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Abstract―Vaporization processes of melts of the system MgO–B2O3 at 1640 K were studied by high-
temperature mass spectrometry, and thermodynamic properties (activity, chemical potentials of MgO and B2O3, 
and also the corresponding excess values) were determined. Considerable negative deviations from the ideal 
behavior in the melts of the studied system are observed. The termodynamic properties of the system MgO–
B2O3 can be calculated within the framework of the lattice theory of associated solutions. 

Magnesium and boron oxides play the major role in 
manufacturing special-purpose glasses [1]. The 
addition of magnesium oxide to glasses reduces their 
melting point and propensity to crystallization and 
raises surface tension and a linear expansion 
coefficient. Boron oxide is widely applied to the 
production of various glasses, such as chemically and 
thermally resistant, medical, optical, and glasses for 
electricalproducts, glasses for chemical laboratories 
and for protection against X rays, and also for atomic 
technique. 

Thermodynamic properties of melts of the systems 
CaO–B2O3, SrO–В2O3, and ВаO–В2O3 have been 
studied earlier by the method of high-temperature mass 
spectrometry [2, 3]. Melts of these systems are 
characterized by significant negative deviations from 
the ideal behavior, which are probably caused by the 
presence of thermally stable compounds in a 
condensed phase. Thermodynamic properties of the 
system MgO–B2O3 were not studied earlier. According 
to the phase diagram of the system MgO–B2O3 [4], in 
a condensed phase there are three thermally stable 
compounds: 3MgO·В2O3, 2MgO·В2O3, and MgO·В2O3. 
First two compounds melt congruently at 1638 and 
1613 K, respectively, and MgO·В2O3 dissociates into 
2MgO·В2O3 and a liquid in the temperature range of 
988–1415 K. At a mole ratio [MgO]:[В2O3] = 1 the 
region of homogeneous melt lies above 1415 K.  

According to the data systematized in [5], 
volatilities of individual MgO and B2O3 oxides 
considerably differ. Under neutral vaporization condi-

tions boron oxide starting from ~1300 K is vaporized 
congruently without decomposition. When vaporized 
from a molybdenum or tungsten cell (weakly reducing 
vaporization conditions) boron oxide is not reduced to 
lower oxides. Magnesium oxide starts to pass in vapor 
at temperatures above 1800 K, practically completely 
dissociating into monoatomic metal and oxygen. The 
content of MgO in vapor does not exceed 2% of the 
monoatomic magnesium concentration. Under weakly 
reducing vaporization conditions the degree of mag-
nesium oxide dissociation increases, and the tempera-
ture of its passing in vapor decreases [6]. Oxygen is 
bound into volatile molybdenum and tungsten oxides, 
which, in turn, form gaseous magnesium molybdates 
or tungstates [6]. 

The vaporization products in the system MgO–
B2O3 (94 mol % of magnesium oxide) were inves-
tigated by high-temperature mass spectrometry in [7]. 
In this region of the phase diagram a liquid and 
individual magnesium oxide [4] coexist. In the mass 
spectra of the vapor the ions Mg+, B2O3

+, MgBO2
+, and 

MgB2O4
+ were identified. Measured appearance 

energies of the ions are 7.6, 14.0, 8.4, and 12.0 eV, 
respectively. It is probable that all the ions are products 
of the direct ionization of corresponding molecules [4]. 
The curve of the effectiveness of MgBO2

+ ionization 
contains a break assigned to the dissociative MgB2O4 
ionization (1). 

 MgB2O4 + е– = MgBO2
+ + ВO2 + 2е–.             (1)  

Measuring of equilibrium constants of reactions (2) 
and (3) has allowed us the calculation of the standard 
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ai, exp.  –ΔμE
i, kJ mol–1 

–ΔGi,  
kJ mol–1, 

exp. 

–ΔGE
i, kJ mol–1 

MgO B2O3 

MgO B2O3 
experiment calculation 

MgO B2O3 experiment calculation experiment calculation 

0.50 0.10 0.104 31.0 30.9 21.5 23.7 21.4 19.1 30.9 21.5 21.4 

0.60 0.21 0.044 21.2 42.6 14.3 13.6 29.9 30.8 29.6 20.4 20.5 

0.667 0.29 0.026 17.1 49.8 11.6 8.5 34.6 39.6 27.9 19.2 18.6 

0.70 0.31 0.022 16.0 52.0 11.2 6.5 35.6 43.2 26.8 18.5 17.5 

0.75 0.40 0.006 12.6 70.7   8.7 4.1 43.5 49.1 25.1 17.4 15.4 

–ΔμI, kJ mol–1, exp.  

