
and sterols, after extraction from their samples.

2. Experimental part

A liquid chromatograph equiped with a pump P 4000 Spectra-Physics Analytical, with
detector UV 2000 Spectra-Physics Analytical was used. It was coupled to a computer Pentium III
800MHz, soft Chromquest.

For the first determination, the parameters were:

- chromatographic column type Zorbax-SIL [4,6mm X% 25cm];
- mobile phase: 2,5% isopropanol in hexane;
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- wavelength for detection A =254 nm.

For the second determination, the work parameters were:
chromatographic column type Zorbax-SIL [4,6mm x 25cm, 6um];
- mobile phase: isopropanol:hexane = 90:10 (v/v);

- wavelength for detection A =254 nm.
In the third determination, the column and the mobile phase were changed:

chromatographic column type Zorbax-SIL [2,1mm x 25cm];
mobile phase: mixture from 0,02% methanol in dicloromethan (v/v) enriched in methanol to

6%:;
- wavelength for detection A = 254 nm.
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Figure 1. The separation of vitamins D, and D3 from their metabolites by absorption HPLC

-
Absorbtie UV = R
= < s S 3
la 254 nm S . 0= ) o E RN
] ) ' Q o f=] = - m
o o~ iy o= - -~ - %)
= I8 9 T z - 5.8 &
: 3 .
o b - Ny ' g & i
1 |lE g & 9 B N
g > = g X N ~
= b oy o .
=~ o -~ ~— v,
X g §
— ~ o

)
~
3
&
S
q
&
=

—_—
~—

INJECT.
X}

N N A i I I A A L " L 1 n " s "
4 [ 8 10 12 | L] 1 g 2 4 [ 8 10 .12 14 16 18

Timp de analiza (min) Timp de analiza {(min)

Figure 2. The separation by absorption HPLC of vitamin D, from its hidroxylated metabolites and
vitamin D3 from its hidroxylated metabolites
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Figure 3. The separation by absorption HPLC of dihidroxylated metabolites of vitamin D3

3. Results and disscusions

The absorption chromatography is applied well on separation of metabolites and isomers of
vitamins D. It starts from stationary phases with absorbant properties, porous silicagels and
alumine, which are perfect for the separation of this kind of compounds a little polar and soluble in
organic solvents.

The mobile phases used in vitamins D and their related molecules analysis by absorption

HPLC are mixtures from hexane and a weak percent of isopropanol, these compounds are perfect
soluble in them. Vitamins D, and D3 can be separated on silice in izocratic mode with a mobile
phase from 2,5% isopropanol in hexane, from their monohidroxylated metabolites: [24-(OH)-D5],
[24-(OH)-Ds], [25-(OH)-D], [25-(OH)-Ds]
(Figure 1). If the isopropanol percent is increased (90/10 v/v), each vitamin can be separated in the
most part from their hidroxylated metabolites (Figure 2). The using of ternar mixtures
hexane/isopropanol/methanol permit the minimization of the phenomenon observed in particulary
at the level of peak corresponding to [24,25-(OH),-D3] [10].

A new gradient can be used at the basis of a mixture from 0,02% methanol in
dicloromethan, enriched in methanol to 6%, for the separation of a mixture with dihidroxylated
metabolites of vitamin D3 (Figure 3). In the same conditions, this gradient permits the research with
a superior height of teoretical peak comparative with that obtained for a ternar mixture
hexane/isopropanol/methanol. The using of mixtures based on dicloromethan and methanol often
induce the forming of bules. This kind of problem can be avoided by using of a ternar mixture
hexane/dicloromethan/methanol (80/10/10 v/v/v), problem which will be studied in other paper.

4. Conclusions

After all bibliographic informations, this method: HPLC coupled to UV absorption
spectrophotometry detection represents an interesting potential and can be the most compatible
technique with quantification of vitamins D in pharmaceutical preparations. Other detection
methods could be compatible, but there are many problems with the practical part.
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THE CHARACTERISTICS OF SYNTHESIZED
CHROMOPHORES FOR PHOTOCHROMIC MATERIALS

I Ioniti', C. Ridulescu', A.-M. Hossu'

'Valahia University Targoviste, Faculty of Science, Department of Chemistry,
18-22 Unirii Bdvl., Targoviste, Romania

Abstract

Photochromic compounds are able to change their absorption spectra when exposed to
light or dark condition. This process is reversible when the photochromic moieties exist, as
usually occurs, in two different forms, whose relative concentration depends on the
wavelength of incident light. Polymers white side-chain photochromic groups have recently
attracted a great deal of interest because the photoisomerisation of the chromophores can
induce reversible variation of the macromolecular structure and hence their physical
properties.

Keywords: photochromic, polymeric materials.

Introduction

The problem of “intrinsic colouring” of macromolecular compounds represents a
subject that continuously preserves its actuality. Multiple practical applications (predictable or
in current use) could be taken into consideration; their physico-chemical properties being, of
course the direct consequence of an appropriate structural architecture.

Obviously, the main feature of colored polymers is their capacity (as such, or as a
mixture with other polymers) to exhibit colour; chemical bonding of chromophore groups
would eliminate expensive dyeing techniques, but on the other hand would prevent dye losses
(the undesired phenomenon called migration). However, another interesting feature of such
structures is their potential to form liquid crystals; this fact allows applications in numerous
fields of high technology. Not in the least, we have to mention another set of uses, known in
general as non-linear optics (NLO).

Polymers have a number of desirable properties which taken together should make
them materials of choice for optical devices: may be tailored by conventional synthesis
methods to meet specific device requirements (transparency at particular wavelengths and
stability at particular temperatures); offer many processing options toward desired device
formats which should reduce the cost of active device.

In general all criteria are be satisfied by the model where electron donating (D) and
electron accepting (A) groups are separated by an electronic bridge such as m-electron
conjugated group (see figure 1).

CONJUGATED

: : LINKAGE

ELECTRON ELECTRON
DONOR ACCEPTOR

Figure 1: Structural Model for Chromophores

Procedures to fabricate NLO polymeric materials from a chromophore are
schematically shown in figure 2.
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Figure 2: Fabrication of Polymeric NLO Materials from a Chromophore

From the point of view of the chromophore content, the polymers with covalent
bonded chromophores are advantageous because, in general cases of chromophore dispersion,
the chromophore content cannot increase more 20% due to phase separation of chromophores
in polymers to produce crystals. Basically, these types of polymeric materials can be obtained,
according to the final application, in two distinct ways:

Synthesis of monomers containing chromogen groups (CM); in turn, they would
generate colored polymers, either by step polymerisation or through chain (co)polymerisation.

A polymer-analogous procedure: in the first step, a high-molecular polymer,
containing reactive functions, has been obtained; subsequently, the reactive function is
modified, either by a condensative coupling, or by a series of reactions involving a substituent
of the initial polymer.

Comparing (co)polymerisation of colored monomers with the method of polymer-
analogous transformations, it becomes apparent that the latter method present the advantage
of working with a chain having a definite size, suitable for a certain application; on the other
hand, polymer-analogous reactions, as any other chemical transformation has a given
conversion, so that an accurate control of the included chromophore (as well as its distribution
along the chain) is not feasible. Furthermore, this technique implies subsequent purification,
to remove the un-reacted chromogen.

Attachment of a chromogen on a given polymer support may be performed by two
distinct ways illustrated in the figure 3.

G

B)
MZA : chromogene group
ijAJr Y% — |
X= —HC—CH—
OC/\O/CO
Y= _—Nm,

Figure 3: Modification of Polymeric Materials: A) by the Succession of Chemical
Modification; B) by a Condensativ Coupling Reaction on the Chromogene
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Using the technique B (unique coupling reaction) we have investigated the possibility to
modify the copolymer’s maleic anhydride—styrene (MA-S); maleic anhydride- dicyclopentadiene
(MA-DCPD), butyl-vinyl ether—-maleic anhydride—dicyclopentadiene (BVE-MA-DCPD), obtained
by classical methods (radical polymerisation in bulk, solution or solution-suspension); all experiments
were carried out under nitrogen, 2,2’-azo-iso-butyro-dinitrile being the initiator preferred
in reactions with chromophore structures, prepared in our laboratories [9].

The UV-Vis characteristics of synthesized chromophores are summarized in the table 1.

Table 1: UV-Vis characteristics absorption for synthesized chromophores

Dye ;\amaxl E€max1 ;Vmaxl E€max2
[nm] [I/mol.cm] [nm] [I/mol.cm]
CH r@ O H, 266 6690 416 7460
O @ 266 2780 417 13513.51
‘Q @ N, 266 16157 415 27626
O ‘@’ NH, 267 14046 - -
O @ NH, 266 12163 437 3791.4
O O k 267 9481 300 10107

Copolymers based on MA have been modified based on a nucleophilic reaction of
chromogen (by its functional group) to the anhydride ring; obviously, for each type of
chromophore coupled, we have chosen the appropriate reaction conditions.

The main conclusions regarding syntheses and are the following:

The initial colour of the low-molecular dye has been conserved; this represents a
first proof for its bonding to the polymer chain.

Subsequent IR spectra have confirmed the attenuation (even the total absence) of
the corresponding anhydride peak (1860 cm™), as well as the apparition of new specific
peaks indicating new functions such as amide (1668 cm™ —first amide peak; 1590-1600
cm” - second amide peak), carboxyl (1780 cm™ and 3330 cm™ respectively), or even
imide; the last group may be explained either by a high reaction temperature, or a too
long reaction time.

