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ABSTRACT

Materials science is a growing research area in Uruguay. In order to obtain a brief overview
of the research done we collected information about research in this field. As a starting point,
we searched in the Scopus database for the keywords: affiliation country: “Uruguay” and 
subject: “Materials Science” (using the “Timbó” platform).  We inspected the records and we 
analyzed them to construct a timeline. The data show that we are in a steady state regime of
number of publications that we expect to increase together with the number of students in the
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area, with the generation of long term policies (grants, funding opportunities), and, if we get 
involved in a community that promotes this area of interest.  

INTRODUCTION 

Uruguay has just above 3.5 million inhabitants and it is located in South 
America between two bigger countries, Argentina and Brazil. Regarding scientific 
publications, there is a big gap among Latin American countries. A possible explanation 
for this difference is how much each country has invested in science. The number of 
published articles has grown in recent years in Latin America. However, the number 
should be even higher considering gross domestic product. Among all Latin American 
countries, Brazil leads the list followed by Argentina.  

Materials science is under-represented in Uruguay. Evidence of this is the lack 
of a Degree in Material Science Engineering. Only in the year 2000, a 5-year Degree in 
Material Chemistry was installed at “Facultad de Química” (Chemistry School) of 
Universidad de la República (Udelar). In spite of this, a small community of researchers 
have been working in materials science in Uruguay over the years (Physicists, Chemical 
Engineers, Chemists, etc.), and the number of students that pursue a career in materials 
science is on the rise.  

Due to the lack of specific data about materials science history in our country, 
during the organization of an inaugural conference of young researchers in the spring of 
2018 held in Montevideo, Uruguay, we asked ourselves how Uruguay is positioned in 
terms of material science research. We decided to collect information about research in 
this field.  

The present work aims to present a brief overview of the materials science field 
in Uruguay in order to promote future national policies regarding materials science. 

As a starting point, we have searched in the Scopus database for the keywords: 
affiliation country: “Uruguay” and subject: “Materials Science” (using the “Timbó” 
platform [1]).  At the time of writing this article (April 2018), we found more than 720 
records comprising conference papers and journal articles. This work does not take into 
account patents, since we focus on academic research. In order to validate the number of 
articles and proceedings records, we took into account only the papers that appeared in 
the SCIMAGO database [2]. After applying this refinement procedure to our search we 
were left with a total of 549 hits. Further analysis will be presented in the result and 
discussion section. 

It should be mentioned that, from our point of view, not all the articles related 
to material science developed in Uruguay are indexed in the Scopus database in the 
subject “material science”. In any case, the sample is still representative.  

According to Scopus database, if we consider the total number of publications 
made by researchers based in Uruguay, there are 20.617 articles. When we considered 
those articles related to Material Science, without any further constraints or verification, 
we obtained 720 results (representing 3.5 % of the total number of publications). Using 
the same procedure to search in Argentina and Brazil, we found that 7.3 % and 7.1 % are 
articles related to materials science, respectively. Considering the difference in 
population reported by the United Nations (43.85 million Argentina and 207.9 million 
Brazil), it is obvious that Uruguay presents a comparable lower number of publications 
in the area of Material Science than our neighbor countries. 

Figure 1 shows the number of publications of Uruguayan research over the last 
45 years. A clear increase is observed, mainly after 1995. On the other hand, Uruguay, 
like other Latin American countries, has suffered turbulent periods in which national 
policies were compromised [3]. During dictatorship (1973-1985), the number of 
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publications was kept almost constant at a very low rate. It is worth acknowledging the 
great effort that has been made in the latest period, (from 2007 onwards), when the 
Innovation and Research National Agency (Agencia Nacional de Investigación e 
Innovación, ANII), was created. 

Figure 1- Number of publications related to materials science based in Uruguay between 1973-2018 (source Scopus).  

The majority of the works were carried out at the “Universidad de la 
República” - Udelar in its different Schools (“Facultad de Ingeniería”, School of 
Engineering (FI), “Facultad de Ciencias”, School of Science, (FC), “Facultad de 
Química”, School of Chemistry, (FQ)). Some works were carried out under the name of 
state companies such as “Administración Nacional de Cementos, Alcoholes y Portland” 
(ANCAP), “Administración Nacional de Usinas y Transmisiones Eléctricas“ (UTE) and 
there is a minority of them carried out by private institutions (most of which have been 
recently created).  