Activities, chemical potentials, excess chemical potential of MgO and B2O3, Gibbs energies, and excess Gibbs energies in 
melts of the system MgO–B2O3 at 1640 K found in the present work by the method of high-temperature mass spectrometry 
and calculated on the basis of generalized lattice theory of associated solutions 
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enthalpies of formation of gaseous MgB2O4 and 
MgBO2 (at 0 K: –1305.4±16.7 and –502±12.6 kJ mol–1, 
respectively). 

 MgO(cr.) + B2O3(gas) = MgB2O4(gas),          (2) 

1/2 MgO(cr.) + 1/2 B2O3(gas) + 1/2 Mg(gas)  
= MgBO2(gas).                               (3) 

Activities of the melt components in the system 
MgO–B2O3 were determined at 1640 K. At higher 
temperatures the preferential evaporation of boron 
oxide and magnesium borate MgВ2O4 from melts of 
this system was observed, whereas the condensed 
phase became enriched with magnesium oxide. 
According to the phase diagram [4], the homogeneous 
melt region in the system MgO–B2O3 at 1640–1700 K 
lies in the concentration range from 25 up to 50 mol % 
of В2O3. As well as in the case of studying vapor 
formation and thermodynamic properties of the 
systems CaO–B2O3 [2], SrO–B2O3, and BaO–B2O3 [3], 
in the determination of thermodynamic activity of 
boron oxide we used pure boron oxide as the standard, 
which was loaded into one of cells of a twinned single-
temperature effusion chamber. Compositions of the 
studied melts are given in the table. 

In the mass spectra of vapor above samples of the 
system MgO–B2O3, starting from ~1370 K, the ions 
B2O3

+ were observed. The intensity of the В2O3
+ ionic 

current increased with temperature, and ionic currents 
of MgВO2

+ and MgВ2O4
+ were detected in the vapor 

mass spectrum starting from 1590 K. In the 1400–  
1600 K range we were able to measure only the 
appearance energy of the В2O3

+ ion (14.0 eV). The 
ionic currents of MgВO2

+ and MgВ2O4
+ were so small 

that we could not measure their appearance energies at 
1590 K. As temperature was increased further, the 
ratio of MgВO2

+ and MgВ2O4
+ ionic currents gradually 

varied in the direction of the relative rise of the 
MgВO2

+ intensity. At a temperature above 1800 K 
peaks of the ions Mg+, BO+, and BO2

+ with appearance 
energies equal to the ionization energies of the 
corresponding molecules [8] appeared in the mass 
spectra of vapor above the system MgO–B2O3 melts. 
We were able to estimate the energies of appearance of 
the ions MgВO2

+ and MgВ2O4
+ at these temperatures 

accurate to ±0.7 eV: MgВO2
+ 8.1 and MgВ2O4

+               
11.7 eV.  

An examination of the mass spectra of vapor above 
samples of the system MgO–B2O3 has shown that 
В2O3

+ ions represent a product of the direct ionization 
of В2O3 molecules, as the appearance energy of the ion 
В2O3

+ (14 eV) corresponds to the ionization energy of 
boron oxide [8]. The nature of МBO2

+ ions (M = Ca, 
Sr, Ba) was considered in detail in [9–11], where it 
was shown that at ~1500 K this ion is a product of the 
dissociative ionization of molecules [see scheme (1)]. 

At higher temperatures and in the case when the 
condensed phase composition approaches that of a 
pure oxide of alkaline-earth metal, МBO2

+ ions are 
formed not only by the dissociative ionization of 
MB2O4 molecules, but also as a result of the direct 
ionization of МВO2 molecules [Eq. (4)].  

 МBO2 + e– = МBO2
+ + 2e–.                  (4) 

It is evidenced by the inflection of the ionization 
effectiveness curves and by a significant decrease in 
the appearance energy of the ion МBO2

+. At tempera-
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Fig. 1. Dependences of activities of components on the 
melt composition in the system MgO–B2O3 at 1640 K.             
(1) MgO and (2) B2O3.  
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where ai is the activity and xi is the concentration of an 
oxide in melt. The results of the determination of the 
activities of components in the melts of the system 
MgO–B2O3 at 1640 K are given in the table. Depen-
dences on the mole fraction of magnesium oxide of the 
activities of the melt components and of Gibbs energy 
and excess Gibbs energy changes in the melts of the 
system MgO–B2O3 at 1640 K are presented in Figs. 1 
and 2, respectively. 