High dye concentrations and/or elevated reaction temperatures favour obtaining
gel fractions, thus confirming the formation of cross-linked structures.

UV-Vis spectra have shown for transformed polymers powerful absorptions at 340+450
nm, due to the azoic function.

The absorption peak in UV domain is determined by nature of polymeric support and
cromophore structure: in principal the nature of R substituent. Irradiant the chromophor
solution with UV radiation for a short time, we observe a change in the spectral
absorption domain (see table 2).
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Table 2: Absorption characteristics for irradiated chromophores solution

Substance tir (min) Conc. A om) Aq A2 (am) A,
B 3 47410% | 263 | 0960 | 405 1.99
e Q e Q M 45 263 | 0995 | 405 | 1.972
- 6.6110* 287 1.122 426 0.225

CH,0 N=N NH,
C @ 45 287 | 1.148 | 426 | 0215
Br@w “ - 1.99310% | 263 1.147 | 422 1.974
- <:> - 45 263 1175 | 422 | 1.902
_ : 593107 | 263 | 1327 | 409 | 1.615
o D 45 263 | 1329 | 409 | 1.619
| N:N@NH 3 17710% | 293 | 1293 | 415 | 0491
<:> : 45 293 1295 | 415 | 0.500
B 3 263 1181 | 408 | 1312
“ O NN Q M 15 1.7310* [ 263 1179 | 412 | 1.069

4.5 1.167 410 1.138

In recent years we have witnessed the extension in the applications of photochromic materials due,
of course, to their distinctive optical properties. Such materials may be obtained either by using
photochromic pigments, or starting from photochromic polymers. The first alternative implies a major
disadvantage, namely the so-called wipeout phenomena; they are due to homo- or hetero-molecular
aggregations, or emission is essentially an attribute of isolated molecules. Accordingly, there is an increased
tendency to produce this type of materials starting from polymer substrates on which fluorescent chromogens
are coupled.

Even if the method has been proved to be very efficient for SMA, however, for this substrate we
have preferred the direct condensation of chromogen on the anhydride ring; without doubt, the later method
is far easier to control, as we have already previously explained.

Spectroscopic analysis (IR, UV-Vis) has put into evidence on one hand the keeping of the peaks
characteristic to the initial materials (substrate and chromogen respectively), and on the other additional
lines, showing the new polymer-chromogen links.

Unfortunately not all the new materials prepared have been already tested to find out their possible
applications.

In present we continue the work of characterization for these new types polymer materials.

Conclusions

The procedure by polymer analogues reactions, applied to the high polymers, with reactive
functions, are characterized to the peculiar determined by the steric influence of chromogen fraction
and the reaction conditions.

The physical characterization of the materials from future applications take theme to the
limited of specifically values referring in the scientifically reference materials.
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ITERATIVE SCHEME IN SOLVING THE PLAUSIBLE
POINTS PROBLEM AIRISING IN PHASE TRANSITION

Constantin Ghita

Abstract

We define the so-called plausible points whose
cooordinates are state variables characterizing the liquid
phase gap and the nuclei germination region in a body
submitted to the phase change. We introduce an algorithm
concerning with the aspects of approach calculus of the
plausible points of the stable state of the liquid gaps.

Introduction.

This paper deals with an algorithm of Newton type for
determination of the so called plausible points of invariant regions in a
two-dimensional space airising from phase transitions. Apart from a
standard Stefan problem, a new model of a free boundary in phase
transition, which emphasize that supercooling (the melt is present
below its freezing point) is an equilibrium phenomenon based on a
finite size interface between the solid and liquid phase was introduced
in [1], [3], [5].The behaviour of a system submitted to solidification
with supercooling is characterize by phase transition state parameters:
the reduced temperature z and the phase field function ¢, a measure of
the interaction of an atom with a mean field created by the other
atoms (Landau - Ginzburg theory of phase transitions). The treatment
of the stability of the governing equations of the phase change with
supercooling in (¢,u) - plane have needed an investigation of the
invariant sets for a local solution of a Chauchy problem. They
provide a unifying criterion for determining the interfacial region and
indicate values of some intimate parameters for which various values
of phase field function ¢ generate stable points.
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The formulating of the evolution problem as a flow in (o, u)-
space have permitted the finding of three invariant regions /1], /2], let
us designate by Zo,%,,Z,, each of them is specified as a parallelipiped
having a boundary consisting of vertical lines and lines of slope g in
(9, u)- space. Recall that g= AW h\_ﬁ is a nonposmve parameter in view

of the stability mequahtyf— < K, where % " K are the two eigenvalues of
an operator of evolution equation of the problem and where K'is the
thermal conductivity of the body, / latent heat of fusion (per unit
mass) & the thickness of interfacial region, t a relaxation time (the
time in which change occurs on the thickness of interface).

Remark that the invariant regions depend on the ratio % through
g, but not on & and t independently. If the point (o, u) determme the
state variables and lies in I, it characterize that part of the body at the
interface level where both phases are present in equilibrium The set

T, contains the local extrernuli( = 6g‘ﬁ) , I‘fz( = EJT") of the

function £, u) = (¢ - £¢* +2u in the (¢, u)- plane. The set X which

lies itself in the half-plane ¢ > -Jl— suggests a definition for the liquid

phase gap: the set of points of the body for which the state variables
(¢, ) remain in T,. The set £, lying in half-plane ¢ < - define the

nucleation region, that part of the body where occurs the nuclei
germination of solid phase. In this way, the mushy region take place
to sharp interface and the thickness of that region is given by the

distance between points for which ¢ = T‘:}g, and those for which

¢ = 7-"2 Note that g is associated with the values ¢ =+—; for which
the free energy of the system is lower.
Consider a sufficiently large invariant region X, with boundary

consisiing of e curves: .
Ci:o=a, o> A( (glaz—l)),
G u=qgo-a)+3(gal-1) B'(——a.. —2ag+$(ga’ - 1)),
G :o=-0a; A’(—a -2(ga’- 1))

Ciiu=qo+a)-3(ga’~1) 13’(@,Zcou;r—?“‘-(,glct2 - 1)),
where 2ag < %(g?a? - 1) (figure 1). In the same way the minimal region
of the liquid phase gap ,may be limited by the curves:
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The formulating of the evolution problem as a flow in (o, u)-
space have permitted the finding of three invariant regions /1], [2], let
us designate by £,,X,,Z,, each of them is specified as a parallelipiped
having a boundary consist:ing of vertical lines and lines of slope ¢ in
(9, u)- space. Recall that g= - J.. is a nonpositive parameter in view

of the stability mequahty-z- < K, where & " K are the two eigenvalues of
an operator of evolution equation of Lhe problem and where K is the
thermal conductivity of the body, / latent heat of fusion (per unit
mass) & the thickness of interfacial region, t a relaxation time (the
time in which change occurs on the thickness of interface).

Remark that the invariant regions depend on the ratio % thmugh
g, but not on & and t independently. If the point (¢, u) detcrmme the
state variables and lies in I, it characterize that part of the body at the
interface level where both phases are present in equi]ibrium The set

T, contains the local extremumas, (—J—L;é, "'E;ITE") , Mz( = 2-,'7—') of the

function Ao, u) = (¢ - £°¢*)+2u in the (¢, u)- plane. The set 21 which
lies itself in the half-plane ¢ > - suggests a definition for the liquid

s
phase gap: the set of points of the body for which the state variables
(9, ) remain in £,. The set £, lying in half-plane ¢ < —— ‘ ; define the

nucleation region, that part of the body where occurs the nuclei
germination of solid phase. In this way, the mushy region take place
to sharp interface and the thickness of that region is given by the

distance between points for which ¢ =~ J‘i i, and those for which

9= 7:3 Note that g is associated with the values :“T? for which
the free energy of the system is lower.

Consider a sufficiently large invariant region X, with boundary
consisting of e curves:

Ci:o=a, a>g A(a,%(g"ccz—l)),
G :u=qgo-a)+ %(gza2 -1); B(—a.-2aq+ (8o’ - 1)),
C:o=-a; A"( -a,-3(ga? - l))

Ci:u=q(o+a)-5(ga*~1) B’(a, 20g-3(ga’~ 1)),
where 2ag < 3(g?a? - 1) (figure 1). In the same way the minimal region
of the liquid phase gap X,;may be limited by the curves:
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perpendicular, enters in our analysis. We perform a rotation of the
coordinate sustem XoY by angle v=n-pe (0, §) ,  Where

u=Arcgqe (35 ) its boundary intersects the curve g, u) =0 and we

state that the plausible points are obtained. We write the ellipse
equation

97 2 p _
Ly o) " Gl 7
At this stage we still have to made a backward rotation by -v,
described by the equations
(1.2) ¢ =0’cosv+usinv, u=—@’sinv+ cosv,

such that cosv= Jﬁq‘z siny = J% and consequently we obtain the

above mentioned domain £.

