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ABSTRACT

Recent numerical studies on pressure-drops in
contraction flows have introduced a variety of
constitutive models to compare and contrast
the competing influences of extensional vis-
cosity, normal stress and shear-thinning. Early
work on pressure-drops employed the constant
viscosity Oldroyd-B and Upper Convected Max-
well (UCM) models to represent the behavior of
so-called Boger fluids in axisymmetric contrac-
tion flows, in (unsuccessful) attempts to predict
the very large enhancements that were ob-
served experimentally. In more recent studies,
other constitutive models have been employed
to interpret observed behavior and some pro-
gress has been made, although finding a (re-
spectable) model to describe observed contrac-
tion-flow behavior, even qualitatively, has been
frustratingly difficult. With this in mind, the
present study discusses the ability of a well-
known FENE type model (the so-called FENE-
CR model) to describe observed behavior. For
various reasons, an axisymmetric (4:1:4) con-
traction/expansion geometry, with rounded
corners, is singled out for special attention,
and a new hybrid finite element/volume algo-
rithm is utilized to conduct the modeling,
which reflects an incremental pressure-correction
time-stepping structure. New to this algo-
rithmic formulation are techniques in time
discretization, discrete treatment of pressure
terms, and compatible stress/velocity-gradient
representation. We shall argue that the current
simulations for the FENE-CR model have re-
sulted in a major improvement in the sort-for
agreement between theory and experiment in
this important bench-mark problem.

Keywords: Contraction Flows; Extra Pressure Drop;

SciRes Copyright © 2010

Numerical Simulation; Extensional Viscosity;
Normal Stress Differences

1. INTRODUCTION

In the early days of Computational Rheology, the so-
called Upper-Convected Maxwell (UCM) and Oldroyd-B
models were strongly favored. This was partly due to the
fact that they were assumed to be the ‘bottom-line’ of
acceptable mathematical simplicity, whilst also being
able to mimic the complex rheometrical behavior for a
class of dilute polymer solutions known as Boger fluids,
which became popular in the late 1970s. (A Boger fluid
has a reasonably constant shear viscosity, a high exten-
sional viscosity as the extensional strain rate increases,
and a high first normal stress difference, which has a
quadratic dependence on shear rate at low to moderate
shear rates, before becoming weaker than quadratic at
higher shear rates.)

It is well known that simulations for the UCM and
Oldroyd B models failed to predict the large increases in
the so-called Couette correction (or equivalently the
“extra pressure difference” (epd)) in axisymmetric con-
traction flows. Interestingly, the work of Debbaut and
Crochet [1], Debbaut et al. [2] and Binding [3] already
provided strong hints as to the likely cause of the inade-
quacies of these models in predicting the observed in-
creases in excess pressure drop (epd) found in experi-
mental work.

On the experimental side, Nigen and Walters [4]
found significant differences in pressure-drop between
Boger and Newtonian liquids with the same shear vis-
cosity for axisymmetric contraction flow. (However, no
distinction could be drawn between corresponding pres-
sure drops for Newtonian and Boger fluids in planar
configurations). Around the same time, Rothstein and
McKinley [5] switched attention to axisymmetric con-
traction/expansion geometries of various contraction
ratios (between two and eight), various degrees of re-
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ntrant corner curvature, and covering a large range of
Deborah numbers. In this work, large Couette correc-
tions were observed above that for a Newtonian fluid.
These were independent of contraction ratio and re-
ntrant corner curvature.

So, the increase in the Couette correction for Boger
fluids flowing in various axisymmetric contractions can
be very high. These experimental observations clearly
presented theoretical (computational) rheologists with
several significant challenges, some of which have al-
ready been resolved (see for example, Phillips and Wil-
liams [6]; Aboubacar et al. [7]; Walters and Webster [8];
Alves et al. [9]).

The present paper is a continuation of our previous
works (Aguayo et al. [10]; Walters et al. [11-13], in pre-
dicting pressure-drops for Boger fluids in expansion-
contraction flow. As a general conclusion from our ear-
lier findings (particularly those in Walters et al. [12,13]),
our numerical simulations confirmed earlier comments
by Binding [3] and Debbaut and Crochet [1] that,
whereas high extensional viscosity levels can give rise to
large increases in the so-called epd, increasing nor-
mal-stress difference levels can have the opposite effect.
Moreover, in Walters et al. [12,13], we attempted to
show how generalizations of the so-called White-Metzner
model (White and Metzner [14]) can help rheologists to
understand the competing influence of the various
rheometrical functions on important flow characteristics.

In this paper, a further numerical study of the 4:1:4
expansion/contraction (adopted in Rothstein and McKinley
[5], and Szabo et al. [15]) is made, and the effect on the
excess pressure drop (epd) analyzed. In particular, we
employ the FENE-type model proposed by Chilcott and
Rallison [16], useful for its constant shear viscosity and
bounded extensional characteristics. As in previous work,
we attempt to relate the observed behavior of highly-
elastic Boger fluids in complex flows to their rheometri-
cal behavior.

1.1. Rheometrical Functions

In this communication, we shall be referring frequently
to two important ‘rheometrical’ flows, namely steady
simple shear flow and extensional flow. In the former,
there is flow only in the x direction and this depends
simply and linearly on the y coordinate. i.e.

Vi=7Y, V, =V, =0 1)

where V, is the velocity vector and y is the constant

shear rate.
For a non-Newtonian elastic liquid, the stress tensor
components o;, can be conveniently written in the

form:

SciRes Copyright © 2010

oy =0 =yn(7)
O =y = Ni(7) )
Oy =0z = N, (7)

where o is the shear stress, 7 is the shear viscosity

and N; and N, are the so-called first and second normal
stress differences, respectively (see, for example, Barnes
etal. [17]).

For a Newtonian fluid, the stress distribution simply
involves one material constant-the coefficient of viscos-
ity n and the two normal stress differences are zero. In

the case of a non-Newtonian elastic liquid, 7 can now

be a function of the shear rate, with so-called ‘shear
thinning’ the most commonly observed behavior. Also,
both normal stresses are of potential importance, par-
ticularly Nj.

A typical Boger fluid would be a dilute (often a very
dilute) solution of a high molecular weight polymer in a
very viscous ‘Newtonian’ solvent. Usually, the shear
viscosity is constant for such fluids; N; is often higher
than the shear stress o, indicating that the fluid is in the
“highly-elastic” category. N, is invariably found to be
much smaller than N; and, in many (most) computa-
tional studies, N, is taken to be zero.

At this point, it is important to stress that, from a con-
tinuum mechanics standpoint, the initial dependence of
N; on 7 has to be quadratic and there is experimental
evidence that this quadratic dependence can persist over
a reasonable range of shear rates. However, there is also
rheometrical evidence available that the dependence of
N; on y can become weaker than quadratic as the
shear rate increases further. This is sometimes accompa-
nied by slight shear thinning. For example, in a compre-
hensive study entitled “A rheometrical study of Boger
fluids”, Jackson et al. [18] concluded “It will be seen
that over a range of shear rates, o is a linear function
of y and Ny is a quadratic function of 5, but that there
is a departure from this second-order behavior at the
high shear rates”.

The second rheometrical flow of importance in the
present study is that called ‘uniaxial extensional flow’,
with a velocity field which can be expressed as

) &y £z
vV, =¢EX, Vv, 5 v, 5 3)
where £ is the so-called extensional strain rate. We can
write the corresponding stress distribution in the form:

Oy =0y =0, —0, =& (é) 4)

where 7. is the ‘extensional viscosity’. For a Newto-
nian fluid, 7. =3n, a result first obtained by Trouton
over a hundred years ago (see, for example, Tanner and
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Walters [19]). For this reason, the ratio between the two
viscosities is called the ‘Trouton ratio Tg’, and this
clearly takes the value 3 for a Newtonian fluid. For a
non-Newtonian elastic fluid, Tr can be significantly
higher than 3, with ‘orders of magnitude’ increases not
uncommon.

From the above discussion and the relevant literature,
we can associate the following rheometrical behavior
with Boger fluids:

1) A reasonably constant shear viscosity 7; .

2) A potentially high extensional viscosity 7. as the

extensional strain rate increases.
3) A high first normal stress difference Ny, which has
a quadratic shear rate dependence on y , at least for small

to moderate shear rates.

4) A second normal stress difference N, which is
negative and at most one tenth of the magnitude of Nj. It
is often taken as zero in computational studies.

Clearly, any constitutive model that we use to describe
Boger fluids has to satisfy (1)-(4), at least in a semi-
quantitative sense.

2. THE CONTRACTION/EXPANSION
PROBLEM

In conventional contraction flow, liquids are forced
through a contraction under a pressure gradient. At spe-
cific locations on the walls, upstream and downstream of
the contraction, pressure measurements are made. These
locations must be far enough away from the contraction
for the flows to be deemed to be unaffected by the con-
traction, i.e. we may consider the flows to be ‘fully de-
veloped’ and “Poiseuille like’ at the pressure-measurement
stations.

In contraction flows, there is often significant interest
in the kinematics of the flow structure, particularly the
vortices which provide computational rheologists with
significant challenges (see, for example, Walters and
Webster [8]). However, in the present work, we shall
confine attention to the dynamics of the flow, which is
often studied through the so-called Couette correction C,
defined by

C=[Ap-4p,L, - 4psLy] / 20, (5)

Here, Ap is the total pressure difference between the
inlet and outlet transducers, Ap, is the fully-developed
pressure gradient in the upstream section, Ap, is the

fully-developed pressure gradient in the downstream
section, L, and L, are their respective lengths, o,
is the fully-developed wall shear stress in the down-
stream channel.

The Couette correction C is usually plotted as a func-
tion of the Deborah number

SciRes Copyright © 2010

De= Ay, (6)

A is a characteristic relaxation time and ¥, is the

shear-rate at the downstream wall.
In this paper, the Deborah number is defined as De=
AVavg Where y,q is the average shear-rate in the con-

striction zone.

An alternative measure of ‘resistance to flow’ is the
so-called Excess Pressure Drop (epd), defined by Bind-
ing et al. [20].

Ap—A
p’ :M, Apgy =Ap, L, + Ap, L, (7
(Ap-Apy),,

In this form, p~ can be equated to the ratio of Couette
corrections for constant-viscosity Boger and Newtonian
fluids, with corresponding wall shear stress.

The subscripts N and B represent the corresponding
Newtonian and Boger fluid values, respectively, when
these are applicable.

In our recent computational work on contraction flows
(Walters et al. [11-13,21]), we decided to concentrate on
the related contraction-expansion (4:1:4) geometry, with
rounded corners (see Figure 1).

We did this for a number of different reasons. For
example:

1) We found the geometry to be far easier to handle in
the computations than the conventional 4:1 geometry
with sharp corners. Pressure differences were an order of
magnitude lower for the 4:1:4 geometry than with 4:1
geometry flows, with shorter downstream distances de-
manded to establish relaxed stress beyond the constric-
tion (see also Szabo et al. [15] for FENE results). We
have certainly been able to reach higher values of the
Deborah number in the simulations. Furthermore, appli-
cation of the basic numerical method was already well
developed in the Swansea research group.

2) Importantly, experimental data for the 4:1:4 ge-
ometry had been supplied by McKinley and his co-
workers (see, for example, Rothstein and McKinley

\.

Figure 1. Schematic diagram of contraction-expansion
geometry.
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[5])- These showed the same trends as those already well
known in the conventional 4:1 geometry. Of major im-
portance was the appearance in the Rothstein and
McKinley experiments of substantial increases in the
epd for increasing Deborah numbers in the case of
Boger fluids.

3. CONSTITUTIVE EQUATIONS

We now need to address the question of choosing appro-
priate constitutive equations for the Boger fluids, which
we shall concentrate on in this publication.

Confining attention to incompressible fluids, we can
write the Cauchy stress tensor o, in the form:

oy = = Poik +Ti 8)
where p is an arbitrary isotropic pressure, &, the
Kronecker delta, and T, is the so-called extra-stress
tensor.

Constitutive equations relate the extra-stress tensor

T, to a suitable kinematic variable such as the rate-

of-strain tensord, . For two specific but very different

reasons, it is often convenient to introduce a so- called
“stress splitting”:

Ty =T +T2 ©)
and to write T" as a Newtonian contribution
T = 2m,dy (10)

Computational rheologists have often found that the
introduction of the Newtonian component can greatly
assist in the numerical simulation of complex flows, and
experimental rheologists, particularly those working
with Boger fluids, have also found the modification to be
useful. They invariably associate 7, with the solvent
viscosity.

As an example of this stress splitting, consider the
well-known Oldroyd B model, with constitutive equa-
tions are usually expressed in the form:

T, + 4T =2;70{dik Mﬁ@ (11)

where the triangle denotes the usual upper-convected
time derivative introduced by Oldroyd [22].
It is often convenient to write this equation in the form:

Tnil) = 217,8d;,

v
Ti(kZ) + /11Ti|(<2) =21,(1-B)d;,
where B=4 1/ 4,.

For the Boger fluids, which have been used in many
fundamental experimental contraction-flow studies (see,
for example, Boger and Walters [23]), the polymer con-

(12)

SciRes Copyright © 2010

tribution to the total viscosity is very low. This is domi-
nated by the solvent contribution, so that § is usually in
the range 0.9 to 0.95, or even higher.

The important rheometrical functions for the Oldroyd
B model are given by

n=n,
N, = 2770(1_[3)/’[17./21 N, =0,

e =3B, +3L-P)7, {ﬁ}

We see that the Oldroyd B model predicts a constant

shear viscosity 7o, a quadratic first normal stress differ-
ence N;, a zero second normal stress difference N,, and a

potentially high extensional viscosity 77 . In fact, 77e
reaches an infinite value at a finite value of the exten-
sional strain rate ¢ .

As we have indicated, shear thinning is (virtually) ab-
sent in Boger fluids. Furthermore, the uniaxial exten-
sional viscosity levels can be very high indeed. These
factors have been the main reasons for the popularity of
the Oldroyd B model in Computational Rheology studies
for Boger fluids. The relative simplicity of the model has
been another factor of importance.

However, at this point, it needs to be stressed again
that all existing simulations for the Oldroyd B have been
unable to predict the large increases in the Couette cor-
rection found when Boger fluids flow through axisym-
metric contraction/expansion flows (see, for example
Walters et al. [11-13]).

With this in mind, Walters et al. [12,13] introduced
some new constitutive models to help elucidate the
situation. These were in part guided by ideas put forward
by Debbaut and Crochet (see Debbaut and Crochet [1]
and Debbaut et al. [2]). In these papers, use was made of
two rate-of-strain invariants, which we shall conven-

iently refertoas 7 and & inwhat follows:
y=2ly, £=31,/1l, (14)
Here, 11, and !l are the two nonzero invariants
of the rate of strain tensor d, in their usual form:

142
Ild:Etr(d ), I, =det(d) (15)

(13)

The reason for the choice (14) instead of (15) has been
fully explained by Debbaut and Crochet [1] and Debbaut
et al. [2]. Clearly, the invariant » reduces to the usual
shear rate in a steady simple shear flow and the invariant
¢ reduces to the usual extensional strain rate in a uni-
axial extensional flow. Hence, the reason for the notation,
Walters et al. [12,13] introduced four constitutive mod-
els that they defined as A-D, all of which have the struc-
ture introduced in Eqs.8 to 10.

Openly accessible at http://www.scirp.org/journal/NS/
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Model A is simply the Newtonian fluid with T
given by
Ti(kZ) = 217,(1-B)dy (16)
Model D is the Oldroyd B model we have already in-
troduced in Eqs.11 and 12 with rheometrical functions
given in Eq.13.

Models B and C can be seen as extensions of the mod-
els GNM1 and UCML1 in the Debbaut et al. [2] papers. B

is an inelastic model with Ti” given as in Eq.12 and
- 2P G a7)
(1-2&-2(2¢))

The rheometrical functions for model B are

=Ty,
N, =0,

5 5 1 (18)
ne =3Bm, + (1—B)ﬂo{m}

i. e. the same 77 and 77e as the Oldroyd B model, but
with N]_:O.

Model C has viscoelastic properties with T given
asin Eqg.12 and

v
T+ AT = 2n(7,6) i,

(19)
7(7.é) =n(1-B)(1-4é -2 4 )’
In this case, the rheometrical functions are
’7 = ’70 1
N, =27,(1-B)A4y7*, N, =0, (20)
ne = 31,.

This time it is 7 and N; that match the expressions

for the Oldroyd B model, but 77 now has the Newto-
nian expression.

Model C can be viewed as a “Generalized White-
Metzner model” (see, for example Walters et al. [12]).

The benefit of having the four A-D models available
was that it allowed us the luxury of the following com-
parisons:

1) A comparison of the simulations for models A and
B provided an indication of the effect of extensional
viscosity on flow characteristics, since 7=7, and N;=
0 for both models.

2) A comparison of the simulations for models A and
C provided an indication of the effect of “normal
stresses” on flow characteristics, with a “Newtonian”
extensional viscosity in both.

3) A comparison of the simulations for models B and
C provided an indication of the relative strengths of

SciRes Copyright © 2010

normal stress and extensional viscosity effects on flow
characteristics.

4) A comparison of the simulations for models C and D
(i.e. the Oldroyd B model) highlighted further the effect of
a high extensional viscosity in the case of elastic liquids.

5) Lastly, a comparison of the simulations for models
B and D highlighted further the normal stress effect,
keeping in mind however that, in this comparison, model
B is inelastic and model D is viscoelastic.

We felt that numerical simulations for the four consti-
tutive models (A-D) could throw considerable light on
the influences of the various rheometrical functions on
flow characteristics.

We show in Figure 2 simulations for the contrac-
tion/expansion geometry provided by Walters et al.
[12,13]. We summarize their findings here, as these have
been fundamental and serve as a basis for the present
study, where a number of additional factors are taken
into account.

The respective simulations of Figure 2 for the four
constitutive models (A-D) demonstrate the influence of
the various rheometrical functions on excess pressure
drop (epd) read against increasing deformation rate (De).
A comparison of models A to B shows the increasing
effect that extensional-viscosity alone has on epd, as
both models support vanishing N;. Alternatively, under
constant extensional viscosity, a comparison of models A
to C indicates that the increasing influence of normal
stress difference can give rise to the opposite effect, that
is a decrease in epd (as suggested in Binding [3]).

3.1. Comparison of Results for Models B and D

Taking this comparison one step further we may contrast
the epd results for model B with those for model D
(Oldroyd B). Here, we note that the Oldroyd B model
reflects the same extensional viscosity as model B (an
example of extreme strain-hardening), but with a
non-zero normal stress difference of quadratic variation
in shear rate (so, N;7#0). Model D is often used to ap-
proximate experimental results for Boger fluids, due to
its constant shear viscosity and strain-hardening proper-
ties. Consistent with the above, the results again demon-
strate a decline in epd from model B to model D, this
being associated with the associated rise in N;. We note
in addition, that there is the usual upper limit on De at-
tainable in the simulations for model D (attributed to the
unbounded nature of #,). Here, there is a slight dip in
epd before reaching the limiting value at the Newtonian
reference line (for this level of solvent fraction, 0.9),
which lies disappointingly short of the large positive epd
experimental expectations reported for Boger fluids
(Nigen and Walters [4]; Rothstein and McKinley [5]).

Openly accessible at http://www.scirp.org/journal/NS/
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1.20
1.15[»

Figure 2. Normalized pressure drop (epd) vs. De(= M’/avg )
for models A-D (cf. Walters et al. [12,13]), p=0.9.

3.2. Comparison of Results for Models C and D

Following this line of study, a direct comparison of epd
results for models C and D, both of which share the same
quadratic N; behavior, represents the effects of extensional
viscosity alone (recall that model C bears a constant exten-
sional viscosity). Here, once again, we discern an increase
in epd from model C to that for model D.

Clearly, the simulations for models A-D contained in
Figure 2 provide insights into the possibility of provid-
ing numerical simulations which match the experimental
data, at least in a semi-quantitative sense. However, we
still lack definitive evidence that simulations for a (re-
spectable) constitutive equation, which would have gen-
eral acceptance, can provide the required agreement be-
tween experiment and theory. Hence the reason and mo-
tivation for the present work.

We require a model that leads to a constant shear vis-
cosity and possesses other rheometrical features of rele-
vance to Boger-type fluids (also, vanishing N,, see
Chilcott and Rallison [16]). For this reason, we have
alighted on the so-called FENE-CR (Finite Extendible
Nonlinear Elasticity-Chilcott and Rallison [16]) model,
which we shall conveniently refer to as model E. This
has the following constitutive equations:

Ty = Tngl) +Tn£2)
Tiél) = 2m,dy (21)
(1—[3) f(Tr( A))(A— | )
A

where the stress is expressed through a conformation
transformation (A) as

(2) _
T =

F(Tr(AY)A+ 4 A+ F(Tr(A)l =0 22)

The stretch function f(Tr(A)) depends on L (the
so-called extensibility parameter), and is given by:
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1

f(Tr(A)) = W

(23)
In this equation, Tr(A) is the trace operator and L

essentially measures the size of the polymer molecule in
relation to its equilibrium size. | is the identity tensor.
The associated rheometrical functions are given by

="

217, (1-B) Ay*

N, = 2

, N,=0 (24)

f
=3pn, +3(1-
e B, +3( B)%|:f2_f/ll,g"_2 25,"2:|

where f = f(Tr(A)) is defined in Eq.23.

The rheometrical response of the FENE-CR model is
displayed in Figures 3 and 4. The model predicts a con-
stant shear viscosity, but the first normal stress differ-
ence (N;) is weaker than the strong quadratic form ex-
hibited by the Oldroyd-B model. One notes, however,
that predictions for large values of the extensibility pa-
rameter (L>100) asymptote to Oldroyd-B behavior in N;
and m. For small values of L (e.g. L=3), significant de-
parture in N; is observed from an Oldroyd-B response. A
monotonic decline in N; is apparent with decreasing L
(Figure 3).

The extensional viscosity behavior of the FENE- CR
model for low extensional strain-rates up to 0.5 is prac-
tically identical to that for the Oldroyd-B model. Beyond
this station, the extensional viscosity for the FENE-CR
model is capped, with the limiting level of the exten-
sional viscosity plateau depending on the elevation of L.
This is illustrated in Figure 4, where the trend in exten-
sional viscosity for the FENE-CR model is almost flat
for L=3. There is advancing earlier departure from
Oldroyd-B trends with appropriate choices of L.
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Figure 3. Normal stress data for model E (FENE-CR),
increasing L.
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Figure 4. Extensional viscosity data for model E (FENE-CR), increasing L.

These are some of the reasons why we thought that a
numerical study of model E in contraction/expansion
flow would be useful.

4. NUMERICAL BACKGROUND

4.1. Hybrid Finite Element/Finite Volume
Scheme

The hybrid finite element/volume scheme employed is a
semi-implicit, time-splitting, fractional staged formula-
tion, which draws upon finite element discretization for
velocity-pressure approximation and finite volume for
stress (see Webster et al. [24], Matallah et al. [25]). Un-

. 2Re n%_ n | n d

Stage 1a: T{u u ]—[Vr] +V Zﬂ—z

2We( e

Tt(f i
Stage 1b: %(U*—Un):[VT]M(UZ)+V-[2ﬂ

%(r”ﬂ—r"):(f I-fr-4; (U-VT—L~T+T~LT )) 2
. 2 1 _Re _ /«

Stage 2: V (p”+ - p”)_ 92Atv (u )
Stage 3: %(unﬂ_u*):_%v(pml_ pn)

Here, L=VU, and the Reynolds number is defined
according to convention as Re = pU ¢/ 7, where p is the

fluid density and U, ¢ are characteristic velocity and
length scale of the flow, and 7, is the total viscosity.

SciRes Copyright © 2010

d +d"

der the fe construction, a two-step Lax-Wendroff scheme
is employed, a Taylor-Galerkin variant (Donea [26],
Zienkiewicz [27]), alongside an incremental pressure-
correction procedure (with 0<6,<1). For solenoidal con-
ditions and with a forward time increment factor 6,=0.5,
this pressure-correction scheme attracts second-order
temporal accuracy, with its incremental form (6,>0)
proving superior in uniform temporal error bound at-
tainment over its non-incremental counterpart (6,=0).
The three-stage structure can be conveniently expressed
(Wapperom and Webster [28]) in semi-discrete repre-
sentation on the single time step [t"; t™], with starting
values [u"; ", p", p"Y], via:

+7+dn n n n-1 n
~V(p"+a(p" - p")+ R

—rnJ:(f I-fr—-A4 (U~VT—L-T+T~LT ))n

. J_v( p" +l91(p" _ pn—l))+ Fg+(1/2)

1
n+

(25)

Galerkin discretization may be applied to the em-
bedded Stokesian system components; the momentum
equation at Stage 1, the pressure-correction equation at
Stage 2 and the incompressibility satisfaction con-
straint at Stage 3 (to ensure higher order precision). An
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element-y-element Jacobi solution procedure is util-
ized at Stage 1 (momentum) and Stage 3 for the re-
sulting Galerkin-type Mass matrix-vector equations.
This is an efficient and accuracy technique, requiring
only a handful of iterations and a mixture of exact and
numerical integration rules. This offers a space-time
trade-off, so that huge problems may be accommo-
dated (3D, multiple relaxation times, multi-scale). At
Stage 2, a direct Choleski decomposition is required,
necessitating only a single matrix reduction phase
necessary at the outset. Then, semi-implicitness is in-
troduced at Stages 1a,b on pressure and diffusive terms
to enhance stability in the strongly viscous regime.
Note that, pressure temporal increments invoke multi-
step rleference across three successive time levels [t"*,
t", t" .