Negative deviations from the ideal behavior are 
observed in the system MgO–B2O3 in the homo-
geneous melt region. The melt with the ratio [MgO]:
[B2O3] = 1:1 corresponding to the compound MgB2O4 
shows the greatest deviation. 

 For comparison the dependences of integral Gibbs 
energies on the mole fractions of an alkaline-earth 
metal oxide in melts of the systems MO–B2O3 (M = 
Mg, Ca, Sr, Ba) are given in Fig. 3. Maximal devia-
tions of Gibbs energy values from ideality in all cases 
are observed for melts with compositions 
corresponding to MB2O4 compounds. The degree of 
deviations from ideality in the melts of MO–B2O3 
systems and hence the thermal stability increase with 
increasing difference in acid–base properties of МO 
and B2O3. A similar behavior was observed in binary 
silicate systems where oxides of alkaline-earth metals 
acted as modifying oxides [13]. 

To describe thermodynamic properties of melts of 
oxide systems we can apply the methods of 
generalized lattice theory of associated solutions 
(GLTAS) [14, 15]. The above-given experimental 

tures above 2000 K the vapor contains only МВO2 
molecules with low appearance energies. The 
examination of the mass spectra of vapor above 
samples of the MgO–B2O3 system suggests that at 
1590 K, in addition to B2O3, the vapor contains 
MgB2O4 molecules forming the MgВO2

+ and MgВ2O4
+ 

ions on ionization. On further vaporization (as the 
composition of the condensed phase approaches MgO) 
the ratio of MgВO2

+ and MgВ2O4
+ ionic currents varies. 

It is caused by the appearance of MgBO2 molecules in 
the vapor. It is rather difficult to separate ionic currents 
of MgВO2

+ of various origin (MgB2O4 and MgBO2). In 
practice we acted as follows: the ratio of intensities of 
MgВO2

+ and MgВ2O4
+ ionic currents recorded at              

1590 K was assigned to the individual mass spectrum 
of the MgB2O4 molecule and further we took it into 
account when separating components of the MgВO2

+ 

ionic current. At temperatures above 1800 K the vapor 
above melts of the system MgO–B2O3 contains also 
the BO and ВO2 molecules and monoatomic magne-
sium. Magnesium oxide was detected in the vapor 
above the melts under study at temperatures above 
2100 K. 

We have determined the activity of В2O3 in the 
melts of the system MgO–B2O3 using pure boron oxide 
as the activity standard. Unfortunately, it is impossible 
to act similarly for the determination of the magnesium 
oxide activity, as the pure magnesium oxide starts to 
pass in vapor at higher temperatures. It would be 
possible to apply the Belton–Fruechan method [12] for 
the determination of activities of the condensed phase 
components, however for this purpose it is necessary 
to measure intensities of the В2O3

+, MgВO2
+, and 

MgВ2O4
+ ionic currents with a high degree of accuracy. 

As to the ionic current of В2O3
+, its value is sufficiently 

high and can be measured correctly with an 
insignificant error. Ionic currents of MgВO2

+ and 
MgВ2O4

+ are rather low at ~1600 K and therefore they 
are measured with a high relative error, which affects 
the reliability of the results obtained. At higher 
temperatures the intensities of MgВO2

+ and MgВ2O4
+ 

ionic currents are measured much more precisely, but 
in this case the condensed phase is fast depleted of 
volatile boron oxide. In this connection the activity of 
magnesium oxide in the samples under study at 1640 K 
was calculated by the Gibbs–Duhem equation (5). 

log a(MgO)
x(MgO) = −



x(B2O3) = a(B2O3)

x(B2O3) = 0

x(B2O3)
x(MgO)

dlog a(B2O3)
x(B2O3)

, (5) 
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data, in particular the excess chemical potentials of 
components (see the table), allow the estimation of 
energies of intermolecular interaction and to calculate 
relative numbers of various bonds between structural 
elements in melts of the system MgO–B2O3. For this 
purpose we used the version of Barker’s theory [16, 
17] with temperature-dependent energy parameters, 
which had been considered in detail in [18]. 