It is only in this last step that the inverse transform:
¢’ =@cosv-usinv, o =@sinv+ucosv, after some elementary
calculations leads to the equation

(1.3) Mop? + Ni* +2Ppu= Q,
here and in what follows M, N, P, Q are given by the expressions:

M=(3ga?~1)- q) +a2g2(1 + ¢%)>0,

N=¢(3a?-1)-gu) +a2(1+g)>0,

P= q{az(l +g%)’ - (%(g’u’ -1)- qu) 2} .
0=0o*(1+ (32~ 1)- qu) >0

The point Vlying in the first quadrant of Cartesian coordinates
will be reffered to as a plauszbie point of the liquid gap. The part of
ihe ‘Gauy naving iiie Staic characierised by the coordonates of the point
V'will be considered as a liquid gap, and we are only interested to

obtain numerical approach states of the point V. In this way we
fonnulate

. Problem 1.I. Find (¢,u)eR?, such that ¢,u>0, and
—((p £0*)+2u=0, Mp*+ Nu* + 2Rpu= Q, where ge R, 2> 0.
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2. Some considerations about an algorithm for solving a system
of equations. Let X'be a bidimensional Banach space, whose elements
are denoted by x and fe C'(X); consider the equation

B

Fig. 1 B

(2.1) £x)=0.

Without any assuption on £ suppose that (2.1) have an unique solution
x" . We now propose an _algorithm of Newton type, having as goal to
determine the solution x’, i.e.

(2.2) Xowt = X+ (£ (x0)) " £x2),
where x, is an arbitrary point in a nelghbourhood of x; ‘we take it as
an initial data such there exists (£x0)) ™" € L(X).

Remark that the choice of the initial data x, is essential for the
rapidity of the convergence of (2.2) to x". Indeed, we emphasize a
mapping on X which satisfy the Picard-Banach fixed point theorem
([4]), more precisely we set

Theorem 2.1 Assume that f fulfils the previous conditions of
regularity and suppose in addition that there exists a positive number
r, the smallest root of the equation 7 -ar+b=0, such that 7 is Lipschitz
continuous on B(xg, D, 1. €.

(2.3) I (x) - £ (Wl < Lijx- 4|, for some L € R, ;

here a= ll!(xol)“lHL’ = ll;:f;jﬁ:)” , and suppose A = a* —4b> 0. Then there

exists a unique solution x* € B(xo,r) of (2.1) and the algorithm (2.2)
converge strongly to x".
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Proof. Consider B(xo,n endowed with the euclidian norm
induced by Xand g: B(xo,) —> X, defined by

(2.4) &0 = x— (£ (x0))” £x).
The mapping g verifies some expected properties: it is continuous
differentiable on B(xo, ), having

£ =I-(f(x0))" () = £ (x0)" (f (x0) - F (),

Fig. 2

where 7 is identity on X and g/(x0) = 0; it applies B(xo,n into itself:
indeed, using (2.3) we get
lle(0) = xoll = {|(£ Cxo)) ™ [£ (o) - x0) = £x) + Axo)] = (£(x0)) ™ Axo)|| <
<l Co) ™ I (o) — x0) = £x) + x| + (£ (x0)) ™ Axo)) -
We set Rx) = fx)— fxo) - £ (x0)(x— x0), and apply the Lagrange theorem
on B(xy, D:

IRl = 18X - Rxolll = [|F Elllx - xoll < L2,
§=Xo+Ax-x0)te(01), since |FE)=|FE)~ x| < LI§ - x| < L.
Finally, we have [g(x - xo)| s”(f (x0)) |12 + ||(£ (x0)) " Ax0)|| = 7, in virtue

p

ATt~ Antinkia A T — AY Y278 we e tlane --- L~
uuuuu. DEALLILLWAL U Y o FYLVA N LV W) i l.l.a 1% \,

e 0l = g () - ¢ (o)l = n(f(xo»"(f(x) Flro|< [ Coo)) | lix - ol
< L|(#(x0))'|| < .5, therefore, gis a contraction on B(x,, .

The existence of a unique solution x* of the equation x= g(x) is
an immediate consequence of the Picard-Banach theorem. Moreover,
xis the strongly limit of the sequence {x,} ..y, given by the algorithm
(2.2); hence x” verify (2.1). Also the error estimate can be obtained in
view of this theorem, i.e.

(2.5) €a=llxp—x*| £ 2'*-1 , for some Cpositive value.
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Remark 2.1: The assumptions of Theorem 2.1 are not suffiently,
that is only a good choice of the initial data assure a rapidely
convergence of the algorithm (2.2), but one may choose an arbi

X, not satisfying that assumptions and the algorithm (2.2) converge to
X,

3. Iterative scheme for solving the plausible point problem of the
liquid gap. Here we shall retumn to. the Problem 2.1 for finding a
numerical scheme. according to what has been shown abstractly
above.

Let us take

X:=R*NZ,, xo0=(30) , fo,u)= (%((p - 2¢*) + 2u, Mp? + Nu* + 2P(pu)

and we preserve the notations of the sections 1 and 2. After some
usual calculations we have:

1(1-3g%¢? 2 0 -1 2
J’((p‘")=[22(m5¢m) 2Nu+ZRp]’ %”0):[‘"} ’j’(‘l“o)=[w E’} ’

-
&

o 2m, 2 | " z ¥
- PaM P L m- M
T3 0) =[ i i J » Iz 0) f(30)= g(.mzm[ i J

PIM  2(Pe2bd 2

We adopt the maximum of all the sums of asolute values on line of a
matrix as a norm of an element of the space LX), hence

M= .0),, = o max {1252 7} -

|Pe2M)? 2] P2 M

In the same way a norm of a column vector is the maximum of
absolute values of its components, therefore

C:= |l 0™ 150, = dymax { 72z, st}

The constant of Lipschitz for fis retrived from the matrix of Hess of
the function £

T _a -3 0 2m 2P ||| _
L=l 0, =5 ax{”( 0 U)HH[ 2P ZNJH}

= —l%max {3g 2max {M+|A,N+|FA}}.
Taking into account algorithm (2.2) and in view of particular
definition of the function fwe get the nonlinear iterative scheme

Pl = Fogiy —izfcpg — MPQ} ~ MNu} - 2PM nu, + 3(4M+ 3P, + 2Pu,,)
(3.1)
et = i 503~ 0%~ ¥4~ Pusg+ AP+ 2M-280u, o),
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Wl[h Qo = -}, g = 0.

Let us remark that the scheme (3.1) can be used in order to
obtain an approximate point of the plausible point V of the liquid gap.
In opposition with this iterative scheme, apart from the point (-3,0)

with essential modifications of the iterative scheme (3.1),
incorporating new M, ‘N P, a-similar procedure can be implemented
for the plausible nucleation point. The neccesary number of iterations

in order to obtain an error estimate ¢, can be computed via formula
(2.5),

n*=l-ﬁ§1n~§—‘+l,

where [ M] designe the greatest integer less than M.

The use of iterative scheme allow us to replace a plausible point
with a family of aproximate points {(¢,, Un)} ,n» Characterizing the
stable state of liquid gaps at the interface level. The results supply by
the iterative procedure concerning state parameters of the two phase
are usefull in the topography of the boundary layer.

Let us apply the previous considerations to the system having
the following characteristics:

& =1, a=19, I=65callg, c=0.17callg.°C, p=71.8g/ca®, £ =0.0lcm,
©=0.1s; substituting these values into expression of M, N, P, Q we get:
K =0.136 cm’/s, ¢ = -0.024, M =1.654, N = 0.003, P= -4.708 , Q=
=5.791. From the foregoing it follows that A= 0.05, C= 0.0837, L =
=1.27; observe that MCL = 0.005, and we can apply Zeorem 2.1 and
the algoritm (3.1).
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Schéma itératif pour la résolution du problem des plausibles points
apparaissant dans la transition des phases

Resumé

On défine les points plausibles dont les coordonnées sont des
variables d'état de la zone lacunaire liquide ou de la zone de
germination dans un systéme soumis au changement de phase. On
introduit un algorithme en ce qui concerne le calcul approximatif des
coordonnées des points plausibles comme des paramétres des états
stables des lacunes liquides au niveau de l'interface.
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MODEL WITH NONLINEAR CRITERIA FOR HARDENING
DEFORMATION
CONSTANTIN GHITA

ABSTRACT

The quasi-static equilibrium of a system subject by hardening deformation
under time depending pressure was studied theoretically. The ‘mechanical
considerations show that the hardening deformation problem, defined here as a
variational problem, can be splited into a sweeping process problem for elastic and
hardening components and a selection problem for a strain rate. It was found an
existence result and thé uniqueness was derived by means of approximation of a
quasi-statical process with dynamical ones, which causes neglected inertial forces and
small velocity. Many of the results of this paper are motivated by the technical
implications of required hypotheses.

INTRODUCTION .

In recent years, much effort has been devoted to the study of the quasi-static
and dynamic equilibrium of a system involving nonlinear constitutive laws, by means
of variational methods (G. Duvant & J. L. Lions, 1972), dual methods (J. J. Moreau,
1974; B. Nayroles, 1974). In order to formulate the dual framework of the treatment
for the equilibrium equations of a system governed by constitutive law of Prendtl-Reuss
type, we obviously impose some hypotheses which seem to have much greater
generality then the ones previously defined. It is the purpose of this paper to give an
equivalence between an original variational problem and a sweeping process problem
for elastic and hardening components of the deformation, adding a selection problem
for plastic one. |

The motivation for this study stems from introduction of a Hilbert space of
admissible process of deformations with hardening and a few significants sufficient
conditions leading to the ideas of admissibility and selection. The great difficulty in
applying the general theory of dissipative mappings (V. Barbu, 1976) lies in the fact
that one has to establish appriori bounds for the solution of a Cauchy problem, that is
an evolution equation associated with an accretif operator. Consequently, we apply the
regularization tool and approximated method.

