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Abstract: This work is devoted to the development of a theoretical approach for the
calculation of entropy in metals under plastic deformation. The thermodynamic analysis of
the plastic deformation process allowed us to obtain the expression for determination of the
entropy production. The value of the entropy production in an Armco iron specimen under
plastic deformation as calculated the basis of the proposed technique and infrared
thermography data. This method also lets us define the inelastic strain caused by the initiation
and growth of the defects which was used as the internal variable in the considered
thermomechanical model from the experimental data. In order to verify the obtained results
a theoretical analysis of the modeled situation was carried out.

Keywords: irreversible deformation; entropy of metals; infrared thermography

1. Introduction

The kinetics of the microstructure evolution of metallic materials have been the subject of
experimental and theoretical studies for a long time. The available data indicate that the deformation of
metals, especially plastic flow, is characterized by high dislocation activity and the emergence of specific
mesodefect patterns. The evolution of these mesodefect structures, accompanied by rotation of
mesovolumes of the material and material failure, leads to the generation of high internal stresses and,
as a consequence, to the storage of energy in the metal. The problem of the stored energy is linked closely
with the problem of the entropy of a plastic deformation. The calculation or measurement of the stored
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energy of a plastic deformation during a mechanical test can provide useful information about the current
state of the material structure and also help to develop new effective models and criteria for the
irreversible deformation and failure of metals. The calculation of the entropy of plastically deformed
metals can provide us more detailed information about the structure evolution and allows one to
formulate a comprehensive thermodynamic model of the process of plastic deformation.

The problem of the measurement of the stored energy W,, of the plastic work W, =0: (8—86) is

widely covered in the literature [1-13]. One of the most detailed descriptions of this problem is given

in [6]. An analysis of modern experimental data allows us to conclude that a generally accepted
assumption, W, <0.2W , often justified by citing the early work of Taylor et al. [7], works well only if

calculations are carried out at a relative high strain and high strain rates [8,9]. For slow strain rates the
energy balance in metals under plastic deformation is a complicated process [1,5,6] and the stored energy
value is a function of the material state and a loading history. To describe the structural induced energy
dissipation and storage processes in metals under plastic deformation we need both a new advanced
experimental program and a new adequate theoretical model.

The structural investigations based on electron and optical microscopy, x-ray and neutron
tomography and other techniques allow classification of the defective structures in metals and the
study of their evolution in metals with different crystallographic structure. These studies provide an
opportunity to estimate the values of the stored energy and entropy connected with the defect structure
of materials [14—16].

Calorimetric and infrared (IR) thermography techniques give us another macroscopic way to study
the structure evolution in metals under plastic deformation. Currently one of the most popular
techniques for studying the energy balance in metals under plastic deformation is infrared
thermography [1,10-13,17,18].

In published research works [12,18] a plastic strain was introduced as an internal thermodynamic
variable describing the material structure evolution. However, from thermodynamic point of view, the
plastic strain cannot be considered as an independent variable for describing the state of a
thermodynamic system. One of the possible solutions to this problem was proposed in [19]. The main
point of the proposal is an original model for the description of the damage kinetics based on a statistical
description of the mesodefect ensembles. Ensembles of mesodefects of different structural levels
including microcracks and microshears are described by a second order tensor p which can be considered
as an additional strain caused by the generation and growth of mesodefects. This parameter can be
considered as independent thermodynamic variable describing the structural changes in the material.
Thus, the inelastic deformation can be divided into two parts: “pure” plastic (dissipative) deformation
due to the dislocation movement and “structural” deformation due to the initiation and growth of the
defects (non-dissipative). The evolution law for p allows us to describe the energy balance in the
material. More detailed information can be found in [20].

The aforementioned model was applied to the development of the theoretical approach for the entropy
calculation in metals. Determination of this state function of the thermodynamic system permits to obtain
other thermodynamic potentials and use them in theoretical models of the deformation behavior of metals.
A number of studies are devoted to the entropy analysis in the frame of tribo-thermodynamics [21-24].
Klamecki [21] showed the existence of two different stationary entropy production rate states, connected



Entropy 2015, 17 266

one of them with the structural changes due to defect initiation and the other one with the heat generation
due to the defect annihilation. Bryant et al. [24] related entropy generation with the material degradation
due to wear. Song et al. [23] proposed an approach to the calculation of the entropy generation due to
plastic deformation during fretting. Beghi [25] proposed a way of the entropy production estimation in
the case of elastic and at the beginning of the plastic regimes. He showed that the yield point is related
to the transition of the entropy production rate from a low level (near to zero) to a higher level.
Anand et al. [26] developed a thermo-mechanically coupled gradient theory of rate-independent
single-crystal plasticity and obtained the expressions for the determination of the internal energy and
entropy of cold work hardening.

