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The statistical theory of hydrogen-sorption properties of compounds of alkaline and alkaline-earth metals M(BC),Hy
(M =Li, Mg; 0 <x <12, n=1,2) has been developed in this paper in the expectation that such hydrogenated boron carbides
will be the reliable materials for the reversible accumulation and storage of hydrogen in large quantities in perspective. The
calculation of free energy of these crystals has been performed on the basis of molecular-kinetic notions, the equation of
thermodynamic equilibrium of such system, determining the P-T-c phase diagram, has been derived in the present paper.
The hydrogen solubility in these compounds has been ascertained in dependence on temperature and external pressure, the
possibility of manifestation of hysteresis effect has been justified. The derived formulae allow to establish the P, T-
conditions of high hydrogen content in boron carbide systems and can permit to select the optimum composition of material
choosing for hydrogen storage, the regime of technological process, to develop the experimental technology for solving of
the practical problems, if in this case the energetic parameters of these materials are known from independent experiments.
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B nanHO#t pabore Obuta pa3paboTaHa CTATHCTHYECKas TEOPHS BOIOPOMOCOPOIIMOHHBIX CBOWCTB COSIWHECHUI
IIENOYHBIX U menogHo3eMenbHbIX MetauioB M(BC),Hy (M = Li, Mg; 0 < X < 12, n = 1,2), TIOCKOJIBKY OKHIAETCSI, YTO
TaKkue THIPUPOBAHHBIE KapOwapl Oopa OyIyT MEpCHeKTHBHBIMH MaTepHalaMH I OOpaTUMOro HAKOIUICHHS H
XpaHeHHs BOJopo/ia B OOJIBIIMX KOJIWYeCTBaX. PacueT cBOOOJHOM SHEPTHU ITHX KPHCTAIUIOB OBLT BHINIOJHEH Ha OCHOBE
MOJICKYJIAPHO-KUHETHYESCKHX TPEACTABICHHN, ¥ BBIBSICHO YpPaBHCHHE TEPMOIMHAMHYECKOTO PAaBHOBECHS TaKoOi
CHCTEMBI, olpeaeisoniee ¢a3oBylo auarpaMmy P-T-C. YcTaHOBIEHO, YTO pacTBOPHUMOCTh BOAOpPOJA B ITHX
COCAMHCHUAX 3aBUCUT OT TEMICPATYPHI U BHCIIHCTO AAaBJICHUSA, MMOATBECPKACHA BO3SMOKHOCTL MPOABJICHUA 3¢)¢)eKTa
ructepesuca. [loiaydeHnsie (GopMyIbl TO3BOJSIOT YCTaHOBUTH P-, T-yCIIOBHSI BBICOKOTO COZAEP)KaHUS BOAOPOJA B
KapOMHBIX CHCTEMax 00pa M MOTYT IIO3BOJINTH BHIOPATh ONTUMAJbHBIN COCTaB MaTepHana JJisl XpaHeHUs BOJ0pO/ia,
PEXKHM TEXHOJIOIMYECKOro Mpolecca, pa3paboTaTh HKCIEPUMEHTAIbHYIO TEXHOJIOTHIO DEIICHHS NPaKTHYECKUX
npo0JieM, B CIydae eclid SHEPTeTHYEeCKUE MapaMeTphbl ITUX MAaTepHaIOB U3BECTHBI U3 HE3aBUCUMBIX KCIIEPUMEHTOB.

KntoueBble croBa: cTaTUCTMYeckasl Teopusi; IMapuUpoBaHHble 6opokapbrabl MeTarNoB; HAKoOMIeHUe U XpaHeHne BoAopoaa; ha3oBast
Anarpamma; achdekT rucTepesnca; KoHLeHTpaLUmsi Bo4opoaa.
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1. Introduction

Since the exciting discovery in 2001 of
superconductivity in compound MgB, with an unusually
high transition temperature (T, = 39 K) [1], interest in
simple compounds of boron and light elements has
undergone a renaissance. Doping on both the Mg and B
sites has led both theorists and experimentalists to the
investigation of structurally related compounds [2]. The
M(BC), phases (M = alkaline-earth or rare-earth metal,
n = 1,2) triggered an enormous interest as compounds
with structurally similar features, namely graphite-like
layers [3, 4]. Although the physical properties of M(BC)n
compounds family have been widely investigated, some of
their structures are still debated, especially with respect to
the position of B atoms versus C atoms.