4.2. Finite Volume Fluctuation Distribution
Scheme

The theory may be exposed by first expressing the extra-
stress equation in non-conservative form, with flux
(R=u.Vt,) and absorbing remaining terms under the

source (Q), one may obtain;

ot
6t+R Q (26)
Then, cell-vertex fv-schemes are applied to this
equation utilizing fluctuation distribution as the up-
winding technique, to distribute control volume re-
siduals and furnish nodal solution updates (Wapperom
and Webster [29]). We consider each scalar stress
component, 7, acting on an arbitrary volume

QzZQ, , whose variation is controlled through
[

corresponding components of fluctuation of the flux (R)
and the source term (Q),

%jtdﬁz—j RdO+ [ QO 27
Q Q

Q

Flux and source variations are evaluated over each fi-
nite volume triangle (€)), and are subsequently allocated
by the chosen cell-vertex distribution scheme to its three
vertices. In this manner, by summing all contributions
from its control volume €, the nodal update is obtained
composed of all fv-triangles surrounding node (l). The
flux and source residuals may be evaluated over two
separate control volumes associated with a given node (1)
within the fv-cell T. This generates a contribution gov-
erned over the fv-triangle T, (R, Q7), and that subtended
over the median-dual-cell zone, (Rmnge, Qmdc). FOr reasons
of temporal accuracy, this procedure demands appropri-
ate area-weighting to maintain consistency, with exten-
sion to time-terms likewise. A generalized fv-nodal up-
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date equation may be expressed per stress component,
by separate treatment of individual time derivative, flux
and source terms, and integrating over associated control
volumes, yielding,

N A‘Cn+1
{Zé‘Ta,TQT + Y (1-6)9] A't o8
VT, vMDC, 28
= S b+ ) (1-5; )"
vT, vMDC,

where b =(-Rr =Qr), b =(~Rypc +Quoc )I '

Q, is the area of the fv-triangle T, and fz,T is the

area of its median-dual-cell (MDC). The weighting pa-
rameter,0 < o, <1, directs the balance taken between

the contributions from the median-dual-cell and the fv-
triangle T . The discrete stencil of Eq.27 identifies
fluctuation distribution and median dual cell contribu-
tions, area weighting and upwinding factors (¢ -

scheme dependent). The interconnectivity of the
fv-triangular cells (T,) surrounding the sample node (1),

the blue-shaded zone of mdc, the parent triangular fe-cell,
and the fluctuation distribution (fv-upwinding) parame-
ters (aiT), for i=l, j, k on each fv-cell, are all features
illustrated in Figure 5.

5. NUMERICAL PREDICTIONS

As we have indicated, the benchmark problem we wish
to address is that of flow within a 4:1:4 axisymmetric
rounded-corner contractions (Figure 1). In this study,
creeping flow is assumed (Re~10?). We concentrate
again on the epd defined in Eq.7, rather than the Couette
correction, and we restrict attention to $=0.9 and 1/9.

—  fe-cell
fv-cell
@  vertex nodes (p, u, 1)
O midside nodes (u, 1)
@® O nodes (1)

Figure 5. Spatial discretisation: fe-cell with four fv-subcells
and fv control volume for node | with median-dual-cell
(shaded).
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5.1. Effect of Normal Stress (N;) and
Extensional Viscosity (ne) on epd
Comparison of Results for Models D
(Oldroyd B) and E (FENE-CR)

The important new simulation results are contained in
Figures 6-10, in which we see epd data for both the
Oldroyd B model and variants of the FENE-CR model.

It is clear that our simulations for the Oldroyd B
model reach a limit at De.=5.1 (see Figure 8), evi-
dently due to unbounded neand over-strong Ni; and we
have been unable to reach higher Deborah numbers.
Hence, unfortunately, for p=0.9, we have been unable to
break through the epd=1.0 barrier (epd=0.999792 at De
=5.1), whilst for f=0.95, a positive value of epd is ob-
tained. We have previously confirmed such results
through spatial resolution with three different meshes;
see Aguayo et al. [10].

This state of affairs may be contrasted with that for
the FENE-CR model, which is bounded in extension and
has a weakened N; behavior (see Figure 3). As above,
we can anticipate a lowering of epd values due to n,
damping and an elevation due to N; damping. There
must clearly be a trade-off between these two factors;
but at least we have been able to reach relatively high
values of De in the FENE-CR simulations. Over the
range of De values covered in Figure 6, we see an in-
crease in epd values for L=5 of approximately 15% at
De=10, and in the extended range covered in Figure 7
this rises to approximately 28%. Here, in the several
decades beyond De=10, n.is noted to approach its limit-
ing upper plateau, so that continued further increase in
epd can only be attributed to continual weakening of N;
from its quadratic form. So, from a qualitative standpoint,
much progress has been made, although it must be ad-
mitted that we are still some way from the extravagant
increases in epd found in some of the experiments on
Boger fluids.

In Aguayo et al. [10] and for steady flow, it was
shown that epd in these 4:1:4 flows can only be influ-
enced by shear and extensional contributions within
the geometry constriction region excluding the shear
upstream-downstream zones. Below we note just how
important the shear component (N;) can be in this
mixed flow region (best interpreted in a Lagrangian
sense). One can attempt to segregate the various com-
peting factors through comparison with pairings of
L-parameter epd data. For example, comparing data in
Figure 6 for lower values of L={3,5} and the defor-
mation rate range 0<De<3.33, one can observe the
elevating effect from L=5 to L=3 on epd of gradually
weakening N; (which is the dominant influence in this
range). This outcome cannot be attributed to the de-
clining influence of n, (see Figure 4), as if anything,
this would have a counter-effect on epd. Subsequently,
in the range De>3.33, extensional viscosity effects
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begin to dominate, as observed in the consistently lar-
ger epd-values for L=5; leading to upper limits at
De=10 (above the Newtonian reference level) some
three times larger with L=5 (epd=1.15) than for L=3
(epd=1.05). Note, that the transition zone-point (De=
3.33) is highlighted in Figure 6, where N; and 1 in-
fluential dominance switches over.

The same argument for domination of N;-weakening/
ne-strengthening holds true for the L={3,10} and {5,10}
data; with shifts in the transition point to De~7 for
L={3,10} and to De=8.5 for L={5,10}. For L=10 data
and in contrast to Oldroyd-B epd-data in Figure 8,
weakening N; behavior for the FENE-CR model ele-
vates epd up to the intersection/transition point (De=2.5).
Over 2.5<De<5, the stronger m, of the Oldroyd model
increasing prevails, so that larger n. gives larger epd, a
trend anticipated to continue as De rises (nb. De=5.1,
Oldroyd-B). In contrast, the F extension/weakening of
N,) achieves a Deg;=9 at which the increase in epd ad-
vances to around 18%.

Considering larger values of the extensibility parameter
(L>40, with larger n. plateaux) in Figure 9, all FENE-
CR epd results are now qualitatively similar to those-
for the Oldroyd-B model, with transition point (gov-

15%

R

5%

f

Figure 6. Normalised pressure-drop (epd) vs De(= M(avg)
for model E (FENE-CR, L=3, 5), 3=0.9.

28%

Figure 7. Normalised pressure-drop (epd) vs De(=2y,,, )
for model E (FENE-CR, L=5), p=0.9.
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18%

Figure 8. Normalised pressure-drop (epd) vs De(=2y,,, ) for
model E (FENE-CR, L=10) and model D (Oldroyd-B), $=0.9.

erning dominance) shifting to the lower value De~2.

Here, relative to the Oldroyd-B epd-data, there is
slight elevation of epd for De<2 (N;-dominating) and
slight suppression of epd for De>2 (n.-dominating).

For completeness, we include simulations for a (lower)
value of solvent fraction B, namely p=1/9. In the early
days of Computational Rheology, this value was favored,
the reasoning being associated with the realization that,
for some models such as the so-called Corotational
Oldroyd Model, higher values of  would lead to a non-
monotonic shear-stress/shear-rate response. It must be
emphasized that such a restriction is not relevant to the
Oldroyd B model and is certainly not appropriate for
Boger fluids, where we have argued that $=0.9 (and
higher) is more realistic. However, to enable a compari-
son to be made with some earlier studies, we include in
Figure 10 simulations for p=1/9 (low solvent fraction,
high polymeric contribution).

These simulations are in general agreement with those
of Szabo et al. [15], who also noted epd enhancement for
L=5, p=1/9, accompanied with the explanation that..."a
particular value of L=5 needed less stretch to achieve
full extension” and a sink flow (pure extension) analysis
to identify pressure drop upturn and vortex behavior. We
observe, by inspection across L-values at fixed De for
B=1/9, that it is the dominating influence of N; that is
clearly apparent with no transition points to n, domina-
tion. Interpreted at any particular De, as L rises, N; in-
creases in strength and epd declines monotonically. Un-
der such conditions, n.-plateaux also rise and so would
be anticipated to only contribute to epd-enhancement.
Hence, the suppressive influence of N;-rise must counter
this to generate decline in epd.

Viewed at each L-value and rising De, earlier argu-
ments reapply governing the competing influences upon
epd. This yields a rise of around 13% in epd for L=3 at
De=4. In contrast, the position is adjusted accordingly
for L=5 and L=10 data, with gradual strengthening of
N;-influence. Hence, for L=10, one detects a local
minimum at De=3, beyond which there is an ‘upturn’.
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Figure 9. Normalized pressure-drop (epd) vs De (= Ay, )

for model E (FENE-CR, L=40,50,100) and model D
(Oldroyd-B), p=0.9.

13%

Figure. 10. Normalised pressure-drop (epd) vs De(=17,,, )

for model E (FENE-CR, L=3-50) and model D (Oldroyd-B),
p=1/9.

However, the overall lowering of epd-level at L=10 is
such that there is insufficient recovery for De>3 to cross
the Newtonian reference line, as occurs with L=3 and
L=5 epd-data.

6. CONCLUSIONS

The current work has covered the numerical prediction
of the excess pressure drop (epd) for the flow of FENE-
CR fluids through a 4:1:4 contraction/expansion geome-
try with rounded corners. A detailed study of epd and
associated parameters has revealed some interesting and
provocative results.

Unlike the inadequacies of the Oldroyd B model in
observing the experimentally observed increases in epd,
various forms of the FENE CR model, possessing first
normal stress differences weaker than the strong quad-
ratic form of the Oldroyd B model, are capable of pre-
dicting enhanced epd.

We are encouraged by the fact that we have been able
to reach epd elevations of nearly 30%, and this is clearly
a step in the right direction. However, this is still some
way short of some of the large epd-levels found experi-
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mentally for Boger fluids. In addition, we are a little
concerned that the various parameters in the FENE-CR
model, such as L, are not physically representative at the
molecular level, (something which is of course well docu-
mented in the literature), and, more importantly, that they
have needed to be chosen so precisely in the present work
to obtain the desired effect. This suggests some form of
dynamic and locally rate-responsive scale would be
more appropriate, as commended through the FENE-
Adaptive- Length-Scale (ALS) model (Ghosh et al. [30]).

So, there are still questions to be answered, but at least
some progress has been (and is being) made! In the fu-
ture, this work will be extended to analyze the additional
adjustment when shear-thinning properties are intro-
duced; and also alternative flow scenarios where energy
related issues are pertinent, such as drag characteristics
in flow past a sphere.
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ABSTRACT

A simple and effective method for the synthesis
of nano-crystalline PZT spatulae has been re-
ported near MPB via a new Solution-Ignition
Synthesis route and has been characterized by
FT-IR, XRD, TG/DTG/DTA and SEM techniques.
X-ray line broadening and Scherrer formula
show crystallite size to be~20 nm. Densities of
nano-crystalline spatulae of PZT in pellet form
made by using 2% PVA and without PVA have
been found to be 5.35 and 7.51 gm/cm3 respec-
tively compared to the theoretical value of 7.78
gm/cm®. Dielectric constants of 83 and 227 of
these spatulae with dielectric loss 0.118 and
0.0609 at 1 MHz and a high resistivity value of
3.043 * 10" Q cm for PZT pellets made without
PVA suggest these nano-crystalline PZT spatu-
lae to be the potential candidates for high fre-
quency applications.

Keywords: Nanostructures; Chemical Synthesis;
Infrared Spectroscopy; X-ray Diffraction; Dielectric
Properties

1. INTRODUCTION

In advanced ceramics technology, the production of
good quality powders using different synthetic routes
has always been an essential requirement to obtain mate-
rials with desired properties, purity and stoichiometry. It
is because of an ever-increasing pace of development of
various technological innovations to sustain competitive
advantage, that various synthetic methods such as self-
propagating high temperature synthesis (SHS) [1], sol-
gel [2], hydrothermal [3-6], solution combustion synthe-
sis (SCS) [7] and wet grinding solid state thermal reac-
tion (a combination of SHS and SCS methods) [8] have
been reported in literature for the preparation of inor-
ganic oxide materials. Metal oxide of composition
PbZrys,Tig4s03, synthesized by sintering process be-
tween 1200°C and 1300°C is known to be quite impor-
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tant for technological applications due to its ferroelectric
and piezoelectric properties near morphotropic phase
boundary (MPB) [9,10]. For multilayer components and
thick film devices, it is desirable to bring down its sin-
tering temperature, thereby reducing energy consump-
tion and PbO evaporation.

In view of these interesting reports, we have therefore
made an attempt to synthesize nano-crystalline spatulae
of lead zirconate titanate, PbZrys,Tip4sO3, near mor-
photropic phase boundary (MPB) by a novel method,
solution ignition synthesis (SIS). This method is better
than other methods in a way that by igniting the solution
drop-wise, the surface area is increased and heat pro-
duced during ignition is sufficient to rise the internal
temperature per ignited drop, thereby reducing the over-
all high temperature sintering requirement for the ce-
ramics.

2. MATERIALS AND METHODS

2.1. Chemicals

The starting materials used for the preparation of lead
zirconate titanate powder i.e. lead acetate Pb (CH3;COO),.
3H,0, zirconyl nitrate ZrO(NOs), H,O and titanium tetra
isopropoxide Ti [(OPr';] were of E Merck and used as
such without further purification.

2.2. Preparation of ‘As-Ignited Powder’

A solution of lead acetate Pb(CH;COQ), 3H,0 (5 gm,
0.0131 mol) in acetic anhydride was added drop-wise to
a mixture solution of ZrO(NOg), H,O, (1.5848gm,.
00685 mol) and titanium tetra isopropoxide Ti(OPr'),
(1.7984 gm, 0.006326 mol) dissolved in the same sol-
vent, with continuous stirring and a temperature of 60°C
during the course of addition was maintained. The re-
sulting clear mixture solution was then ignited by drop-
wise addition over aperiod of 4-5 hours into preheated
silica crucible kept at 200°C. Yellow colored solid mass
formed during the course of addition was scratched from
the walls of silica crucible after cooling it to room tem-
perature. It was finally grinded to a fine powder and la-
beled as *“as-ignited powder”. The post annealing of the
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“as-ignited powder” was done in an electric furnace at
600°C and 700°C for four hours in each case.

2.3. Instrumentation

FTIR spectra were scanned in KBr pellets using single
grating Nicolet 5700 series FTIR spectrophotometer in
the range of 4000-200 cm™. Thermal analysis curves
(TGA/DTG/DTA) of the synthesized powders were re-
corded on a double pan SHIMADZU DTG-60H (simul-
taneous TG/DTA module) thermal analyzer. The ther-
mocouple used was Pt/Pt-Rh (10%) with a temperature
range from ambient to 1300°C. The thermal investiga-
tions were carried out by heating the sample in a Pt cru-
cible in nitrogen atmosphere and using a-Al,O; as ref-
erence. A heating rate of 20°C min™ was employed. The
instrument calibration was checked periodically with a
sample of CuSO,.5H,0. Powder X-Ray Diffraction pat-
terns were recorded on PANalytical XPERT-PRO dif-
fractometer system using a typical wavelength of
1.54060 A° (Cu-Kao radiation). The diffraction angle 20
was varied from 10-70°. The morphology, exact size and
shape of the lead zirconate titanate (PZT) particles were
determined by recording FESEM of PZT powder an-
nealed at 700°C on Hitachi S-4700 model.

For electrical measurements, two types of pellets, one
by using 2% PVA as binder and other without PVA, were
made from nano-crystalline PZT spatulae annealed at
700°C. Pelletization was done by applying 15 tons of
pressure on nano PZT powder put into a circular dye,
from a hydraulic press for 5 minutes and then sintered at
700°C. Both the sides of the sintered pellets were
cleaned, smoothened with a very fine sand paper and
electroded by applying silver paste. Current Voltage (I-V)
measurements were made by using two probe method on
Kaithley Source Meter (Model 2611), while dielectric
studies were done by measuring capacitance of the sam-
ple with metal-insulator-metal (MIM), Agilent 4285A,
75 KHz to 3 MHz precision LCR meter.

3. RESULTS AND DISCUSSION

The synthesis of nano-crystalline PZT powder of com-
position Pb(Zrys,Tig4g)Os near MPB by Solution-Ignition
Synthesis has been shown in Figure 1.

3.1. FTIR Studies

A perusal of the FTIR spectra of as-ignited PZT powder
(Figure 2a) shows no absorption bands at 2912cm™,
1652cm™ and 1560 cm™ attributed to vey and veeo
modes of acetate group indicating complete ignition of
organic material used for the synthesis of samples. The
absorption bands occurring at 1428 cm™ and 1110 cm™,
may be ascribed to vco modes of the trapped atmos-
pheric carbon dioxide in the PZT material [11]. Interest-
ingly, the intensity of these two bands decreases signifi-
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cantly when annealed at 600°C (Figure 2b) and disap-
pears completely at 700°C (Figure 2c). Another distinct
absorption band observed at 563 cm™ has been assigned
to vm.o mode which is characteristic of the formation of
ABO:; type of perovskite structure of PZT powder [12].
The effect of annealing at 600°C and 700°C on the char-
acteristic bands is apparent from the shift of vy.o band
from 563cm™ to higher wave numbers, 590cm™ and
592cm™ respectively, presumably due to increased
number of M-O bonds in the perovskite phase of PZT
material. In addition, the band at 592cm™ in the sample
annealed at 700°C has been found to be more intense
than the band at 590cm™ annealed at 600°C, confirming
thereby the formation of more of perovskite phase at
higher temperature.

Pb(CH,COOH),.3H,0 Zr(NO,),2H,0 ) 'l"i.(OPr’)1 )
in acetic anhydride inacetic anhydride in acetic anhydride
(1 mol) (0.52mol) (0.48 mol)

N

Clear mixture solution of Pb™ , Zr" and Ti*"
ions in excess of acetic anhydride

Entire solutionignited
by dropwise addition into a
pre heated silica crucible

!

Yellow mass, scratched
from the walls of crucible
and grinded

l

PZT powder
(as ignited powder)

Figure 1. Scheme for the preparation of lead zirconate ti-
tanate powder by solution-ignition synthesis (SIS).

Figure 2. FTIR spectra of a) as-ignited PZT powder; b)
powder annealed at 600°C; ¢) powder annealed at 700°C.
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3.2. Thermal Analysis

Thermo analytical curves (TG/DTG/DTA) for as-ignited
PZT powder (Figure 3 blue in color) show only one step
decomposition in the range 275.93°C to 331.77°C with a
weight loss of only 1.005% as is also substantiated by
only one peak in DTG at 311.52°C and an endothermic
peak at 307.51°C in DTA curve indicated the escape of
carbon dioxide gas trapped in as-ignited PZT powder.
The TG/DTA curves (Figure 3 red in color) of as-ignited
powder annealed at 600°C, however, has shown neither
any weight loss in TG nor any peak in DTA curve indi-
cating the complete removal of carbon dioxide gas
trapped in the lattice of nano-crystalline PZT powder.

3.3. XRD Studies

Powder XRD pattern of as-ignited PZT powder (Figure
4a) shows broad and an ordered arrangement of peaks,
indicating the formation of nano-crystalline lead zircon-
ate titanate, presumably resulting from the internal heat
produced during drop-wise ignition of the reaction mix-
ture solution. Further, the pyrochlore phase which was
present initially at 28.5° 20 with relative intensity of 100%
(657 counts) in as-ignited PZT powder (Figure 4a) gets
significantly reduced at 600°C and completely trans-
formed into perovskite phase at 31.0538° 260 value after
annealing at 700°C (Figures 4b and 4c). Apparently,
therefore, the results of the PXRD patterns of as-ignited
PZT powder coupled with FTIR and thermo analytical
curves suggest that the solution ignition synthesis (SIS)
is a novel method of synthesis of nanocrystalline PZT
spatulae.

Indexing of the XRD patterns of nano-crystalline PZT
powder annealed at 700°C (Figure 4c) has been done by
matching them with the patterns of known PZT powder
of composition Pb(Zrgs,Ti4g)O5 [13,14]. Lattice pa-

Figure 3. Thermal analysis (TGA/DTA/DTG) curves of
as-ignited PZT powder (red) and PZT powder annealed at
600°C (blue).
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Figure 4. Powder X-ray diffraction patterns of: a)
as-ignited PZT Powder; b) PZT powder annealed at
600°C; and c) at 700°C (V-Perovskite phase ands-Py-
rochlore phase).

rameters of the sample annealed at 700°C (c=4.32159A°
and a=b= 4.06907A°) obtained from (001) and (100)
reflections at 20.5522° and 21.8429° 260 values respec-
tively in XRD pattern with slight lattice distortion (c/a)
values to be 1.0620 have been found to be very close to
that of 1.066 of pure tetragonal phase [15]. Further, the
sharpness of the diffraction peaks in the XRD pattern
(Figure 4c) suggests better homogeneity and crystallin-
ity of the nano PZT spatulae. It is pertinent to mention
here that with the increase in annealing temperature of
as-ignited powder from 600°C and finally to 700°C, a
substantial increase in the intensity (counts) of the
perovskite (110) orientation has been observed thereby
confirming the enhanced crystallinity.
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The relative amounts of perovskite and pyrochlore
phases (Table 1) have been determined from the relative
intensity of XRD peaks by using following equation [16]:

|
% perovskite phase = (110)

a10) T lpyro)

where |gp-relative intensity of the peak due to (110)
orientation and |gyq-relative intensity of pyrochlore
phase. A perusal of the results in Table 1 indicates that
amount of pyrochlore phase decreases while the
perovskite phase increases with the increase in annealing
temperature.

Apart from the tetragonal phase depicted from the
XRD pattern of the PZT powder annealed at 700°C, the
relative percentage of rhombohedral and tetragonal
phases has been calculated from the triplets of the type
(002)T, (200)R and (200)T appearing at 44°-46° 20 range
in the XRD pattern [17] using relation:

|

P, = R(200)

Irc200) + 17200 + 7 (002)

where Pg represents rhombohedral phase, Ir (o) is inten-
sity of (200) reflection of rhombohedral phase, It oo
and It oy is intensity of (200) and (002) reflections of
tetragonal phase. The results show that percentage of
rhombohedral and tetragonal phase in the present nano-
crystalline PZT powder is 30% and 70% respectively
indicating thereby that the chemical composition of syn-
thesized nano-crystalline PZT powder lies near to Mor-
photropic Phase Boundary.

3.4. Crystallite Size, Shape and Density

3.4.1. Size

Broadening of the peaks observed in the XRD patterns
(Figures 4a-4c) indicates particles in the nano range.
Crystallite size of the nano-crystalline PZT powder an-

Figure 5. FESEM of nano-crystalline PZT spatulae.
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Table 1. % phases in the nano-crystalline PZT powder samples.

S- Name of Sample % %
No. P Perovskite Pyrochlore
1 As-ignited powder 36.10 63.89
Powder annealed at
2 600°C 71.81 28.18
Powder annealed at
3 700°C 97.43 2.57

nealed at 600°C and 700°C has been calculated by using
Scherrer Equation i.e.

kA
[ cosé

Crysttalite size =

where k is the constant of proportionality (Scherrer con-
stant) and depends on how the width line is determined
and value of k is generally taken as 0.9. 4 represents the
wavelength of the X rays and has a value of 1.54060A°,
4 is the half of the angle (260) of diffraction and g is the
value of broadening of (110) line at Full Width Half
Maximum (FWHM) of in radians and has been found to
be 13.6 nm which increases to 21.4 nm respectively.
Such an increase in the crystallite size with increase in
annealing temperature finds support from earlier reports
in literature [18,19].

3.4.2. Shape

FESEM of the nano-crystalline PZT powder annealed
at 700°C (Figure 5) shows a mixture of both spherical
particles and stacks of nano spatulae of about 204 nm
in width. The spherical nature of the crystallite has
been attributed to the high pressure exerted by the
evolution of gases such as CO;, Ny, O,, etc. during the
course of ignition reaction [20] while the formation of
stacks of nano spatulae may be attributed to the partial
melting and subsequent solidification during drop-
wise ignition of the PZT powder in the preheated sil-
ica crucible.
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3.4.3. Densities and Porosity

Densities of pellets of nano-crystalline PZT powder (one
made with 2% PVA as a binder and other without PVA
each of 15 mm in diameter and 1.3 mm thickness) meas-
ured by Archimedes Principle have been found to be
5.35 and 7.51 gm/cm® respectively. These densities are
68.76% and 96.5% of the theoretical value (7.78
gm/cm?®). The percentage porosity of PZT pellets has
been calculated from the relation:

% porosity = (1— pp )x100
0

where p and p, are the experimental and the theoretical
densities of PZT (7.78 gm/cm®) and have been found
to be 31.24 % and 3.48 %.