The first period of the plot in figure 1 (between 1971 – 1978, the “seed phase”), 
can be considered the cornerstone of the development of the materials science field in 
Uruguay. This work was developed principally by Saravia and Casamayou, at the 
“Instituto de Física” (Physics Institute) from the FI and was focused on calculations of 
the photoelectric effect in germanium [4], optical properties in CdTe [5], photoemission 
of GaAs [6], and later piezo-optical properties of silicon [7]. 

In previous years there were advances, mostly in the field of Chemistry and 
Physics, as well as in the development of some instrumental techniques at UDELAR [8]–
[17]. Some examples are the works by Maggiolo De Gerszonowicz et al. [8] in the 
instrumental area developed in FI, as well as the subsequent work by Hirschfeld et al. 
[12], [13] in the FQ. On the other hand, there are works in the analytical area carried on 
by Frugoni [9] and Dittrich [14] in the FQ, as well as those by Burastero et al. [10], [16] 
in the former scientific research division of ANCAP. Additionally, we can also mention 
inorganic chemistry works by Giglio [11], Michaelis De Saenz et al. [17] and Píriz 
MacColl [15] carried out in FQ. 

At that time, incipient studies in heterogeneous catalysis developed by Nieto 
[18] in the FQ can also be mentioned, as well as studies of mechanical properties of 
conducting-polymer in Panizza et al’s work [19], materials and spin-lattice relaxation of 
SnCl2 properties by Mognaschi et al. [20] developed in FI. In the eighties, works adjacent 
to the area of materials in theoretical chemistry made by Ventura in the FQ can be found 
[21]. 

Following these works, the results in the Scopus database show that the second 
series of works that ended up creating, promoting, and consolidating the area of materials 
science in Uruguay (“the growing phase”), were in the field of inorganic chemistry and 
for radiopharmaceutical applications by Kremer et al. [22], on theoretical models of 
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electrical properties in thermistors by Slomovitz et al. [23,24], on preparation and 
characterization of fine films of metal alloys by Bonilla et al. [25], and on the preparation 
and characterization of superconducting ceramics by Veretnik and A.W.Mombrú et al. 
[26]. We could also include into these series, the work done by Baran et al [27] in the 
field of metallic complexes. On the other hand, there are also studies on heterogeneous 
catalysis by Bussi et al.  [28] and others on pillared clays by Diano et al. [29], and  on 
catalytic behavior of lanthana by Castiglioni [30] as well as studies on structural defects 
in copper crystals by Moreno-Gobbi et al. [31]. Furthermore, we can list works done on 
the inhibition of Ni corrosion performed by Zinola et al. [32]. In the same decade we can
also list the works on studies of semiconductor electrical properties developed by 
Masoller et al. [33], as well as works on piezoelectricity in ceramics and composite 
materials developed by Alles et al. [34] and Negreira et al. [35] respectively. 

Towards the end of the nineties, works on biopolymers by Miraballes et al. [36] 
can be found, on rhenium complexes [37] as well as works on the preparation and study 
of optical-electrical properties on mercuric iodide developed by Fornaro et al. [38]. Also, 
works on superconducting ceramics by Pardo et al. [39] as a continuation of the research 
line initiated by Mombrú. At the beginning of the 21st century the work on the growth of 
porous silicon films by Marotti et al. appears [40] as a continuation of Dalchiele's, on 
theoretical chemistry by Denis et al. [41] as a continuation of Ventura's work, and on 
new coordination compounds by Chiozzone et al. [42] as a continuation of Kremer's 
work.  

After the year 2000 (considered by us as the “steady state phase”), works on 
stability studies physical chemistry of surfaces ranging from colloidal by Odriozola et al. 
[43], surface reactivity of electrodes by Méndez et al. [44], as well as activated carbon 
adsorption properties of Tancredi et al. [45] can be found. Works on semiconductors 
done by Saucedo [46] and Cuña [47] as a continuation of Fornaro’s work were published. 
Some years later, new corrosion studies were published by Ohanian et al. [48] as a 
continuation of Zinola's work, on elastic and magnetic superconducting properties by 
Stari et al. [49] and Suescun et al. [50], respectively, both as a continuation of the works 
by Moreno and Mombrú, respectively. We can also mention some works on coordination 
compounds with various applications developed by Torre et al. [51] and Cerdá et al. [52], 
in the latter case as a continuation of the work initiated by Kremer. In the same year, 
articles can be found on mechanical properties and materials with applications in the 
biomedical area by Armentano et al. and Sánchez et al. [53], as well as in the 
construction materials area by Rodríguez De Sensale [54]. In addition, in these years 
works in the study of ferroelectric materials by Aulet et al. [55] can be found as a 
continuation of the work by Negreira. 