The development of the study is done in such a way that we evaluate an
abstract condition of hardening, done firstly in this paper, we employ the plastic work
factor in order to extend, in a natural way, the dual framework exposed by J. J.
Moreau, 1974, 1975. To do this, it is an easy task to write the restrictions of
configuration and constraints as static laws and resistance laws, respectively. The
transposition of the thermoplastic flow equation in dual energetic spaces has to be done
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in such a way that as much information as possible about the behaviour of material
system is carried over to the abstract setting,

By means of directional deformation we introduce also an anisotropic factor
(satisfying the Bauschinger effect) counted as a translation in the same direction as the
development of the load surface.

In the remainder of this paper the formulation of an evolution problem for
dynamic equilibrium of a system has been made in order to obtain a uniqueness in
displacements for a cvasi-static process. In this way, the cvasi-static deformation can
be seen as a limit process of dynamical process which involve.the small velocity. It is
also possible to extend many of the previous results (J. J. Moreau, 1974, 1975) to the
actual situation of hardening deformation.

PRELIMINARIES
The definitions, notations and elementary results of this section are basic for
the whole paper. They will be used, usually without further mentions, throughout this

paper.
Let [0,T] be a finite nonempty interval of real line, U, E and Q real Hilbert

spaces, having particular meanings in mechanics. Supposing that the injection .U—>U
* is compact, where U” is the dual space of U, we denote the interpolation space of
inertial terms by H=[U,U"],,,. Of course the injection HC U is also compact. Consider
now C([0,T] : U) the Banach space of all continuous vectorial-valued functions and
L*([0,T] ; U) the Hilbert space of all (equivalence class of) measurable vectorial valued
functions, whose second powers are integrable on the interval [0,T]. Analoguous, we
define the same spaces for E and Q, respectively.

Let H'([0.T] ; U) be the hilbert subspace of all vectorial-valued functions of
L*([0,T] ; U) such that the derivative (by means of distributions) U € L*([0,T] - U),
with the norm

L ]
”ullul({c.ﬂ 20} '_"(”u"LE(m.T; 1) +||u”1.2([0:rj;t:) ...)m (1-1)
Each element u€ H'([0,T] ;. U) is called the process associated with mechanical

system, roughly speaking u is a displacement process.
We consider the well known mappings of the theory of plasticity which

characterize the geometry and the behaviour of the system. Let KiU—E be the
operator of the theory of deformation, whose adjoined operator K* is defined from E to
U; suppose the operator K satisfies the following condition

|IKu|[2k |juf|, for every u€ U and some k>0. (1.2)
‘In order to obtain a more precise information about elastic behaviour of the

system and to introduce a technical energetical norm, we define A:\E—E, a linear
bounded self adjoined operator of elasticity. We are interested in special case where A

satisfies a positive defined condition, i.e. there exists o€ R, such that
(Ae,e)20ljje|f’, for every e€ E. (1.3)
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It should be noted that the plastic properties are usually presupposed given by

a proper convex l.s.c. functional (B. Nayroles, 1974).
~ Next we discuss some developed approaches which are tested, but which are
based on new ideas that hardening occurs. The same procedure is based on the
technical properties obtained in section 3. Consequently, there are several possibilities
for generalizing the previous results of J. J. Moreau (1974, 1975), replacing the plastic

potential by a proper convex l.s.c. functional § on ExQ.

Consider the equilibrium problems for an elasto-plastic system subject to the
cvasi-static and dynamic deformations, governed by a constitutive law of Prendtl-Reuss
type:

Problem 1.1 Suppose that e’€ H*[0,T] ; E), c€H'([0,T]; U%), u,€U, o,€
E’ qoe Q’ sat‘isﬁ;

K*o=c(0)€U*, (0,,9))€ H3PB), B(0,q0)<+0, (1.4)

p=Ku,+e’(0)-A'c,

(8(.) denote the definition domain). Prove the existence of

Ku(t+e(t=e(t), e(t)=A"o(ti+p(t) (1.5)
K" o(ty=e(® (1.6)
(P®),-q(t)€ FB(c.qx®) (1.7)
(u,0,p,D(0)=(1y,0,P0,0) (1.8)

Problem 1.2 Suppos: (1.4) satisfied. Find (uw,U,0p,)€ H'([0,T] ;
UxHxE*xQ) which verifies the coiditions (1.5) and ' 1.7) of the Problem 1.1 and

U (H)+K* o(t)=c(t) (1.9)
(“»u»oapaq_)(o):(“-eavmcmpnaqn) (1 - 10)

THE MAIN EXISTENCE RESULT

Let K be a Hilbert space, (J,Q) and (4,%) two pairs of dual subspaces of K such
that IN = and QMU= . Motivated by our necessity, it is to be expected that
the two subspaces /xJ and UxQ are supposed orthogonal subspaces and K splits into ZxJ
and ¥xQ. In order to obtain the reduced sweeping process problem derived from the
hardening problem, we impose hypotheses which do not seem to be very restrictive. As
we shall show, these hypotheses are always met in term of Hausdorff topology on the
Hilbert space K. Indeed, for every pair of subsets A and B of K we denote

e(A,B)= sup d(a,B)= sup inf d(a,b),

agA ae AbeB

where d(_,.) is the distance defined by the norm of K.
In this way consider the topology given by the so called Hausdorff distance

d(A,B)y= sup {e(A.B), e(B,A)} (2.1)
We note by [, ] the inner product of K.
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Problem 2.1 Find the absolutely continuous functions t—>v(t), t—>y(1),
defined on the interval [0,T], such that (v,y)€ C([0,T] ; %), (v,y)EL' (0,T] ; £x¥) and
verify a Cz.mch)'{. pro_blem_ for an evolution equation, i.e.

V(O-Y (©),-q (1) E O gua(-Y(O-c(t)-€(1),q(1)) - @22
-y(0)=y, € (S(0)+a(0)+c(0)+e’(0)M ¥, g(0)=0, 3
where t—>a(t), t—>c(t), t—>e’(t) are absolutely continuous functions and t—>S(t) is a
bounded map, having an absolutely continuous variation with respect to'the Hausdorff
topology previously defined.

We call Problem 2.1 the anisotropic hardening problem ,
Problem 2.2 The regularity hypotheses on the functions a, c, e are the same

as in the problem 2.1, then determine (-y, q)€ C([0,T] ; K) such that ye L'([0,T] ; ?J')
and the followmg evolution equation

-Y(®.- Q(t))e W e Dy ma(-Y(D.a(D) (2.3)
with initial condition

q(0)=0, -y(0)= -y, € (S(0)+a(0)+c(0)+e"(M)MVxQ, is verified.

We call this problem the general sweeping problem associated with the
convex subset S (t):=(S(t)+a(t)+c(y)+e(t))

The following theorem gives sufficiently conditions for the equivalence

between the above defined problems.
Theorem 2.1 The following statements are satisfied:
1. a, c, e are absolutely continuous functions on [0,T] with values in K, moreover there

are a, ¢, e"€L'([0,T] ; K), c(t)e 2, e(t)€Y, for all te [0,T];

2. Int (SN 1xQ)# O, for every te [0,T] (it is called the admissible load condition of
the system), then the Problems 2.1 and 2.2 are equivalent.

Proof. Sufficiency: Due to the fact that (-y,q)€ W"'([0,T] ; ¥xQ) is a solution
of generalized sweeping problem with initial condition (-y, ,q,,)€ S(0)N UxQ, it
follows that

KL (vthat)) e Q

OV, o(-¥(0),g(1) =} 2.4)

+00 | othermise
Consequently, for(-y,q)€ W"'([0,T] ; /xQ) there exists an element of #xJ.it suffices to
take (\./(t),:(.i(t])e #xJ, for almost everywhere t€ [0,T], such that
(VOGO DV -¥D.a0) @5)
At this stage we don't give more mformanon about the regularity of the function t—>
v(t) on [0,T]. We shall show latter that (V Q)E L' ([0,T] ; K).However, by condition 2

follows that the mapping t—>Int (S(t)ﬂ?)xQ) define a nonempty variety whose
variation (with respect to Hausdorff topology) is absolutely continuous.
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In the case when (2.5) holds, the two elements ({/(t)-gr'(t),—zl(t)),

(-y(t)-c(t)-e’(t), q(t)) consist of a dual pair for the two polar functionals Vsgay W
sora- Lhen, it follows from the transversality conditions (Fenchel equality), using the
fact that (-y,q) is a solution for the

Problem 2.2:

W sV OY O QOIEVOHY O.-GONYO-c-0.a)=0 (2.6)
By a straightfozwarci calc:lilation we obtain an Equivalent form :

¥ o (VO-Y(0),-qOIH(-V (t)+).f(t),—q(t)),(-y(t)—a(t)-c(t)—e"(t),q(t))]=0 (2.7)
which represents an image of an affine variety at point (-y(t)-a(t)-c(t)-e%(t),q(t)). This
define an exactly support at the convex variety S(t).