3.5. Electrical Properties of Lead Zirconate
Titanate of CompOSition Pb (Zr0.52Ti0.4g)03

3.5.1. D. C. Resistivity

Resistivity has been obtained from current-voltage
studies of the pellet prepared from nano-crystalline
PZT powder annealed at 700°C by the two probe
method using a Keithley Source meter (Model 2611).
From a plot of Current vs Voltage (Figure 6) resis-
tance ‘R’ has been calculated from the slope of the

plot as, slope (R) =K/ and the resistivity ‘p” using

the well known relation, o (ohm meter) =% where

A represents the area of the cross section and d is the
thickness of the pellet.

A high resistivity value of 3.043 * 10" Q cm found in
the present studies has been attributed to the stoichio-
metric composition, better crystal structures and im-
proved microstructures obtained by this new solution
ignition synthesis (SIS) technique. The higher value of
resistivity is also of significant importance as it makes
this nano-crystalline PZT spatulae suitable for high fre-
quency application.

@)

Figure 6. Current (I) vs Voltage (V) plot of nano-crystal-
line PZT pellet.

3.5.2. Dielectric Studies

The dielectric constant () and dielectric loss (tan 8) of
sintered pellets of nano-crystalline PZT spatulae (with
2% PVA and without PVA) as function of frequency at
different temperatures have been studied and trends are
shown as graphs in Figures 7a and 7b. The values of 83
and 227 for dielectric constant and 0.118 and 0.0609 for
dielectric loss have been found at a frequency of 1MHz
which remains nearly same in the higher frequency
range (up to 3MHz). Further, a comparison of the values
of both dielectric constant (227 and 249) and dielectric
loss (0.0609 and 0.042) at 298 K and 373 K respectively
at constant frequency of 1MHz (Figure 8) shows an
increase in dielectric constant with decrease in dielectric
loss values. These observed low values of dielectric con-
stants have been found to be in agreement with the fact
that small grains attain low values of dielectric constant
and can stabilize dielectric relaxation up to higher fre-
quency region [21]. These studies also indicate that nano-
crystalline spatulae of lead zirconate titanate, Pb
(Zro52Tip4g)O3 synthesized near MPB with almost same
values of dielectric constant and dielectric loss over a large
range of frequencies (up to 3 MHz) may find their role as
successful and stable dielectrics in the field of electronics.

(b)

Figure 7. Variation of dielectric constant and dielectric loss with frequency at room temperature for: a) PZT pellet with

2% PVA; and b) PZT pellet without PVA.
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Figure 8. Variation of dielectric constant and dielectric loss

with temperature at 1 MHz frequency for PZT pellet without

PVA.

4. CONCLUSIONS

The present work describes a simple, effective and novel
synthetic strategy namely Solution Ignition Synthesis
(SIS) route for the preparation of nano-crystalline PZT,
which is advantageous over other commonly employed
methods. The FTIR and XRD patterns of the nano crys-
talline PZT spatulae confirmed their perovskite structure
near MPB. The dielectric constant and high values of
resistivity also suggest that they may find their role as
potential materials suitable for high frequency applica-
tions and as stable dielectrics.
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ABSTRACT

The nanocrystalline Mg,Ni-type electrode alloys
with nominal compositions of Mg,gNijpxCuy (X =
0, 1, 2, 3, 4) were synthesized by melt-spinning
technique. The microstructures of the alloys
were characterized by XRD, SEM and HRTEM.
The hydrogen absorption and desorption kinet-
ics of the alloys were measured using an auto-
matically controlled Sieverts apparatus. The re-
sults show that all the as-spun alloys hold ty-
pical nanocrystalline structure. The substitution
of Cu for Ni does not change the major phase
Mg:Ni but it leads to the formation of the sec-
ondary phase Mg,Cu. The hydrogen absorption
capacity of the alloys first increases and then
decreases with rising Cu content, but the hy-
drogen desorption capacity of the alloys mono-
tonously grows with increasing Cu content. The
melt spinning significantly improves the hydro-
genation and dehydrogenation capacities and
kinetics of the alloys.

Keywords: Mg,Ni-Type Alloy; Substituting Ni with
Cu; Melt Spinning; Hydriding and Dehydriding
Kinetics

1. INTRODUCTION

Mg and Mg-based alloys has been considered as poten-
tial materials for solid state hydrogen storage in the form
of metallic hydrides such as MgH, and Mg,NiH,. The
theoretical hydrogen storage capacities of MgH, and
Mg,NiH,4 are 7.6 wt.% and 3.6 wt.% [1,2] respectively,
which is quite adequate for commercial applications as a
hydrogen fuel source [3]. Unfortunately, the slow sorp-
tion/desorption kinetics and high dissociation tempera-
ture of these kinds of metal hydrides limit their practical
application. Therefore, finding ways of improving the
hydration kinetics of Mg-based alloys has been one of
the main challenges faced by researchers in this area.
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Various attempts, involving mechanical alloying (MA)
[4], GPa hydrogen pressure method [5], melt spinning
[6], gravity casting [7], polyol reduction [8], hydriding
combustion synthesis [9], surface modification [10], al-
loying with other elements [11,12], adding catalysts [13]
etc, have been undertaken to improve the activation and
hydriding property.

Gennari et al. [14] reported that the nanocrystalline
Mg,Ni synthesized by combined milling-annealing pro-
cedure can readily hydrogen absorption during the first
cycle and show excellent absorption kinetics at 200°C.
Muthukumar et al. [15] confirmed that a maximum hy-
drogen capacity of 3.67 wt.% for the Mg,Ni alloy pre-
pared by mechanical alloying (MA) could be achieved
for an initial absorption temperature of 300 ‘C and sup-
ply pressure of 20 bar. Recham et al. [16] found that the
hydrogen absorption property of ball-milled MgH; can
be enhanced by adding NbFs, and the milled MgH,+
NbFs composite can desorbs 3 wt.% H, at 150°C. Do-
brovolsky et al. [17] synthesized a MgH, (50 wt.%) +
TiB, (50 wt.%) composite by intensive mechanical mil-
ling and found that TiB, addition decreases the dissocia-
tion temperature of the MgH, hydride by about 50°C.

Indubitably, ball-milling is a very effective method for
the preparation of nanocrystalline and amorphous Mg
and Mg-based alloys. Particularly, it is suitable to solu-
bilize particular elements into MgH, or Mg,NiH, above
the thermodynamic equilibrium limit, which is helpful to
destabilize MgH, or Mg,NiH, [18]. However, the milled
Mg and Mg-based alloys show very poor hydrogen ab-
sorbing and desorbing stability due to the fact that the
metastable structures formed by ball milling tended to
vanish during multiple hydrogen absorbing and desorb-
ing cycles [19]. Alternatively, melt-spun technique can
overcome the above mentioned shortcoming and effec-
tive avoiding the significant degradation of hydrogen
absorbing and desorbing cycle properties of Mg and Mg-
based [20]. Additionally, the melt-spinning technique is
a very effective method to obtain a nanocrystalline struc-
ture and is very suitable for mass-production of nano-
crystalline Mg-based alloys. It was also clarified that
nanocrystalline alloys produced by melt-spinning could
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have excellent hydriding characteristics even at room
temperature, similar to the alloys produced by the MA
process. Spassov et al. [21] prepared Mgx(Ni, Y) hydro-
gen storage alloy with exact composition MgesNisoY; by
rapid solidification, and its maximum hydrogen absorp-
tion capacity (about 3.0 wt.%) and hydrogenation kinet-
ics of the as-spun Mg,(Ni, Y) alloy were found to ex-
ceed those of the polycrystalline Mg,Ni alloys prepared
by conventional technology and to be comparable to the
hydrogen absorption characteristics of ball-milled na-
nocrystalline Mg;Ni. It was determined that the addition
of third element stabilizes the nanostructure of Mg-Ni
based alloy, which could be very important for practical
H-storage materials.

Our previous work indicated that the substitution of
Co for Ni significantly improved the hydriding and de-
hydriding kinetics of the Mg,Ni-type alloys [22]. There-
fore, it is very desirable to investigate the influence of
substituting Ni with Cu on the hydriding and dehydrid-
ing characteristics of Mg,Ni-type alloys prepared by
melt-spinning. The objective of this work is to produce
the Mg-Ni-based ternary nanocrystalline alloys by melt
spinning and to examine their structures and hydriding
and dehydriding Kinetics.

2. EXPERIMENTAL METHODS

The alloy ingots were prepared using a vacuum induc-
tion furnace in a helium atmosphere at a pressure of 0.04
MPa. Part of the as-cast alloys was re-melted and spun
by melt-spinning with a rotating copper roller. The spin-
ning rate was approximately expressed by the linear ve-
locity of the copper roller because it is too difficult to
measure a real spinning rate i.e. cooling rate of the sam-
ple during spinning. The spinning rates used in the ex-
periment were 15, 20, 25 and 30 m/s, respectively. The
nominal compositions of the experimental alloys were
MgxoNip«Cuy (x = 0, 1, 2, 3, 4). For convenience, the
alloys were denoted with Cu content as Cug, Cuy, Cu,,
Cugz and Cu,, respectively.

The morphologies of the as-cast alloys were observed
by scanning electron microscope (SEM) (Philips Q-
UANTA 400). The phase structures of the as-cast and
spun alloys were determined by XRD diffractometer (D/
max/2400). The diffraction, with the experimental pa-
rameters of 160 mA, 40 kV and 10°/min respectively,
was performed with CuK,; radiation filtered by graphite.
The thin film samples of the as-spun alloys were pre-
pared by ion etching for observing the morphology with
high resolution transmission electron microscope (H-
RTEM) (JEM-2100F, operated at 200 kV), and for de-
termining the crystalline state of the samples with elec-
tron diffraction (ED).

The hydrogen absorption and desorption Kinetics of
the alloys were measured by an automatically controlled
Sieverts apparatus. The hydrogen absorption was con-
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ducted at 1.5 MPa at 200 ‘C and the hydrogen desorp-
tion in a vacuum (1x10™* MPa) at 200 °C too.

3. RESULTS AND DISCUSSIONS

3.1. Microstructure Characteristics

The SEM images of the as-cast alloy are illustrated in
Figure 1, displaying a typical dendrite structure. The
substitution of Cu for Ni does not change the morphol-
ogy of the alloys but it causes a significant refinement of
the grains. The result obtained by energy dispersive
spectrometry (EDS) indicates that the major phase of the
as-cast alloys is Mg,Ni phase (denoted as A). Some
small massive matters in the alloys containing Cu can
clearly be seen in Figure 1, which are determined by
EDS to be Mg,Cu phase (denoted as B).

Figure 2 presents the XRD profiles of the as-cast and
spun MgaNip«Cuy (X = 0, 1, 2, 3, 4) alloys, showing
that the substitution of Cu for Ni does not change the
phase structure. All the as-cast and spun alloys display a
single phase structure. This seems to be contrary with
the result of SEM observation. It is most probably asso-
ciated with the fact that Mg,Ni and Mg,Cu hold com-
pletely identical structure and nearly same lattice con-
stants. On the other hand, the amount of the Mg,Cu
phase is very little so that the XRD observation can not
detect its presence. Listed in Table 1 are the lattice pa-
rameters, cell volume and full width at half maximum
(FWHM) values of the main diffraction peaks of the
as-cast and spun (20 m/s) alloys which were calculated
by software of Jade 6.0. It can be derived from Table 1
that the substitution of Cu for Ni causes the FWHM
values of the main diffraction peaks of the as-cast and
spun alloys significantly increased, and it leads to the
lattice parameters and cell volume of the alloys cleverly
enlarged, which is attributed to the slightly larger atomic
radius of Cu than Ni. It can be seen from Table 1 that
melt spinning causes the FWHM values of the main dif-
fraction peaks of the alloys significantly increased which
is doubtless attributed to the refinement of the grains and
the stored stress in the grains produced by melt spinning.
Based on the FWHM values of the broad diffraction
peak (203) in Figure 2b, the crystallite size <Dpyq > (A)
of the as-spun alloy was calculated using Scherrer’s
equation. The grain sizes of the as-spun alloys are in a
range of 2-6 nm, consistent with results reported by
FriedImeier et al. [23]. It is very important to notice that
<D> values were calculated on the same peak having
Miller indices (203) due to better possibility of mutual
comparison.

Figure 3 shows HRTEM micrographs and electron
diffraction patterns of the as-spun Cu; and Cus alloys,
which reveal a nanocrystalline microstructure, with an
average crystal size of about 2-5 nm. This result agrees
very well with the XRD observation shown in Figure 2.
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From HRTEM observations there is some evidence that
the as-spun alloys are strongly disordered and nanos-
tructured, but they are free of amorphous phase. Spassov
et al. [21] reported that Mg-based alloys with nanocrys-
talline microstructures can be obtained by controlling the

cooling rates. The crystal defects in the as-spun alloy,
stacking faults (denoted as A), twin-grain boundaries
(denoted as B), dislocations (denoted as C) and sub-
grain boundaries (denoted as D), can clearly be seen in
Figure 4.

Mg Mg
Section A Section B
Cu
Ni
Ni Ni
Cu
Cu {|{Cu
| [~ I
0 2 4 6 8 0 2 4 6 8 10
keV keV

Figure 1. SEM images of the as-cast alloys together with EDS spectra of sections A and B in

Figure 1 (b): (a) Cug alloy, (b) Cu, alloy.
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Figure 2. XRD profiles of the as-cast and spun alloys: (a) As-cast, (b) As-spun (20 m/s).
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Table 1. The lattice parameters, cell volume and the FWHM values of the major diffraction peaks of the alloys.
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FWHM values Lattice parameters and cell volume
Alloys 20(20.02°) 20(45.14°) a(A) c(A) Vv (AY

As-cast 20m/s As-cast 20m/s As-cast 20 m/s As-cast 20m/s  As-cast  25mis
Cup 0.122 0.129 0.169 0.173 52097 52101 13.244 13.258  311.29 311.67
Cuy 0.133 0.184 0.178 0.218 52102 52154 13.252 13.262 31154  312.39
Cu, 0.148 0.232 0.183 0.223 5.2136 5.2162 13.283 13.307 312.67 313.55
Cus 0.151 0.257 0.192 0.232 52154 52171 13.297 13313 31322  313.80
Cu, 0.165 0.286 0.204 0.252 52171  5.2203 13.302 13.317 31354  314.28

21

Figure 4. Crystal defects in the as-spun (30 m/s) Cus alloy taken by HRTEM: (a) Stacking fault, (b) Twin grain bound-

ary, (c) Dislocations and sub-grain boundaries.

3.2. Hydriding and Dehydriding Characteristics

Figure 5 shows the hydrogen absorption capacity and
Kinetics of the as-cast and spun Cu; and Cus alloys. It
can be seen that all the hydriding kinetic curves of the
as-spun alloys show an initial fast hydrogen absorption
stage after which the hydrogen content is saturated at
longer hydrogenation time, indicating that the melt spin-
ning significantly improves the hydrogen absorption
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property of the alloys. The hydrogen absorption capaci-
ties of the alloys increase with rising spinning rate.
When the spinning rate grows from 0 (As-cast is defined
as spinning rate of 0 m/s) to 30 m/s, the hydrogen ab-
sorption capacity of the Cuy alloy in 10 min rises from
1.99 to 3.12 wt.%, and from 1.74 to 2.88 wt.% for the
Cus alloy.

The hydrogenation kinetics and storage capacity of all
the as-spun nanocrystalline Mg,Ni-type alloys studied
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Figure 5. Hydrogen absorption kinetic curves of the as-cast and spun alloys: (a) Cu, alloy (b) Cus alloy.

are superior to those of conventional polycrystalline ma-
terials with similar composition. The enhanced hydro-
genation property by melt spinning is undoubtedly asso-
ciated with the refinement of the grains produced by
melt spinning [24]. By refining the microstructure, a lot
of new crystallites and grain boundaries are created
which can act as fast diffusion paths for hydrogen ab-
sorption. Based on the result reported by Orimo and Fu-
jii [25], the distribution of the maximum hydrogen con-
centrations in three nanometer-scale regions, i.e. grain
region and grain boundary region as well as amorphous
region, have been experimentally determined to be 0.3
wt.% H in the grain region of Mg,Ni, 4.0 wt.% H in the
grain boundary and 2.2 wt.% H in the amorphous region.
It revealed that the hydrides mainly exist in grain-
boundary region and the amorphous phase region. The
improved hydrogenation characteristics can be explained
with the enhanced hydrogen diffusivity in the nanocrys-
talline microstructure as the nanocrystalline leads to an
easier access of hydrogen to the nanograins, avoiding the
long-range diffusion of hydrogen through an already
formed hydride, which is often the slowest stage of ab-
sorption. It is known that the nanocrystalline micro-
structures can accommodate higher amounts of hydrogen
than polycrystalline ones. The crystalline material, when
melt spun, becomes at least partially disordered and its
structure changes to nanocrystalline. Consequently, high
densities of crystal defects such as dislocations, stacking
faults and grain boundaries are introduced. The large
number of interfaces and grain boundaries available in
the nanocrystalline materials provide easy pathways for
hydrogen diffusion and accelerates the hydrogen ab-
sorbing/desorbing process.

The hydrogen absorption kinetic curves of the as-spun
alloys are plotted in Figure 6. It can be seen that the
hydrogen absorption capacity of as-spun alloys first in-
creases and then decreases with the variation of Cu con-
tent. The Cu, alloy shows a maximum hydrogen absorp-
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tion capacity at 200°C. The kinetics of hydrogenation
was extremely fast so that the alloys absorbed more than
95% of their hydrogen capacities within the first 5 min.
The excellent hydriding kinetics is ascribed to the na-
nocrystalline structure because the high surface to vol-
ume ratios (high specific surface area) and the presence
of large number of grain boundaries in nanocrystalline
alloys enhance the kinetics of hydrogen absorption/ de-
sorption. The positive function of Cu substitution on the
hydrogen absorption capacity and kinetics of the alloy is
attributed to the increased cell volume and the grain re-
fined by Cu substitution. The increase of the cell volume
is very helpful to hydrogen absorption capacity, and the
grain boundary possesses the largest hydrogen absorp-
tion capability [25]. It was well known that the catalytic
action of Ni on hydriding is stronger than Cu. Therefore,
it is understandable that a superfluous amount of Cu
substitution (x>2) must lead to a decrease of the hydro-
gen absorption capacity of the alloys.

Figure 7 shows the hydrogen desorption capacity and
kinetics of the as-cast and spun Cu; and Cus alloys, in-
dicating that the dehydriding capability of the alloys
obviously meliorates with rising spinning rate. When the
spinning rate grows from 0 to 30 m/s, the hydrogen de-
sorption capacity of the Cu, alloy in 20 min increases
from 0.29 to 0.98 wt.%, and from 0.52 to 1.49 wt.% for
Cus alloy, respectively. The nanocrystalline Mg,Ni-
based alloys produced by melt spinning exhibit higher
H-absorption capacity and faster kinetics of hydriding/
dehydriding than crystalline Mg,Ni. A similar result was
reported by Spassov et al. [21]. The specific capacity
and hydriding/dehydriding kinetics of hydride materials
depend on their chemical composition and crystalline
structure [26]. The observed essential differences in the
hydriding/dehydriding kinetics of the melt-spun nano-
crystalline Mg,Ni type alloys studied most probably
have to be associated with the composition of the alloy
as well as with the differences in their microstructure
due to the different spinning rates. It was reported that
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the high surface to volume ratios, i.e. high specific sur-
face area, and the presence of large number of grain
boundaries in nanocrystalline alloys enhance the kinetics
of hydrogen absorption/desorption [21]. Zaluski et al.
[27] and Orimo et al. [28] confirmed that the hydriding/
dehydriding characteristics at low temperatures (lower
than 200°C) of nanocrystalline Mg;Ni alloys prepared by
mechanical alloying can be improved by reducing the
grain size (20-30 nm), due to hydrogen occupation in the
disordered interface phase.

The hydrogen desorption kinetic curves of the as-spun
alloys are plotted in Figure 8. An important feature of
the dehydrogenation process in the alloys is very slow
initial hydrogen desorption, followed by slack increase
in the amount of hydrogen desorbed. Figure 8 indicates
that the Cu substitution significantly improves the hy-
dogen desorption capacity and kinetics of the alloys.
When Cu content x increases from 0 to 4, the hydrogen

35
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desorption capacity of the as-spun (20 m/s) alloy in 20
min rises from 0.62 to 1.43 wt.%, and from 0.89 to 1.69
wt.% for the as-spun (30 m/s) alloy. Several possibilities
can be considered as the reasons why the substitution of
Cu for Ni enhances the hydrogen desorption kinetics of
Mg,Ni-type alloys. Firstly, the partial substitution of
element Cu for Ni in Mg,Ni compound decreases the
stability of the hydride and makes the desorption reac-
tion easier [29]. Secondly, the presence of Mg,Cu phase
apparently has catalytic effects for the hydriding and
dehydriding reactions of Mg and Mg-based alloys [19].
Additionally, the addition of the third element Cu proba-
bly stabilizes the nanostructure of the alloy obtained by
melt spinning, which could be very important for practi-
cal H-storage materials on the base of Mg,Ni. In multi-
component Mg-based hydrogen storage alloys surface
segregation and formation of microcrack passages for H-
diffusion improve the kinetics of hydriding/dehydriding.

Figure 6. Hydrogen absorption kinetic curves of the as-spun alloys: (a) 20 m/s, (b) 30 m/s.
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Figure 7. Hydrogen desorption kinetic curves of the as-cast and spun alloys: (a) Cu, alloy (b) Cusalloy.
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Figure 8. Hydrogen desorption kinetic curves of the as-spun alloys: (a) 20 m/s, (b) 30 m/s.

4. CONCLUSIONS

1) All the as-spun MgxNin«Cuy (X =0, 1, 2, 3, 4) alloys
hold nanocrystalline structures and are free of amor-
phous phase. The substitution of Cu for Ni does not
change the major phase of the alloy, but it leads to a sig-
nificant refinement of the grains and the formation of
secondary phase Mg,Cu in the as-cast alloys.

2) Melt spinning significantly improves the hydriding
and dehydriding properties of the alloys. Hydriding and
dehydriding capacities and rates of the alloy markedly
rise with increasing spinning rate, which is mainly at-
tributed to the formation of the nanocrystalline structure
caused by melt spinning.

3) With the substitution of Cu for Ni, the hydrogen
absorption capacity of the alloys first increases and then
decreases. But it clearly improves the hydrogen desorp-
tion capacity and dehydriding rate of the alloys, for
which the decreased stability of the hydride by Cu sub-
stitution is mainly responsible.
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ABSTRACT

Instrumental neutron activation analysis (INAA)
and atomic absorption spectroscopy (AAS)
techniques were used to analyze 18 elements
(K, Mn, Na, Fe, Zn, Cu, Co, Br, Sm, Cl, La, Al,
Cr, Ca Cd, Ni, Pb and Hg) in different medici-
nal plants often used in Indian Ayurvedic
system. The samples were irradiated with
thermal neutrons in a nuclear reactor and the
induced activities were counted by 7Y-ray
spectrometry using efficiency calibrated high
resolution High Purity Germanium (HPGe)
detector. Most of the medicinal plants were
found to be rich in one or more of the ele-
ments under study. The elemental concentra-
tion in different part of medicinal plants and
their biological effects on human beings are
discussed.

Keywords: Instrumental Neutron Activation
Analyses; Atomic Absorption Spectroscopy;
Medicinal Plants; Trace Elemental Analysis;
Inter-Elemental Correlations

1. INTRODUCTION

There are many references to the curative properties of
severa herbs in the ancient Indian literature, Rigveda,
though a more detailed account is found in the Athar-
vaveda from where Ayurveda, the Indian traditional
health care system (ayus=life, veda=knowledge, mean-
ing science of life) originated. Fairly comprehensive
information about herbs has been recorded in two trea-
tises Charak Samhita and Shusruta Samhita-a base for
Ayurvedic system of medicine [1,2]. These herbs are
now being increasingly used in cosmetics, food as well
as aternative medicine [3]. Some of the ingredients of
allopathic and most of the Ayurvedic and Homeopathy
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medicines are derived from plants. Traditional Indian
medical herbs used for strengthening the body immune
system are known to have many essential and nutritional
elements. Their excess or deficiency may disturb normal
biochemical functions of the body [4]. Some western
scholars have pursued the analysis of various Indian
plants and herbs for their medicinal properties [5]. Most
studies on such medicinal plants pertain to their organic
contents, viz. essential oils, glycosides, vitamins, aka
loids and other active components and their pharmacol-
ogical/therapeutic effects. Besides, several organic com-
pounds, it is now well established that many trace ele-
ments play avital rolein general well-being aswell asin
the cure of diseases [6,7]. Several studies have reported
elemental contentsin plant extracts, which are consumed
by us either as an herbal health drink or medicine [8-10].
These elements are presented at varying concentrations
in different parts of the plants, especially in roots, seeds
and leaves which are used as a dietary item as well as
ingredient in the Ayurvedic medicinal preparation. The
leaves of the plants are still used in some countries, as
for instance, in Malaysia [11], Greece [12] and India [13]
particularly for their therapeutic effects. Since these
trace elements constitute a minute fraction in different
parts of the medicina plants, a sensitive and reliable
analytical technique is a prerequisite for obtaining pre-
cise and accurate data.

Considering the importance of trace elements in vari-
ous human metabolic processes and also considering
their curative properties, in the present investigation we
have applied one of the sensitive analytical techniques
like INAA to study the essential elemental content in
different parts of Indian medicinal plants and herbs. The
overall impact of these essential trace elements on hu-
man health is also discussed. Due to increasing indus-
trialization and environmental pollution, the study was
also extended to estimate the level of toxic elements
present in these medicinal plant samples. Even though
the direct link between the essential elemental content
and their curative capacity is not yet established, the
experimental data of the present work will be of im-
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mense importance in the synthesis of new Ayurvedic
formulations. Also, it will help in deciding the propor-
tion of various active constituents and managing dose of
aparticular formulation.