In the case of MgB,C, and LiBC compounds, for
instance, the recent discovery of various potentially
interesting properties [5-10] has revived the interest of
the scientific community. The structure of the LiBC and
MgB,C,, both containing BeC layers isoelectronic to
graphite, have been investigated in detail in many
experimental and theoretical works [11-14].

Interest in the intercalated heterographites, as LiBC
and MgB,C, [15-17], has going to be renewed thanks to
the considerable progress made in graphite research,
whose lattice points might be entirely occupied by
carbon (graphene layers) and stacked along the direction

KOTOpasi COXPaHHT

perpendicular to the layer plane (graphite) or
alternatively substituting carbon by boron and adding a
layer formed by electron-donor elements, as lithium and
magnesium, between the heterographene layers.

For the first time LiBC compound was prepared in
1995 by Nesper's group [4, 18] who also determined
some of their physical and chemical properties. LiBC is
a layered boron carbide consisting of alternating
graphene-like (BC)-sheets [4, 19, 20] separated by
intercalated Li* ions. It normally crystallizes in primitive
hexagonal lattice with space group symmetry P6s/mmc
(Fig. 1). LiBC borocarbide is structurally and
electronically similar to the superconductor MgB,,
except for the replacement of Mg by Li and by
replacement of B by C at every second position along in-
plane covalent bonds as well as along the hexagonal
axis, what leads to doubled unit cell along the hexagonal
axis [8, 13, 16, 21-29]. LiBC was experimentally
subjected to very high pressures [13, 24] and exper-
iments revealed that crystal structure of LiBC remains
stable up to 60 GPa. The BeC distance of 1589 A in
LiBC is comparable with that in MgB,C, [29].

A related layered borocarbide MgB,C, has been
suggested [29-31]. Magnesium diboride dicarbide,
MgB,C,, compound made of alternate boronecarbon and
metallic sheets constitute an important class of the
alkaline-earth metal boron carbides. The structure of
MgB,C, contains analogously graphite-like but slightly
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puckered boronecarbon layers (formed nets of condensed
six-membered rings) [29, 32-42] and for MgB.,C, a
high-pressure Pnnm phase was also synthesized and
structurally characterized [14]. Yan and collaborators
(a)

Az

(<]
~
ra

o Gend

Recently the investigation of new hydride systems as
boron carbides of alkaline and alkaline-earth metals has
been began due to their prospects for the reversible
hydrogen storage [44], their experimental study has been
started to assess the P-T-conditions for the solution of
practical problems.

In recent years the hydrogen-sorption properties of
magnesium- and lithium-containing systems have been
studied intensively to develop and demonstrate a safe
and cost-effective light-metal hydride material system
that meets or exceeds the scientific goals for reversible
on-board hydrogen storage. The Li- and Mg-based
systems have great advantages in the question of alloys
searching for accumulation and storage of hydrogen and
as environmentally safe sources of energy. The
magnesium and lithium intermetallics, borohydrides and
borocarbides have important benefits in their use as
materials slightly polluting the surrounding medium and
are pure environmentally.

In the last years, hydrogen storage systems (including
LiBC, Mg(BC),) have been developed and tested [45].
Some interest in Li- and Mg-borocarbides shifted from

[43] have recently provided an extensive study of
structural and thermodynamic properties of insulating
MgB,C,. The BeC distances within the layers range are
from 1562 to 1595 A [29].

Fig. 1 — The hexagonal crystal structure
of stoichiometric LiBC, illustrating
the similarity to MgB,: (a) spatial projection
and (b) its projection onto the planes
perpendicular to the z axis at different z.
Sites of first type corresponding to lithium
atoms (e ), sites of second type
corresponding to boron atoms (@)
and carbon atoms (¢ ) and triangular
interstitial sites for hydrogen atoms (e ).
B and C alternate along the c axis, doubling
1 the unit cell
Puc. 1 - lekcaroHanbHas
KpucTannuyeckas CTpykTypa
crtexunomeTpuyeckoro LiBC,
unncTpupyowasa cxoacteso ¢ MgB.:
a — NPOCTPaHCTBEHHAas NpoeKuuns n
b — ero npoekumsa Ha NNOCKOCTH,
nepneHanKynspHbIe OCU Z Npy pasHbIX Z;
Y4yacTku nepBoro Tuna, cCooTBETCTBYIOLNE
1 c aTomam nuTusi (@), y4acTku BTOPOro Tvna,