By the end of the first decade of the 21st century there are papers by Faccio et 
al. [56], Sarasúa et al. [57] working with magnetic properties, Noguera et al. working 
with nucleation in HgI2 [58], Muñoz et al. working on thin films [59]. At the same time, 
Mombrú et al. [60,56] published experimental and theoretical studies on ferromagnetism 
in nanostructured graphite. 

As of today, the specific scientific production of the area of materials science 
with authors or co-authors of Uruguayan affiliation totals approximately 550 documents. 
The most recurrent topics in the area of materials science in Uruguay are subdivided into: 
type of materials, preparation techniques, instrumental techniques and computational 
tools. By type of materials, the most common are nanoparticles and nanostructures, thin 
films and ceramic materials. The most usual preparation techniques are typically 
chemical or physical deposition; in particular electrodeposition, chemical synthesis, 
especially sol-gel and formation of complexes in aqueous solution. The most frequently 
used instrumental techniques are X-ray diffraction, scanning and transmission electron 
microscopy including high resolution, study of electrochemical and optical properties, as 
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well as vibrational spectroscopy, atomic force microscopy and X-ray photoelectron 
spectroscopy. The most frequently used computational techniques are density functional 
theory (DFT) and, to a lesser extent, simulations using molecular dynamics (MD). 

Considering the tendency of the research, it is expected that during the year 
2030, 200 more papers will be published. 

FINAL REMARKS  

From the brief overview of the results found in Scopus database and with the 
constraints imposed to the data, we found materials science publications that were 
relevant in their context since the beginning of this field in Uruguay. Also, we can say 
that we are in a steady state regime of number of publications which are expected to 
increase together with the number of students in the area, with the generation of long 
term policies (grants, funding opportunities) and if we get involved in a community that 
promotes this area of interest. 

References 

[1] ANII, “TIMBO.” [Online]. Available: http://timbo.org.uy/ (Accessed 1 November 2018). 
[2] “Scimago Journal & Country Rank.” [Online]. Available: https://www.scimagojr.com/

(Accessed 1 November 2018). 
[3] D. R. Ciocca and G. Delgado, The reality of scientific research in Latin America; an 

insider’s perspective, Cell Stress Chaperones, 1–6 (2017). 
[4] L. R. Saravia and L. Casamayou, Calculation of the photoelectric effect in germanium, J. 

Phys. Chem. Solids 32 (7), 1541–1552, (1971). 
[5] L. R. Saravia and L. Casamayou, Interpretation of the optical and photoemissive 

properties of CdTe, J. Phys. Chem. Solids 33 (1), 145–155 (1972). 
[6] L. R. Saravia and J. L. Duomarco, The pair scattering and the photoemission effect in 

GaAs, J. Phys. Chem. Solids 34 (10), 1661–1673 (1973). 
[7] L. R. Saravia, Strain-split energy bands and piezooptical properties of Si, J. Phys. Chem. 

Solids 35 (11), 1469–1479 (1974). 
[8] S. Maggiolo De Gerszonowicz, D., Gerszonowicz, An approximate analytic expression 

of the ballistic sensitivity curve and its application to rapid measurement, Rev. Sci. 
Instrum 12, 98–99 (1941). 

[9] J. A. C. Frugoni, A note on the detection of sulphate ions on paper chromatograms, J. 
Chromatogr. A 1, 90–91 (1958). 

[10] R. W. Burastero, J.J., Martres, Amperometric Titration of Thorium in Monazite Sands, 
Anal. Chem. 34, 378–381 (1962). 

[11] M. Giglio, Zur Kristallchemie der Verbindungen vom Typ ABX6 I, J. Inorg. Gen. Chem. 
324, 225–232 (1963). 