2. EXPERIMENTAL

2.1. Sampling

The various medicinal plants (Table 1) in the form of
leaves and roots were collected from and around the
Keshav Shrushti, Bhayander and Narsing K. Dube Col-
lege, Nalasopara, Maharashtra, India. Surface contami-
nants of the plant samples were removed by washing
with deionized water twice and then with deionized
double distilled water. The leaves were air dried in a
clean drying chamber and then dried at 80°C for over-
night in an oven. The samples were powdered in agate
mortar and passed through 100-mesh sieve. Sampling
was done from this powder.

2.2. Irradiation and Counting
About 50-80 mg of each sample was sealed in a poly-

Table 1. Medicinal plant samples selected for the study.

ethylene cover. Samples, reference standard and control
sample were packed together and irradiated in the E8
position of the Apsara reactor, BARC. Irradiation time
was varied between 30 min and 7 h depending on the
half lives of the activation products. The sub-cadmium
neutron flux in this position isin the order of 1x10™cm™
s'. The samples were aso irradiated at Dhruva reactor
for 1 din order to determine the elemental concentration
of the long-lived radionuclides, such as Fe. The short
irradiation and counting were conducted at the reactor
site followed by spectra unfolding at the Radiochemistry
Division of BARC, Mumbai. The radionuclides used for
the analysis and their y energies are given in Table 2. All
the samples and SRMs were counted at a calibrated
sample-detector distance from a HPGe detector (Ortec)
with 25% relative efficiency and 2.1 keV resolution at
13325 keV of ®Co line, which was connected, to an
IBM PC XT computer system. Most of the short lived
isotopes contributing to the dead time belong to the ele-
ments present in major Ca and minor Al levels. The
presence of different elements analyzed in various me-
dicinal plants was confirmed by measuring their charac-
teristic y-ray energy as well as half lives which are in

Parts of plants: Medicinal use

Seed: Cough, skin diseases, flatulence, diarrhoea, cough, arthritis,
ulcers, wounds, diabetes, inflammation, low back pain, fever, hem-
orrhoids, and anemia. Seed oil is aso used as insecticidal, nemati-
cidal and bactericidal

Seed: Constipation, Piles, acidity, diarrhoea, dysentery, hemorrhage,
hemorrhoids, amoebiasis, hepatitis and skin diseases.

Seed: Congtipation, in treating dehydration caused by vomiting and
diarrhoea, particularly in cholera. It is used as an excellent sex tonic.
It is used in treatment of insomnia, irritability, depression, skin dis-
eases like ringworm and eczema.

It is aromatic, carminative, digestive, anti-inflammatory, diuretic,
lactagogue, aphrodisiac, hypnotic, hallucinogenic, antispasmodic
and stimulant agent. Helps relieving flatulency, useful in nausea,
stomachache, vomiting, diarrhoea associated with cholera. Also
useful in diseases of the liver, spleen, headaches, palsy and eye trou-

Nutmeg oil stimulates the heart and circulation, activates the mind
and relives people from fainting spells. The oil has good
anti-inflammatory action, and is aso successful in relieving pain,
especially muscular aches and pain, as well as rheumatism.

Seed: Appetizer, in dyspeptic problems, such as mild, sapstic condi-
tions of the gastrointestinal tract, The Ayurvedic Pharmacopoeia of
India recommended the seed in chronic fevers. Seed oil shows mod-
erate antibacterial and antifungal activity against several bacteria and
fungi. Mixed with alcohol and castor oil, it is used for scabies.

Fruit: Epilepsy, Insomnia, Diarrhoea, teeth disorders, eczema, tonsil-

Sample Number | ocal Name  Botanical Name
1 Karranj Begg ~ Pongamia pinnata
. Holarrhena
2 Kutga antidysenterica
3 Jaiphal Myristica fragrans
bles.
4 Krishna Carum bulbocas-
Jiraka tanum
5 Babbul Acaciaarabica

litis, conjunctivitis, epiphora, leucorrhoea, used in toothpastes and
gargles.
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Table 2. Radionuclides used for the analysis and their y-en-
ergies.

Table 3. Standard conditions for atomic absorption measure-
ment.

Nuclide y- ray energy in keV
2K 1524.0
%Mn 847.0
“Na 1368.0
re 1099.0
zn 1115.0
%cu 1040.0
%co 1332.0
82Br 776.0

153gm), 103.0
Bl 1642.0
140 5 1596.0
Bp| 1779.0

Thermal neutron flux: 10*-10" n cm? s™.

good agreement with the literature values. Radioactivity
measuring times were chosen not to exceed 0.2 times the
half lives of the radionuclide of interest. Long irradiated
samples were brought to Radiochemistry Laboratory at
Mumbai University and y-activity was measured.
Counting was followed for 1, 2, 6 and 12 h at different
intervals up to 3m. Care was taken to obtain maximum
elemental information from more than one counting and
the reproducibility of data was checked. Elemental con-
centrations of various Ayurvedic medicina plants were
calculated by relative method using control and refer-
ence multielemental standard as comparators.

2.3. Atomic Absorption Spectrometer (AAS)
Measurement

The samples in the powdered form were accurately
weighed and digested in (5:1) mixture of nitric acid and
perchloric acid [14]. After digestion few drops of con-
centrated HCI was added. The solution was heated gently
and then filtered. The residue was again subjected to di-
gestion and filtrate was collected. The entire filtrate was
diluted suitably with distilled deionized water. The dilute
filtrate solution was used for analysis of elements of in-
terest (Cr, Ca, Cd, Ni, Pb and Hg) by AAS (Perkin EImer
3100 model) using suitable hollow cathode lamps. The
elements were analyzed by AAS technique by measuring

the absorbance of the species at its resonance wavelength.

The concentration of various elements was determined by
relative method using A.R. grade solutions of elements of
interest. The standard conditions for atomic absorption
measurement are represented in Table 3.

2.4. Quality Control

To provide quality control biological reference material,
namely, Polish CRM Virginia Tobacco Leaves (CTA-
VTL-2) was used. The concentrations of al the elements
investigated in this study are well certified in the refer-
ence material. The SRMs of biological origin were ana

SciRes Copyright © 2010

Wavelength Slit width Sensitivity Lamp current

Element nm nm check ppm mA
Cr 357.9 0.2 4.0 7.0
Ca 4229 05 4.0 10.0
Cd 228.8 05 15 4.0
Ni 2320 05 7.0 4.0
Pb 283.6 05 20.0 5.0
Hg 253.7 0.5 200.0 4.0

lyzed for quality control and method validation. It was
observed that most elemental contents are withint10%
of the certified values. Standard deviations were also
relatively small. The values listed in Table 4 (which are
averages of three independent measurements) are having
the precision of ~ + 2 to 10%.

3. RESULTS AND DISCUSSIONS

An examination of the data from Table 4 shows that
different medicinal plants contain elements like K,Mn,
Na,Fe,Zn,Cu,Co,Br,Sm,Cl,LaAl,Cr,Ca,Cd,Ni,Pb and Hg
in various proportions. The variation in elemental con-
centration is mainly attributed to the differences in bo-
tanical structure, aswell asin the mineral composition of
the soil in which the plants are cultivated. Other factors
responsible for a variation in elemental content are pref-
erential absorbability of the plant, use of fertilizers, irri-
gation water and climatological conditions[15].

An examination of the data from Table 4 indicates
that fruits of Babbul contain high K (8.79 mg/g), and
low Na (0.08 mg/g) concentration. The K content is low
in seeds of Kutgja (1.06mg/g), while Na content is to the
maximum of 0.90 mg/g in seeds of Jaiphal. It is impor-
tant here to note that the regulation of potassium isinti-
mately involved with that of sodium and the two are
largely interdependent. Potassium is accumulated within
human cells by the action of the Na’, K*-ATPase (so-
dium pump) and it is an activator of some enzymes; in
particular co-enzyme for norma growth and muscle
function [16].

The calcium content in various medicinal plants
analyzed varies from 1.58 mg/g in Karranj Begj to 15.1
mg/g in Kutaja. Calcium is essential for healthy bones,
teeth and blood [17,18]. The health of the muscles and
nerves depends on calcium. It is required for the ab-
sorption of dietary vitamin B, for the synthesis of the
neurotransmitter acetylcholine, for the activation of
enzymes such as the pancreatic lypase. The recom-
mended daily dietary allowance of Ca for children is
between 500 and 1000 mg, and 800 mg for adults. The
appreciable high Ca content in fruits of Babbul sug-
gests its possible use in toothpastes and gargles to
overcome deficiency of Ca
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Table 4. Elemental analysis of some medicinal plants by NAA and AAS techniques.

Name of Elements
the me- 'ﬁ
dicina 5 : : : .
plant £ Mn Na Fe Zn Cu Co Br Sm La Al c' cat cd Nif Pb Hg
(Botanical § (mg/g) (ng/e) (mg/g) (ng/0) (nof0) (ng/e) (ng/g) (ng/9) (ng/g) (mg/g) (ng/g) (Mg/g) (ngfg) (Mg/g) (ng/g) (ng/9) (ng/g) (ng/g)
name)
Karranj
Begj 175 2854 085 601 7530 064 83 816 066 227 073 033 211 158 300 49 130 310
(Pongamia B (+0.10)(+1.50) (x0.03) (+37) (+3.67)(x0.04) (+4.7) (+0.3) (+0.04) (:0.14)(:0.04) (+0.02) (+0.13)(:0.10)(+0.14)(+0.21)(+0.08) (:0.14)
pinnata)
Kutagja
(Holarrhena 1.06 4920 043 382 4690 244 62 027 033 260 844 245 180 151 310 360 090 432
antidysen- &3 (+0.08)(+2.19) (£0.02) (+21) (+£2.76)(0.13) (+0.4) (+0.01) (:0.02) (+0.13)(+0.51) (+0.14) (+0.11) (+1.2) (+0.19)(+0.15)(:0.04) (+0.21)
terica)
(hjaﬁg?lw 124 9810 090 261 950 425 180 914 010 253 084 311 080 546 440 165 130 ND
frgérans) (+0.10)(+5.55) (+0.06) (+23) (+4.7) (£0.22) (+1.1) (+0.27) (+0.01) (+0.11)(:0.06) (+0.21) (+:0.04)(+0.41)(+:0.28)(+0.08)(+0.07)
Krishna
(‘él:;?ku?n ;% 139 18810 0.22 274 402 211 89 102 042 0.14 ND 0.77 ND 277 180 066 120 ND
Bulbo- (+0.12)(+9.97) (+0.01) (£25) (+2.1) (+0.15) (+0.3) (+0.8) (+0.02)(+0.01) (+0.03) (+0.12)(+0.09)(+0.03)(+0.08)
castanum)
('i\aég‘:; 5 879 800 008 261 735 214 28 216 031 612 | 122 271 126 121 504 100 010
Arabica) IT (+0.30) (+4.0) (+0.002) (+24) (+3.7) (+1.6) (+0.1) (+1.3) (+0.02) (+0.28) (+0.10) (+0.13) (+1.0) (+0.07)(0.21)(+0.05)(+0.001)
CTA

VTL-2  [10.3] [79.7] [0.312] [1083] [43.3] [18.2] [0.429] [14.3] [0.157] [7.43] [1.01] [1.682] [1.87] [36.0] [1.52] [1.98] [22.1] [0.048]
(Virginia  {10.0} {80.2} {0.308} {1100} {44.1} {18.9} {0.445} { 15.2} {0.162} { 7.25} {1.07} {1.704} { 1.79} {35.4} {1.53} {2.01} {22.9} {0.050}

Tobacco
Leaves)

(+0.09) (27.5) (£0.02) (£104) (22.7) (£0.9) (£0.02) (+1.0) (£0.01) (+0.31)(0.08) (+:0.07) (£0.09) (+1.9) (:0.06)(0.10) (+1.1) (+0.002)

"Elements detected by AAS technique; (+) Standard deviation; [ ] Certified values; { } Measured values; ND=Not detected.

The elements like Zn, Fe and Cr are essential trace
elements (micro nutrients) for living organisms. Zinc is
relatively non-toxic [19]. Zinc deficiency is character-
ized by recurrent infections, lack of immunity and poor
growth. Growth retardation, male hypogonadism, skin
changes, poor appetite and mental lethargy are some of
the manifestations of chronically zinc-deficient human
subjects [19]. Zinc is necessary for the growth and mul-
tiplication of cells (enzymes responsible for DNA and
RNA synthesis), for skin integrity, bone metabolism and
functioning of taste and eyesight [20]. From the results
obtained, it is observed that the concentration of Zn
ranges from 95.0 pug/g in Jaiphal to 40.2 pg/g in Krishna
Jirak. The high concentration of zinc in seeds of Jaiphal
suggests its possible use in sex tonic, treatment of worms,
skin disease, and eye trouble. The appreciable high Zn
content in Karranj begl and Babbul may also be helpful
in treatment of skin disease. Iron occupies a unique role
in the metabolic process. The role of iron in the body is
clearly associated with hemoglobin and the transfer of
oxygen from lungs to the tissue cells [21]. Iron defi-
ciency is the most prevalent nutritional deficiency in
humans [22] and is commonly caused by insufficient
dietary intake, excessive menstrual flow or multiple
births. In this case, it results especially an anemia. In
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various medicinal plants samples analyzed, the Fe con-
tent was observed maximum in seeds of Karranj begj
(601png/g) and minimum in seeds of Jaiphal and Babbul
(261pg/9). Hence the use of Karranj beg seeds in gen-
eral tonic preparation may be advised to compensate for
treatment of anemia. Chromium plays an important role
in diabetes treatment. It is an important element required
for the maintenance of normal glucose metabolism. The
function of chromium is directly related to the function
of insulin, which plays a very important role in diabetes.
Chromium is found in the pancreas, which produces
insulin. One usable form of chromium is the Glucose
Tolerance Factor (GTF) [23], an inorganic compound
containing glutamic acid, cysteine and niacin. The ab-
sorption of the trivalent chromium in GTF is about 10 to
25%. It enhances the removal of glucose from the blood.
The important constituent of GTF is Cr which helpsin
the potentiating of insulin [24]. Chromium also acts as
an activator of several enzymes. Deficiency of chro-
mium decreases the efficiency of insulin and increases
sugar and cholesterol in the blood. Chromium deficiency
can cause an insulin resistance, impair in glucose toler-
ance and may be arisk factor in artherosclerotic disease
[25]. From the results obtained, it is observed that Cr
content is high in fruits of Babbul (2.71 pug/g) and seeds
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of Karranj beg (2.11 pg/g). Hence the use of this me-
dicinal plant may be advised for the treatment and con-
trol of diabetics.

In experiments conducted by Anke et al. [26] with
growing, gravid and lactating goats, a poor Br-nutrition
(<1 mg/g dry matter) led to a significantly reduced
growth, a worse conception rate, reduced milk fat pro-
duction and decreased hemoglobin content. The high
concentration of Br along with Fe in Karranj bed,
Jaiphal, Babbul and Krishna jiraka suggests there possi-
ble use in preparation of drugs for curing natural diuretic,
phlegm eliminating and stomach invigorating diseases
[27] and purifying breast milk. However, further inves-
tigations regarding possible essentiality of Br are neces-
sary due to the fact that Br accumulates well in plants
due to the application of agricultural chemicals such as
methyl bromide as fumigant.

The higher Mn content was observed in seeds of
Krishna jiraka (188.1 pg/g). It is important here to note
that Mn is an essential element required for various bio-
chemical processes [28]. Mn is aso important for sev-
eral enzymatic processes. It helps in eliminating fatigue
and reduces nervous irritability [7,29,30]. Hence use of
Krishna jiraka seeds in medicinal preparations may help
to supplement Mn for various body functions.

The Co content was observed to be high in Karranj
beg (83.0 ng/g). Cobalt is an essential element for the
plants having the capability to fix nitrogen in the root
tubercles. Animals are able to synthesize vitamin B12,
which is the main source of Co in animal foods. Never-
theless, only apart of Co in food derived from animalsis
present in the form of cobalamines. The recommended
daily intake of vitamin B12 for adults is 3 mg (0.13 mg
Co), taking into account that only 50% is absorbed in the
intestine [20]. In humans, deficiency of vitamin B12
leads to a megaloblastic anemia. Cobalt also plays an
important role in thyroid metabolism in humans. The
higher Co and Fe content in Karranj beg suggests there
use in medicinal preparation for treatment of anemia.

The elements like Hg, Pd, Cd and Ni are supposed to
be toxic in nature and their presence in trace amount in
various medicina plant sample analyzed is due to the
pollution arising from automobile and industrial activi-
ties.

3.1. Inter-Elemental Correlations

Severa literature reports suggest interrelationship of
essential elements like K, Na, Fe, Co and Zn [6,10,14].
The regulation of metal ion flows, especialy of K* and
Na’, is crucial to life and is most clearly exemplified by
the ionic movements that occur in nerve cells during
excitation and transmission of the action potential. The
regulation of potassium is intimately involved with that
of sodium and the two are largely interdependent. From
the experimental data, it is observed that K/Naratio var-
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ies between minimum of 1.4 in Jaiphal to maximum of
109.9 in Babbul. The result indicates that potassium
content is 1.4 times of sodium in Jaiphal, and 110 times
in Babbul. The variation of K/Naratio for different plant
samples is graphically represented in Figure 1. The
transition elements Fe, Zn and Co are well known for
their role in biochemical processes [10]. Iron deficiency
is common in uremic patients, it causes substantial blood
losses. Some reports indicate that dysgeusia, poor food
intake, and impaired sexual function, which are common
problems of uremic patients, may be improved by zinc
supplements [31]. In blood, about 85% of the zinc com-
bines with protein for transport after its absorption, and
its turnover is rapid in the pancreas. Deficiency of zinc
causes diabetic hyposima, hypogeusia or coma [15]. The
availability of Zn in the range of 14.8-8.4 ng/g may be
beneficial for diabetic patients as its deficiency has been
correlated with acute and chronic mal absorption states
[30,32]. Similarly Fe is important because it eliminates
phlegm and strengthens the function of stomach. Iron is
found in body tissue enzymes and helps with energy
metabolism. It facilitates the oxidation of carbohydrates,
protein and fat to control body weight, which is very
important in diabetes [15]. The requirement of Fe for an
adult is 20 mg/day and for a child is 10 mg/day. From
the result of medicinal plants analyzed, Fe/Zn ratio var-
ies from 2.7 in Jaiphal to 8.1 in Kutga (Figure 2). Co-
balt in the form of Vitamin B-12 isin its physiologically
active form. It is very essentia to provide 3 ug per day
in the form of Vitamin B-12 for a diabetic individual. A
plot of Fe versus Co shows linear relationship (Figure 3)
with r=0.907, which represents somewhat poor relation-
ship. It is possible due to the fact that all parts of the
medicinal plants are different i.e. seeds and fruits as re-
ported by Razic et al. [33]. In generd, it may be men-
tioned that interrelationship of several elements in me-
dicina herbs suggest synergistic or antagonistic effects,
thus providing various elements to the body in bio-avail-
able form in a balanced manner with ailmost no harmful
effects except some environmental contaminants. These,
however, should be avoided by collecting herbs grown in
aclean and well controlled environment [10].

4. CONCLUSIONS

Although there appears to be little knowledge of the pre-
cise molecular mechanisms, many Ayurvedic prepara-
tions nevertheless appear to demonstrate significant
success in treatment of complex diseases. Presumably
Ayurvedic medicines contain trace elements in a
bio-available form and their impact on the overall phar-
macological action cannot be ruled out. Although the
direct link between elemental content and curative capa-
bility is yet to be established, such studies are vital to
understanding the pharmacological action of herbs. The
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Figure 1. Variation of K/Naratio in different medicinal plant samples.
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data obtained in the present work will be helpful in the
synthesis of new Ayurvedic drugs which can be used for
the control and cure of various diseases. In order to de-
velop a stronger basis for appreciating the curative ef-
fects of medicina plants, there is a need to investigate,
their elemental composition. It has been demonstrated
that INAA, with multi-elemental characterization over a
wide range of concentration, its blank free-nature and
minimum sample preparation isideal for such studies.
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ABSTRACT

During the last years many authors have char-
acterized the produced formation waters (PFW5)
with respect to chemical compounds and toxic-
ity. Most of data are related to PFW; collected on
offshore platform after treatment process. The
available results showed that the particulate
phase had an influence on PFW toxicity. As-
suming the toxicity of PFW; treated on platform,
the aim of this paper is to study the toxicity of
these PFW; after a further filtration treatment
carried out in laboratory. For this purpose PFW;
were sampled from three natural gas platforms
located in the Adriatic Sea (Italy) below treat-
ment system. The eco-toxicological bioassays
have been conducted on test-organisms be-
longing to different trophic levels such as bac-
teria, algae, crustaceans and fishes. The PFWq
resulted toxic according to an overall assess-
ment obtained through the bioassays. Further-
more, it has been possible to identify the spe-
cies that were more sensitive to the tested PFW;q,
namely Tigriopus fulvus, Dicentrarchus labrax
and Vibrio fischeri. Besides, a chemical char-
acterization was reported related to the con-
taminants present in the PFW; to go with
eco-toxicological assessment. Barium, zinc and
manganese showed the most concentrations
among the metals and the lower molecular
weight components were common among the
organic compounds. Some differences among
PFW; were observed both for toxicity and
chemical composition. The highest toxicity was
recorded in PFW; (PFW1 and PFW2) containing
the highest concentrations of some metals (Ba,
Mn and Zn) and/or BTEX.

Keywords: Adriatic Sea (Italy); Offshore Platforms;

Natural Gas Production Fields; Produced Formation
Waters; Toxicity Assessment; Bacterium (Vibrio
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Fischeri); Algae (Dunaliella Tertiolecta and
Phaeodactylum Tricornutum); Crustaceans
(Artemia Franciscana and Tigriopus Fulvus); Fish
(Dicentrarchus Labrax); Chemical Characterization

1. INTRODUCTION

Produced formation water (PFW) is water naturally pre-
sent in sedimentary formations from which oil and gas
are mined. It is piped to the surface during the produc-
tion process and may be discharged into the sea when
the regjection is not possible. Before discharge, PFW; are
treated directly on platform to reduce oil and solid sus-
pended content [1]. In spite of this treatment, PFWj till
include oil and particles.

In Italy, like in other Countries, the legislation binds
to control the oil content in the PFW when they are dis-
charged into the sea [2]; for this reason, the PFW char-
acterization has been limited for several years to meas-
urement of “cil in water”, which means anaysis of non
polar aiphatic hydrocarbons. However, PFW contains a
variety of compounds such as metals (i.e. barium, copper,
zinc, and iron), volatile aromatic compounds (benzene,
toluene, ethylbenzene, xylenes, called BTEX), semi-
volatile compounds (naphthalene, phenanthrene, diben-
zothiophene and their C1-C3 akyl homologues), phenols
alkylated up to C7, organic acids (C1-C6 compounds) and
some additives of possible employment (i.e. diethylene
glycol, called DEG) [3].

For this reason, during the last years many authors
have characterized PFW; with respect to these com-
pounds (metals, aromatic and aiphatic hydrocarbons,
phenols and additives) and to the toxicity of PFW.,

The most data-gathering is related to PFWj collected
on platform after treatment process and untreated in
laboratory later on [4-8]. Few data are referred to
PFW; collected on oil platforms below treatment sys-
tem and filtered in laboratory subsequently [3,9].

There are scattered data about PFW; originated from
Italian offshore gas installations (Adriatic Sea): some
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chemical analyses were made on seawaters and mussels
near Adriatic platforms [10]; a methodological approach
was proposed to study the environmental impact of oil
and gas offshore platforms [11]; preliminary results were
published on metal content and toxicity of PFW, coming
from gasAdriatic platforms[12-15].

In these studies, the PFW, generally showed to be toxic
and their toxicity was higher for samples unfiltered in
laboratory. This effect was observed probably because of
particulate phase influence. The effects of particulate could
be to mechanic level (oral ingestion and digestion) and/or a
chemical process (adsorption) [7,12].

The aim of this paper was to investigate the toxicity of
PFW; originated from three natura gas platforms in the
Adriatic Sea (Italy). These PFW; were collected below
treatment system occurred on platforms and then filtered
in laboratory. Their toxicity was evaluated using the in-
tegrated response of many species. The eco-toxicological
battery included six species belonging to different tro-
phic levels: a bacterium (Mbrio fischeri) representative
of the debris chain, two algae species (Dunaliella tertio-
lecta and Phaeodactylum tricornutum) as primary pro-
ducers, two crustaceans (Artemia franciscana and Ti-
griopus fulvus) as primary consumers and a fish (Dicen-
trarchus labrax) as representative of the highest trophic
level (secondary consumer).

Besides, a chemica characterization of PFW; was re-
ported to go with eco-toxicological assessment. We in-
vestigated the metals, BTEX, PAHs and DEG. Metals
and PAHs were analyzed both in filtered and particulate
PFW,, because these compounds are present above all as
particles [7,16]. BTEX and DEG were recorded directly
in the whole sample of PFW,. This choice was necessary
because BTEX are partitioned between gas and liquid
phases, therefore the particulate matter does not influ-
ence their concentration; moreover they are volatile
compounds and the filtration procedure causes loss of
analytes. DEG was aso analyzed in unfiltered sample
because it is highly soluble in water, not much volatile
and it does not tend toward absorption on particles [17].