In this work we propose a technique for estimation of the entropy production of metal sample under
plastic deformation based on the original experimental data and results of the numerical simulation of
the quasi-static tension test of an Armco iron specimen. These results allow us to calculate both the
entropy rate during plastic deformation of the iron and the evolution of the earlier introduced internal
thermodynamic variable (“structural” deformation) and increase the practical significance of the model
proposed in [19].

2. The Entropy of the Defect Structure in Metals under Plastic Deformation

Following [27], thermomechanical processes can be described by a displacement vector field u(Xx,)
and an absolute temperature field 7’ (x,t) , here x is the position vector of a particle in a fixed reference

configuration, and ¢ is time. Thermodynamic processes are to obey the momentum balance equation

and the first and second laws of thermodynamics. In the case of small deformations, these equations
involve the following thermodynamic quantities: volumetric mass p, specific internal energy e, strain

and stress tensors € and o, heat supply 7, heat flux vector q, specific Helmholtz free energy F', and

specific entropy S .

: 1 : : e
In particular, szz(Vu+VuT) , 6 1s the Cauchy stress tensor and p is the structural sensitivity

parameter. For the sake of simplicity we will consider the corresponding scalar process.

We assume that the specific heat ¢ =—T(3>F /dT") depends on the variables p, £°, T . Bever et al. [6]
discussed the possibility that structural defects associated with a cold work may alter the specific heat.
Measurements of the specific heat of the annealed and heavily cold work samples have shown that
differences in specific heat were never more than one percent. In our theory the cold work state of the
material is related with the structural deformation. Following [12,26,28], we suppose that the specific

heat of a process ¢ depends on an elastic strain £° and temperature 7 and does not depend on the
structural sensitive parameter p: ¢ =c(&°,T).

: . °F , o
Then, the following relation holds: ai[?m j =0 and the partial derivative aa—F can be represented
/2 P

as a linear function of 7 :

oF
$=Tf(82p)+g(8e,p)- (1)
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In addition, let us assume that the stress response function ¢ is also independent of the structural

parameter p , then:
90 _ 9 [9F)_,
p o \op) 2)

Taking into account (1), (2) can be written as:

9 9F (e, p) dgELp)

e p | oe S 3
Since expression (3) holds for the arbitrary 7, we can write:
of _dg _,
de’  oe*
so (1) leads to the expression:
g—i T/ () +2(). @

where dF / dp is a linear function of 7 and does not depend on the elastic strain.
Then we introduce functions s,(p), E,(p), such that s,'(p)=—f(p), E,'(p) = g(p) (here and after

symbol “'” denotes the derivative).
Integration of (4) lets us obtain expressions for the free energy F', entropy S and stress response

function o :

F(e, p,T)=-Ts,(p)+E (p)+®(.T), (5)

. oF o0D(e°,T)

T = = B
S(g 5p7 ) aT Sl(p) aT 5 (6)

. oF (e°,T) 0®(e,T)
T = =

o(e.1) 0&° oe )

where function s,(p) is a structural entropy.

Furthermore, we follow common practice [12] and assume that the specific heat does not depend on
the elastic strain at small elastic strain, hence ¢ =c¢(T"), then from (5) we can obtain:

o0 (J°F d (d*®
= = O
0\ oT* | 0e°| oT?