Consider now the map t—>(t), defined by
VO-2E€ K/ ¥ (@ [2,0y0:a-ct-e"O.a0)]-0} (2.8)
which range contains the point (V(t)-Y(t),- ()€ £xJ- (Y (1), -(J(t)). Then, we claim

that in the case of condition 2 of the Theorem the two varieties y(t) and #xJ- {(¥(t),

-c'l(t))} have nonempty intersection.
On the other hand, because the subset S(_t) has an absolutely continuous

variation and \p*sm is the support function of S(t), it is obvious that t—>y* spiS 2
measurable absolutely continuous map and t—>-y(t)-a(t)-c(t)-e°(t) is an absolutely
continuous function. Sincf . -y, € W"'([0,T] ; K), it should be noted that

= YONEIY O~ 1) 29
is a nonempty measurable mapping with absolutely continuous variation. In this case,
by means of condition 2, it may be possible to get an absolutely continuous function

v:[0,T]—>K and a small parameter p>0 (see also J. J. Moreau, 1974) , such that

Y(OE SHMYxQ (2.10),

B, (Y(t)C S(HMVxQ (2.10),
By the definition of the support function Vs and inclusion (2.10), it follows

¥ @2 [YO-(@(tyHe(0).a(0), 21+ |[2If, for all ze K 2.11)

We shall evaluate now the support function of the variety S(t) at the point
(-y(-a(t)-c(t)-e’(t), q(t)), which lies in S(t). First of all we set

[z,(-y(D-a(t)-c(t)-€"(1).q()]= -L(y(t),.-q(t)), (y(t-e"(H), q()-y(OI+
+[z,(vgt)-(a(t3+o(t),q(t))]+[2+(y (9,—q(t)),(-y(t)-e"(t),q(t)}l'(t)]. . ..
If we take z=(W(0).-q(t) € ¥ M (xJ- {(Y(®),-q (1)} ), because (W(t),-q 1)+ (),-q

(D) € £xJ and(-y(t)-e°(t),q(t)) - y(t)€ ¥xQ ,from the orthogonality or the two subspaces
2xJ,¥xQ it follows

(WO, CYO-a0-e0-e'0, a0
=W (.-G E).YO-@0+0.0)] + [V OGO VO-C¥(E-eD.q0)]
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.011 the other hand, turmng to (2.11), we have for z=(W(t),-G(t))
I!(W (t) Q(t))ll 3 [(Y(t) Q(’t)) YO+ DS

<3 ||(y ®, 'Q(t))ll [y@®+HO+e"),.ab)]l,
which point out that the mapping t ——>“(W (t),-q (t))“ is dominated by a real valued
integrable ?netion_ on [0,T]. Finally, we have

W.-Q)e LIE[O,'E] K) (2.12)

If we take (V,-()= (W.-Q)+ (Y,-Q), then (v,-q)is a proper solution of the Problem 2.1.
Indeed, from condition (2.5), using the subaditivity of a subdiffrential in respect with
the restriction of indicator function, we obtain

VOV OAE)E Wy YOADI OV YOUDIS OV s oY, a®)
This proves that v, y, q verifies the anisotropic hardemng, problem. Since (y q)e
L'([0,T] ; 2xJ) and there exists (2,12), we deduce (V Q)EL ([0,T] ; #xJ). We denote
by t—>v(t) a primitive function of \.!(t), such that v(0)=v,€ / and so ve C([0,T] ; K).
Necessity: Let (v, y, q) be a solution of the Problem 2.1, in fact (v(t), y(t))€
XY, (v,y)e C([0,T] ; 2), }./E L'.([0,T] ; V). By the hypotheses on the orthogonality
of the two subspaces #xJ and ¥xQ, it is clear that
VOqt)e OWng CY(1,4(1)),
where we have to do a remarque: the subdifferential is computed by means of the

product of K. Finally, since ,,, and Y, are finite maps and v, is continuous at 0€
K, we may apply the transversality condition of the subdifferential on the nonempty

subset S(t)f.'\ 'UxQ. (see H. Brezis, 1972) and get

-V (,-4(1) € O gy -Y(O-c(D)-e(1), (IO W, o(-¥(1),q(1))=0

W syt Qe (YD,A(1) TOW,, (-Y(1.90)70Y  y~ o(-¥(D,q(0)% D
By this we mean that (-y(t),q(t)) € ¥xQ verifies the Problem 2.2.

Note that the anisotropic hardening problem have being reduced, by the
selection of a plastic component v€ C([0,T] ; with an absolutely continuous variation,
to an evolution problem, that is the generalized sweeping problem for a nonempty
subset S(t). Consequently, the condition 2 of the Theorem 2.1 seems to be essential for
the existence of a solution of hardening problem on a Hiibert space

H=9xQ (2.14)
endowed with the topology induced by K. At this stage, the restriction S(t)CH may be
considered as a time depending map on [0, T] with values into H.
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THE EXISTENCE OF THE SOLUTION FOR THE PROBLEM 2.2

In this :section the regularized problems corresponding, to the quasi-static
process can be employed to derive the existence result. It is the aim of this paper to
emphasize the problems associated with visco-plastic process and present the
hardening process as a limit case (see also C. Ghita, 1984).

Let H be the Hilbert space defined by (2.14) and the closed convex time

depending set St expressed by (2.13). In order to obtain an abstract setting of this
approach, we first recall some usual definitions and notations of the nonlinear

functional theory. We set WV ¢ the infconvolution of two element y and ¢ of a
functional space on H, namely

WV o)z 1D£ {yO+o(z-x)} (3.1
If v and o lies in a regular class of functionals on H (it is sufficient y, o€ I" (H),then
(W+@)*=y*V o*, (3.2)

where by y* we denote the dual functional of y (D. Pascali & S. Sburlan, 1978).
We consider now a quadratic form given by the distance at the load surface S ,
F(v)=3 d(v,S) =5 inf |lv-wif=inf {5 v-wif + y§ (W)}, (3.3)

wEH wEH

more precisely F is a convex Fréchet-differentiable functional, with derivative
(gradF)(v) = v-Pyv 3 (3.4
where Py is the projection operator on S . In other words, F consists of a regularization
of the indicator functional g it is easily seen that Pgv = lim J, ,(v), where J, is the
A—>0
Yosida's regularization of the subdifferential W'§ (H. Brezis, 1972). In this way we
have

grad F=(0vyg) , (3.5)
Recall that (Oyg), isthe Yosida's apprommanon of Oy g .It is well known that
@¥3), >0V, as A—>0 (3.6)

By the above con51derat10ns we are led to define the approach problems

-(- yl(t) ql(t))— 5 &rad F(-y,(),q,(1)

Y20 Yor 401y (-¥0,00) € S(0), 3.7
which have unique solutions (-y,q)€ C([0,T] ; K)MH'([0,T) ; H) (see V. Barbu, 1976).

After these preparations we are ready to study the approach problems. The
following lemma needs some expansions conditions of the notion of load surface and
gives some informations about the boundness of the approach solutions.

Lemma 3.1 Take A = & and let (-y, ,q.) be the solutions of (3.7),. Suppose
that t—> S(t) has an absolutely continuous variation W(t), then

(e (3.8)

T
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Proof: Since t—>S(t) is an absolutely continuous map, with bounded
variation and the solution (-y,,q,) of (3.7), is an absolutely continuous map on [0,T],
then B

t—=>d(¢y,(0,9,1), S®) 3.9
is a real-valued, absolutely continuous map. As a direct consequence we find the
absolute continuity of the map

t—=>Pg((-y,(1,q.(1) (3.10)
On one hand, the functional F of (3.3) is differentiable at t, € [0,T] with derivative

F(w) dw,S) d(w S), on the other hand

FLW)F(ty W(t,)) FOWOIFOW() | . FOwlte)Fty wite))
F (to,W(tp))= thm 1o _tl >t 1, E]—-Et[: ttg

However, the regularity properties of the functional w—>F(w) on H assure

(grad F(t,w(t,)), W(t)-W(t))SF(t,w(t))-F(t,w(t,))=(grad F(t,w(t)),w(t)-w(t,)).
It is obvious that (3.4) implies the continuity of the map t—>grad F(t,w(t)), then the

first term of the right side of (3.11) gives at limit
Ftw®)Ftw(ty) _
lim —————" = grad F(t, m(t,),

t—to
and with the same argument applied to second term of the right side of (3.11) we
obtain the following equality
d(W(t,), S (1)) d(W(ty), S (t))=(grad F(t, w(t,)). W(t))Hd(W(t,), S (1)) wit,), for all w(t)€ H
(3.12)

In this way the smoothness requirements about w is so weakened. Hence, letting
w(t=(-y,(1),q,(1)), the solution of (3.7), , we have

d(( -¥a(1),8.(0), SOy, 0.0, Py, O.0.0)/=grad F(-y,(1).a,0NI<

< 3 Y. 0.0, )< +oo.

Turning now to (3.12) 1t follows

Ad((v(0),0.0).S O nd((y,(1D,9.0),S®)SWMD), ae te[0,T]  (3.13)
It should be remarked that the initial condition (3.7), implies d((-y,.q,).S(0)}=0. By
an integration on [0,T], from (3 12) we obtain

(3.11)

b—u

all(=ya (®), qn(t))||+f(—yn(t) q, ®)dt < f w(t

0
particularly

1Yo Gl Loty . n)—”W”L (0.1] : 1) (3.14)
Consequently, by (3.12) results

> d((v,(T),q,(T)), STH+ nI F((y,(0,9.(t)) dt < I d((y,(0,0.0),8 (1) Wb dt.