Anaytica methods by themselves were not able to
give information on what happens when organisms are
exposed to PFW,, which concentrations are toxic and
which is ecological impact of a PFW discharge. The use
of bioassays, together with the classic chemical analyses,
can contribute to the understanding of these aspects.

2. MATERIALS AND METHODS

2.1. Sampling and Sample Treatment of
Produced Formation Water (PFW)

PFW samples were collected from three different gas
platforms situated at about 20 km off the Adriatic coast
(Pescara and Rimini, Italy): one of these (PFW1) was
collected in October 2005 and the other two (PFW3 and
PFW2) in June 2006.

On offshore platforms PFW is stored in a tank which
empties when it is full load. All PFW, were sampled
from a tap located on the platform, which receives the
PFW after this has had a physical-chemical treatment
(depressurization, gravity separation techniques, activa-
ted carbon filtration). The physical-chemical parameters
of PFWq (salinity, pH, conductibility, ORP and oxygen
dissolved) were measured in laboratory by multi-pa
rameter probe (Y SI, mod. 556MPS) (Table 1).

For the bioassays, about ten litres of PFW were im-
mediately filtered (Millipore®, 0.45 um) and refrigerated
in polystyrene vessels at 4°C until their execution. The
bioassays were carried out in 72 hours.

The PFW, were stored in different containers accord-
ing to type of chemical analyses. For the metals two li-
tres were filtered (Millipore®, 0.45 pm), acidified with
high purity nitric acid and refrigerated at 4°C until
analysis; the filters were stored at -20°C. For BTEX 10
mL of PFW were stored in SPME dark vials (Varian S. p.
A); amagnetic stirrer bar was inserted in each vial prior
to sealing the via by magnetic stedl closures equipped
with Teflon septa. The vials were refrigerated at 4°C and
the samples were acidified at pH=2 with HCI| and satu-
rated with NaCl. For the PAHs analysis, one litre of
PFW was immediately filtered (Millipore®, 0.45 pm)
and, together with the filters, stored at 4°C. For the DEG
analysis one litre of sample was collected in dark glass
bottles, saturated with mercury chloride and refrigerated
at 4°C to avoid photochemical and bacterial activity.

2.2. Bioassays

The bioassays were carried out on filtered samples, ac-
cording to the methods reported in Table 2 and summa-
rized for each taxon as follows:

Bacteria: Controls and different concentrations for each
PFW sampled (dilution ratio 1:2) were tested according to
the Basic Protocol [18] and the method 1SO [19] with

Table 1. Physical-chemical parameters of production formation water and information on platforms.

. N Oxygen Platform , Water

Py SAY oy oMY o Gved NOUTEMU O ngglgion PO
(%) (vear) (m)

PFW1 34 7 51 -100 93 6000 19901 36 116
PFW2 37 7 56 -105 96 3000 1972 15 18
PFW3 37 8 55 -70 86 3000 1991 21 23
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bacteria coming from freeze-dried SDI. PFW sdlinity was
not adjusted prior to testing. The Software Microtox Om-
ni™ v. 1.16 was utilized to calculate the ECs, and ECyo
values (effect concentration of 50% and 20% respectively)
and the Dunnett test was used to calculate the NOEC
value (no observed effect concentration).

Algae: One control and some concentrations for
each PFW sampled were tested according to the 1SO
method [20] with Phaeodactylum tricornutum strain
1090-1° and Dunaliella tertiolecta strain 13.86, ob-
tained from the Plant Physiology Institute of Gottingen
University (Germany). Algal growth medium was
prepared with artificial seawater [20]; for D. tertio-
lecta nutrients, according to the IRSA-CNR method
[21] and vitamins according to the 1SO method [20]
were added. The algal inoculum had an initial density
of 10000 cells mL™ + 10% for P. tricornutum and 2000
cells mL™+ 10% for D. tertiolecta. Regression analysis
technique was performed for the determination of ECsg
and EC,; the Dunnett test was used to calculate the
NOEC value.

Crustaceans: A control and some concentrations for
each PFW sampled were tested with nauplii of Artemia
franciscana, according to the APAT IRSA-CNR method
[22], and with nauplii of Tigriopus fulvus, according to
the 1SO/FDIS method [23] as modified by Faraponova
et al. [24,25]. Reference cysts of A. franciscana were
obtained from the Quality Assurance Research Divi-
sion U. S. Environmental Protection Agency (Cincin-
nati OH 45268, USA) or from the Laboratory for Bio-
logical Research in Aquatic Pollution, University of
Ghent (Belgium). The eggs of A. franciscana were
hatched in synthetic seawater and the nauplii were
used within 48 hours of hatching [22]. Synchronized
nauplii (24-48h) of T. fulvus were collected from a
culture of two hundred females taken from a mass
laboratory culture originated from the Italian coast
(Calafuria, Livorno) and supplied with an algal mix-
ture (Tetroselmis suecica and Isochrysis galbana, ratio
1:2). Probit analysis was performed for the determina-
tion of ECsy and EC;5, the Dunnett test was used to
calculate the NOEC value.

Fish: One control and some concentrations for each
PFW sampled were tested with juveniles of Dicen-
trarchus labrax (80 days old, length of 3.74+0.28 cm
and weight of 0.48+0.08 g), according to the EPA [26]
and OECD [27] methods. Organisms were supplied by
the hatchery production plant ASA (Rome), stabled in
synthetic seawater with salinity of 20+1 PSU for 15 days
and fed with granulated food until 24 hours before the
test. Probit analysis was performed for the determination
of ECs, and EC;s, the Dunnett test was used to calculate
the NOEC vaue.

The results were compared to atoxicity scale reported in
Table 3. On the basis of this toxicity scale, the samples

SciRes Copyright © 2010

were classified as follows: 1) toxic 10< ECg<100, 20<
ECx<50, effect percentage >50; 2) weakly toxic ECs;>100,
ECx>50, 20<effect percentage<50; 3) no toxic ECsy no
calculable, ECxx>100, effect percentage 20.

2.3. Analysis of Metals

Determination of iron (Fe), copper (Cu), zinc (Zn), lead
(Pb), chromium (Cr), manganese (Mn), nickel (Ni), bar-
ium (Ba), arsenic (As), cadmium (Cd) and mercury (Hg)
was carried on both filtered and particulate samples. The
filtered sample was directly analyzed. The metal disso-
lution of particulate fraction collected on the filters was
conducted using microwave-assisted digestion (Mile-
stone MLS Ethos TC) with 3 mL of HNO;z; and 9 mL of
HCl. The metal concentrations were determined by a
graphite furnace atomic absorption with Zeeman back-
ground correction technique (SpectrAA-220Z, Varian)
and by coupled emission plasma ICP-OES (Liberty AX,
Varian). For Hg analysis a Direct Mercury Analyzer
(DMA-80, FKV) instrument was used (EPA Method
[28]). All samples were run in triplicate. The quantifica-
tion limits (LOQ) were: 0.0005 mg/l for Hg and Cd, 0.01
mg/L for the other metals.

2.4. Analysis of Organic Compounds

BTEX: The analyses were extracted and pre-concen-
trated by means Solid Phase Micro Extraction (SPME)
using a stable flex fiber of divinilbenzene-carboxen-
poly-dimethylsiloxane (film thickness: 55/30 pm) (Su-
pelco™) by head space sampling. The analytical deter-
minations of BTEX were carried out in unfiltered sam-
ples using a modified EPA method [29]. A gas chroma-
tography coupled with mass spectrometry (GC HP 5790
Agilent Technologies® and MS 5973 Network Agilent
Technologies®) were used. The method detection limits
were 1 pg/L for benzene and 0.1 pg/L for toluene, ethyl
benzene and xylenes.

PAHSs: The analyses were investigated in filtered sam-
ples and on the particulate matter retained by the filter
(Millipore®, 0.45 um). The analyses were extracted by
the filtered samples by means Solid Phase Extraction
technique. The treatment of filters was carried out by
ultrasonic extraction for 20 minutes with 10 mL of di-
chloromethane. Then, both the extraction phases were
evaporated at 1-2 mL with a gentle nitrogen flow. Af-
terward, 1 mL of toluene was added and the residual
dichloromethane was completely removed. All solvents
were capillary GC grade supplied by Sigma-Aldrich.
The analyses of PAHs were carried out in gas chroma-
tography coupled with mass spectrometry (GC HP
5790° and MS 5973 Network Agilent Technologies).
The LOQ was 1 pg/L for each analysis.

DEG: An extraction procedure of DEG was carried
out with 2 mL SPE cartridges packed with 200 mg of EN
V+stationary phase (International Sorbent Technology,
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Table 2. Experimental conditions of bioassays ('for PFW1 were tested the concentrations: 10-20-40-80%).

Vibrio Phaeodactylum Dunaliella Artemia Tiarioous fulvus Dicentrarchus

fischeri tricornutum tertiolecta franciscana griop labrax
Organisms/ calls unialgal unialgal nauplii 48h nauplii 48h juveniles
Life stage culture culture

. - commercially commercialy
Strain/origin available culture culture available culture hatchery
Type of test static static static static static static
Time exposure 5-10-15min. 72h 72h 96h 96h 96h
Intensity of lux Not required 7000 7000 3000-4000 500-1200 500-800
(F’Lh,‘gg’pe“‘)d Not required 24:0 24:0 14:10 16:8 16:8
Dilution water/ synthetic . . . synthetic sea- .
control oter synthetic seawater synthetic seawater synthetic seawater water synthetic seawater
Salinity (PSU) 35 32 32 35 38 20
(To%‘)“perat”re 15¢1 20+2 20+ 2 2542 1842 20+1
pH 8.0-82 8+0.5 8+0.5 6.5-85 80+ 03 75+05
Vessel 5mL 100mL 100mL som.  CUIWIERASIZ o000 mL
Volume/well ImL 25mL 25mL 40mL 3mL 1800mL
Neor ganisms/well - 10000/mL 2000/mL 10 10 5
N°of concentra- 5 5 . 5 5 5 5
tions(Range)  (6-11-22-45-90%)(6-12-25-50-100%) (6-12-25-50-100%)(6-12-25-50-100%)(5-10-20-40-80%) (6-12-25-50-100%)
Neof replicates 3 3 3 3 34 3
{:heee?gtg during absent absent absent D. tertiolecta absent absent
. bioluminescence growthinhibition growthinhibition immobilization  mortality rate; .
Endpoint/Effect inhibition rate rate rate rate moult release rate mortality rate
Expron of EC50,EC20 EC50;EC20 EC50;EC20 EC50;EC15 EC50,EC15 EC50,EC15
endpoint NOEC NOEC NOEC NOEC NOEC NOEC
- £10% (mortality)
Acceptability 0 o
(effect control) £10% >0.04/h >0.04/h £10% £20% (moult £10%
release)

Glamorgan, UK). The off-line solid-phase extraction/ 3. RESULTS

pre-concentration technique was followed by a nano-
scale flow injection/direct-electron ionization (ElI) mass
spectrometric analysis. A quadrupole mass spectrometer
(Palo Alto, CA) was coupled with a Direct-Electron
lonization (El) [30-32]. Using this approach, DEG was
detected within a concentration of 31 pg/L [33].

Table 3. Toxicity scale used in this paper to classify the toxic-
ity of Production Formation Water (PFW).

Effect EC50 EC20 or TOXICITY
(%) (%) EC15 (%) ASSESSMENT
%<20 n.c. >100 no toxic
20<%<50 >100 >50 weakly toxic
>50 10<%<100 20<%<50 toxic

SciRes Copyright © 2010

3.1. Bioassays

The results of the eco-toxicological battery are reported
in Table 4. The three filtered PFW; resulted toxic ac-
cording to the overall assessment related to bioassays.
The species showed different sensitivity to PFW: the two
microalgae and Artemia franciscana showed higher val-
ues of ECsy and ECy (ECys5) than the other organisms,
indicating wesak toxicity. In particular, Artemia did not
record toxicity for PFW1 (no efficient concentration was
calculable). The other crustacean T. fulvus showed toxic
effects for al PFWg (PFW2>PFRW1>PFW3) related to
both mortality and moult release. The sub-lethal effect
was aready observed at PFW concentrations that were
not causing mortality of nauplii (20-80) %. The fish spe-
cies D. labrax showed atoxic response similar to the one
of T. fulvus, with a minimum value of ECs, equal to 15%
and maximum vaue of 47% as follows. PFW2>PFW1>
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PFW3. The bacterium V. fischeri recorded lower toxicity
than T. fulvus and D. labrax but yet a toxic effect was
observed for all PFW (PFW1>PFW3>PFW2).

3.2. Analysis of Metals

In filtered sample, Ba, Mn and Zn showed detectable
concentrations. There were not significant differences
between PFW2 and PFW3 exclusive of Ba and Mn.
These two metals showed higher concentrations of one
order in PFW2 than PFW3. In particulate sample, all
metals were detectable except Pb and Hg. Ni, Cd and As
registered detectable concentrations only in PFW3. Ba,
Zn and Fe showed highest concentrations and some sig-
nificant differences among the PFW; analyzed. Ba con-
centration was higher of one order in PFW1 and PFW2
than PFW3; Zn was higher of two orders in PFW2 and
PFW3 than PFW1; Fe was higher of one order in PFW3
than PFW1 and PFW?2.

3.3. Analysis of Organic Compounds

As reported in introduction section, BTEX and DEG
were analysed on unfiltered PFW,. The analyses of the
three platforms pointed out that the volatile organic
compounds (BTEX) were detected at very high concen-
trations by the following ranking: PFW1 (1281.8 pg/L)

>PFW3 (66.5 pg/L)>PFW2 (48.0 ug/L) (Table 6),
showing for PFW1 values almost twenty times higher
than ones of PFW2 and PFW3. The DEG showed con-
centrations ranging from 2400 to 13000 pg/L by the fol-
lowing ranking of the fields: PFW3>PFW2>PFW1 (Ta-
ble 6). PAHs were investigated both in filtered and par-
ticulate sample but they were lower than LOQ (1 pg/L)
in filtered PFW,. In particulate sample PAHs showed the
trend as follows. PFW1 (150.0 pg/L)>PFW3 (126.0
po/L)>PFW2 (100.0 pg/L), with values about of the
same magnitude order. The congeners with two and
three rings recorded the following concentrations: 87
Mo/l in PFW1 compared to 150 pg/L of the total PAHs
content; 54 pg/L in PFW2 compared to 100 ug/L of total
PAHSs concentration, and 66 ug/L in PFW3 compared to
126 pg/L of total PAHs. The detected concentrations
were of the same order of magnitude for al three PFW
investigated.

4. DISCUSSIONS

The bioassays showed that the PFWs were toxic even if
filtered. ECsy values ranged between the minimum of
14.8 % and values higher than 100 %. Some of the sam-
ples did record no toxicity at the ECs, level observed

Table 4. Bioassay results related to three Italian Production Formation Waters and toxicity evaluation according to toxicity

scale (n.c. not calculable; n.d. not determined).

Species

0,
(time of exposure, end point) % PFW1 PFW2 PFW3 PFW1 PFW2 PFW3
s g . EC 67 (59-75) >90 > 90
Mibrio fischeri 50 . . .
(15 min. bioluminescence) NEoCéOc 20(1?-23) 29(2_7-31) 28(2?-31) toxic toxic toxic
ECs >80 > 100 > 100
Phaeodactylum tricornutum EC > 80 52 68 weakly weakly weakly
(72h growth) 2 (46-58) (24-111) toxic toxic toxic
NOEC 40 25 25
Dunaliella tertiolecta Egzg z gg r;]((jj Eg weakly nd nd
(72h growth) NOEC 40 nd nd toxic
ECs > 100 > 100 > 100
Artemia franciscana 86 77 . weakly weakly
(96h immobilization) ECis >100 m5o59)  (a2-a62)  MOOXIC yoyic toxic
NOEC n.c. 50 25
Tigriopus fulvus ECso 29 15 a4 : : :
. ECis 19 8 29 toxic toxic toxic
(96h mortality) NOEC 10 5 20
. EC 23 25 7
Tigriopus fulvus 0 . . .
(96h moult release) NE(%SC nlg nsc. nl(c) toxic toxic toxic
32 15 47
Dicentrarchus labrax = (27-39) (n.c) (n.c)
(96h mortality) EC 23 1 15 toxic toxic toxic
y 15 (15-28) (n.c) (n.c)
NOEC 13 6 6

SciRes Copyright © 2010
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Table 5. Metal concentrations in filtered samples of two Produced Formation Waters, total suspended solids and metal concen-
trationsin particul ate samples of Produced Formation Water from three offshore gas platformsin the Adriatic Sea (Italy).

Parameters Unit PFW?2 PFW3 PFW1 PFW2 PFW3
FILTERED PARTICULATE
Total suspended solid mg 177.42 367.05 398.10
Ba mg/L 1.63 0.13 309.65 237.75 13.50
Cr mg/L <0.01 <0.01 0.12 134 0.45
Cu mg/L <0.01 <0.01 0.05 0.55 0.42
Mn mg/L 0.34 0.04 0.84 1.05 0.77
Ni mg/L <0.01 <0.01 0.07 <0.01 0.35
Pb mg/L <0.01 <0.01 <0.01 <0.01 <0.01
Zn mg/L 0.18 0.37 0.14 61.92 59.77
Cd mg/L <0.0005 <0.0005 <0.0005 <0.0005 0.62
Fe mg/L <0.10 <0.10 242.40 775.70 1335.00
As mg/L <0.01 <0.01 0.01 <0.01 9.25
Hg mg/L <0.0005 <0.0005 <0.0005 <0.0005 <0.0005

Table 6. Organic compound concentrations in Produced Formation Water (PFW) samples from three offshore gas platformsin

the Adriatic Sea (Italy).

Analytes PFW1 (ng/L) PFW2(ug/L) PFW3(ng/L)
Benzene 256.0 104 20.4
Toluene 50.6 14.1 121
. thzx | Ethyllbenzene 115.2 7.7 138
(unfiltered sample) Xilenes (o,m,p-xylene) 860.0 14.8 202
BTEX 1281.8 47.0 66.5
DEG (unfiltered sample) Diethylene glycol 2400 9600 13000
Naphtalene 14 8 11
Acenaphtylene 21 15 17
Acenaphthene 19 15 15
Fluorene 16 4 6
Phenanthrene 13 8 10
Anthracene 4 4 7
Fluorantrene 12 10 12
Pyrene 10 7 10
PAHs Benzo(a)anthracene 8 4 7
(particulate sample) Crysene 5 6 7
Benzo(b)fluorantene 6 4 4
Benzo(k)fluorantene 6 5 6
Benzo(a)pyrene 5 3 3
Dibenzo(a,h)anthracene 4 4 4
Benzo(g,h,i)perylene 4 3 4
Indenopyrene 3 <1 3
PAHs 2- 3 ring congeners 87 54 66
PAHs 150 100 126

butdid show evidence of a toxic response at the ECy
level. The ECs, data lied within or were higher than the
range (5.54-20.73%) previously reported for another
filtered PFW originated from an Italian gas platform and
assayed by bacteria and sea urchins [14]. Ours ECs, data
also were higher than values related to unfiltered PFW;
coming from the North Sea platforms [4-8]. This shows
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that the filtered samples have generally lower toxicity
than the untreated samples.

The difference of sensitivity among the species has
been quite remarkable: T. fulvus and D. labrax showed
the highest toxicity (ECs,<50%), followed by V. fischeri
(EC»<30%). Artemia and the two agae did not record
significant toxic effect (EC,0>50%).
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In addition to the toxicity assessment, we analyzed
chemically PFW (metals, BTEX, PAHs and DEG). Ap-
preciable concentrations of Ba, Mn and Zn were re-
corded in filtered samples while also high quantities of
Fe were registered in particulate samples. Bais probably
related to drilling fluid residuals of PFW [7], Zn may be
derived from corrosion or chipping of galvanized struc-
tures on the platform or in the oil/water separator system
[34] and Fe could have natura origin or derive from
corrosive events. The lower weight aromatic hydrocar-
bons (BTEX) were found by significant concentrations
in liquid phase, while the PAHs were recorded only on
particulate samples. DEG concentrations also were of
milligram order in liquid phase but very low compared
to the threshold of 3500 mg/L imposed by the PFW dis-
charge authorization decrees issued by the Italian Minis-
try of the Environment.

An integrated evaluation of the eco-toxicological and
chemical results showed that test-organisms were espe-
cidly sensitive when exposed to PFW; containing Ba,
Mn, Zn and BTEX. T. fulvus and D. labrax showed the
highest toxicity in PFW2 containing high concentrations
of Ba, Mn and Zn. V. fischeri showed the highest toxic
effect in PFW1 that recorded the highest quantities of
BTEX. Nobody among the test-organisms indicated a
preference for PFW3 containing the highest value of
DEG. Moreover, DEG is not toxic alone but could de-
termine co-solvent effects with other chemical com-
pounds [35].

5. CONCLUSIONS

Our results indicate that a filtration treatment might di-
minish PFW toxicity. If a similar treatment was carried
out on the platform before the PFW discharge, the eco-
logical risk associated to the discharge would be proba-
bly reduced.

Besides, the results confirm the different sensitivity of
test-organisms belonging to different trophic levels. Be-
cause PFW chemical composition is so variable for type
and concentration of contaminants, test-organisms that
are tolerant to atype of PFW could be sensitive to others.
For this reason, we think that it is not correct to establish
a single species to investigate the PFW; but a battery of
species should always be applied in order to have inte-
grated responses.
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ABSTRACT

Nano materials is a new type of drug carriers
with very promising application. In recent years,
great progress was achieved in making drugs
own the characteristics of targeted and con-
trolled release via nanotechnologies. This paper
addressed the capability of nano drugs on tar-
geting to cells, penetrating through epicyte,
controlled release and the security issues re-
sulting from its using. We gave the prospect of
nano drugs in biology and medicine applying.

Keywords: Nano Drug; Targeting; Cell Penetration;
Controlled Release

1. INTRODUCTION

Nano drug is an important product of the rapidly devel-
oping nanotechnologies in biology and medicine field
[1]. Drug is wraped in or adsorbed on surface of
nanoparticles, when the specific targeting molecules
combining with the receptor of cell surface, nano-drug is
taken into cells, to achieve the safe and effective targeted
drug delivery and gene therapy. Because Nano-drug car-
riers have high targeting, favorable sustained, controlled
release capability and superior cell penetration ability, it
can improve efficacy of drugs and reduce side effects. It
is the production of nano-technology combining with
modern medicine [2-3].

There are three main types of drug-loaded nanoparti-
cles at the present time. First, the common drug-loaded
particles: according to pharmacy technology bind with
nanotechnology, with special methods to make the drug
that physical-chemical property are unsteady and easy to
be degradated or has considerable bad reaction to impact
on the use highly dispersed in the drug carrier. Second,
the controlled-release drug-loaded particles: be different
from routine drug-loaded particles, this kind of drug’s
release process of nano-particles have a specific law. The
dissolution of sac wall and the role of micro-organisms
could make the drug in the heart of sac spread out.
According to different purposes, choose a suitable tim-
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ber and technology to make particles gather on the local
tissue and attaine effective concentration, without caus-
ing general toxicity reaction. Third, the targeting drug-
loaded particles: according to the needs of clinical,
choose different carriers that have different affinity to
different organizations or diseased region to make dif-
ferent carrier particles, or combine monoclonal antibody
with the carrier, or under the effect of external magnetic
field so that the drug can be transported to the particular
site that we expected. Because nano-technology has
changed the physical space of the drug, physical-
chemical and biological property of drugs has surprising
change. The changes mainly include the following as-
pects [2-7]: 1) Nanoscale drug carriers can enter into the
capillaries, and freely flow in the blood circulation. It
also can go through cells, be absorbed though pinocyto-
sis by histiocyte and enhance bio-availability of drug; 2)
Because the specific surface area of nano-drug carriers is
very high, solubility of poor water-soluble drugs in the
nano-carrier is relative enhanced and overcome the
problems preparation with conventional methods; 3)
Nano-carriers can be made to targeted position system,
decrease the dose of drug and reduce the side effects
with special processing. 4) By controlling the degradable
speed of polymers in vivo, Nano-carriers can extend
biological half-life of drug, improve the efficacy of the
short-half-life drugs and reduce side effects of medication.
5) Because of Eliminateing the limit of specifial barriers
such as blood-brain barrier, blood-ocular barrier and cell
membrane barrier to the drug, nano-particulate drug carri-
ers can pass through these barriers to treat scathing sites.

The central principle of nano-drug carrier is to realize
drugs delivery “effective, safe and controllable”. There-
fore, targeting, controlled release and safety of drugs is
an important and topical issues in pharmacy researchful
area. The emergence of nano-delivery system make fea-
sible to realize targeting and controlling release of drug.
This paper expounds nano-drug delivery research in the
field of medicine around the core.

2. THE TARGETING OF NANO-DRUG

Nano-drugs can selective distribute the object, to en-

Openly accessible at http://www.scirp.org/journal/NS/




42 Y. Liu et al. / Natural Science 2 (2010) 41-48

hance efficacy and reduce side effects. The role of the
object from the target organ, target cell to the most ad-
vanced structure in the target cells. The three levels
method of targeted therapy all could complete with
nanotechnology. Nano-targeting drugs can be divided
into passive targeting and active targeting.