To carry out the calculation, it is necessary to select 
a certain model reflecting as near as possible the real 
structure of the melt, namely, structural elements 
(“molecules”) of the melt and of the corresponding 
space lattice. Parameters of the model have been 
chosen in view of available data on borate glasses [19] 
and crystalline magnesium pyroborate [20]. 

We took MgO and B2O3 as structural elements, the 
lattice coordination number z was taken to be 3, the 
numbers r of the lattice sites occupied by structural 
elements [r(MgO) = 1 and r(B2O) = 2] corresponded to 
the values of molar volumes of pure oxides. The 
chosen values of z and r are connected [16] with the 
number c of contact points of a molecule by the 
relation c = (z – 2)r + 2, from which it follows that 
three contact points should be chosen on the MgO 
surface and four points, on the B2O3 surface. 
According to the common formalism, they are divided 
into classes of equivalent points: two contact points of 
the MgO structural elements are assigned to the Mg 
atom (they are designated further by the index Mg–) 
and one point, to the oxygen atom (Mg–O–); two 
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Fig. 2. Dependences of (1) integral Gibbs energy and       
(2) excess Gibbs energy on the melt composition in the 
system MgO–B2O3 at 1640 K.  

Fig. 3. Dependences of integral Gibbs energy on the melt 
composition in M–B2O3 systems [M: (1) Mg, (2) Ca, (3) Sr, 
and (4) Ba]. 

contact points of the B2O3 structural elements are 
assigned to boron atoms (B–) and two points, to 
oxygen atoms (B–O–). The chosen parameters are 
explained in the Fig. 4. 

A pair of contact points of molecules a and b from 
classes i and k are characterized by the intermolecular 
interaction, to which a free energy Ui

a
k
b of interchange 

corresponds. It determines the energy parameter of the 
theory ηik = exp(–Ui

a
k
b/RT). All further results of the 

theory are based on the solutions of a set of equations 
connecting energy parameters ηik, concentrations of 
components x, numbers of contact points of each class 
Q, and unknowns Xi

a corresponding to the coefficients 
defining a fraction of contact sections of the ith class 
of structural elements a taking part in the specified 
interaction mode. Thus, for the system MgO–B2O3 the 
set of Eqs. (6) can be formulated. 

XMg–O–(XMg–O– + ηB–O–[Mg]XMg– + XB–O– + ηB–O–[B]XB–)  
= 1/2QMg–OxMgO, 

XMg–(ηMg–O–[Mg]XMg–O– + XMg– + ηMg–O–[B]XB–O– + XB–)  
= 1/2QMg–xMgO, 

XB–O–(XMg–O– + ηB–O–[Mg]XMg– + XB–O– + ηB–O–[B]XB–)  
= 1/2QB–O–xB  O  , 

XB–(ηB–O–[Mg]XMg–O– + XMg– + ηB–O–[B]XB–O– + XB–)  
                                      = 1/2QB–xB  O  .                                          (6) 

Subscripts designate classes of contact points 
described by the corresponding values, atoms of the 
second coordination sphere for bonds defining values 

2 3 

2 3 
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Fig. 5. Relative numbers of various bonds formed in melts 
of the MgO–B2O3 system at 1640 K: (1) B–O–[B],                 
(2) Mg–O–[Mg], (3) B–O–[Mg], and (4) Mg–O–[B]. 
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of the specified energy parameters are shown in 
brackets. It is seen from the equations that four various 
energy parameters only for the bonds with bridging 
oxygen atoms are introduced in the calculations             
(Fig. 4), whereas the energies of remaining bonds are 
taken to be zero, and the corresponding η are equal to 
1. The substitution of solutions into formulas (7), (8) 
yields values of excess chemical potential of 
components of the system with a specified 
composition [here xMgO and xB–O– are concentration of 
components; XMg–O–, XMg–, XB–O–, and XB– a solution of 
the set of Eq. (6) for the data xMgO and xB O; X0

Mg–O–,                
X0

Mg a solution of system (6) at xMgO = 1; X0
B–O– and X0

B– 
a solution at xB  O = 1]. 