Integration of the last equation permits us to obtain for the function ®(£°,7T) the following

decomposition:

®(e°,T) = F(T)-Ts,(¢°)+ E,(£°) .
This leads (5), (6) and (7) to the expressions:
F(e', p.T) = F(T)~T (5,(p) +5,(e9)) + E(p) + E,(€°), @®)

S, p,T)=5,(p)~F(T)+5,(¢), 9)
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o(e°,T)=~Ts,'(&)+E,()=E,'(€)+TM (&), M(&)=—s, (&), (10)
where coefficient M (e€°)=-s,'(€°) depends on the elastic strain only. Let us suppose that
E,"(°)=E = const (Young’s modulus) and —s, ‘(&) = M = const (stress-temperature coefficient) and

: . ) M
introduce the thermal expansion coefficient as & = T

If we suggest that the specific heat [12,26] is a constant value at room temperature ¢(7) = ¢ = const ,

then we can obtain an expression for the function F(7) in the form F(T)= —C(T ln%—(T —To)j. If

0
we also suppose that in the reference configuration 0 =0 and £°=0 at T =1, we can convert (8)—(10)

to the relations:

F:c((T—]B)—Tln%]+El(p)—TS1(p)+E(€e2 12—(T-T,)oe’), (11)
S=s5(p)+ ln1+0{E€e

=Ssp)rce T, ) (12)

o=E(e-a(T-T,)). (13)

The energy balance equation has the following form:
e=0c—q +r, (14)
where g_=0dq/dx, upper dotes mean time derivative. The free energy of the system can be defined as:
F=e-TS, (15)
Substitution of (15) into (14) gives the first thermodynamic law in the form:
IS=0é—F—-ST—q_+r, (16)

Time derivatives of Functions (11) and (12) can be defined as follows:

F:o‘g—W”—chnF+El(p)—TSl(p)—TSI(p)—ETOJSe, (17)

0
stl(p)+c?+0{E€ , (18)

Substitution of (17) and (18) in (16) gives the expression:
ol +0aTEE =W’ ~E(p)-q,+r=W"-E(p)p-q,+r. (19)

where W’ = o(p + &”)—the plastic work rate. Here, we take into account the assumption that the full

strain rate (£ ) can be represented as the sum of three components: elastic strain rate (£°), plastic strain
rate (£”) and structural strain rate ( p ).

It was shown that the equation defining the fraction of the plastic work rate converted into heating 3
((1—-p) function characterizes the energy storage rate) in the plastic deformation process can be

expressed in the form [29]:
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p=1- W : (20)
From (11) we can obtain expressions for the partial derivatives of the free energy:
F,=E (p)~Ts (p)
and:
F,==s5'(p).
Substitution of these expressions into (18) gives an equation for the £ in the form:
per-BDP @

and from (21) we can obtain E'(p)p = (1— B)W? . Substitution of this expression into (19) leads to:
144

T /4
c—+alke=F——qg +7r. 22
T B et (22)

By the use of (22), the entropy production of the system (18) can be expressed in the form:

S=5,(p)+ B =g, 7 (22)

The entropy associated with a structural parameter is quite small as has been discussed in [6] and can be
neglected. Under this assumption £, =0 and we have the following equation for the entropy production:

) WP
S:ﬁT—qx"‘r- (23)

or:

$= c§+ OEE . (24)

These expressions were used for the experimental data processing. The entropy calculation allows us
to determine the evolution of the structural sensitivity parameter. In [21] it was shown that the structural

.. . : oF . . :
parameter p is connected with the thermodynamic force O'—a— according to the following relation:

/4

. oF (25)

=I' |o——/|,

P ( dp j
where I' —a kinetic coefficient.

Then, we can obtain from (25) a quadratic equation for p :

R
P P P p~U. (26)

Substitution of (20) into (26) leads to the equation:
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p’=(o=(1=Pp)o)p+(1-p)oE" ~0.

Solution of this equation gives us two expressions for the structural parameter determination:

h~3|(0-1=po)-[lo-1-po) ~41-proe” | @7)
D, ~ %[(0'—(1—ﬁ)0') +\/(0'—(1—ﬂ)0')2 —4(1- B)o€? } . (28)

To verify the expressions for the entropy production (24) and the structural parameter we will carry
out a theoretical analysis of Equations (27) and (28).

3. Calculation of the Entropy Evolution under Plastic Deformation

Figure 1 shows the results (stress-strain curve, stored energy rate and temperature evolution) of the
quasi-static tension test of the Armco iron specimen under a strain rate of 1073 s7'. The temperature
evolution was recorded by infrared camera (FLIR SC5000, FLIR Systems Inc., Wilsonville, OR, USA).
The details of the experiment can be found in [29]. For further consideration we will consider only the
homogeneous part of the plastic strain (interval from 50 to 250 in Figure 1) and not take into account the
inhomogeneous plastic strain due to the shear bands propagation.