2.1. Passive Targeting

Studies found that small particle size passive targeting
drugs can spontaneously gather the diseased region
making use of EPR (Enhanced Permeability and Reten-
tion) to achieve the purpose of passive targeting [8]. Be-
cause the blood capillary's permeability of the damage
spot which caused by tumor, inflammation, hypertension
and so on is higher than that of the normal blood vessel,
simultaneous discharge capacity of lymph blood vessel
is weaken. So in vivo long circulation the biological
compatible macro-molecule, the medicine carrier, the
molecular assembly are easier through blood vessel that
injuries portion into the organization and assemble. The
EPR is special useful to treat the tumor and blocks [9].
One of the ways to enhance EPR is strengthening the
stability of drug to lengthen circulation time of drug in
vivo. So the drug carriers have more opportunities to go
through the target position and get together [10]. The
passive targeting preparation include of micro-capsule,
microsphere, nanopartiele, liposome and so on. The
liquid crystal, fluid film, lipin, lipoid, protein and bio-
degradation high polymer material is often used as car-
rier material.

Mitra [11] studied the tumor targeting using dex-
tran-doxorubicin-chitosan nanoparticles and showed that
nanoparticles was not only reducing peripheral side ef-
fects, but also greatly improving the treatment of solid
tumors. Du, et al. [12] made the carrier complex system
with cyclic arginine-glycine-aspartic acid and lipid and
combined interferon-alb to treat liver fibrosis in rats,
showed that according to combine with carrier, the
concentration of interferon-alb in the liver of rats was
up to 10 times and the degree of liver fibrosis was sig-
nificantly reduced comparing with non-carrier group.
This illustrated the complex vector had a clear targeting
to the liver. Briz [13-15] made two kinds of chelate
compound with bile acid glycine-cisplatin and ursode-
oxycholic acid-cisplatin, through the result of in vivo
experiments showed that two complexes had a good
affinity to the tumor cells of liver, and the absorbed dose
was obvious higher than the original drug. Because of
lower toxicity, these chelate compounds can extend more
survival time of mice tumor transplant than the original
drug. They also had effect to the chemical sproof tumor
cells, and partly decrease physiological tolerance of tu-
mor to the cisplatin.

2.2. Active Targeting

Active targeting is that drug carriers through the surface
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of nano-ligand binding specificity of targeting delivers
drugs to specific organizations or release drugs in vivo
under the certain physical conditions. The conventional
active targeting mechanisms include three kinds. First,
thermal-sensitive and pH-sensitive targeting, that is, suf-
ficiently use the changes of temperature and acidity that
different body tissues and organs in the pathological
process. Choose the polymer containing thermo-sensi-
tive or pH-sensitive (such as N-isopropylacrylamide, etc.)
component to form the polymer micelle. Drug-loaded
micelles in the specific temperature or acidity can be
easily depolymerized and released the drugs [16-18].
Thomas [19] reported a new type of temperature-sen-
sitive nanoparticles. The critical solution temperature is
30°C. The drug was wraped in the nanoparticles and the
slow releaseing could last one month in vitro. When the
temperature was more than 37°C, the nanoparticles could
priority be uptaken by the MDA2MB2231 breast cancer
cells. This temperature-sensitive nanoparticles has great
potential in the the treatment of thermal sensitivity tar-
geting to the solid tumors.

Na [20] made PA-SDM nanoparticle with the amy-
lopectin acetate (PA) and sulfanilamidesulfamidyl (SDM)
that loadding adriamycin (ADR). The nanoparticles
could change the rate of ADR release along with the
alkalinity acidity change. As the pH value of the tumor
spot was different from that of normal tissue, PA-SDM
nanoparticles could selectively accumulate on the breast
cancer cells MCF-7 and speed up the release, enhanced
cytotoxicity to the tumour.

Yoo [21] got the pH-sensitive polymer micelles com-
plex by linking ADR with acid-sensitive. Taking advan-
tage of meta-acid physiological characteristic of the tu-
mor organization partial micro environment, adriamycin
hydrolysis from the polymer micelles down when the
drugs reached to the tumor site. Thereby enhanced the
concentration of ADR in the tumor cells and increased
efficacy of the drug.

These belong to the studies of the targeted drug deliv-
ery that in response to the environment, when the drug
carriers meet with environmental stimulative, they are
depolymerized to the monomers and drugs releases out
of the vector. When combine EPR effect, nano-drug car-
riers that environment respond can further enhance the
efficacy of antineoplastic.

Secondly, drug carriers can be modifed by combining
with special targeting ligand (antibodies, lectins, sugars,
hormones, etc.). Thereafter, this carrier-ligand complex-
ity can be specifically identified by the epicyte receptors
and accurately transmitted to the target spot.

Xiao [22] made the starch nanoparticles (StNP)
charged negative electricity with reverse microemulsion
and cross-linking methods, after StNP was modificed by
a folic acid active substances (FA-PEG-NH,) modific-
tion, they successfully prepared the folic acid-starch

Openly accessible at http://www.scirp.org/journal/NS/




Y. Liu et al. / Natural Science 2 (2010) 41-48 43

nanoparticles (FA-PEG/StNP) which the average diame-
ter was about 130 nm. FA-PEG/StNP was combined
with the anti-cancer drug doxorubicin (DOX) through
penetration and got nano-drug containing folic acid-
starch. Compared with StNP through hepatoma cells
(BEL7404) culture experiments found that the cell le-
thality of using FA-PEG/StNP carrier was 3 times higher
than that of StNP carrier. The result proved that FA was
modified on the particles can significantly increased the
particle targetting to the liver targeting cancer cells,
made more drugs actting on the tumor cells and en-
hanced the drug’s effect.

Jie [23] synthesized nanoparticles (NPs) of the blend
of a component copolymer for targeted chemotherapy
with paclitaxel used as model drug. The component was
poly (lactide)-D-a-tocopheryl polyethylene glycol suc-
cinate (PLA-TPGS), which was of desired hydropho-
bic-lipophilic balance, which facilitates the folate con-
jugation for targeting. The nanoparticles were decorated
by folate. The drugs were evidently promoted to target-
ing gather the surface of the breast cancer cells (MCF-7)
and C6 glioma cells, thereby enhancing its efficacy.

Terada [24] established the specific targetting drug
delivery system to the human hepatoma cell line (HCC).
Through amino of dioleoyl phosphatidylethanolamine
(DOPE) linked to substrate peptide of peginterferon ma-
trix metalloproteinase-2 that was modified by PEG and
obtained PEG-PD, which could be enzymed cut by ma-
trix metalloproteinase-2, then integrated the PEG-PD
into the galactose-liposome and got the GaL-PEG-PD-
liposomes. Because the steric effect caused by PEG
shielding the galactosyl of the surface of liposome com-
plex, GaL-PEG-PD-liposomes could not be uptaken by
the normal liver cells. But there was has high concentra-
tion of secreted matrix metalloproteinase-2 around the
HCC cells and could hydrolysis the peptide of Gal-
PEG-PD-liposomes to remove the polyethylene glycol,
relief the steric effects of polyethylene glycol, exposure
the galactose residues of liposome surface. At this time
the liposome could be recognised and uptaken by HCC
cells and got the purpose of specific targeting to HCC
cells.

Thirdly, suitable adjuvant was encapsulated into the
micelles with physical method. The micellar will pulse
release drug under the influence of the external excita-
tion conditions (such as IR light, magnetic field). The
adjuvant does not affect performance of micelles (stabil-
ity, permeability, etc.), but impact the performance of the
drug that is wrapped up in micellars (under certain con-
ditions, hydrophilic can be converted to lipophilic, etc.).
For example, Sershen [25] prepared N-isopropylacry-
lamide hydrogel could encapsulate y-Fe203. Under the
effect of outside magnetic field, when the temperature of
hydrogel rised 10 “C and is higher than the critical so-
lution temperature, hydrogel will rupture and sudden
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release the drugs.

Nanoparticles interacte with electromagnetic pulse or
ultrasonic pulse can also enhance the release of drug.
When the nanoparticles reach to the tumor vascular sys-
tem and was adsorbed to the vessel wall, because elec-
tromagnetic pulse or ultrasonic pulse lead to the local
thermal effects and further caused cavitation, tumor cell
membrane is perforated, large molecular drugs enter into
the cancer cells from blood, play the therapeutic effect.

3. CELL PENETRABILITY OF NANO-DRUG

There are many natural biological barriers to prevent the
body suffering damage, such as blood brain barrier,
blood-eye barrier, biomembrane barrier and so on, but
the existence of these barriers also gives the difficulty to
the treatment of morbidity spot. Nanoparticles is solid
colloid particles that composed of macromolecule sub-
stance and the particlesize is 1~1000nm. It can pass
various barriers. But as drug-carrier, if it can use its cell
penetration and carries bioactive molecules into the tar-
geting cell is the key problem of drug playing curative
effect. In order to solve this problem, the researchers
tested many sorts of nanomaterials. Yue [26] prepared
nanometer sized-liposome that was produced from
phosphatidylcholine to encapsulate fluorescent dyes 10°®
fluorescein isothiocyanate ihydrochloride (FITC), 10°
Rhodamine B (RhoB). Liposome and fluorescent dyes
was put into culture medium. After 2h, the result of con-
focal microscope screen showed that the FITC and Rho
B couldn’t go through cell membranes, fluorescence
didn’t exist in the cell, but green and red fluorescence
were obserived in the liposomes groups. This explained
that nano-liposomes could go into cell by cell endocyto-
sis or fusion process, transfer fluorescent reagent that
couldn’t through membrane into cells. When the
FITC-liposomes and liposomes Rho B coacted on cell,
yellow fluorescence exited in cell, this account for lipo-
somes containing different substances could into the cell
at the same time.

According to Sivararnakrishnan [27] report, Be-
tamethasone 17-valerat (BMV)-SIM had a good stability
compared to traditional drug emulsion and skin absorp-
tion increased. In recycling experiments, the drug dose
of skin containing was above 75%.

Ding [28] prepared monostearin solid lipid nanoparti-
cles (MSIN), investigated the cellular uptake of MSIN
and the influence on the cellular uptake by MSIN modi-
fied with PEG2000 in human-type II cell alveolar epi-
thelial cell line (A549) and murine macrophages cell line
(J774A;). Rhodamine was incorporated into solid lipid
nanopartides as fluorescent marker. The experimental
results showed MSIN that was modified with PEG2000
had low toxicity to cell and had good physiological
compatibility. It was also highly taken by A549 cell line
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and could be fast reached to saturation. Pantarotto [29]
prepared single walled carbon nanotubes modified by
derivatization and single walled carbon nanotubes cou-
pling peptides. They were all marked by FITC. Investi-
gated the cellular uptake of the two-type functionalized
carbon nanotubes (f2CNTs) and found that they all could
penetrate the cell membrane: CNT1 mainly entered into
the cytoplasm and the CNT2 that was modified by pep-
tide could enter into the nucleus.

The studies also found that nano-materials that were
uptaken by cells have the size critical point. Becker [30]
prepared DNA-wrapped single-walled cabon and inves-
tigated length-dependent cellular uptaken of these car-
bon nanotubes. Studies showed that the cellular uptake
of carbon nanotubes had a choice of lengths and the
cut-off point was (180£17) nm. They speculated that
different cell might have different selective range of
length to uptake the carbon nanotubes. Ito [31] used
carbon nanotubes as EPO (erythropoietin, EPO) oral
agent vector and found that the short carbon nanotubes
could be used to carry more EPO to the target cells ap-
proved the speculation of Becker.

4. THE CONTROLLABILITY OF
NANO-DRUGS

Nano-drug interactions with nano-carrier and made to be
the controlled-release formulations with appropriate
methods. When drug-carrier complex enter into the body,
the drug is slowly released out of nanoparticles at the
constant speed automatic in the scheduled time through
the leaching, infiltration and proliferation or dissolution
and act on the specific organ, tissue and cell. In addition,
the nano-carriers prevent drug be degraded by various
enzyme, extends the effective time of drugs. At the same
time this controlled-release nano-drug can reduce the
peak phenomenon of blood concentration, reduce side
effects and improve efficacy. Mainly through diffusion
control, chemical control, solvent control and other
methods to achieve the purpose of controlled release of
drug. Generally speaking, a controlled-release prepara-
tion has two or more controlled-release mechanisms.

4.1. Diffusion-Controlled Release

Drugs or other biologically active substances are com-
bined with carriers; the drug is released in a certain of
time and at a certain rate to the environment through
diffusion. Diffusion-controlled is the most common
mechanism in the controlled-release of drug delivery
system, especially the nondegradable polymers carriers;
the drug is mainly through this way released. In a biode-
gradable polymer carriers, when material degradation
rate is slower than the diffusion of drug, diffusion of the
drug still play a leading role in the release. There are
many factors impact the diffusion-controlled release,
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such as geometric designs of system, condition and qual-
ity of ambient medium, the character and structure of the
host materials, the solubility and loading amount of the
drug [32].

4.2. Chemical-Controlled Release

Through hydrolysis, zymohydrolysis and other chemical
reactions, chemical-controlled release system control the
rate of drug release. According to the role of drug and
substrate, mechanism of release, Chemical controlled
system can be divided into degradable system and
side-chain system. 1) Degradable system: the biological
activity drugs is embedded or dispersed in biodegradable
polymer, but there is no chemical bonding effects be-
tween drug and polymer, the rate of drug release is con-
trolled by the rate of polymer degradation and erosion.
The material of drug carrier is mainly include of biode-
gradable poly vinegar (such as polylactic acid, poly-
caprolactone with vinegar), poly polysaccharide (such as
chitosan, gelatin), and so on. These materials is non-
toxic, and the ultimate metabolites can be discharged in
vitro or absorbed by organism, through regulating the
rate of polymer degradation or dissolution to controll the
release of drug on a specific location within regular hour.
In these systems, the rate of polymer degradation or dis-
solution mainly influence the rate of drug’s release, but
the speed of degradation or dissolution also has an im-
portant relationship with the quality of the polymer (such
as polymer molecular weight, crystallinity, the hydro-
philic property and hydrophobicity, etc.), many re-
searchers controlled and regulated the rate of degrada-
tion or dissolution material with chemical or physical
methods such as reshaping, modification, blending to the
polymer, further regulate the speed of drug release. But
the nature of drug is also an important factor of the
drug’s release [33]. 2) The side-chain system of drug
carrier may be degradable type or nondegradable type.
Through the chemical bond that can be hydrolyzed or
enzymolied, drugs in the side-chain system can be con-
nected to the primary chain or side chain (side chain can
be used to change the drug’s release rate) of polymer.
The release of drug is controllied through hydrolysis or
enzymolysis.

Qing [34] used bovine serum albumin (BSA) as the
model drug, at first, the nanoparticles containing pro-
teins were obtained by absorbing BSA from the solution
onto the surface of nano-scale SiO2, then, PLGA micro-
sphere loading the solid nanoparticles were fabricated
with the solid-in-oil-in-water-emulsion method. Study
found with the increasing of the mass fraction of BSA in
the product of adsorption, the rate of solvent controlled
release of BSA is faster. The main mechanism of drug
release is the diffusion of drugs and the degradation of
the polymer. In the release process, the BSA that was on
the surface of microspheres was first diffused and

Openly accessible at http://www.scirp.org/journal/NS/




Y. Liu et al. / Natural Science 2 (2010) 41-48 45

formed pores. It was conducive to the diffusion of the
BSA in the inner layer. Water also could go into the mi-
crospheres and resulted in the degradation of micro-
spheres. Microspheres that loaded more drugs diffused
more BSA in the early period and also the pores that
formed were more and larger, the degradation of the mi-
crospheres is faster in the late period, so release of BSA
was faster.

Yang [35] prepared microspheres that containing an-
tiphthisic drug Rifampin was prepared from poly lac-
tic-co-glycolic acid (PLGA) as carrier by emulsion and
solvent evaporation method. In vitro experiment of re-
lease, investigated the performance of PLGA micro-
spheres that was as a carrier of drug delivery. The release
time of rifampicin in the PLGA microspheres was more
than 30 days, and there was no obvious phenomenon of
sudden release. But the release of the mass fraction of
rifampicin without microspheroidization was up to 96%
in 10 minutes. At the same time, they found PLGA mo-
lecular weight and the LLA / GA mass ratio had signifi-
cant impact on the time of the release [36,37]. Because
the rate of degradation of low molecular weight PLGA
was significantly higher than that of high molecular
weight and in the PLGA copolymer, with the GA mass
increaseing, hydrophilicity of PLGA enhanced, the deg-
radation significantly speed up. While the rate of the
drug’s release was mainly controlled by the degradable
rate, so with the reducing of PLGA molecular weight
and LLA/GA mass ratio, the release of rifampicin speed
up. The drug release was simultaneously controlled by
drug-diffusion and degradation of carrier material, but in
this system, degradation played a decisive role in the
mechanism of control. Observed the surface morphology
of the degradation rifampicin-PLGA microspheres, they
found the surface and inside of microspheres appeared
large holes, spherical shape almost disappeared, the red
faded and turned to white. These result showed that in
early period the drug’s release was out of carrier materi-
als only through the drug’s diffusion and dissolution,
with the drug release time prolonging, the mass fraction
of the unit of drugs in microspheres reduced, lead to the
release rate of drug that diffusion and degradation de-
crease, however, with the carrier material degrading and
the rate of degradation speeding up, the primarily release
of drug was degradation of materials, and made up the
rate of diffusion and dissolution release reducing, even-
tually led to the drug in microsphere carrier was release
in a constant velocity.

Solvent-control include of infiltration and swelling
mechanisms. 1) The release of solvent infiltration con-
trolled. It accord to the penetration principle of semi-
permeable membrane. Soluble drug is wrapped in poly-
mer, when it is added in environmental media, the ex-
ternal solvent go into polymer matrix by infiltration and
forms saturated solution and then under the action of
osmotic pressure between saturated solution and envi-
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ronmental media to release drugs outside. 2) Matrix sol-
vent control, the more common mechanism is swelling.
The controlled-release mechanism is using solvent pene-
tration to makes polymer swelling and achieve the pur-
pose of release. At the beginning, solvent penetrate into
polymer matrix and cause to swelling, the polymer glass
transition temperature to the environment, and chemical
chain get slack, so that drugs can be released. Solvation
process often contains the spread process of drugs at the
same time.

The release of drug is affected by many factors and
conditions, including nature of polymer and drugs, tem-
perature of environment, pH value of medium and so on.
The change of one factor or condition will affect the
controlled mechanism of drug’s release. For example,
changing the hydrophilicity and hydrophobicity of de-
gradable polymer not only affect the rate of degradation
of materials, but also affect swelling and permeability of
the material, further affect the release of drugs.

Wang [38] prepared self-assembled nanomicelle of
N-acylcholesteryl succinate-O-carboxymethyl chitosan,
paclitaxel was used as a model drug. In vitro experiment,
they found that release rate of paclitaxel in nano-CCMC
micelle was closely related with the pH value. For ex-
ample the rate of release is low when the pH value of
PBS was equal to 7.2, but when pH value was equal to
4.0 or 9.0, the release rate increased. Because CCMC
molecules were a new type of polymer ampholyte and
containing much free-NH2 and-COOH, the isoelectric
point was about 7.14 by the turbidity method detection
[39]. In meta-acid or alkaline solution, the free-NH,
or-COOH in CCMC molecules was ionized to -NH **
or-COO". Under the action of charges with the same
electrical sign repel each other; the gel network structure
of self-assembled nano-micelles (CCMC) fully absorbed
water, increased permeability of paclitaxel, accelerated
the release rate.

5. THE SAFETY OF NANO-DRUG

Accordance to the interpretation of I1ISO meeting [40]:
biocompatibility means that the capability that the lives
tissue has a reaction to inactive materials. Generally re-
fers to the compatibility between materials and host,
including histocompatibility and blood compatibility.
Nano-bio-medical materials not only has the long-term
stable physical and mechanical properties in the bio-
logical conditions, but also has side effect to the organi-
zation, blood, immune system, etc, that is, non-toxic,
tissue compatibility, blood compatibility and so on. At
the same time biocompatibility is generally considered
to have two major principles, one is the principle of
‘biosafety’ and the second is the principle of ‘biofunc-
tionality” (or the effect of promoting the function to the
body). Nano-biological materials are a foreign body for

Openly accessible at http://www.scirp.org/journal/NS/




46 Y. Liu et al. / Natural Science 2 (2010) 41-48

the host, so there will be some sort of response or repul-
sive phenomenon in the body. If nano-biological materi-
als could be applied successfully, at least, the response
that it caused should be acceptable by host, and
shouldn’t make harmful effects. So the biological mate-
rials should be carried on the evaluation of the nano-
bio-safety, that is, the biological evaluation. This is also
the key tache that if nano-biological material can enter to
clinical research [41]. So research about this area is ac-
tive. As early as 1999, Richardson, etc. [42] had been
studied the distribution of chitosan gene carriers in vivo.
Highly purified chitosan fractions of <5000 Da, 5000—
10000 Da and >10000 Daltons were prepared and char-
acterised in respect of their cytotoxicity, ability to cause
haemolysis, ability to complex DNA as well as to protect
DNA from nuclease degradation. The observations that
the highly purified chitosan fractions used were neither
toxic nor haemolytic, that they have the ability to com-
plex DNA and protect against nuclease degradation and
that low molecular weight chitosan can be administered
intravenously without liver accumulation suggest there is
potential to investigate further low molecular weight
chitosans as components of a synthetic gene delivery
system. Kim [43] synthesized biocompatible silica-
overcoated magnetic nanoparticles containing rhodamine
B isothiocyanate (RITC) within a silica shell of control-
lable thickness [MNPs@SiO2(RITC)]. In that study, the
MNPs@SiO2(RITC) with 50-nm thickness were used as
a model nanomaterial. After intraperitoneal administra-
tion of MNPs@SiO2(RITC) for 4 weeks into mice, the
nanoparticles were detected in the brain, indicating that
such nanosized materials can penetrate blood-brain bar-
rier (BBB) without disturbing its function or producing
apparent toxicity. After a 4-week observation, MNPs
@SiO2(RITC) was still present in various organs with-
out causing apparent toxicity. Through labeling with
rhodamine and got 50nm MNPs@ SiO2 (RITC). Taken
together, they demonstrated that magnetic nanoparticles
of 50-nm size did not cause apparent toxicity under the
experimental conditions of this study.

Yang [44] studied the distribution and toxicity of sili-
con nanoparticles in vivo. When silica nanoparticles
suspension injected in mice , after 96 h, electron mi-
croscopy result showed that silica nanoparticles distrib-
uted in the brain, liver, heart, spleen, lung, kidney,
stomach, intestines, prostate, testis and other organs, and
found a large quantity of silica nanoparticles had enter
into the cell nucleus of liver and a small amount that cell
nucleus of brain. Gave 4500 ug / kg nanoparticles to
mice through intraperitoneal injection, two weeks later,
there was no obvious abnormalities among mice body
weight, appetite, defecation when compared to the con-
trol group, none was dead. But some scholars also be-
lieve that when the particle size reduced to a certain de-
gree, the substance and material that original have
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non-toxic or low toxic begin to appear toxicity or toxic-
ity significantly strengthened ; and nano-materials may
cause special situation of metabolism, have special tox-
icity.

Lam et al. [45] studied toxicity of carbon nanotubes to
the organisms. Compared with carbon black and quartz
(pink), carbon nanotubes (0.1-0.5 mg/kg) were injected
into rats through trachea. The result showed that the
group of carbon black rats was normal, the group of
quartz rats had mild to moderate inflammation, observed
lung epithelial granuloma in carbon nanotubes group and
had relationship with dose-response. These results show
that, if carbon nanotubes reach the lungs, they are much
more toxic than carbon black and can be more toxic than
quartz, which is considered a serious occupational health
hazard in chronic inhalation exposures. Service [46]
used polytetrafluorethylene (PTFE)-nano to do the inha-
lation contamination experiment on rat, the diameter of
PTFE-nano was 20 nm, the rats were contaminated 15
min, the majority of rats died within 4 h, but rats would
not be affected when the diameter was 130 nm. Yang [47]
studied the distribution of the original single-walled
carbon nanotubes in rats. They found carbon nanotubes
mainly distributed in the liver, lungs and spleen, and had
long residual time, minute quantity was excluded outer
the body through urine or feces. Though hadn’t found
acute toxicity reaction and allergic reaction, the chronic
toxicity of carbon nanotubes to the human body need to
be studied in-depth.

6. CONCLUSIONS

Because Nano-drug is a new type drug, the development
of nano-drug will cause the revolution of the diagnosis
and treatment. In recent years, nano-technology was
applied in traditional Chinese medicine and birth to the
new concept ‘nano Chinese medicine’. Among the active
ingredients of Chinese medicine, effective site, the
original drug, compound and new agents that using
nano-technology making has made some progress.
However, at present, the basic theory of nano-technology
appiled in medicine and the preparation of nano-drugs
are still incomplete, especially the safety of nano- medi-
cines has many problems remain to be explored in depth.
Therefore, the research in the field of nano-technology
appiled in medicine has a great deal of work needs to be
done, but the superior capability that nano-drugs owns
indicates a very wide range of applications in the clinical
disease treatment.
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ABSTRACT

Though manifold learning has been success-
fully applied in wide areas, such as data visu-
alization, dimension reduction and speech rec-
ognition; few researches have been done with
the combination of the information theory and
the geometrical learning. In this paper, we carry
out a bold exploration in this field, raise a new
approach on face recognition, the intrinsic
a-Rényi entropy of the face image attained from
manifold learning is used as the characteristic
measure during recognition. The new algorithm
is tested on ORL face database, and the ex-
periments obtain the satisfying results.