2 

2  

ΔμE
MgO = RT(QB–O–ln (XMg–O–/xMgO/X0

Mg–O–)  
QMg–ln (XMg–/xMgO/X0

Mg–) + rMgO(z/2 – 1)ln [(rMgOxMgO  
                                  + rB  O  xB  O  )/rMgO],                           (7) 

ΔμE
B  O   = RT(QB–O–ln(XB–O–/xB  O  /X0

B–O–)  
Qln (XB–/xB  O  /X0

B–) + rB  O  (z/2 – 1)ln [(rMgOxMgO  
                                  + rB  O  xB  O  )/rB  O  ].                          (8) 

Energies of intermolecular interaction in melt of the 
investigated system were taken to be unknown, 
therefore ηik values were determined by successive 
approximations, i.e. by substitution of trial values of 
these parameters in the set of equations (6), calculation 
of excess chemical potential by formulas (7) and (8), 
and comparison of resulting dependences ΔμE(x) with 
experimental dependences (see the table). The results 
of this adjustment are given in the table. The values of 
excess Gibbs energies were calculated by formula (9) 
(see the table).  

 ΔGE = xMgOΔμE
MgO + xB  O  ΔμE

B  O  .                           (9) 

As there are no rigorous criteria for the adjustment 
of parameters, the approximation of experimental data 
by solving Eqs. (6)–(8) involves a certain ambiguity. A 
satisfactory correspondence of the experimental and 
theoretical values of excess chemical potential and 
Gibbs energies in melts of the MgO–B2O3 system 
proves correctness of the determination of energy 
parameters ηik. 

The estimate of the amount of various bonds 
forming in the melts under study is also of interest for 
the detection of the connection between the found 
values of thermodynamic properties and the structure 
of the MgO–B2O3 system melts. Within the limits of 

2 3 2 3 

2 3 2 3 

2 3 2 3 

2 3 2 3 2 3 

2 3 2 3 
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GLTAS [18] the most probable number of bonds Nik 
corresponding to a pair of contact points from classes i 
and k can be calculated by using expression (10), 
where N is a total number of molecules in the system. 

 Nik = 2 XiηikXkN.                            (10) 

It is possible to find expressions for relative 
numbers n of various bonds in melts of the MgO– 
B2O3 system from this equation. Being limited only by 
those pairs of contact points for which energy 
parameters are not equal to unity and having 
designated the total number of such pairs as ΣNik, we 
shall obtain expressions (11)–(14). 

 nMg–O–[Mg] = 2 XMg–O–XMg–ηMg–O–[Mg]N/ΣNik,                  (11) 

                nMg–O–[B] = 2 XMg–O–XB–ηMg–O–[B]N/ΣNik,                   (12) 

                nB–O–[Mg] = 2 XB–O–XMg–ηB–O–[Mg]N/ΣNik,                   (13) 

                   nB–O–[B] = 2 XB–O–XB–ηB–O–[B]N/ΣNik.                       (14) 

Here 
ΣNik = 2 N(XMg–O–XMg–ηMg–O–[Mg] + XMg–O–[B]  
+ XB–O–XMg–ηB–O–[Mg] + XB–O–XB–ηB–O–[B]). 

Concentration dependences of relative numbers of 
various bonds in melts of the MgO–B2O3 system are 
given in Fig. 5. It is obvious that the number of contact 
points of the structural element MgO only slightly 
corresponds to the structure of pure MgO, therefore at 
a high content of magnesium oxide Eq. (11) cannot 
adequately express the number of bonds in the melt. 

EXPERIMENTAL 

The work was fulfilled by the method of high-
temperature mass spectrometry on an MS-1301 mass 
spectrometer at the energy of ionizing electrons of 25 V. 
Samples under study were vaporized from a twinned 
single-temperature molybdenum effusion cell heated 
by electron bombing. Temperature was measured by 
an EOP-66 optical pyrometer accurate to ±5 K in the 
temperature range of 1600–1750 K. The apparatus was 
preliminarily graduated by the CaF2 vapor pressure 
[21]. To obtain samples of the system MgO–B2O3 
under study, analytical-grade boric acid and special 
purity-grade magnesium carbonate were chosen as 
initial reagents. To prepare samples, we applied the 
standard procedure of multistage solid-phase synthesis 
with intermediate grindings.  

ACKNOWLEDGMENTS 

This work was financially supported by the Russian 
Foundation for Basic Research (project no. 07-03-00-238a). 