z= 4 COOTBETCTBYHOLLME aToMaMm 6opa (@)
1 aTomam yrnepoga (o), U TpeyronbHble
NPOMEXYTOYHblE Y4aCTKMN ANna aToOMOB
1 Bogopoaa (). B u C yepepytotcsa Baonb
Z= EC ocHU C, yaBavBasi arieMeHTapHYIo SYeliky
z=0;c

their superconductivity to the energy storage applications
and hydrogen storage is one promising topic in this area.
In general hydrides are interesting candidates for
hydrogen storage applications [46], especially those
formed from light elements like boron and alkaline and
alkaline-earth metals. Nakamori et al. [47]. reported
hydrogen containing derivatives of LiBC synthesized
from lithium hydride precursors. Their compound was
claimed to be thermally stable up to 700 K and thereafter
should release the hydrogen to form pure LiBC. It was
also claimed that LiBC and Mg(BC), systems could be
an interesting candidates for hydrogen storage
applications in another works [26, 44, 48, 49].

In the present consideration the theoretical study of
hydrogenated borocarbides of metals M(BC),Hy, where
M =1i Mg, 0 <x <12, n 1,2 is performed
respectively for alkaline Li and alkaline-earth Mg
metals, the dependence of hydrogen concentration on
temperature and external pressure is calculated.

Fig. 1 illustrates the crystalline structure of LiBCHx
[44] with possible positions of hydrogen atoms. Some
positions of hydrogen atoms can be vacant. Distribution
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of boron and carbon atoms can be ordered (Fig. 2) [41,
50], but in this case the ordering arrangement of B, C
atoms in the crystal lattice is ignored. Two atoms M, B
and C at once fall into the unit cell of crystal and 24
positions of H atoms are shown.

The hydrogen atoms positions are triangular interstitial
sites, which are surrounded by one atom M, B and C at the
same distances r and by three interstices of H atoms at a
distance ro (Fig. 1). For lithium metal the lattice
parameters a, ¢ and distances r, r' are equal to (in A).

a=2,7154;

Jai+ ¢t /4
4

€ =6,9907;

= 1,1065; )

r' ~

= 0,9051

w| o

To solve the setted problems the calculation of free
energy for examined systems and its minimization are
performed on the basis of the molecular-kinetic concept
using the simplifying assumptions. The crystal lattice is
taken geometrically perfect without considering small
lattice distortions in the case of alkaline-earth metals.
Based on the lattice geometry the hydrogen atoms
arrangement is taken to be in the trigonal interstices, in
doing so the introduction of hydrogen atoms does not
distort the crystal lattice. Lattice distortion is not taken
into account because, as is well known, the interstitial
hydrogen atoms in metallic alloys only increase the
lattice parameter without changing the lattice [51-53].
Therefore we allowed for the interaction energies of

atomic pairs on the interatomic distance and for activity
of hydrogen atoms on the external pressure. The method
of average energies is used in a model of pair interaction
of the nearest neighbouring atoms, ignoring the
correlation in substitution of lattice sites and interstitial
sites by atoms.

2. Theory
2.1. Free energy of crystal

The calculation of free energy is carried out by the
known formula [54, 55].

F=E-KTInW —KTNy In A, 2
where E is the internal configuration energy determined
by the sum of interaction energies between the nearest
atomic pairs MH, BH, CH, HH (the interaction energies
of atomic pairs MB, MC, BC are included into the
energy E,), W is the thermodynamic probability of
distribution of hydrogen atoms at interstitial sites, which
is defined by the combinatorial rules, Ny is the number
of hydrogen atoms in the crystal, A is their activity, k is
Boltzmann's constant, T is the absolute temperature.

The internal configuration energy E is determined by
the following expression
E = Eo + NvnUmn + NepUsn + NenUcn + NupUnp,

@)

where Nyu, Ngn, Ncn, Nuy are the numbers of indicated
nearest atomic pairs, Uyn, Usn, Uch, Uny are their energies
of interaction.

Fig. 2 — The possible types of orders in distribution of boron and carbon atoms over their positions [41, 50]
Puc. 2 — Bo3amoxHble TUMbl NOPSiAKOB B pacnpeneneHun atomos 6opa v yrnepoga no ux nonoxexusim [41, 50]

The calculation of the numbers of atomic pairs
according to the crystalline structure (Fig. 1) gives the
following results

NMH = 12NC,
NCH = 12NC,

NBH = 12NC,
NHH = 36NCZ, (4)
where N is the number of M, B, C atoms respectively,
12N are the numbers of positions of hydrogen atoms and

c=Ny/ 12N, x =12c (5)
are concentrations of hydrogen atoms in the relationship
to the number of their positions and in the relationship to

the number of metal atoms M.
Substituting these numbers in Eq. (3), we find the
configuration energy as follows
E = Eo+ 12N(Umy + Ugy + Ucp)C + 3Upnc?