0 .20 40 60 80 100 120 140

t, ¢

stress/tempearture/energy stored relative rate

Figure 1. Temperature evolution (1), stress-strain curve (2), stored energy rate (3) for Armco
iron specimen. Stress and temperature are normalized to their maximum values and the
stored energy rate is normalized to current power applied to the specimen.

The increase of the energy storage rate on the initial stage of the plastic deformation can be connected
with the initiation of new structural defects [1]. The energy storage rate decreases when movement and
the annihilation of the structural defects become the leading processes of the plastic deformation. This
means an increase in the dissipated energy portion. The special feature of the dissipated energy in Armco
iron is the presence of the three linear parts on the temperature-time dependence. The second linear part
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illustrates the formation of the plateaus on the energy storage rate. This feature was observed for all
investigated strain rates.

Figure 2 presents the entropy production calculated with the use of (23) and (24). We can see that
these lines are almost equal. Minor divergence can be explained by measurement noise. The stored
energy was calculated with the use of the infrared thermography technique which permits us to define
the energy storage rate ((1— f) function) in the deformation process and thus to estimate a portion of
the energy expended in the defect structure formation in the material. The details of this technique can
be found in [30].

x 10
1 T T T T T T T T I
theor.
exp.
eXp.
15
— )
g z
S =
~— ~
\ h
™ 05F 17
& 3
RV i¢s)
O | | | | | | | | | O
20 40 60 80 100 120 140 160 180 200 220

t, s

Figure 2. The entropy production (blue line—the entropy production calculated by the use
of (23); black line—the entropy production calculated by the use of (24); red line—the
entropy production obtained from theoretical analysis).

)
The evolution of the entropy up to the initial value 0S = J.Sdt (the increment of the entropy) is
ot
presented in Figure 3 where entropy increases with time. The obtained results are in agreement with the
fact that the entropy of the closed system increases under irreversible processes. This may be interpreted
as the more disordered behavior of the defects when the system is closed to the failure.



Entropy 2015, 17 272

60

50 7

401 -

88, J/K
w
S

10+ 1

910 60 80 100 120 140 160 180 200
t,s

Figure 3. Value of the increment of the entropy versus time.

The entropy production curve (Figure 2) and the entropy curve (Figure 3) reflect the transition from
plateaus to decreasing branch on the energy storage rate curve (Figure 1). The entropy production
reaches a constant value when the energy storage rate decreases (the leading processes are dissipative).
The linear segment on the entropy curve occurs in this case.

4. Calculation of the Structural Sensitivity Parameter Evolution under Plastic Deformation

In order to prove the Equations (24), (27) and (28), we will start from the qualitative analysis. The
stored energy rate function usually has the increasing branch on the initial stage of a plastic deformation
and after it reaches its maximum value the decreasing branch appears. Hence, as a first approximation
for the qualitative analysis it can be written as a log-normal distribution function [31]:

I=he)= ekxl/ﬁ

Exp(—(lng—a)2 /(Zkz)) )

where k=1.9,a=0.

In this work we consider the entropy production under irreversible deformation and do not take into
account the elastic region of the stress-strain curve. For simplicity, we will approximate the strain
hardening and the plastic strain dependence upon strain by the linear functions with the appropriate
slopes of the lines:

el =qoe,

o=ge,

where & =0.05, ¢ =7 x 10%.

The results of the substitution of these functions to (27) and (28) gives us two different solutions:
decreasing and increasing. The first solution describes the relative weak defect evolution during the
process of plastic deformation. The defect density decreases during the process and dissipation is
provided by the movement and annihilation of structural defects. The second solution describes an



Entropy 2015, 17 273

unbounded increase of the defect density and cannot be considered as an appropriate root. From the
physical point of view the presence of the decreasing branch means that the growth rate of the defects is
not constantly increasing quantity.

The value of the p obtained from the theoretical analysis is presented in Figure 4 (red line). Results
of the substitution of the real experimental data to (27) give similar trend and value for the structural
strain rate (blue line). The p(¢) function obtained from the theoretical analysis allow us to find the
theoretical value of the entropy production S(7) (Figure 2, red line). The shape of this curve agrees with

the experimental curve for the entropy production (Figure 2, blue and black lines). However, we can
only use such theoretical approach for the qualitative analysis up to I" .