REFERENCES 

  1. Pavlushkin, N.M., Osnovy tekhnologii stekla 
 (Foundation of Glass Technology), Moscow, 1977. 
  2. Stolyarova, V.L., Lopatin, S.I., and Shugurov, S.M., Zh. 
 Obshch. Khim., 2008, vol. 78, no. 6, p. 912. 
  3. Lopatin S.I., Stolyarova, V.L., Tyurnina, N.G., and 
 Tyurnina, Z.G., Zh. Obshch. Khim., 2006, vol. 76,       
 no. 11, p. 1761. 
  4. Davis, H.M. and Knight, M.A., J. Am. Ceram. Soc., 
 1945, vol. 28, no. 1, p. 97. 
  5. Kazenas, E.K. and Tsvetkov, Yu.V., Termodinamika 
 ispareniya oksidov (Thermodynamics of Vaporization 
 of Oxides), Moscow: LKI, 2008. 
  6. Stolyarova, V.L., Lopatin, S.I., and Bondar’, V.V., 
 Khim. Tekhnol., 2004, no. 11, p. 14. 
  7. Gusarov, А.В., Teplofizika Vys. Temp., 1970, vol. 8,    
 no. 6, p. 1186.  
  8. Energii razryva khimicheskikh svyazei. Potentsialy 
 ionizatsii i srodstvo k elektronu: Spravochnik (Energies 
 of Breaking Chemical Bonds: Ionization Potentials and 
 Electron Affinities: Handbook), Kondrat’ev, V.N., Ed., 
 Moscow: Nauka, 1974. 
  9. Baranovskii, V.I., Lopatin, S.I., and Sizov V.V., Zh. 
 Obshch. Khim., 2000, vol. 70, no. 11, p. 1766. 
10. Lopatin, S.I., Semenov, G.A., and Shugurov, S.M., Zh. 
 Obshch. Khim., 2001, vol. 71, no. 1, p. 68. 
11. Lopatin, S.I., Semenov, G.A., Baranovskii, V.I., 
 Shugurov, S.M., and Sizov, V.V., Zh. Obshch. Khim., 
 2001, vol. 71, no. 9, p. 1422.  
12. Belton, G.R. and Fruechan, R.J., J. Phys. Chem., 1967, 
 vol. 71, no. 5, p. 1403. 
13. Anfilogov, V.N., Bykov, V.N., and Osipov, A.A., 
 Silikatnye rasplavy (Silicate Melts), Moscow: Nauka, 
 2005. 
14. Shul’ts, M.M., Ivanov, G.G., Stolyarova V.L., and 
 Shakhmatkin, B.A., Fiz. Khim. Stekla, 1986, vol. 12,   
 no. 4, p. 385.  
15. Shul’ts, M.M., Ivanov, G.G., and Stolyarova V.L., Dokl. 
 Akad. Nauk SSSR, 1987, vol. 292, no. 5, p. 1198. 
16. Barker, J.A., J. Chem. Phys., 1952, vol. 20, no. 10,        
 p. 1526. 
17. Barker, J.A. and Smith, F., J. Chem. Phys., 1954, vol. 22, 
 no. 3, p. 375. 
18. Smirnova, N.A., Statisticheskie teorii assotsiirovannykh 
 rastvorov. Khimiya i termodinamika rastvorov 
 (Statistical Theories of Associated Solutions. Chemistry 
 and Thermodynamics of Solutions), Leningrad, 1968, 
 no. 2, p. 3. 
19. Right, A., Sinclair, D., Grimley, D., Khulme, R., 
 Vedishcheva, N.M., Shakhmatkin, B.A., Hannon, A., 
 Feller, S., Mayer, B., Roil, M., and Wilkerson, D., Fiz. 
 Khim. Stekla, 1996, vol. 22, no. 4, p. 364. 



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /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 <<


    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200036002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200036002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>



    /HUN <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 6.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200036002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 6.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>


    /SKY <>

    /SUO <>
    /SVE <>
    /TUR <>

    /ENU <FEFF004a006f0062006f007000740069006f006e007300200066006f00720020004100630072006f006200610074002000440069007300740069006c006c0065007200200039002000280039002e0033002e00310029002e000d00500072006f006400750063006500730020005000440046002000660069006c0065007300200077006800690063006800200061007200650020007500730065006400200066006f00720020006f006e006c0069006e0065002e000d0028006300290020003200300031003000200053007000720069006e006700650072002d005600650072006c0061006700200047006d006200480020>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 841.890]
>> setpagedevice