Keywords: Manifold Learning; Rényi Entropy; Face
Recognition

1. INTRODUCTION

Face recognition has becoming a research hotspot in the
fields of image processing, pattern recognition and arti-
ficial intelligence in recent years. Numerous research
papers appear on the famous international publications, a
great deal of capital and manpower is invested to this
research and its relevant application system develop-
ments. However, the performance of the face recognition
could be influenced by many factors, such as illumina-
tion, gesture, age, facial expressions, image resolution,
and noise, etc; which cause difficulties for the computer
processing of face recognition, and turn it into a chal-
lenging task at the same time.

The existing face recognition methods can be roughly
classified into two categories [1]: local feature based,
and global feature based. A local feature based method
symbolizes a human face with the extracted feature vec-
tors (eyes, nose, mouth, hair, and face contours), designs
certain kinds of classifiers to make recognition. On the
other hand, a global feature based method employs the
whole images as the input feature vectors, and then
low-dimensional features are extracted by some learning
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algorithms. The main difference between the two cate-
gories lies in the way how the features are extracted. In a
local feature based method, features are designed com-
pletely by the algorithm designers; while in global fea-
ture based method, features are automatically extracted
or learned by some self-learning algorithms.

Local feature based or learning based methods can be
further divided into two classes: 1) statistical learning,
such as artificial neural networks (ANN) [2-4], support
vector machine (SVM) [5,6], and Boosting [7,8]; 2)
manifold learning(or dimensionality reduction), such as
linear methods like PCA [9,10], LDA [11,12], and
nonlinear methods like Isomap [13], LLE [14], Lapla-
cian Eigenmaps [15,16].

In recent years, nonlinear dimensionality reduction
(NLDR) methods have attracted great attentions due to
their capability to deal with nonlinear and curved data
[1]. All these algorithms rely on an assumption that the
image data lie on or close to a smooth low-dimensional
manifold in a high-dimensional input image space. A big
limitation of NLDR algorithms is the way how to esti-
mate the intrinsic dimension of the manifold. LLE and
Laplacian Eigenmaps do not give method to estimate the
intrinsic dimension; Isomap shows a simple way to es-
timate the intrinsic dimension by searching for the “el-
bow point” where the residual error decreases signifi-
cantly. However, for some real data, it is difficult to find
an obvious “elbow point” to indicate the intrinsic di-
mension.

The intrinsic dimensionality estimation of a data set is
a classical problem of pattern recognition. From the
math point, the intrinsic dimension of a manifold is the
dimension of the vector space that is homeomorphic to
local neighborhoods of the manifold; in other words,
intrinsic dimension describes how many “degrees of
freedom” are necessary to generate the observed data.
When the samples are drawn from a large population of
signals one can interpret them as realizations from a
multivariate distribution supported on the manifold. The
intrinsic entropy of random samples obtained from a
manifold is an information theoretic measure of the
complexity of this distribution. The entropy is a finite
value when the distribution satisfies the restriction of
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Lebesgue integral on the lower dimensional manifold.

In 2003, Costa and Hero proposed an algorithm that
can jointly estimate both the intrinsic dimension and
intrinsic entropy of a dataset randomly distributed on a
smooth manifold [17,18]. The algorithm constructs the
Euclidean K-NN graph over all the sample points and
use its growth rate to estimate the intrinsic dimension
and entropy by simple linear least squares and method of
moments procedure. This approach allows for the esti-
mation of the desired quantities using algorithms with
low computational complexity that avoid reconstructing
the manifold or estimating multivariate distributions.

Considering the fact that on the various conditions of
distance, direction, illumination or gestures, one object
can form different face images; the corresponding high-
dimensional dataset of those images can be viewed as a
nonlinear low-dimensional embedded manifold deter-
mined by factors of illumination, location, scale, gesture,
etc. Based on Costa’s algorithm, we take Rényi entropy
as the characteristic vector; present a novel face recogni-
tion method—Face Recognition Based on Manifold
Learning and Rényi Entropy.

2. MANIFOLD LEARNING USING
K-NEAREST NEIGHBOR GRAPHS

Costa’s algorithm is based on minimal Euclidean graph
methods. Let y, ={X,,---,X,} be n independent iden-
tically distributed (i.i.d.) random sample points in a com-
pact subset of R*, with multivariate Lebesgue density f.
X, is also called the set of random vertices on a minimal
Euclidean graph. First, a Euclidean k-nearest neighbors
(k-NN) graph is constructed over all the sample points.
Let N,;(x,) be the set of k-nearest neighbors of x, in
Xi. Then the total edge length functional of the Euclidean
k-NN graph is:

n

L™ () =20 2 d7(X.X)

i=1 XeNy i(xn)

where v is a power weighting constant, d(x,x,) is the

Euclidean distance between X and X;. The k-NN graph
exhibits an asymptotic behavior of their total edge func-
tional:

limL, (7,)/n" =8, exp{ (1-a)H, ()}

where g is a constant independent of f, and

d.L

d 1
H (f)ZEIOg.[Rd f(x)dx

is the extrinsic Rényi a-entropy of the multivariate
Lebesgue density f. So the asymptotic unbiased and
strongly consistent estimator of the a-entropy is:
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1
H, (;gn):g[log L ()" ~log 5, ]

The convergence results for k-NN graphs are extended
from Euclidean spaces to general Riemannian manifolds.
Let (M, g) be a compact smooth Riemann m-dimen-
sional manifold. Suppose y, ={Y.--,v.} are i.i.d. ran-

dom elements of M with bounded density f relative to
the volume element . . Let I: be the total edge leng-
th of the k-NN graph. Assume m>2,1<y<m and let
a=(m-y)/m.Then

(v,)

lim =) _ J, 1 () a, (dy)

n—o “

where g is a constant independent of f and M. Ac-

cordingly, the asymptotic unbiased and strongly consis-
tent estimator of the a-entropy H™9(f) is:

A (3,)= 7 foa(L! (3,)/ ) -tog 4, |

Define 1 =logL (y,), the convergence theorem (5)
suggests the log-linear model below:
I, =alogn+b+s,
where
a=(m-y)/m,
b=log g, , +7/mH!"?(f)

and ¢, isan error residual that goes to zeroas n— .

Bootstrap resampling is used here to estimate mean
graph length  E[L}' (y,)], and linear least squares (LLS)
is applied to jointly estimate slope 4 and intercept b
from sequence {log E[L!' (Y, )],log n}n. After that, the

following estimates of dimension m and entropy H
are obtained by inversion of the relations:

i = round {y / (1-4)}
A =™ (5 109, )
: V

The specific steps of the algorithm are described as:
1) Using entire database of signals y, ={Y,,---,Y,}

to construct K-NN graph.
2) Estimate the dimension and a-Rényi entropy of the
manifold that the sample sets lie in.

a) Set parameters M, N, p,,---,p,, (p, <--<p, <n);
b) Initialize m=0,H=0,M'=1;

¢) Choose P from p,,---, p, inturn,

[.L=0;N'=1
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II. Randomly select a subset of P signals y from
y,; Compute graph total edge length L ;

C=C+L iy

II. N'=N"+1; if N'=N, gotostep IV, else goto II ;

IV. Compute sample average graph length
E[L(y,)]=L/N

d) Use Eq.9 to estimate dimension m and entropy

q -3 o,

H from {E[L(yp)}}p:m.
M=m+m, H=A+H,;

e) M'=M'+1,if M'=M, goto step (f), else goto (c).

f) The estimate dimension m=m/M ; a-Rényi en-
tropy H=H/M.

g). End.

The parameters M and N are used to provide a trade-
off between the bias and variance performance of the
estimators for finite n. g is the limit of the normal-

ized length functional of the corresponding Euclidean
entropic graph for a uniform distribution on the unit

cube [0,1]". It can be determined by performing Monte
Carlo simulations of the entropic graph length on the
unit cube [o,1]" for uniform random samples.

Unlike previous solutions, Costa’s algorithm can
prove statistical consistency of the obtained estimators
under weak assumptions of compactness of the manifold
and boundedness of the (Lebesgue) sampling density
supported on the manifold. This approach allows for the
estimation of the desired quantities using algorithms
with low computational complexity (0O(nlogn)) that

avoid reconstructing the manifold or estimating multi-
variate distributions.

3. FACE RECOGNITION ALGORITHM
BASED ON MANIFOLD’S RENYI
ENTROPY

We applied the method to a real high-dimensional data-
set with unknown manifold structure and intrinsic di-
mension and entropy---face images. We chose “ORL
Face Database” [19] of AT&T Laboratories Cambridge.
There are 10 different images of each of 40 distinct peo-
ple (40 sample sets). The images were taken at different
times, varying the lighting, facial expressions (open /
closed eyes, smiling / not smiling) and facial details
(glasses / no glasses).

The original image is in PGM format, 92*112 pixels,
with 256 grey levels per pixel. We first processed each
image into BMP format, 64*64 pixels, normalized the
pixel values between [0, 1]. Then we arranged each im-
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age in a 4096*1 matrix using the common lexicographic
order.

From each of the 40 sample sets s ,(i =1,---,40), we

randomly chose 3,4,5,6,7,8 images as the training sam-
ples; hence there were 40*3=120, 40*4=160, 40*5=200,
40*6=240, 40*7=280, 40*8=320 samples in the training
set respectively. All 400 images were treated as test
samples. Each 5,6,7,8 images of the same sample set
(4096*5, 4069*6, 4069*7, 4069*8 matrix) were trained
at one time to get an estimate Rényi Entropy ﬁsi ac-

cording to the algorithm introduced in section 2. The
estimate entropy served as the characteristic vector of
the recognition, each test image X was combined with
every 3,4,5,6,7,8 sample images in one sample set
(4096*n,n=3,4,5,6,7,8 matrix respectively ) to get an
estimate Rényi entropy Ifix, then the classification cri-
terion is :

{x es 1A, A, = min(A, -A, )}

i=1,.--,40

X would be classified to the set where its combined
entropy is nearest to the origin entropy of the training
set.

4. EXPERIMENT RESULTS

The parameters used in the experiment were set as fol-
lows:k =3,y =1,M =1,N =5,n =6. Figure 1 shows the

5 training images of face 1; and Figure 2 displays the
results of running 20 simulations of the Costa’s algorithm

Figure 1. The 5 training images of face 1.
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Figure 2. The estimate manifold dimension of face 1 is
between 5~6.
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using the 5 training images in Figure 2. In same condi-
tions, as shown in Table 3, our Rényi Entropy method
gives a weakly higher recognition accuracy compared
with PCA and 2DPCA methods for ORL face database in
Figure 3.

Table 1 shows a part of estimate results of the training
set from ORL face database.

Using the Face recognition algorithm in section3, the
results of our method are showed in Table 2.

The results indicate that the face recognition algo-
rithm based on Manifold’s Rényi Entropy we present in
this paper works effectively. The K-NN graph is em-
ployed so that we avoid the complex estimation of geo-
desic distances on the manifold.

An important factor influenced the recognition effi-
ciency is the sample number of the same set we used is a
little small (only 10), which induce the lack of informa-
tion needed for training samples. Besides, there must be
certain inevitable information loss during the procedure
of image pretreatment. Further work includes add boot-
strap confidence intervals for the estimators and apply
other classification method to minimize the error.

Table 1. Dimension estimate M and entropy H for some
training face images

m H (bits)
Face 1 5 20.856
Face 4 6 19.890
Face 7 6 21.052
Face 14 5 20.175
Face 17 5 18.706
Face 39 5 17.804

Table 2. The results of Face recognition algorithm based on
Manifold’s Rényi Entropy.

Computa- Error Correct
Training ~omp recog- Recog-
tional com-  Test samples e o
samples - nition nition
plexity
rate
120 7 400 118 70.5%
160 8 400 51 87.2%
200 11 400 19 95.2%
240 13 400 12 97%
280 18 400 10 97.5%
320 21 400 7 98.2%

Figure 3. PCA, 2DPCA, Rényi entropy.
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5. CONCLUSIONS

We have presented a new face recognition algorithm
based on Manifold’s Rényi Entropy. The algorithm is
applied to ORL face database and the experiments obtain
the satisfying results. At present we are studying the
theoretic prove of this method, and trying to make fur-
ther utilizations in other research fields such as pattern
recognition and artificial intelligence.
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ABSTRACT

The relation between normalized thermal en-

ergy and conductivity, with no particle sources

in cylindrical tokamak geometry has been de-

rived. It is obtained, g, - 9. . This relationship
ol

is of importance for tokamak confinement and

heating.

Keywords: Thermal Energy; Cylindrical Geometry;
Confinement

1. INTRODUCTION

It was previously shown [1], using a numerical analysis,
that from the poloidal and toroidal components of Ohm’s
law for a tokamak, there follows a relation between the
normalized thermal-energy content, 8, and the normal-
ized plasma current, 1/q, which only depends on the
plasma refueling and not on thermal-energy transport.
Previously, the relation was examined only numerically
and it is the purpose of [2] to provide an approximate
analytical expression for this relation valid for tokamaks,
showing explicitly the dependence on the fueling pa-
rameters. The relation [3] implies a constraint on the
thermal-energy content which cannot be violated, what-
ever the energy transport present and the plasma heating
used. It should be noted that a different relation [4,5] has
been derived. Analogous to that of above models, can be
obtained by following the same procedure but using
Ohm’s law [6]. The main focus of this paper is to show
the relation between normalized thermal energy and
conductivity, with no particle sources in cylindrical
tokamak geometry. It is obtained, B, =9. . This rela-
)

tionship is of importance for tokamak confinement and
heating, since it provides a direct constraint on the ther-
mal-energy content which cannot in any case be violated,
whatever the energy transport presents.
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2. RELATION BETWEEN NORMALIZED
THERMAL ENERGY AND
CONDUCTIVITY

We consider the problem of determining the steady state
in cylindrical tokamak geometry with no particle sources.
First of all, we recall the expressions for the toroidal and
poloidal components of Ohm’s law, which can be put in
the following form [6], with no particle sources in the
limit of large aspect ratio and circular magnetic surfaces:

. E
=" @

dp EwB%
-~ 2
dr un ( )

where all quantities are surface-averaged and depend on
the minor radius r, J, is the toroidal component of the

current density, E, is the electric field, 77, and 7,

4
is the parallel and perpendicular resistivities, B, and

B, are the toroidal and poloidal components of the

magnetic field, p is the plasma pressure. The safety fac-
tor is g=r B,/R B, and R is the major radius. The minor

radius of the last closed magnetic surface will be indi-
cated by a, and B, and J, are related by Ampere’s

law
_ 1 d(rB,)

= 3
Ur dr ®

¢

Substituting Eq.1 into Eq.2, one obtains the following
equation:
d My 1B
9 _ _TulsZe )
dr un

It should be stressed that, in comparing tokamak ex-
periments with theory, one can certainly use the cylin-
drical approximation where all quantities depend only on
minor radius r; however, one must then consider the
relations between surface-averaged quantities. In this
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case, the perpendicular component of Ohm’s law con-
tains the toroidal corrections (Pfirsch-Schliter and vis-
cosity or trapping terms) which are proportional to the
square of the safety factor and which are absent for the
exactly cylindrical case. In this paper these terms were
not considered.

The normalized thermal-energy content 3, can be

defined by

_ 24y 5
SO X

where (.) indicates the volume average and, in the
cylindrical approximation,

2 (a
(p)=—3 ], p(r)rdr (6)
So that, if p(a)=0, we also have, by integrating by parts,
1 padp
=——| —ridr 7
(p) a’ o dr )

Substituting Eq.7 into EQ.5, one obtains the following
equation:
2u, tdp ,
— Mo [z ®)
Py asz(a);[ dr

Substituting Egs.3 and 4 into EQ.8, one obtains the
following equation:
o
By ==t ©)

o

We have obtained relation between normalized ther-
mal energy (poloidal beta) and conductivity, with no
particle sources in cylindrical tokamak geometry. This
relationship is a generalization of the usual Bennett rela-
tion and it is of importance for tokamak confinement and
heating. It should be noted that different relations,
analogous to that given above, can be obtained by fol-
lowing the same procedure using Ohm’s law [6]. The
consideration of the generalized Bennett relation is of
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importance for the problem of plasma confinement and
heating, since it provides a direct constraint on the ther-
mal-energy content which cannot in any case be violated,
whatever the energy trans-port present and the heating
used.

3. CONCLUSIONS

We have obtained relation between normalized thermal
energy and conductivity, with no particle sources in cy-

lindrical tokamak geometry. It is obtained, g, =2

ol
This relationship is of importance for tokamak confine-
ment and heating, since it provides a direct constraint on
the thermal-energy content which cannot in any case be
violated, whatever the energy transport present and the
heating used.
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ABSTRACT

A handwriting detecting system based on Micro-
accelerometer and Micro-gyros is proposed.
And the algorithm of the detecting system is
also described in detail. And the error analysis
of the detecting system is also described in de-
tail. The motion contrail of the handwriting de-
tecting in the 3-D space can be recognized
through compute the matrix of attitude angles
and the dynamic information of the handwriting
detecting which is mapped on the 2-D plane.
Then the information of contrail can be recurred
on the writing plane by integral. There were
good results in the actual experiment.

Keywords: Handwriting Detecting; Micro-Gyro;
Micro-Accelerometer

1. INTRODUCTION

MEMS (Micro-Electro-Mechanical Systems) inertial
sensors because of its small size, lightweight and low
power characteristic etc, in the portable device Human-
Computer Interaction pay close attention. Acceleration
sensor has been loaded in the mobile and through its
gesture to replace parts of the keyboard input, such as
implementation in applications of menu selection. How-
ever, these function are through contact with the touch
screen under the situation, how to off-line and without
the case of optical instruments to achieve the above
function is a problem to be resolved.

The article introduces a contrail detecting system in
3-D space, which does not need a pad below. The system
based on spatial navigation technology, which computes
the dynamic information of the handheld devices in the
mapping plane through detecting the acceleration of the
handheld devices in the space relative to the writing
plane [1-3]. The system uses three Micro-accelerometer
and three Micro-gyros as the sensor unit, through com-
putation the attitude angles of the handheld devices in
3-D space in real time, the linear acceleration of each
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axis of the handheld device’s coordinates can be gotten,
then the contrail information on the mapping plane also
can be gotten after mapping and integration [4,5].

2. SYSTEM STRUCTURE

The handheld devices uses a single DSP chip as the con-
trol unit, its function is computation of attitude angles of
the pen in 3-D space and the linear acceleration. The
data sample unit is constituted by one tri-axis Micro-
gyros and one tri-axis accelerometer ADSI16350, both
of the two kinds of sensors are manufactured by ADI
company, and there also is a 16-bit A/D converter
LTC1867 which is made by Linear company. The hand-
held device communicates with PC by RF mode, thus
the contrail of the handheld devices will be displayed,
and a LCD also can work.

3. CONTRAIL DETECTING ALGORITHM

3.1. The Handheld Device System Model

Figure 1 shows the handheld devices model in 3-D
space, the XQY plane is the writing plane, namely the
plane that info of the handheld devices mapped. The
oxyz coordinates is attached to the handheld devices,
namely the coordinates of the sensor installed. To get the
contrail that is mapped on the writing plane, several
physical variables are needed. These variables are accel-
eration of each axis of measurement coordinates (A,, A,
A,), and the pitch angle (¢, the angle between axis 0z
and XOY plane), the roll angle (&, the angle between
axis ox and XQY plane), and the yaw angle (v , the an-

gle between axis oy and XOY plane). Yaw angle can be
ignored because of its little influence on result.

3.2. The Algorithm Introduction

The algorithm contains three parts: the measurement
coordinates confirmation, the matrix of attitude angles
confirmation and the solution to the handheld devices
of which the acceleration mapped on the writing
plane.
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Figure 1. System model.

The simplest instance is that the object is regarded as
a point to be measured, so that the attitude changes
caused by rotation can be ignored. So we only need to
measure the movement characteristics on the 3 axes.
Thus, the movements of this object can be expressed
simply by kinematics equations. The velocity and dis-
placement information can be gotten through computing
the acceleration by following equations.

tE
v, :jto a,dt +v,
@)

t
S, = '[to vV, dt +5,

‘n’ on behalf of any axis among X, Y, Z of the absolute
coordinates, v,, s, on behalf of original velocity and

displacement respectively, t, is start time of measure-
ment, t is stop time of measurement. So we only need

to measure the acceleration of 3 axes, the start time and
stop time to get the velocity and displacement character-
istics on the 3 axes. The handheld devices cannot be
seen as a point, because of its shape, shown as in Figure
1. Firstly, the handheld device’s coordinates need to be
confirmed. Supposeg,, 9,, g, on behalf of the wei-

ghts of gravitational acceleration on 3 axes of handheld
device’s coordinates. Because the changes of yaw angle
have a little influence on the accelerometer when the
handheld device moves horizontally or vertically, the
system can be simplified as yaw angle equal to zero. The
pitch angle ¢ and roll angle & between handheld de-

vice’s coordinates and writing plane’s coordinates can be
gotten in following equations. In this system writing plane’s
coordinates superposes with geographical coordinates.

@ =arcsin(g, / g) (2
0 =arcsin(g, / g)

The relationship of acceleration mapped on writing
plane from handheld device’s coordinates expressed by
equations:
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a, 1 0 0 cosg —sing O)cosy 0 —sinyYa,
a, |=|0 sin@ —cos@|sing cosp O| O 1 0 a
a, 0 cos# sind |\ O 0

Y

1)singy 0 cosy \a,

®)
There into the EQ.3
0 ::6% +'6?Il¢ ::¢% +'¢'1V/ =¥, +'V/Il

6',¢',w' on behalf of the dynamic angle changes which
sample by micro-gyros during the writing action [6].

Original attitude angle determines the beginning situa-
tion of writing plane, the angles between writing plane
and geographical coordinates are pitch ¢, , roll 6,, and
yaw . Because the yaw angle varies little during the

handheld device’s movement, the yaw angle regards as a
constant, namely y'~0, the above equations can be

simplified as:
a,) (1 O 0 Ycosp —sing 0Ya,
a, |=|0 sind —cosd|sing cosp Ofa, )
a,) \0 cos® sing )\ 0 0 1)\a
Through (4), the three weights of gravitational accel-

eration mapped on writing plane can be gotten by the
same way. As shown in (5), A on behalf of the linear

acceleration of each axis of writing plane’ coordinates,
a. on behalf of the actual output acceleration of each

axis of handheld device’s coordinates, g. on behalf of
the mapping gravitational acceleration value of writing
plane’ coordinates [7].

A=a-g. ®)

The basic equations to compute the velocity and dis-
placement are shown in the following equations [8]:

te
Vg = J.to Aydt +v,

: (6)
Sq = L: vyt +s,
“d ” on behalf of any direction among X, Y, and Z.

After sampling the acceleration signal becomes dis-
crete signal, so the accumulative total will instead of the
integral. Suppose the weights of acceleration on map-
ping plane (writing plane) are shown as follow:

0iz )T
Sampling interval isAt, AT =54t suppose displace-

ment variable s=(s, s, s,), following equations can
be gotten.

a, :(aoix’ Ay, @

u+4 k+4
S, = 2.(2 a5, (i+ J)ADAT

j=u i=k

u+4 k+4 . . (7)
S, = » (Q_ay, (i+ J)AHAT

i=k

]
c
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(k=1,2,3,4,...n; u=0,1,2,3,...n-4).
Recurrence formulas of displacement can be gotten
from Eq.7 which is shown as follow:

i+4 i+9
Sx(i+l) =S, — (kZ Ay, AAT + (k—zs 8y, At)AT

s o ®)
Sy(i+1) = Syi - (kZ: aOykAt)AT + (kZSaOykAt)AT

The Eq.8

51:_24:(

5
j=0 i=1

a, (i + j)ADAT

3.3. The Error Analysis

In an ideal process of writing directly to mind is the
measured acceleration in all axes whether zero at the
beginning and end of exercise. But because of inherent
acceleration sensor error and pen gesture of placing will
lead to all directions on the different components of the
acceleration due to gravity. Because of the sensor itself
error and AD conversion error, even in the handheld
device to maintain stationary, signal acquisition is not
entirely the same, so the time points should not have
direct access t,=0 and t,=T . For determine the

starting point and termination points of each contrail.
Here the first analysis method carried out using differen-
tial treatment. For the static sensor error is relatively
small and homogeneous data, according to whether the
difference exceeds a certain threshold to determine
whether exercise has happened. But the problems of the
difference method are individual points fluctuations may
result in greater volatility, however the exercise is not
happen. In addition in a sport the course may also appear
repeatedly volatility, so this difference should not de-
scribe the problem very well. Standard deviation analy-
sis method can be used on this phenomenon, in the writ-
ing process can be seen in a single point because of the
existence of measurement error and the entire writing
process of non-continuous and high acceleration charac-
teristics, should not only depend on a single point to
distinguish the beginning and end of a sign. Therefore it
need to consider the local statistical characteristics to the
process of writing .such as through calculated standard
deviation of multiple points as a criterion exercise.
The equation of standard deviation is expressed:

o (Ena
eI

)_(k’ on behalf of mean of x, ‘&, ’ on behalf of stan-

©)

SciRes Copyright © 2010

dard deviation.

Calculating the standard deviation of each point ex-
cept to capitalize on the current point, but also necessary
to use the previous N -1 points.

Writing at the track which also need to reduce the
signal noise ratio, where the use of smoothing methods.
If the true signal is smooth, smooth deal will only reduce
the signal noise, it will not distort the true picture signal.

Point smoothing algorithm's basic equation:

ka jok Tt fQYj+"'+kaj+k
k )
2> f.+f,
i=1

Sj:

k:mT_l,j:k+1,---,n—k

(10)
S on behalf of the j point value of the Smooth signal,
Y; on behalf of the j point value of original signal.