[12] T. Hirschfeld, An Improved Resolution Criterion, Appl. Opt. 3 (10), 1187, Oct. (1964). 
[13] P. A. W. Jr. and T. Hirschfeld, Internal Reflection Spectroscopy, Appl. Spectrosc. Rev. 1

(1), 99–130 (1967). 
[14] S. Dittrich, The influence of the chemical nature of the sample on its detectability by 

iodine vapor, J. Chromatogr. A 31, 628–630 (1967). 
[15] C. R. P. Mac-Coll, Carbonato complexes of cobalt(III), Coord. Chem. Rev. 4 (2), 147–

198 (1969). 
[16] R. W. Martres and J. J. Burastero, Polarographic determination of uranium in monazite 

sands, Analyst. 96 (1145), 579–583 (1971). 
[17] S. Michaelis De Saenz, I., Amonini, N., Presa, Changes of Specific Gravity of Nh4No3 

with Temperature, During the Gradual III  iv Transition, Zeitschrift für Phys. Chemie 
43, 119–122 (1964). 

[18] A. Nieto, Heterogeneous catalysis: Resin-catalyzed saponification of methyl acetate, J. 
Chem. Educ. 50 (12), 846 (1973). 

[19] G. A. Panizza and J. W. Dally, Predicting failures with conducting-polymer fatigue-
damage indicators, Exp. Mech. 13 (1), 7–13, (1973). 

[20] E. R. Mognaschi, L. Menafra, and A. Rigamonti, Dielectric and nuclear spin-lattice 
relaxationmeasurements around the phase transition in the layered SnCl2.2H2O crystal, 
Ferroelectrics 13 (1), 545–547 Jan. (1976). 

[21] R. M. Sosa, O. N. Ventura, and A. Liberles, A quantum-mechanical study of methyl 
fluoroformate, Chem. Phys. Lett. 70 (1), 170–174 (1980). 

ht
tp

s:
//

do
i.o

rg
/1

0.
15

57
/a

dv
.2

01
8.

61
5 

Pu
bl

is
he

d 
on

lin
e 

by
 C

am
br

id
ge

 U
ni

ve
rs

ity
 P

re
ss

https://doi.org/10.1557/adv.2018.615


3540

[22] C. Kremer, A. León, D. Gambino, S. Cartesio, C. Ures, E. Savio, E. Campos, and E. 
Kremer, Solid phase reduction of 99mTcO with zinc : A method for the preparation of 
difficult 99m complexes, J. Label. Compd. Radiopharm. 27 (11), 1331–1340 (1989). 

[23] D. Slomovitz and J. Joskowicz, Error evaluation of thermistor linearizing circuits, Meas. 
Sci. Technol. 1 (12), 1280 (1990). 

[24] D. SLOMOVITZ and D. GÓMEZ, Influence of resistance-temperature models of 
thermistors on the behaviour of linearizing circuits, Int. J. Electron. 69 (5), 691–696, 
(1990). 

[25] S. Bonilla and E. A. Dalchiele, Electrochemical deposition and characterization of CdTe 
polycrystalline thin films, Thin Solid Films 204 (2), 397–403 (1991). 

[26] D. Veretnik, A. Mombru, and S. Reich, Enhancement of crystallinity in YBa2Cu3O7−x 
ceramic by water or NaOH solution attack, Mater. Lett. 16 (2), 57–60 (1993). 

[27] E. J. Baran, S. B. Etcheverry, M. H. Torre, and E. Kremer, Preparation and properties of 
copper(II) sebacate, Polyhedron 13 (12), 1859–1862 (1994). 

[28] J. Bussi, C. Correa, and J. A. Coch Frugoni, An experiment on heterogeneous catalysis, 
J. Chem. Educ. 68 (2), 170 (1991). 

[29] W. Diano, R. Rubino, and M. Sergio, Al-pillared montmorillonite: Preparation from 
concentrated slurries of homoionic Ca clay, characterization and thermal stability, 
Microporous Mater. 2 (3), 179–184 (1994). 

[30] J.Castiglioni, R.Kieffer, F.J.Botana, J.J.Calvino, J.M.Rodríguez-Izquierdo, H.Vidal, 
Journal of Alloys and Compounds, 180 (1–2), 295-301 (1992). 

[31] A. O. M. Gobbi and J. A. Eiras, Dislocation damping and associated modulus defect in 
copper crystals, J. Alloys Compd. 211–212, 152–154 (1994). 