Now the assertion follows applymg the Gronwal]'s inequality (V. Barbu, 1976).
In the next we show how the approach solutions of (3.7), uniformely converge
to the solution of the Problem 2.2.
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Theorem 3.2: Suppose that t—>W(t) has a time derivative W € L'([0,T] ; H).
Then the sequence {-y(1),q.(t)}neN converges to the solution (-y(t),q(t)) of the
Problem 2.2, uniformely with respect to n, a.e. t€ [0,T].

Proof: Consider the approach problems (3.7) written for A = » and A =

.These are employed in calculating estimates for the difference of two solutions in the
H-norm, i.e.

2 Yo, YD, GO P2, (D, GO (TG, Yo DGO (YD, O
(by using (3.4) and (3.7))=

=Y, OV (D8O, PS (Y, 0, G ONPF (¥ (0,0 () -

2LVa OO Ya®:8a®)s 7 VD8O 5 Ya. e NS

<2 (o0 G OHYaD:9O), 7 (VoD 5 CYalD,qu(O)],
where we have used the monotonicity of Yosida's approximation of the subdifferential

Oy g . Hence, by an integration on [0,T] we obtain
0= 5 3D QT)-CYn(M g TIPS

T
< — [ [F Y. 0O 5 (Y n.Qa®), (Y08 OCYAD.0,0)] dt.

0
therefore, we have

L ] L ] L] L] L ] L] 1 ) ® L ]
(CARECAREC A IS SO ) I

Since {%- }neN 1is a decreasing sequence and the sequence of the real values
(=Yoo Gl 207 . ) 1S bounded from Lemma 3.1, it follows from an elementary property
of the Hilbert spaces (see J. J. Moreau, 1974)that {(-y, q )ncN 1§ an increasing
sequence and strongly convergent, say to (—’)7 qj in L*([0,T] ; H), with (-y (t).q(t))€H,

a.e. t€ [0,T]. In this case, by passing to an appropriate subsequence and using Lemma
3.1 we deduce

||(‘YsQ)”1.2([a.ﬂ -_n; ”ﬁ" ||L2([nl;r] JH) . (3.15)
Consider now y(t) = y,+|y (s) ds, q(ty= [q(s) ds , hence t—>(-y(t).q(t)) is an
0 0

absolute continuous map with a weakly derivative: (-y,q). It is not difficult to find an

apriori bound which is needed to derive the convergence of the sequence {(-y,.q,)}neN
Indeed we have

t L ] * * @ * L
1=y, DYoo B 2013 ;H’)=“£ [-Y.9)()(¢-Y,.q. XS] ds|| = ﬁ NCY.D-CY I 2q0m 1 >

which assures the convergence of the sequence {(=yn,=qn)}nen in L*([0,T] ; H).
Consequently

yu®.a.0) >(-y(t),q(t)), a.e. te[0,T]. (3.16)
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It remains to show that (-y,q) is a solution of the Problem 2.2. By (3.4) and (3.7), ,
using the boundness of the real sequence {||(-y,,q.)|[}neN in the space L’([0,T] ; R),
results

lim Pg((-y,,9.))=(-y,Q), a.e. t€(0,T]. (3.17)
Taking account (3.17) and the convergence of the sequence {(-y,,q)}neN and
{(——i{n s Eln ) } , by pasing at limit in (3.7),,,, as n—> % , we obtain

Vo0 O)>-TD,-4 () € HM QY5 ) (oD oYW,

ae. t€[0,T].

The uniqueness result is a direct consequence of the maximal monotonicity of
themap Oys.

We close this section with a comment about the uniqueness of the solution for
the anisotropic hardening problem, It is perhaps the most difficult condition to check
that the variety (2.9) can be reduced to-one element of H: In this case it is superfluous
to select a plastic component of deformation.

DUAL FORMULATION OF THE ANISOTROPIC HARDENING PROBLEM

Consider a mechanical system occupying a three-dimensional bounded

domain €2 ,whose boundary I is sufficiently regular. Denote by x a reference position
of a material point in a deformation state. The deformation of the system may be
described by the configuration u(t)€ i, consisting in a pair (X, €£), where X is a
displacements vector and the deformation tensor. Suppose the deformation can be
always achieved by acting with forces and moments c(t)€ U*=U*xE=7 , where U is
Banach space of admissible displacements of the system, U* the dual space of U,
consisting in external forces, E the Hilbert space of admissible deformations which
may be identified with the space of internal constraints. As a measure of hardening we
take the work of plastic deformation g(t)€ Q, Q is another Hilbert space. Consider also
the anisotropic factor a(t)€ E, which contains much more informations about
directional deformation. Namely, if we define (see L. M. Kachanov, 1974)
a(t) = Ce(t), for some C > 0
it tels us that the Bauschinger effect is everywhere satisfied in the system.

Suppose that the load surface equation is derived by the second matrix
invariant L(s(t)), that is

S*(t={s(EE / (s(t)-a(t)) . (s(t)-a(t)) = ¢(q(t))} , (4.2)
where @ is a positive increasing quadratic function or a possitive differentiable
function with positive Frechet-differential. In order to obtain an abstract formulation,
define a measure of plastic deviation tensor p by generalized Prager's equations
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p=0, if [s], <0
d1,(s) .
p=g@ —%— Isl... if[s],.>0 (4.3)
. a1 a1
where the differential form [S]M=E2ds + —532-(13 preserve the continuity of the

plastic deformation across the load surface, g E—>R is named the hardening
functional of the system. For our considerations, in accord with (4.2) we give an
explicit expression of g

1

€ %@
that is a decreasing function on E. It is possible to introduce CCQ, a convex hardening
restriction .

(={q(HEQ/ q(t)20, ae, t€ [0,T], q(0)=0} 4.5)

It seems that a some hardening restrictions is one more general then ones previously
defined and can be verified by a general class of hardening functionals g as it has seen
from (4.4).

In the following we give in abstract setting the most important laws governing
the mechanical system. Further, we associate W, the space of strain rates which give
the system in a same configuration. If the configuration process u satisfies sufficient
regularity properties, that is u€ H'(0,T; U ), then we can identify the two spaces W and
E. Consequently, W can be seen as a proper subspace of .

First, let MC U a variety defined by (1.5), in the Problem 1.1, in fact a
configuration restriction. The most used duality between 1 and *corresponds to the

virtual work. The space E is endowed with a scalar product defined by the internal
energy of deformation

E),e*0)=] et) A e¥(t) dQ, &(1), e*(t)€E. (4.6)
Q

Consequently, the two subspaces % and J are put in duality by the dual direct product,
The usefulness and wide applicability of the static law of potential type
corresponding to the restriction 7 follows from the virtual work principle, i.e.

e dy,(u®), fies

We are now in the position to define the Hilbert space of dissipate hardening
powers of the systems. Indeed, if the deformation work has sufficient regularity (i.e.q€
H'([0,T] ; Q) ) we set:

J={-q®/q€Q} (4.8)
Consider now the mapping B:Q—>J, given by

Bqt) =-q®
The great difficulty in applying the evolution results lies in the fact that one has to

establish a dual framework, taking into account the hardening, This is by no means an
easy task and great deal of this section is devoted to this precisely this question. It is at

this that the choice of a subset of J, which is polar to ~CQ, becomes important.
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Lemma 4.1 Consider H'([0,T] ; H) the space of all absolutely continuous
process on [0,T], endowed with scalar product
T

(0h-%) = 9,(0) ,(0) + {I} Q1) q(t) dt (4.19)

Let P be the cone of positive process, P = {qe H'([0,T] ; Q) / g20},
then the dual cone, denoted by P*, 1s defined by

P* = {peH'([0,T] ; Q)/ -p is nonincreasing, p(0)< 0 <-p(t)}

Proof: It is an easy consequence of an integration by parts and a choice of a
particular q,(t) € Q. Indeed we have

(@) = 9,(0) q,(0) + I Q,(® (-q,(0) dt - 4,0 (-q,0) | o

But the condition (q,,q, )SO with ¢,€P implies -qz(t)_ 0, for all t€[0,T].
Consequently,
t—>- qi(t) is nonincreasing on the interval [0,T]. It is no difficulty to prove q,(0)<0.

We are now ready to state .

¢ +={-q(t)/ q)€H'([0.T] ; Q), (O 0 =-q(v)} , (4.11)
and identify the both previous subsets P* ; and 0.*

The last submitted subset has a mechanical meaning according to the
hardening condition defined by ¢ in (1.5),: the subset of all dissipate hardening powers
which lead the system into an admissible hardening state. In view of the duality
between the two spaces Q and J, giyren by

(-q(®, p(t) = q(0) p(0) + g (-q(®) pct) dt 4.12)

and the Lemma 4.1, it follows that the two subsets ¢ and ¢~ are dual each other.

It is the aim of this section to extend some results given in Moreau (1975) by
means of deformation with hardening. To stand with, we introduce some new
terminology and notations. Consider now

S,(1) = {(s(1), q(t)) € 7xQ/ (s(v)-a(t)) . (s(t)-a(t) = @(q(V)) },

a closed bounded convex subset of 7xQ. At this stage we have in mind the previous
slitly mechanical identification introduced by B. Hence, by the maximal dissipate
power principle and the duality between WxJ and 7xQ we derive the evolution
problem:

given (s(t),q(1)) € 3xQ, find (w(t),-q ()€ WxJ such that

(W(1),-q ()€ OYs, . (s(1),q(1), q(0) =0 (4.13)
Doing this, we introduce an explicit form of the nonlinear operator involving
hardening property and we give an evolution problem of the same type as in K. Groger
(1977).