Through selection of different factors fi can gQet

smoothing of different forms and noise level. Here we
used the triangular approach to deal with smooth, trian-
gular smooth manner can avoid the disturbance to the
peak signal, which is a weighted smoothing method.

Here fizk+l—i, the basic equation of triangle
smoothing:
Loy -+ (k+l)oy j+--+loy
(k+1)2

k:mT_l,j:k+1,-~-,n—k

Sj

(11)
Triangle smoothing can be seen as two k point rec-
tangular smooth superposition, so the triangular smooth
approximation to reduce the level of random noise is k.
After smoothing process and standard deviation calcu-
lated, the finally signal can be used to determine the
contrail starting point and termination point. The use of
triangular smoothing method reduces the data noise,
after smoothing the bias reduces, but does not change
shape. Figure 2 is the view of five untreated Error. Fig-
ure 3 is the view of five treated Error. The curve of Fig-
ure 3 is more smoothness than this Figure 2.

4. SENSOR CALIBRATION

4.1. Micro-Gyro Rate Test Model

In this system gyro is used for real-time detect the
change of initial state attitude angle, it is very important
for elimination gravity acceleration components, so the
gyro calibration also is very important. In the following
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Figure 2. View of five untreated error.

Figure 3. View of five treated error.

is the gyro rate test model [9]. Take ADXRS401 micro-
gyro, for example:

V=KO+K1lxw (12)

V-Output voltage of micro-gyro, unit is V;

KO-Drift value of micro-gyro, unit is V;

K1-Scale factor of micro-gyro, unit is V/° /s;
o-Angular velocity input of micro-gyro, unitis °/s.

4.2. Micro-Gyro Calibration Test

(D Put the micro-gyro in the test equipment and fixes the
sensor on the turntable, the equipment we used is
DTOP300E type uniaxial turntable.

@ Give micro-gyro power supply of 5 V.

® Through the turntable computer given +10° /s,
+20° /s, #30° /s, #40° /s, £50° /s, +60° /s, +70° /s angu-
lar velocity input.

@ After the turntable rotated at least four round by
one angular velocity we began to sample and sampled
continuously for one minute, then recorded one group
data, finally we can get 15 group data, shown in the fol-
lowing Table 1.
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Table 1. Micro-gyro calibration data.

59

augular gyro | output gyro Il output
velocity (°/'s) V) V)

70 3.265 3.594

60 3.125 3.441

50 2.988 3.291

40 2.849 3.132

30 2.702 2.981

20 2.558 2.832

10 2419 2.670

0 2.290 2.520

-10 2.150 2.330

-20 2.010 2.209

-30 1.870 2.061

-40 1.731 1914

-50 1.593 1.757

-60 1.455 1.602

-70 1.317 1.451
Through Matlab data fitting can get:
Gyro I : K0=2.290, K1=0.0139 namely: V=
2.290 + 0.0139 @

GyroIl: K0=2.520, K1=0.0153 namely: V=

2.52040.0153 @
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4.3. Micro-Accelerometer Calibration Test

The micro-accelerometer is used to test the attitude an-
gles when the pen hasn’t yet write, in other word it’s
used to test the static attitude angles. Due to the accel-
eration sensor adopted for integrated triaxial acceleration
sensor, so the orthogonal error will not affect the preci-
sion, then, the most error sources are zero error and sen-
sitivity error and the error caused by the A/D conversion
errors. We select =g and Og as the special points to
calibration the sensor’s zero output and sensitivity[10].
The Table 2 shows calibration results of each axis of x, y,
z. The ADC is 16bit and reference voltage is 4.096V.

5. SYSTEM TEST RESULT ANALYZE

In the system test process we tested the round contrail
and analyzed the dynamic characters of this contrail
which is representative. The dynamic curves are shown
in following figures. Axis z of accelerometer is perpen-
dicular to the mapping plane due to the sensor installa-
tion, so the axis z has no effect on the contrail recurrence.
To recur the writing contrail the acceleration of axis x
and axis y of accelerometer are needed both. As shown
in Figure 2 are curves of acceleration, velocity and dis-
placement of the five contrail without error treatment. As
shown in Figure 3 are curves of acceleration, velocity
and displacement of the five contrail through error
treatment. As shown in Figures 4,5 and 6 are curves of
acceleration, velocity and displacement of the five con-
trail through error treatment. Analysis of Figures 4,5
and 6. According to Figure 4, the acceleration is posi-
tive between the sample points 7 to 14. According to the
Eq.1 we can know that the speed is increased at these
points, as Figure 5 show, the speed curve is rising from
point 7 to 14. However because of the error, this para-
graph curve is not ideal one, Thus, the use of III C error
handling can be used for their amendments in order to

Table 2. Micro-accelerometer calibration data.

X axis (V) mean
0 1501 1.498 1496 1505 1495 1.499
+g 1795 1793 1790 1.798 1.791 1.793
-9 1205 1203 1200 1.211 1.202 1204
S 0.295v/g

Y axis (V) mean
0 1524 1520 1522 1518 1525 1522
+g 1823 1820 1818 1820 1.824 1821
-9 1225 1220 1222 1220 1.224 1222
S 0.299v/g

Z axis (V) mean
0 1504 1505 1508 1503 1505 1.505
-g 1807 1805 1.811 1.812 1.801 1.807
+g 1203 1203 1201 1208 1.205 1.204
S 0.302v/g
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Figure 4. Acceleration curve.

Figure 5. Velocity curve.

Figure 6. Displacement curve.

Figure 7. Contrail curve.
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obtain the corresponding curves of Figure 5. Similarly
according to the Eqgs.1,8 and 11 we can obtain displace-
ment curve from the velocity curve. After error correc-
tion a smooth curve of Figure 6 is obtained, Last using
the two displacement curves represents x, y-axis of the
plane coordinate system respectively.

Therefore, in accordance with their corresponding
points the contrail curve can be drawn on the plane co-
ordinate system, as shown in Figure 7.

Other contrail identified pictures are shown in Fig-
ure 8 and Figure 9:

6. CONCLUSIONS

In this paper a kind of handwriting detecting system
based on MEMS inertia sensors is introduced. The sys-
tem samples the pen’s acceleration and attitude angles
changes and then computes the movement contrail of
pen, finally the recurrence of handwriting is finished.
The test result validates correctness of the theory. The
system is different with usual 2-D electronic pen system,
its greatest strength is freely writing in 3-D space and
this is the first case of the inertial navigation theory is
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SciRes Copyright © 2010

Displacement value on X axis /(m)

0 0.05 0 0.05 0.1
Displacement value on X axis /(m)

Openly accessible at http://www.scirp.org/journal/NS/




62 Z.Y. Gao et al. / Natural Science 2 (2010) 56-62

used for pen.

The next tasks will content sensors data fusion and the
accumulate errors analysis of the double integral. Then
the more accurate contrail can be gotten. In additional, a
better algorithm of weights of gravitational acceleration
removal is needed to look for, so that the more pure dy-
namic acceleration can be gotten.
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ABSTRACT

In organic materials absorption of light results
in creation of the Frenkel excitons, Coulomb
-bound electron-hole pairs having an integer
spin. Being composite bosons, Frenkel excitons
may accumulate in significant quantities in a
single quantum state. The probability of photon
absorption by such a state increases as (N+1)
where N is the occupation number of the state.
This enhancement is due to the stimulated ab-
sorption of light, which is a final-state stimu-
lated process analogous to the well-known
stimulated emission of light. We propose using
the stimulated absorption for creation of solar
cells of a record quantum efficiency. We are
going to use the organic microspheres to ac-
cumulate the Frenkel excitons at the discrete
frequencies corresponding to the photonic
whispering gallery modes of the sphere. The
dissociation of accumulated Frenkel excitons
will be effectuated periodically using the trans-
parent carbon contacts on a piezoelectric
mechnical support.

Keywords: SolarCell; Photovoltaics; Exciton;
Bose-EinsteinCondensation

1. INTRODUCTION

Development of the renewable sources of energy is a
strategic economic priority nowadays. The solar energy
is especially important for the tropical countries due to
their favorable climate conditions. At present, the com-
mercially available solar cells are based on silicon
monocrystals which are relatively expensive and can
hardly compete with the conventional energy sources
therefore. Organic materials are widely discussed now as
a valuable alternative to silicon but several obstacles still
block the full-scale development of organic photovol-
taics. First, unlike silicon, absorption of light in organics
does not produce the free electron-hole pairs, but bound
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electrically neutral states known as Frenkel excitons. A
significant external voltage needs to be applied to help
dissociating the Frenkel excitons with formation of the
unbound electrons and holes which contribute to the
photocurrent [1]. Second, the metallic contacts used at
present absorb light themselves which reduces signifi-
cantly the quantum efficiency of photocells. The revolu-
tionary improvement of the performance of the organic
photocells due to the use of new materials and new
physical effects is in the focus of this Letter. The starting
idea is to take advantage of the bosonic properties of
Frenkel excitons and use them to achieve the stimulated
absorption of light. The photocells based on stimulated
absorption are expected to posses a dramatically en-
hanced quantum efficiency with respect to traditional
photocells based on the spontaneous absorption of light.
The expected difference is as huge as the difference be-
tween a light emitting diode (producing light by sponta-
neous emission) and a laser source (producing light by
stimulated emission). Furthermore, we take advantage of
the experience accumulated in the recent years in pro-
duction of the optically transparent electric contacts
based on the diamond-like-carbon (DLC) with embed-
ded carbon nanotubes and to operate with the organic
microspheres characterized by the photonic whispering
gallery modes of extremely high quality factors. We
emphasize the important role of photonic confinement in
our photocells, which allows for resonant generation of
macroscopic number of Frenkel excitons in the same
quantum state during the life-time of the corresponding
photonic mode. In turn, once being created, the macro-
scopic population of Frenkel excitons reproduces itself
by stimulated absorption of new solar photons. We pro-
pose a new technology based on a new physics, new
structures and new materials. The targeted outcome is a
new generation of photocells with a drastically improved
quantum efficiency.

In 1917 Einstein has proposed the theory of radiation
of atoms which accounted for three essential processes
of light-matter interaction: the spontaneous emission of
light, the spontaneous absorption of light by atoms and
the stimulated emission of light. This latter process has
found its use in the new coherent sources of light (lasers,
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from Light Amplification by Stimulated Emission of
Radiation, which we frequently meet in the everyday life
now). In lasers, generation of new photons by matter is
stimulated by existing population of the photon mode in
a laser cavity. The fourth essential process of light-mat-
ter coupling is the stimulated absorption of light. It may
only take place in the systems where the absorbed pho-
tons generate bosonic quasiparticles, e.g. excitons. Ex-
citons are Coulomb correlated electron-hole pairs, a di-
rect analogy of hydrogen atoms, created inside inorganic
semiconductor crystals due to resonant absorption of
light at the energies slightly below the bandgap (Wan-
nier-Mott excitons [2]) or in organic crystals at the en-
ergy below the HOMO-LUMO transition (Frenkel exci-
tons [3]). While electrons and holes are fermions, the
excitons possess integer spins and are composite bosons
therefore. As such, the excitons can be accumulated in
large quantities in a single quantum state, forming the
Bose-Einstein condensate (BEC). Recently, multiple
experimental evidences for the BEC of excitons coupled
to light modes in semiconductor microcavities have been
reported [4-6]. An exciton coherently coupled to a con-
fined photon in a microcavity forms a so-called exci-
ton-polariton. A new generation of semiconductor light
sources called “polariton lasers” and based on the
Bose-Einstein condensation of exciton-polaritons has
been suggested and experimentally realized very re-
cently [7,8].

2. STIMULATED ABSORPTION OF
LIGHT BY EXCITONS

Creation of a new exciton in a quantum state already
occupied by N excitons has a probability (N+1) times
higher than creation of an exciton in an empty state. This
is why the stimulated absorption of light by excitonic
condensates is expected to be extremely efficient. Sev-
eral conditions need to be met to ensure stimulated ab-
sorption: 1) the seed exciton population exceeding 1
must be created; 2) the life-time of the exciton state (ac-
counting for its radiative and non-radiative life-times)
must be longer than the generation rate of excitons. The
first condition is readily satisfied due to the intensity
fluctuations in the solar light: statistically, simultaneous
excitation of two or more excitons is always possible
within a sufficiently long time interval. The second con-
dition can be satisfied if the intensity of incident light
exceeds some critical intensity dependent on the exci-
ton-life time. In this case the amplification of the seed
population takes place, the exciton condensates stabi-
lizes itself and the rate of stimulated absorption keeps
steadily growing up to the saturation value dependent on
the spectral density of incident light and the Mott transi-
tion threshold for the exciton system. Making use of the
stimulated absorption of light would be a fundamental
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breakthrough in photovoltaics which may be compared
with invention of lasers in optical lighting. The research
in this direction is timely and relevant given the overall
high interest to organics materials for photovoltaic ap-
plications in the world.

The qualitative analysis shows that the most important
condition to be satisfied to ensure the stimulated absorp-
tion going on is a sufficiently long life-time of an exci-
ton state of interest. Sufficiently long means about 100
ps according to our estimations based on the average
intensity of the day-time light in the Mediterranian re-
gion. Another important practical issue is linked with a
necessity to have a significant absorption within the
large frequency range of the visible and near ultraviolet
light, in order to avoid losses of the solar energy. This is
partly resolved because of the natural inhomogeneous
broadening of Frenkel exciton resonances in the most
part of organic materials, which is of the order or several
hundreds meV, typically. In order to further extend the
frequency range of efficient stimulated absorption and to
control the life-time of the concerned exciton states we
propose using the organic microspheres as a main ele-
ment of the solar cell. In is well known that dielectric or
semiconductor microspheres are characterized by dis-
crete optical spectra composed by a multitude of sharp
resonances. These resonances are associated with so-
called whispering gallery modes, i.e. the light modes
confined near the surface of the microsphere (Figure 1).
The whispering gallery modes of high orbital and mag-
netic indices may have a quality factor (ratio of the mode
frequency to its linewidth) of the order of 10°-10° which
ensures the photonic life-time of 100 ps or more. In the
same time, the finesse of these modes (ratio of the fre-
quency splitting between different modes to the
linewidth of the mode) remains quite low (of the order of
several units). This is why a microsphere filled by an
absorbing aggregate would absorb light at the huge mul-
titude of discrete frequencies corresponding to the whis-
pering gallery modes. The life-time of excitons coupled
to each of these modes would be long enough to ensure
stimulated absorption. Between these selected frequen-
cies the absorption of light would be still spontaneous.

3. DEVICE CONCEPT

In order to cover the most part of the visible spectrum of
light we propose to operate with the microspheres of
different radii ranging from several microns to several
tens of microns. Furthermore, in order to ensure efficient
collection of the charge carriers accumulated in the mi-
crosphere due to stimulated absorption, we propose us-
ing the transparent contacts made of a diamond-like-
carbon (DLC). Fabrication of such contacts which may
serve as Fresnel lenses as well is now a registered
know-how in Europe. The DSC cover layer would pro-
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Figure 1. A dielectric sphere and the path of light in the whispering gallery mode (left); localization of light in a sphere due to

multiple internal reflections (right).

tect the organic solar cell from chemical and mechanical
damage, ensure focusing of light on the microsphere and
play a role of a non-absorbing upper contact (see the
scheme in Figure 2). In order to allow for efficient ac-
cumulation of Frenkel excitons inside the organic mi-
crosphere we plan discharging it periodically which
could be achieved by placing the upper contact on a
piezoelectric support which would extend and contract

Figure 2. Scheme of the proposed photovoltaic device struc-
ture composed by an organic microsphere, where the
Bose-Einstein condensate of exciton polaritons will be created
by resonant optical pumping, a lower metallic contact and an
upper transparent carbon contact supported by two piezoelec-
tric pillars operating in a THz modulating regime: when the
voltage between two contacts drops due to the current passing
through the sphere the piezoelectric supports extend which
leads to the break of current. As soon as the current is broken,
the supports contract again, which allows for the new discharge
of the microsphere etc.
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with a Tera-Hertz frequency.

The proof-of-concept demonstration device would be
a standard porphirine microsphere of the radius from 10
to 100 microns connected to two platinum microcontacts.
One would measure a photocurrent generated by an ac-
cordable laser as a function of the frequency and the
intensity of the laser light. A threshold-like superlinear
dependence of the photocurrent as a function of the laser
intensity at the discrete frequencies corresponding to the
whispering gallery modes of the microsphere would be a
“smoking gun” for the stimulated absorption. In the next
phase the optimized microspheres would be assembled
with the metallic and carbon contacts on the piezoelec-
tric support. To improve the collection of solar light, the
organic Fresnel lenses covered by a DSC protective film
would be assembled on the top of the structure. The
main risk at this stage is linked with the proposed dis-
charge mechanism for the microspheres which has not
yet been tested experimentally.

4. CONCLUSIONS

In conclusion, the recent advances in the Bose-Einstein
condensation of excitons and exciton-polaritons open
new horizons for the organic photovoltaics. A revolu-
tionary concept of stimulated absorption of light may
allow for a dramatic increase of the quantum efficiency
of organic solar cells. In this Letter a device concept
suitable for demonstration of photocurrents generated by
stimulated absorption of light is proposed.

We acknowledge support from the EU IRSES grants

Openly accessible at http://www.scirp.org/journal/NS/




66

A. Kavokin et al. / Natural Science 2 (2010) 63-66

“POLALAS” and “ROBOCON?”.

REFERENCES

[1]

[2]

(3]
(4]

Kim, J., Lee, K., Coates, N., Moses, D., Nguyen, T,
Dante, M., Heeger, A. (2007) Efficient tandem polymer
solar cells fabricated by all-solution processing. Science,
222, 317-5835.

Mott, N.F. (1938) Conduction in polar crystals. Il. The
conduction band and ultra-violet absorption of al-
kali-halide crystals. Trans. Faraday Soc, 34, 500.
Frenkel, J. (1931) On the transformation of light into heat
in solids. I, Phys. Rev. 3, 17.

Kasprzak, J. et al. (2006) Bose-einstein condensation of
exciton polaritons. Nature, 443, 409.

SciRes Copyright © 2010

(5]

(6]

[7]

(8]

Balili, R., Hartwell, V., Snoke, D., Pfeiffer, L. and West,
K. (2007) Bose-einstein condensation of microcavity po-
laritons in a trap. Science, 316, 1007.

Lai, C.W., Kim, N.Y., Utsunomiya, S., Roumpos, G,
Deng, H., Fraser, M.D., Byrnes, T., Recher, P., Kumada,
N., Fujisawa, T. and Yamamoto, Y. (2007) Coherent
zero-state and pi-state in an exciton-polariton condensate
array. Nature, 450, 529.

Christopoulos, S. et al. (2007) Room temperature polari-
ton lasing in semiconductor microcavities. Phys. Rev.
Lett. 98, 126405.

Christmann, G. et al. (2008)Room temperature polariton
lasing in a GaN/AlIGaN multiple quantum well micro-
cavity. Appl. Phys. Lett. 93, 051102.

Openly accessible at http://www.scirp.org/journal/NS/




Call for Papers

Natural Science

A Journal Published by Scientific Research Publishing, USA
www.scirp.org/journal/ns

Editor-in-Chief
Prof. Kuo-Chen Chou

Editorial Board
Fridoon Jawad Ahmad
Giangiacomo Beretta
Bikas K. Chakrabarti
Dr. Brian Davis
Mohamadreza Baghaban Eslaminejad
Dr. Marina Frontasyeva
Neelam Gupta

Dr. Yohichi Kumaki

Dr. Petr Kuzmic

Dr. Ping Lu

Dimitrios P. Nikolelis
Caesar Saloma

Prof. Kenji Sorimachi
Swee Ngin Tan

Dr. Fuqiang Xu

Dr. W.Z. Zhong

BioKin Ltd., USA

Editorial Advisory Board
Prof. James J. Chou

Prof. Reba Goodman

Dr. Robert L. Heinrikson

Prof. Robert H. Kretsinger

Dr. P. Martel

Dr. Michael Mross

Prof. Harold A. Scheraga

Natural
Science

Gordon Life Science Institute, San Diego, California, USA

University of the Punjab, Pakistan

University of Milan, Italy

Saha Institute of Nuclear Physics, India

Research Foundation of Southern California, USA

Cell Sciences Research Center, Royan Institute, Iran

Frank Laboratory of Neutron, Russia

National Bureau of Animal Genetic Resources, India
Institute for Antiviral Research, Utah State University, USA

Communications Research Centre, Canada

University of Athens, Greece

University of the Philippines Diliman, Philippines
Dokkyo Medical University, Japan

Nanyang Technological University, Singapore
National Magnetic Resonance Research Center, China
Pfizer Global Research and Development, USA

Harvard Medical School, USA
Columbia University,
Heinrikson, Proteos, Inc., USA

University of Virginia, USA

Chalk River Laboratories, AFCL Research, Canada
Vermont Photonics Technologies Corp., USA

Baker Laboratory of Chemistry, Cornell University, USA

USA

Natural Science is an international journal dedicated to the latest advancement of natural sciences. The goal of this journal is to
provide a platform for scientists and academicians all over the world to promote, share, and discuss various new issues and
developments in different areas of natural sciences. All manuscripts must be prepared in English, and are subject to a rigorous and
fair peer-review process. Accepted papers will immediately appear online followed by printed hard copy. The journal publishes

original papers including but not limited to the following fields:

® Astronomy & Space Sciences 6 Genetics
é Astronomy é Immunology
é Astrophysics é Medicine/Diseases
& Atmospheric Science é Microbiology
6 Space Physics 6 Molecular Biology
6 Neuroscience
® Earth Science ¢ Pharmacology/Toxicology
é Geography é Physiology
6 Geology é Psychology
& Geophysics/Geochemistry é Virology
6 Oceanography
® Physics
® Chemistry ¢ Applied Physics
é Analytical Chemistry é Atomic, Molecular, and Optical Physics
é Biochemistry é Biophysics
6 Computational Chemistry ¢ High Energy/Particle Physics
é Inorganic Chemistry 6 Material Science
é Organic Chemistry ¢ Plasma Physics
6 Physical Chemistry
® Others

® Life Science

6 CellBiology
6 Computational Biology

é Education
é History of Science
é Science and Innovations

We are also interested in: 1) Short Reports—2-5 page papers where an author can either present an idea with
theoretical background but has not yet completed the research needed for a complete paper or preliminary data; 2)

Book Reviews—Comments and critiques.

N Notes for Intending Authors

Submitted papers should not be previously published nor be currently under consideration for publication elsewhere.
Paper submission will be handled electronically through the website. For more details, please access the website.

N Website and E-Mail

http://www.scirp.org/journal/ns ns@scirp.org



Natural Science, 2010, 2, 1-66
Published Online January 2010 in SciRes (http://www.scirp.org/journal/ns).

TABLE OF CONTENTS

Volume 2, Number 1, January 2010

Predicting numerically the large increases in extra pressure drop when Boger fluids

flow through axisymmetric contractions
H. R. Tamaddon-Jahromi, M. F. Webster, K. WaltersS...........ooiiiiiiii it e 1

Synthesis of nano crystalline spatulae of lead zirconate titanate (PbZr;,Ti, ,,0,)

S. S. Bhatt, S. C. Chaudhry, N. Sharma, S. GUPTA......cccciiiiiiiiiiiiiiiiei et ee e 12

Hydriding and dehydriding kinetics of melt spun nanocrystalline
Mg,,Ni,, Cu,  (x=0-4) alloys
Y. H. Zhang, D. L. Zhao, B. W. Li, H. P. Ren, S. H. Guo, X. L. Wang..........cccccooviiiiiieiiieiiiiieeeeee e e 18

Study of some Indian medicinal plants by application of INAA and AAS techniques
R. Lokhande, P. Singare, M. Andhele, R. AChArya............uiiiiiiiiiiiiiii e 26

Toxicity evaluation of produced formation waters after filtration treatment
L. Manfra, C. Maggi, J. Bianchi, M. Mannozzi, O. Faraponova, L. Mariani, F. Onorati, A. Tornambe¢,
C. V. Lamberti, E. MaGaletti......co.uuiuiiiiiiiiiiiiiiiie et et e et ettt e e e e e e ettt e e e e e e e e e aibeeeeee 33

Review on nano-drugs
Y. Liu, T. S Niu, L. Zhang, J. S. YaNE...ooo oottt e et e et e e enaeeeeas 41

Face recognition based on manifold learning and Rényi entropy
[V B O T T\ B 5 S PO OP PP PRI 49

Relationship between normalized thermal energy and conductivity for cylindrical

tokamak geometry
ML AT e e e et e 54

Research of handwriting detecting system for space pen
Z.Y. Gao, D. S, Li, Wo Wang, C. J. Yan@. .. ....u ittt et e ettt e e e e e e e et eeeeeeeeaeanaes 56

Photocurrents induced by stimulated absorption of light
AL KAVOKIN, G ETAINO. ...euviiiiiiiie e et e e e e e e et e e et e e et e enaas 63

Copyright 2010 SciRes Natural Science
ISSN:2150-4091

9772150409001 04



	ns 2-1_coverdy_1
	ns 2.1 online.pdf
	NS 2.1 table of contents
	journal information(ns)
	1-8300092
	2-8300098
	3-83000101
	4-8300027
	5-8300029
	6-8300087
	7-8300075
	8-83000104
	9-8300065
	10-8300103

	ns 2-1_coverdy_2


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.66667
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.66667
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 807.874]
>> setpagedevice



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.66667
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.66667
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 807.874]
>> setpagedevice



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.66667
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.66667
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 807.874]
>> setpagedevice



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.66667
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.66667
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 807.874]
>> setpagedevice



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.66667
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.66667
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 807.874]
>> setpagedevice