(6)

Thermodynamic probability W is defined by the
relation

(12N)!

_ 7
N, !12N—N,,)! )

and using Stirling formula InX! = X(InX — 1) for large X
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numbers we find the natural logarithm of
thermodynamic probability
InW =-12NJcInc + (1 —c)In(1 - c)] (8)

Considering the derived formulae (5, 6, 8) in
accordance with the expression (2) we find free energy
of alloy MBCHy in the following form

F=E, +12N(Uic +1/U'c?) +

+12KTN[cIn ¢ + (1 - ¢)In(1 - ¢)] ©)
where the following designations are used
Ui = Umny * Ugy t+ Uch; i= 1, 2 forM (10)

= Li, Mg, U' = 6upy

We note that in the general case energies U; depend
on the chemical nature and concentration of metal atoms,
on the system composition including boron and carbon,
on the order of distribution of boron and carbon atoms in
their positions. However, the dependence of energies U;
on the composition is not taken into account in the
present consideration.

In view of dependence of activity of hydrogen atoms
on pressure [29] as follows

i = DiPY? (11)
(D; is the constant of proportionality), the obtained
formula (9) determines the dependence of the free
energy of alloy on temperature, pressure, hydrogen
concentration and energetic constants.

2.1. Hydrogen solubility
In the state of thermodynamic equilibrium the

solubility of hydrogen is determined by its limiting
concentration. The last is found from the condition of
free energy minimum

OF [ ¢ =0, (12)

whence it follows that
U, +Uc (13)

-1
kT )

1
c=(@1+ —ex
L+ —exp

which defines the P-T-c phase diagram in terms of Eq.
(12).

The plots of temperature and pressure dependences
of hydrogen solubility can be constructed by formula
(13). For the construction of temperature dependence of
hydrogen concentration ¢ = ¢(T) formula (13) can be
written as

¢ (14)

(1= e

We can set in formula (14) the value of concentration
c in the range [0, 1] at the certain values of energetic
constants and determine the temperature. As an example,
we take such energies U;, Uy [56-58].

kT = — (U;+ U'c) / In

U;=0,152; 0,157; 0,162; U' = -0,134. (15)

Fig. 3 illustrates the plots of hydrogen concentration
¢ = ¢(T) constructed by formula (14) for the activities of
hydrogen atoms A = 1 and 0,8 with the use of energies
(15). As evident from this figure, the plots of
temperature dependence ¢ = ¢(T) are determined by two
branches: the rising and falling. Variations in energy U;
cause the change of character of hydrogen solubility
dependence with increasing temperature. In the case of
Fig. 3 (a) the hydrogen concentration increases with a rise
in temperature and can reach the value ¢ = 0,5 (x = 6). The
reduction in energy U; (Fig. 3b) leads to the decrease of
the maximum possible concentration of hydrogen in
crystal to the value ¢ z 3 (x = 4). In this case the up-
tending branch of curve of the dependence ¢ = c¢(T)
corresponds to the unstable state or to the process of
hydrogen desorption with temperature increase (if at the
beginning the crystal was saturated with hydrogen). The
increasing energy U; (Fig. 3c and d) produces either the
increase of hydrogen solubility up to the value ¢ = 0,5
(x 6) or even greater increase in the hydrogen
concentration as the result of transition from the falling
branch to the rising branch in the considered dependence
c=c(T).

The activity of hydrogen atoms A depends on the
crystal structure and the chemical nature of metal atoms
and it has an effect on the hydrogen solubility. The
bonds of hydrogen with the crystal lattice weaken with
decreasing activity of these atoms, hydrogen atoms more
slightly interact with atoms of crystal, would easier
absorb or desorb and these processes will occur at a
lower temperature. This is illustrated in Fig. 3 (e). In this
case an increase of hydrogen solubility can runs either
along a curve 1-1 (if the crystal already contain
hydrogen initially) or by a curve 2-2 with the transition
to the upper branch of the curve. In both cases a decrease
in activity | will cause the value of maximum solubility
of hydrogen to increase.