Figure 4 (black line) shows the p(¢) function obtained during the finite element simulation of a

quasi-static process of the plastic deformation [32]. A quasistatic tension of a smooth Armco iron
specimen under strain rate of 10 s™! was considered. The numerical simulation was carried out in the
Simulia Abaqus v6.13 package which was run under academic license. The user subroutine UMAT was
used for the modeling. The results of the simulation agree with the results obtained with the use of the
aforementioned approach.

x10°
1
num.
exp. HO.1
theor.
Q 2
3 g
) 3
Q05 - £
QU S
-
o
=
R
O | | | | | | | O
0.05 0.1 0.15 02 0.25 0.3 0.35 04 0.45

Figure 4. The dependence of p upon strain (blue line—experimental results, red line—

theoretical results, black line—numerical results).
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4. Conclusions

The problem of the entropy of a plastic deformation is one of the most important problems in the
description of the irreversible deformation of metals. The solution of this problem allows one to derive
the form of thermodynamic potentials of media with defects and to develop a thermodynamic model of
plastic deformation. Modern experimental techniques allow us to measure the temperature evolution
under mechanical testing and open up interesting possibilities for studying the thermodynamics of plastic
deformation. The theoretical analysis of the media with defects carried out in this paper coupled with
the previous results of experimental investigation of temperature evolution under quasi-static tension
test allow us: (i) to derive the analytical expression for the entropy production of metals under plastic
deformation, (ii) to calculate the entropy production and the entropy up to initial value of an Armco iron
specimen under quasi-static loading. The obtained curves for the increment of the entropy and the
entropy production showed the connection with the energy storage rate curve. In order to verify the
obtained results the modeled situation was considered. The comparative analysis of the modeled
situation and the results of the experimental investigation of the temperature evolution of an Armco iron
under quasi-static tension show a qualitative agreement. Also, the theoretical analysis gives us an
opportunity for calculation of the earlier introduced structural strain rate [19] which was used as the
internal variable in the considered thermomechanical model

Acknowledgments

This study was supported by grants of the Russian Foundation for Basic Research (RFBR)
(14-01-00122, 14-01-96005).

Author Contributions

The authors contributed equally to the theoretical analyses of the considered process and the paper
writing. Both authors have read and approved the final manuscript.

Conflicts of Interest
The authors declare no conflict of interest.
References

1. Oliferuk, W.; Maj, M.; Raniecki, B. Experimental Analysis of Energy Storage Rate Components

during Tensile Deformation of Polycrystals. Mater. Sci. Eng. A 2004, 374, 77-81.

Dillon, O.W. Coupled Thermoplasticity. J. Mech. Phys. Solids 1963, 11, 21-33.

Lee, E.H. Elastic-Plastic Deformation at Finite Strains. J. Appl. Mech. 1963, 36, 1-6.

Mroz, Z.; Raniecki, B. On the uniqueness problem in coupled thermo-plasticiy. Int. J. Eng. Sci.

1976, 14,211-221.

5. Simo, J.C.; Miene, C. Associative coupled thermoplasticity at finite strains: Formulation, numerical
analysis and implementation. Comput. Methods Appl. Mech. Eng. 1992, 98, 41-104.

B



Entropy 2015, 17 275

10.
11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.
23.

24.

25.

26.

Bever, M.B.; Hilt, D.L.; Titchener, A.L. The stored energy of cold work. Prog. Mater. Sci. 1973,
17,5-177.

Farren, W.S.; Taylor, G.I. The Heat Developed during Plastic Extension of Metals. Proc. R. Soc.
Lond. 41925, 107, 422-451.

Wallace, D.C. Irreversible thermodynamics of flow in solids. Phys. Rev. B 1980, 22, 1477-1486.
Kapoor, R.; Nemat-Nasser, S. Determination of temperature rise during high strain rate
deformation. Mech. Mater. 1998, 27, 1-12.

Luong, M.P. Infrared thermographic scanning of fatigue in metals. Nucl. Eng. Des. 1995, 158, 363-376.
Louche, H.; Chrysochoos, A. Thermal and dissipative effects accompanying Liiders band
propagation. Mater. Sci. Eng. A 2001, 307, 15-22.