Everywhere in the following suppose q€ ¢ and preserve the notations of the
sections 1-3. Now our object is to give a criteria for existence of a Hilbert space of
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admissible deformation with hardening in terms of solutions of the Cauchy problem
associated with (4.13).

Lemma 4.2: Let (u,0,p.q)€ H'([0,T] ; UXE*xQ) be the solution of the Problem
1.1 with B=ys,~ ., where the time depending map t —S,(t) = S(t)+a(t), have an

absolutely continuous variation ~ (t), which variation vitesse is WEL([0,T] ; 7 ).
Then, preserving the elastic and yielding states, there exists a Hilbert space K of
admissible deformations of the system and the vector-valued functions t—>v(t), t—>y(t)
also absolutely continuous, which satisfy the Problem 2.1.

Proof: The proof of this Lemma is technical. First, we shall find some useful
dual sets. By (1.5),, there exists

/= {e€E/e=Ku} (4.14)
a linear subspace of E, such that g(t)€ £+e°(t). Our interest on this particular subspace
comes from geometrical restriction rewritten as a proper subspace of ¥, that is
7= {(u,e)€ i/ e=Ku}. » »
It is of particular interest because £ is identified with £x{0} in the product UxJ and a
principle similar to virtual work principle in the classical mechanics ensures the
existence of a dual subspace of Z, that is
V= {fr)e U'xE /K" 1=f}.
This can be supposed equivalent to Tx {0} in JxQ. Indeed, by virtue of geometrical
restriction (1.14), there corresponds a positive admissible process of external forces
c(t)e V = {fe U/ K*1=f}, involving an equilibrium constraint T.
Further, if o(t)€E is a process of elastic constraint acting on visualized component £
() €E, s(t) the constraint process involved by the plastic component, s(t)€ S(t)y+a(t),
mechanical consideration (Prendtl-Reuss law) suppose an equilibrium equation:
ot)+st)=0 (4.16)
Let ce H'([0,T] ; u* ) the process of external forces and moments acting upon
the system, in the following c(t) = (c(t), 0)€ ¥xQ. We need also the notations:

~ ~o 0 ~ ~ N

€ (O = (u), &), e’ O=0.(®), sM=0.s1), O (=(0,0(1)),

P (O=(u®),p(t)).
In this way, the relations (1.5 - 1.6) can be done as

~ AL S o~ —~

g=e+p, e(t)eite’(t), C(H-OM)E.
In order to formulate the cvasi-static equilibrium of a system, the use of a Hilbert space
requires the injectivity of the operator A, which in the case of small deformation
occurs. In order to obtain an abstract formulation of the dual framework, we consider
H=Im(Axi), endowed with the scalar product

[(£), (@, T)]=(Eif *rH(TA'T), (4.17)

where 1 : E—>E* is an injection map.
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It is to be expected that 4" can be identified with (Axl)(f) in 7, by this we
mean that 7 and ‘E) are two orthogonal subspaces of H. In this way, it is an easier task
to give the dua] formulanon of the Problem 1.1:

€ (t)-e (t)E 7 (an affine relation)

c(t)-t)'(t) eV (equilibrum equation)

s = o-+p (4.18)

(" (t), q(t)) OYgorm -0 M. (1) (Prendtl-Reuss law)
with initial conditions:

& (0)=8,~(0,0,), POP~,p,), §(0)=0, satisfying G +p, € L+e%(0),

-6 € S(0)+a(0), (c(0),-0,) €7 (4.19)
where the subdifferential is understood point-wise of the duality of the two spaces HxQ
and HxJ. In this case, having in mind the regularity conditions of a(t), c(t) and S(t) we
conclude —

-G (t) € (SOr+am)M V-c()),
in other words: L

(Sy+at)m V-c(t) =0 (4.20)
This is so called admissible changes hypothesis of the hardening problem for the

anisotropic behaviour of the system. Consequantly, in order to_use this additional
hypothesis, one is led to identify the two subspaces’f and U with .fx{O} and Vx{0} of

the spaces uxJ and 7xQ. Further ta.kmg into account B from (4.9) we define
B! : Qres > J, Bq(t)— q(t) for any q € q and t€ [0,T].
Then, the mapping B RE one to one from Q /R to J. Consider the inverse operator

B JOR, B (-q®)=q)+R (4.21)
Now let (ix Ax B ") 1 uxJ —>9xQ, be the mapping defined by
(ixAx B Wu,e ~q YO=((u(t)),Ae(t),q(t)+R) (4.22)

which gives rise to an identification betwen UxJ and a proper
subspace K of 7xQ. As before, K can be organized as a Hilbert space, it is easily
deduced from the duality between the two spaces UxJ and /xQ. Consequently, it is a

linear subspace of H and the subdifferential in (4.18) may be understood in the scalar
product of K.

Fmally, we make a rather mild regularity hypothesis, namely e’(He "‘? and
c(t)e i which are equivalent to Ae’(t)€ ker K* c(ty=i(u(t)), Ku(t)€ kerA. But there
exists a apht of H,

& (- t)+C(t)-& ()P (0’ (O+C(OE L1 I=H,
then . » . il s

& (1)-e"(O=P2(p ()+c()-e°(V), C(t)-8 ()=P5 (p(ty+c(t)-e't))
(compare with similar relations in J. J. Moreau , 1974). At this stage,a choice of the
new variables ~ o~ B

W(O=P; (PO)E -0 EL, y(O-Py (p®=F DTS
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becomes important. Then, by virtue of the new notations, of the dual framework before
defined and of the initial Hypotheses, the anisotropic hardening problem can be
completed

v(t) € £ y(t) S ‘i}
(V(t)-Y(t),-Q(t))E oY syaeCY(O-c()+e°(D,q(D)

v(0)= v,=( i(uy))-c(0),£(0)-¢°(0))

Y(OF= ¥, , -¥o € (S(0)+a(0)+c(0)+e°(0)M Y,
that is the Problem 2.1.

Remarks. 1. Note that it make no differance between the dual framework of
the problem (4.18 - 4.19) and the others similar for the elastic and perfect plastic
cases,studied by J.J.Moreau,1974,1975, B. Nayroles,1974. Our assumption of
potentiality about corresponding constitutive law (of Prendtl - Reuss type) lies in
commonly evolution equation form.

2. The existence of the constitutive law (4.12), involves an initial condition
-G ,€ S(0)+a(0), wh1ch explicitely describe initial behaviour. Thus the plastic

deformation vitesse p(t) the variation of the hardening factor q(t) and q(t) itself
vanishe at t = 0.

3. Ker B = {0} assures the existence of the yelding state only, until the hardening
factor remains invariant. In this way, the choice of the operator B makes possible to
preserve the yelding state of the hardening deformation process za.nd in point of wiew of
analysis we make no differance between e(t) and s(t),q(t) and -q(t). respectively. This
assumption make possible to take an adequate underlying functions space caracterizing
the hardening deformation of the system. Putting all of this together, we obtain an
appropiate model for hardening deformation in connection with its simplist
mechanical form presented by K. Groger, 1977.

4. A uniqueness result for the unidimensional case can be found in C. Ghita, 1981.

78



The annals of “Valahia” University —Sciences Section, vol. nr 15 (2005)

10.

11.

12.

REFERENCES

V.Barbu , Nonlinear Semigroups and Differential Equations in Banach Spaces ,
Ed. Academiei - Noordhoff Inter , Publ ., 1976 .

H.Brezis , Operateurs Maximaux Monotones et Semi - groupes de Contractions

dans les Espaces de Hilbert , North - Holland Math . Studies , 5, 1972 .
G.Duvaut & J.L.Lions , Les Inequations en Mecanique et en Physics, Dunod, 1972

C Ghita , Calculul componentei elastice 1a deformatia elasto-plastica prin

tractiune, St.Cerc.Mat. , 33 , 3 (1981), 285 - 298 .

C.Ghita , The quasi-static equilibrium of a system with anisotropic hardening ,

Rev Roum . Math . Pureset App ., 29, 1 (1984), 43-54 .

K. Groger , Evolutions equation in the Theory of Plasticity , Proc . summer
school, Verlag , Berlin , 1977 .

L.M.Kachanov , Fundamentales of the Theory of Plasticity , Mir . Publ . , 1974 .

J.L.Lions , Quelques Methodes de Resolutions des Problemes aux Limites non

Lineaires, Dunod - Gauthier - Villard , Paris , 1969 .

J.J.Moreau , On unilateral constraints , friction and duality , "New Variational

Techniques in Math . Physics ", CIME , ed . Cremonese , Roma (1974),

149 -322 .

J.J.Moreau , Application of convex analysis to the treatement of elasto - plastic
systems, Lect . Notes Math . 503 , Springer - Verlag , (1975 ), 56 -89 .

B.Nayroles , Point de vue algebrique , convexite et integrades convexes en
mecanique des solides , "New Variational Techniques in Math . Physics , CIME ,
Ed . Cremonese, Roma (1974) , 323 - 404 .