In order to evaluate the dependence of hydrogen
solubility on the external pressure formula (13) can be
written in terms of formula (11) as

c U+ U'c
+

16
(1 -¢)D KT 1o

InP = 2[In
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c ¢
LOF e - (a) Y - (b)
0.8} " 0.8f =
0.6F \\\ 0.6} \\\ Fig. 3 — Calculated temperature dependences
——— h of the atomic concentration of hydrogen
041 041 ™ accumulated in the boron carbides of metals
02F S 02} 5 constructed via formula (14) for the values of
. ~ | kT'10, eV = kIO, 6V the energy parameters (15) (in eV) U; = 0.157
973 4 5 6 7 8 9 10°2 3 4 5 6 7 8 9 10 (a), 0.152 (b), 0.162 (c—e) and U’ = 0.314
and activity of hydrogen atoms | = 1(a—d)

c ¢ and | = 0.8(e). The solid portions of the curves
1,0} LOF e _ (@ correspond to the possible accumulation
08k 08l T of hydrogen with increasing temperature.

’ ’ ™, Circles indicate the extreme points
0,6F 0.6 on the curves
04l 04} o Puc. 3 — PacueTHble TemnepaTypHble
’ & 3 3aBVICMMOCTW aTOMHOW KOHLieHTpauum
0.2+ 2F P BOJOPOAA, HaKoMneHHoro B kapbuaax 6opa
- kT-107, eV
0 P RIS T MeTarnnoB, NOCTPOeHHbIe Nno copmyne (14)
2 2 3 4 5 6 7 8 9 10 Ans aHepreTuyeckux napametpos (15) (B aB)
Ui = 0,157 (a), 0,152 (b) ), 0,162 (c—e)
¢ nU'=0,314 n akTMBHOCTb aTOMOB BOAOpOAA
1,0 (e) I =1 (a—d) n 1 =0,8 (e): cnnoLHbIE y4acTku
0st KPUBBLIX COOTBETCTBYIOT BO3MOXHOMY
HaKoMMeHWo BOAOPOAA NPU NOBbILLEHNN
06 TemnepaTtypbl; Kpyrn 0603HaualoT kpanHne
04t TOYKW Ha KPUBbIX
02 F !
=TT KT 0%, eV
0 1 1 1
0 7 8 9 10

We estimate the values InP for different temperatures
prescribing the values of hydrogen concentration for certain
values of U;, U'and D. Fig. 4 illustrates the plots of pressure
dependence of accumulated hydrogen concentration con-
structed for energies U; = 0.157 eV, U' = -0.314 eV and
activity coefficient D = 1 at different temperatures equal in
eV to KT = 0.052, ..., 0.070. As is evident from Fig. 4, the
character of hydrogen concentration dependence on the
value InP is the same for all temperatures: at first with

increased value InP the rise of concentration is smooth, then
hydrogen concentration increases sharply to a large value
¢ > 0.8 and thereafter the smooth rise of concentration ¢
continues again up to the maximum valuec — 1 (x =12).
The shaded regions characterize the hysteresis effect. As is
seen from Fig. 4, with increased temperature the hysteresis
loop converges, shortens and disappears as a result of
absorption—desorption process.

c c Fig. 4 — Calculated plots of dependences
10F 1,0+ of the concentration of accumulated hydrogen
in the boron carbides of metals on the external
03F 08F pressure constructed via formula (16) for the values of
06+ 06k the energy parameters (in eV) U; = 0.157, U' = 0.314,
| kT=0.052 eV | kT=0.058 eV coefficient of activity of hydrogen atoms D =1 and
04 ’ 04 ’ temperatures corresponding to kT = 0.052; 0.058;
5 0.062 and 0.070 eV (a—d).
0.2 ol InP(Pa) The hatched regions (a) characterize the hysteresis
0 0 P effect. The dashed portions of the curves
-4 4 4 -3 2 -1 0 2 3 4 correspond to the nonequilibrium state
of the system. Circles in the curves note
c LC the extremum points
10 b 1,0 Puc. 4 — PacuyeTHble rpadomkn 3aBUCUMOCTH
KOHLEHTPaLMWN HaKoMIeHHOro BOAOPOAA B
08 r 0.8 kapbuaax 6opa MeTannos
06 L 06k OT BHELLHEro AaBrieHWs, NOCTPOEHHbIE Mo
| kT=0,062 eV (© | kT=0,070 eV () dopmyrie (16) AnNs aHepreTUYeckmx napameTpos
04 r 04r (8 3B): Ui = 0,157, U ' = 0,314, koachdmumeHTa
aKTUBHOCTM aTomoB Bogopoada D =1
02r InP(Pa) 02F InP(Pa) 1 Temneparyp, cootBeTcTBytOWMX KT = 0,052;
0 L1 1 I E— 0,058; 0,062 1 0,070 3B (a-d).
-4 -3 -2 -1 0 1 2 3 4 4 -3-2- 0 2 3 4 3awwTpuxoBaHHble 06nacTu (a) xapakTepusyoT