[32] C. F. Zinola and A. M. C. Luna, The inhibition of Ni corrosion in H2SO4 solutions 
containing simple non-saturated substances, Corros. Sci. 37 (12), 1919–1929 (1995). 

[33] C. Masoller, C. Cabeza, and A. S. Schifino, Effect of the nonlinear gain in the visibility 
of a semiconductor laser with incoherent feedback in the coherence collapsed regime, 
IEEE J. of Quantum Electron 33, 796–803 (1997). 

[34] A. B. Alles, M. W. Murphy, J. J. Symanski, C. L. Tremper, and W. A. Schulze, 
Piezoresistivity modeling of grain boundary junctions in positive temperature 
coefficient of resistivity BaTiO3, J. Appl. Phys. 77 (10), 5322–5334 (1995). 

[35] C. A. N. and H. G. and A. A. and J. A. E. and L. A. Bassora, Analysis of cross-coupling 
characteristics of piezocomposites 1-3, IEEE Ultrason. Symp. Proceedings. An Int.
Symp. 2, 1023–1027 (1995). 

[36] R. Sarobe, J. , Miraballes, I. , Molina, J. A., Forcada, J. and Hidalgo Álvarez, 
Nephelometric assay of immunoglobulin G chemically bound to chloromethyl styrene 
beads, Polym. Adv. Technol 7, 749–753 (1996). 

[37] D. Gambino, L. Otero, E. Kremer, O. E. Piro, and E. E. Castellano, Synthesis, 
characterization and crystal structure of hexakis-(thiourea-S) rhenium(III) trichloride 
tetrahydrate: A potential precursor to low-valent rhenium complexes, Polyhedron 16
(13), 2263–2270 (1997). 

[38] L. Fornaro, H. Chen, K. Chattopadhyay, K.-T. Chen, and A. Burger, Optical, Electrical 
and Surface Characterization of Mercuric Iodide Platelets Grown in the HgI 2-HI-H2O 
System, MRS Proc. 487, 339 (1997). 

[39] H. Pardo, W. A. Ortiz, F. M. Araújo-Moreira, L.Suescun, B.Toby, E. Quagliata, C. A. 
Negreira, K. Prassides, and A. W. Mombrú, A new structure in the REBaCuFeO5+δ 
series: LaBaCuFeO5+δ. Structure and magnetic properties in the La1−xPrxBaCuFeO5+δ 
system, Phys. C Supercond. 313 (1), 105–114 (1999). 

[40] E. Marotti, R. , Rondoni, A. , Quagliata, E. and Dalchiele, Citation for: Porous Silicon 
Growth by Lateral Anodization, phys. stat. sol. (b), 220, 319–324 (2000). 

[41] P. Denis and O. N. Ventura, Hydroxamic chelates of boric acid, a density functional 
study, J. Mol. Struct. THEOCHEM. 537 (1), 173–180 (2001). 

[42] R. Chiozzone, R. González, C. Kremer, G. De Munno, and J. Faus, Oxalato complexes 
of Re(V). Synthesis and structural characterization of [ReO(OCH3)(ox)(L)] (L=bipy, 
dppe and dppee), Inorganica Chim. Acta 325 (1) 203–207 (2001). 

[43] G. Odriozola, A. Moncho-Jordá, A. Schmitt, J. Callejas-Fernández, R. Martínez-García, 
and R. Hidalgo-Álvarez, in Trends in Colloid and Interface Science XV, edited by 
P. G. Koutsoukos (Springer, New York, 2001), pp. 87–90.

[44] E. Méndez, J. L. Rodríguez, M. C. Arévalo, and E. Pastor, Comparative Study of Ethanol 
and Acetaldehyde Reactivities on Rhodium Electrodes in Acidic Media, Langmuir 18
(3), 763–772 (2002). 

[45] N. Tancredi, N. Medero, F. Möller, J. Píriz, C. Plada, and T. Cordero, Phenol adsorption 
onto powdered and granular activated carbon, prepared from Eucalyptus wood, J. Colloid 
Interface Sci. 279 (2), 357–363 (2004). 

[46] Saucedo, E., Fornaro, L., Corregidor, V., and Diéguez, E., Some structural aspects of 
PbxCd1-xTe bulk material, Eur. Phys. J. Appl. Phys. 27 (1), 427 - 430 (2004). 