D.Pascali & S.Sburlan , Nonlinear Mapping of Monotone Type . Ed . Academiei -
Sijthoff & Noordhoff Int . Publ . , 1978 .

79



The annals of “Valahia” University —Sciences Section, vol. nr 15 (2005)

SOME REMARKS ON LIMIT LOADS FOR PERIODIC MATERIALS
Gelu 1. Pasa

Abstract. We study the condition in which a composite material attains the limit
loads, using the properties of the components. We use for this: the averaging miethod,
and a sort of limit analysis, described in [1]; averaging method is closed to
homogenisation method (see [1] , [2] , [S] , [6] ). The limit loads is studied using a
concept of "macroscopic” domain of plasticity, introduced in (31, [4].

1. Introduction. 4

We consider a composite-periodic material, contained in a domain D& R®, formed
by a great number of periods, each of them containing an inclusion (or fiber) with great
resistence, compared with those of the enclosing matrix. To describe this periodicity,
we consider that the elastic coefficients of the medium, a,,, dre y periodic, y being a
parallelepipedon in R’; in each period, fiber and matrix are separated by a surfacel " .
We are interested by the case when the dimension of the periodicity cell Y is very
small compared with those of the entire medium, and consider € = ratio between the
dimension of a cell and the dimension of the medium. Then is clear that ay, are Y
periodic with respect to the variable y= x/E€ ; we have the following décomposition:

XxE D=U(E* Y)+D*, p(D*)= 1(6D)x8,/5_
where p= mesure (area or volume). Then, we consider the medium formed by a
collection of little cells,€ Y, and excluding a set of "negligible" measure, every x & D
belong to a cell, consequently xE€ €Y, or x/ E=y€E€ Y. For this heterogeneous medium
we have, for example, the elasticity problem:

0 (4, (x/ € O u®/ Ox,) 0 x,;=f inD;

u®/ O0D=0.
Introducing a suitable topology, one can obtain "convergence"of the initial coefficients

(when € —> 0), thus replacing the initial problem with another one, with constant.

coefficients it is the aim of the homogenisation method.
Instead of homogenisation method, it is possible to use "averaging" method [1], [2],
based on the concept of macroscopic and microscopic variables. We consider

2 andE= macroscopic stress and deformation

G (y) and e(y) = microscopic stress and deformation
Macroscopic variables are obtained as "average" of microscopic variables:

1 Z ij=J.Y Eij(y)dy/|y|=« O»
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E;= I v &()dy/ |y| =«e»..
This definition are introduced, for example, in [1] for materials with holes; in general
it is justified by the fact that the weak limit in L (D) of f(x/ €), with f Y periodic, is the
average j , f(y)dy/| y| = «f», of the function f (see [5], [6] ).

A difference between averaging method and homogenization method, is the fact
that in averaging method, the microscopic stress and deformation are considered Y
periodic- not only elastic coefficiets, as in homogenization method.

Using the definition (1) we have two principal direction to study the material:
- homogenization : find the relation between 2 and E using (1), elasticity
equations, and constitutive relations between microscopic stress and deformations
- localisation: find microscopic stress and deformations in terms of effective values
2 and E. For this we use the following system:
(2) - constitutive relations between 2 and E
- elasticity equations :divO =0

-«O»=2or«e»=E.
This "localisation" procedure is used in [1] to define the limit loads of the material
with holes. '
2. On the boundary condition.

As it is possible to see; in (2) boundary condition are not present. Instead of
boundary conditions, we use "periodicity" conditions, which must be considered of the
form which ensure us the well-known relation of Hill:

«O:e»=«0 »:«e», where ab= Eaﬁ b, In general we need some matching

condition between the components in each periodicity cell, which are in general of the
form: continuity of displacements and of the normall stress, but it is possible to
consider condition of the slide type between fiber and matrix-studied for example in [2],

[8].
We emphasize that if we have divO =0 and « G » =2, or « e » = E, the solution
{0 ,u) it is not unique :with different boundary condition, we can obtain G and e with
given averages.In the following we describe some situation (given in [11) of this type.
Proposition 1. dive =0
u=Ey+u* u*=y periodic
On =Y antiperiodic
fon j=0onl
«en»=E
MN«O:.:en=«0»:«en
Proof. -

ii)_[ v O, ¢ :I v O4E+E;) /2 +J. v« O ¢,(u*) = «O »E; lyl,
where we use div G =0 and G n = antiperiodic.
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Proposition 2.

div 6=0 = i)uen»=E

uy =Ey on 0 v N« oe»=«G »i«en.
Proof.

ii) 2_[ G;e = JY Gi;(ui“j"'“j'E)'J.Y(“edj"ci+“jdj"0i):Eik.[anijyk“i_‘?'Ejp
Iay O,y n=E, .[Y Oy + E; ,L G,

Proposition 3. !
div =0 i)«0'»=2
on=2n on0Y G en=«G »:«en.
Proof.

) 0 (6,y)0y=(vo)y,+0;0,-C,;
Therefore Jl,,a( G,y,) Oy,= Iayd Y, D, =I XNy, =2
Remark 1. It is natural to consider the following problem : in what conditions (of
periodicity type ) we have « G » =2 7 In the elastic case, the answer (given
although by homogenizatuon method ) is that a particular constitutive relation must be

imposed between 2 and E. We consider u = Ey + v, v being Y periodic, as in
Proposition 1.  Using divG = 0, we obtain:
a (aukh eq)(v))/ a)’1 == Ekh aal_fk.h / aYi’,

this relation being considered in sense of distributions. Then we must solve a particular
equation:

0
E (@ & (P)) =~ 0 a,/ ayj‘
and obtain (using the linearity ) v, =E, P* Then we have
2 § =« Oij » =« ay, en(WM =« ay, B, +a,, e (PME, »
3) 2 i Ey « Ay T Ay es(pkh))» =Ey f\ju',.

where A, are so called homogenized coefficients (or effective coefficients). Then, to
obtain G with «O ;» =2 ; » we must impose a macroscopical deformation E given by
(3). In the plastic region, the answer is not so clear-we need a explicit expression for
plastic deformation (for example using a potential ).
Remark 2. In proposition 2 and 3, we not use periodicity condition, but we ob’(am the
possibility to have microscopic deformation and stress with prescribed average. Then
we can use this procedure in the case of non-periodic composites, having a so called
"representative elementary volume "instead of periodicity cell Y.
3. Limit loads.

Using, the localization method we can solve the following problem (considered in
[1] for perforated plates ):

- by an experiment we obtain relation between macroscopic stress and deformation
- solving the system (2) we can compute the local (microscopic) stress and

deformation
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- we can see how many components attains the plasticity limit and then give a
rupture criteria for composite material :for example if 60 % of components attains
plasticity limit.

It 1s clear that is possible to have a rough situation :

"E" = "0‘" < « O, », where, for "local” domain of plasticity we can
consider von Mises criterion ||0'(y)|| < O , with
"0‘"2 =6 ;,°6,",6,"=0,-(Tr G)I/3. Thus,this means that the composite
material can not support a effective stress greater than the average of maximum "local"

suportable stress (and of course G, is maximum between all " G, " of the components
of the material).
The more fine method is based on the definition of macroscopic domain of
plasticity :
P(macro) = { Z, (3)owitha), b), ¢)}
a) O (y) " local" suportable
b)div(G )=0
C)«O »= )y
In [1], for perforated plates, P(macro) it is approximate from the "interior" and for a

given direction 2 , of the stress.
Remark 3. The effective domain of plasticity is not possible to compute using a path

in the stress field 2. - because the components can not support any stress, and we can

not indicate when the macroscopic stress 2 produce a local stress greather than @
for this, in [1] , the computation is made using a path in effective deformation E,

increasing the parameter t—=2 : E. The details can be founded in [1] concerning the
case of perforated plates - then in fact the coefficients a,, are constant, and the
periodicity is due only to the geometrical conditions.

Remark 4. We give some details concerning the effective deformation E which must

be imposed to obtain local stress G with a given average. The constitutive relation
used in [1] are :

O =a:(e()- e(u))
2
loll” =< o}

° L ]
e'=l*c” 1=0 ifflo]| <o,
L

1> o if|lo]l =
where e is the deformation and e” is the plastic part of deformation. Then: e-e* =2 :
O, «e» -(ep) =a': « O », (in the case of perforated plates, when a,,, are constants )

imposing «G »= s 2, weobtain E=a':sX ,+«e'»,
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When t=< t, , t, being the "moment" when plastic deformation appear, we have ¢” = 0,
then we must consider E = (a : 2 0 ).c¢. Condition E -2 o =t give us
c=t/{(a™ : Zo): =y}, and we obtain
(4) E=t(a': 2o ) (a’ :20:20).
We consider E =t X ; in the following we show that corresponding G have an
average not colinear with EO (in the isotropic case):
foru=Ey=v, we obtain e(u) =t Zn + e(v)=t2 o
then G(t)=A (Tre (u))I =2u e(u)
«O»ij=1/3«e»0,=2p«e» if(X,),#0 and (2, ), =0 for (ij) # (1,1).
Consequently :
«O,» and«O ,» % 0, but (X,)22=(%,)33=0.
Therefore, it is possible to see, using (3)and (4), that in the case of composite materials

with inclusions or fibers, instead of constant coefficients a,,, (used in [1]for perforated
plates ), we must need compute effective coefficients Ay
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