Rosakis, P.; Rosakis, A.J.; Ravichandran, G.; Hodowany, J. A thermodynamic internal variable
model for the partition of plastic work into heat and stored energy in metals.
J. Mech. Phys. Solids 2000, 48, 581-607.

Risitano, A.; Risitano, G. Cumulative damage evaluation of steel using infrared thermography.
Theor. Appl. Fract. Mech. 2010, 54, 82-90.

Kozlov, E.V.; Koneva, N.A.; Popova, N.A. Grain structure, geometrically necessary dislocations
and second-phase particles in polycrystals of micro- and mesolevels. Phys. Mesomech. 2009, 12,
280-292.

Teplyakova, L.A.; Bespalova, 1.V.; Lychagin, D.V. Spatial organization of deformation in
aluminum [112] single crystals in compression. Phys. Mesomech. 2009, 12, 166—174.

Grinberg, B.A.; Ivanov, M.A. Some Features of the Formation and Destruction of Dislocation
Barriers in Intermetallic Compounds: 1. Theory. Phys. Met. Metallogr. 2006, 102, 61—68.

Plekhov, O.; Saintier, N.; Palin-Luc, T.; Uvarov, S.; Naimark, O. Theoretical analysis, infrared and
structural investigation of energy dissipation in metals under quasi-static and cyclic loading. Mater.
Sci. Eng. A 2007, 462, 367-370.

Amiri, M.; Khonsari, M.M. On the Role of Entropy Generation in Processes Involving Fatigue.
Entropy 2012, 14, 24-31.

Naimark, O.B. Collective properties of defects ensemble and some nonlinear problems of plasticity
and failure. Phys. Mesomech. 2003, 4, 45-72.

Plekhov, O.A.; Naimark, O.B. Theoretical and experimental study of energy dissipation in the
course of strain localization in iron. J. Appl. Mech. Tech. Phys. 2009, 50, 127—136.

Klamecki, B.E. An entropy-based model of plastic deformation energy dissipation in sliding. Wear
1984, 96, 319-329.

Zmitrowicz, A. A thermodynamical model of contact, friction and wear. Wear 1987, 114, 135-168.
Song, Y.; Dai, Z.; Xue, Q. Entropy generation related to plastic deformation in fretting friction.
Wear 2014, 315, 42-50.

Bryant, M.; Khonsari, M.; Ling, F. On the thermodynamics of degradation. Proc. R. Soc. A 2008,
464,2001-2014.

Beghi, M. Measurement of the entropy production due to irreversible deformation of metals.
1l Nuovo Cimento D 1982, 1, 778-788.

Anand, L.; Gurtin, M.; Reddy, B. The stored energy of cold work, thermal annealing, and other
thermodynamic issues in single crystal plasticity at small length scales. Int. J. Plast. 2015, 64, 1-25.



Entropy 2015, 17 276

27.

28.

29.

30.

31.

32.

Ziegler, H. An Introduction to Thermomechanics, 2nd ed.; North-Holland Press: Amsterdam,
The Netherlands, 1983; p. 355.

Lubliner, J. On the thermodynamic foundations of non-linear solid mechanics. J. Non-Linear Mech.
1972, 7, 237-254.

Kostina, A.A.; Bayandin, Y.V.; Plekhov, O.A. Modeling of energy storage and dissipation under
plastic deformation of metals. Phys. Mesomech. 2014, 17, 43—49. (In Russian)

Plekhov, O.A.; Santier, N.; Naimark, O. Experimental study of energy accumulation and dissipation
in iron in an elastic-plastic transition. Tech. Phys. 2007, 52, 1236—-1238.

Johnson, N.L.; Kotz, S.; Balakrishnan, N. Continuous Univariate Distributions, 2nd ed.; Volume 1,
Wiley Series in Probability and Mathematical Statistics; John Wiley & Sons: New York, NY, USA,
1994; p. 761.

Kostina, A.; Iziumova, A.; Plekhov, O. Energy dissipation and storage in iron under plastic
deformation (experimental study and numerical simulation). Fract. Struct. Integr. 2014, 27, 28-37.

© 2015 by the authors; licensee MDPI, Basel, Switzerland. This article is an open access article

distributed under the terms and conditions of the Creative Commons Attribution license

(http://creativecommons.org/licenses/by/4.0/).