[47] A. Cuña, A. Noguera, E. Saucedo, and L. Fornaro, Growth of bismuth tri iodide 
platelets by the physical vapor deposition method, Cryst. Res. Technol. 39 (10), 912–919 
(2004). 

[48] M. Ohanian, R. Caraballo, E. A. Dalchiele, and E. Quagliata, A Mössbauer and 
Electrochemical Characterization of the Corrosion Products Formed from Marine and 
Marine-Antartic Environments, Hyperfine Interact. 148 (1), 193–198 Jun. (2003). 

ht
tp

s:
//

do
i.o

rg
/1

0.
15

57
/a

dv
.2

01
8.

61
5 

Pu
bl

is
he

d 
on

lin
e 

by
 C

am
br

id
ge

 U
ni

ve
rs

ity
 P

re
ss

https://doi.org/10.1557/adv.2018.615


3541

[49] F. M. A.-M. C. Stari, A. Moreno-Gobbi, A.W. Mombru, S. Sergeenkov, A.J.C. Lanfredi, 
C.A. Cardoso, Elastic properties of polycrystalline YBa_2Cu_3O_7: Evidence for 
granularity induced martensitic behavior, Phys. C 433, 50 (2005). 

[50] L. Suescun et al., Structural and magnetic study of 
$\mathrm{La}\mathrm{Ba}\mathrm{Co}\mathrm{Cu}{\mathrm{O}}_{5+\ensuremath{
\delta}}$, Phys. Rev. B 71 (14), 144405 (2005). 

[51] J. Torres et al., Sm(III) complexation with small peptides. Crystal structure of 
[Sm2(Gly–Val)4(H2O)8](ClO4)6·2H2O, Inorganica Chim. Acta 355, 442–448 (2003). 

[52] M. F. Cerdá, E. Méndez, J. S. Gancheff, C. Kremer, and A. M. C. Luna, Redox stability 
of Re(V)–amine complexes, Inorg. Chem. Commun. 6 (2), 189–192 (2003). 

[53] G. Sánchez, A. Rodrigo, and A. B. Alles, Titanium nitride pacing electrodes with high 
surface-to-area ratios, Acta Mater. 53 (15), 4079–4086 (2005). 

[54] G. R. de Sensale, Strength development of concrete with rice-husk ash, Cem. Concr. 
Compos. 28 (2), 158–160 (2006). 

[55] A. Aulet, H. Calas, E. Moreno, J. A. Eiras, and C. Negreira, Electrical and Acoustical 
Characterization of the Bessel Transducers, Ferroelectrics 333 (1), 131–137 (2006). 

[56] R. A. W. Faccio, H. Pardo, P. A. Denis, R. Yoshikawa Oeiras, F. M. Araújo-Moreira, M. 
Veríssimo-Alves, A. W. Marcos, Induced magnetism by single carbon vacancies in a 
three-dimensional graphitic network: a supercell study, Phys. Rev. B 77, (2007). 

[57] M. A. Sarasua, L. G.; Moreno-Gobbi, A.; Continentino, Magnetic transitions in a double 
exchange-Holstein model with electron-phonon interactions coupled to magnetism, Phys. 
Rev. B 79, 064408 (2009). 

[58] A. L. Noguera, M. E. Pérez, E. Quagliata, and L. R. Fornaro, Phase, nucleation and 
coalescence of HgI2 onto amorphous substrates, J. Cryst. Growth 310 (7), 1691–1696 
(2008). 

[59] E. Muñoz, R. Schrebler, R. Henríquez, C. Heyser, P. A. Verdugo, and R. Marotti, 
Photoelectrochemical reduction of nitrate on p-Si coated with metallic Re thin films, 
Thin Solid Films 518 (1), 138–146 (2009). 

[60] A. W. Mombrú et al., Multilevel ferromagnetic behavior of room-temperature bulk 
magnetic graphite, Phys. Rev. B 71 (10), 100404 Mar. (2005). 

ht
tp

s:
//

do
i.o

rg
/1

0.
15

57
/a

dv
.2

01
8.

61
5 

Pu
bl

is
he

d 
on

lin
e 

by
 C

am
br

id
ge

 U
ni

ve
rs

ity
 P

re
ss

https://doi.org/10.1557/adv.2018.615