adppekT rucTepesnca; NyHKTUPHbIE Y4aCTKU KPUBbIX
— HEpaBHOBECHOE COCTOSIHME CUCTEMbI; KPYXKKM —
TOYKM IKCTpEMYMaA
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The study of pressure dependence c c(P) on
extremum allows to determine the hydrogen
concentrations corresponding to the extreme points
which define the shape of the hysteresis loop.

From the condition

oP/6c=0 (17)

we find the formula

(18)

and the solution of this equation yields the values of
concentrations ¢y, ¢, for the extreme points

C, = 05+ 025 + kKT/U’ (19)

The estimation by the formula (19) of concentrations
€y, Cp for different temperatures gives the following
values

¢, =0.79;
¢, = 0.76;

c,=0.21
c,=0.24

KT =0.052 eV,
kT =0.058 eV,
¢, =0.73; ¢,=0.27 at kT =0.062¢eV,
¢, =0.66; c,=0.34 at kT=0.070¢eV,
c;=¢C,=0,5atkT =0.0785¢eV,

at
at
(20)

i.e. the concentration values c;, c, converge as the
temperature increases and at the temperature of KT = eU' /4
they have the same value ¢; = ¢, in this case the
hysteresis loop disappears.

Hence the derived formulae (14), (16) for hydrogen
concentration can allow one to choose the composition
of material, to bring in a new regime of manufacturing
process and to select the P-T-conditions for
implementation of the optimal accumulation of hydrogen
for the purpose of its reversible storage.

A technologically important problem is the storage of
hydrogen, that is required e.g. for the use of fuel cells as
mobile energy sources. Porous or layered materials as
borocarbides are candidates for these applications and
larger layer distances in M(BC),H, could improve the
storage properties [46].

3. Conclusions

The statistical theory of hydrogen solubility in boron
carbides of alkaline Li and alkaline-earth Mg metals has
been developed. The free energy of the systems have
been calculated as a function of temperature, pressure,
energetic parameters and activity of hydrogen atoms.
The condition of thermodynamic equilibrium of the
investigated systems have been derived and examined.
The equation defining the P-T-c diagram of the systems

being studied have been found. The temperature and
pressure dependences of hydrogen solubility in these
compounds have been ascertained, the special features of
these dependences have been established from the
conditions of thermodynamic equilibrium. The plots of
these dependences have been constructed, they define
the temperature, pressure and concentration area of the
system realization.

The process of hydrogen absorption—desorption in
the studied systems has been investigated. The
possibility of hysteresis effect manifestation has been
justified, its decrease and disappearance with a rise in
temperature have been shown in the present paper.

The knowledge of energetic parameters of
interatomic interactions from independent experiments
can permit to solve the practical problems: to examine
the hydrogen absorption—desorption processes in boron
carbides of different alkali and alkali-earth metals, to
select the optimum variant in the materials choosing for
hydrogen storage and accumulation, to establish the
optimum P-T-conditions for the purpose of hydrogen
reversible storage.
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Welcome to World Congress on Recycling

May 13-14, 2019, Valencia, Spain.

Welcome to World Congress on Recycling (WCR-2019)

ConferenceEra invites all participants/members across the world to join World Congress on Recycling (WCR-2019)which is
going to be held during May 13-14, 2019, Olympia Hotel Events & Spa, Valencia, Spain.

Recycling Congress 2019 is a trending event which brings together efficient international academic scientists, young
researchers, and students making the congress a perfect platform to share experience, gain and evaluate emerging technologies in
Recycling and Waste management across the globe. The Main theme of the Conference is "Exploring New solutions for Recycling
for Better Tomorrow" which covers a wide range of critically important sessions.

WCR-2019 is a must-attend conference for the recycling industry’s most influential policy leaders, CEOs and government
officials. The conference is your opportunity to network with clients, prospective partners, vendors and top materials management
decision-makers all in one location, saving your precious time and travel expenses. The conference's lineup of education sessions
will offer attendees the latest on materials processing trends, tactics to boost diversion rates, legislative talking points, market

analysis and much more.

http://recycling.conferenceera.com/
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