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ABSTRACT

Purpose: The aim of the paper is to present the high-temperature method of producing
MWCNTs-Re nanocomposites, the selection of satisfactory production conditions and the
presentation of the results of microscopic and spectroscopic studies of nanocomposites
produced by this method.

Design/methodology/approach: Two methods of manufacturing carbon-rhenium
nanocomposites were tested: ineffective chemical synthesis and high-temperature reduction
using H,, which was proven successful and allowed the production of nanocomposites with
the expected properties. The received nanocomposites were investigated using Transmission
Electron Microscope (TEM), and Scanning Electron Microscope (SEM), as well as were
subjected to spectroscopic examination.

Findings: The article presents three steps of MWCNTs-Re nanocomposites fabrication using
the high-temperature method, functionalization, impregnation and reduction. As part of own
work, satisfactory conditions for producing those nanocomposites using a materials science
and heuristic analysis were selected.

Research limitations/implications: The proposed high-temperature method allows to join
rhenium nanoparticles with MWCNTs permanently. It is reasonable to test in the future whether
the method is also effective for other carbon nanomaterials and/or nanoparticles of other metals.

Practical implications: MWCNTs-Re nanocomposites can be used as sensors of gases that
are harmful to the environment. It was also confirmed that the MWCNTs-Re_4 nanocomposite
has catalytic properties.

Originality/value: The paper presents a modern approach to the manufacturing of MWCNTs-
Re nanocomposites, which assumes the use of a high-temperature furnace to heat the material
in a hydrogen atmosphere.
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1. Introduction

Over the past decade, carbon-metallic nanocomposites
have been intensively researched in many scientific centres
around the world due to their possible wide application in
areas such as chemical sensing, catalysis, diagnostics and
medicine, energy storage as well as environmental
engineering. A review of the literature shows that there are
many reports on carbon-metallic nanocomposites containing
nanoparticles of metals such as Au [1], Ag [2], Pt [3], Cu
[4], Pd [5], Co [6], Rh [7], Ni [8], Al [9]. The literature
describes examples of obtaining rhenium on a nanometric
scale in such forms as nanoparticles [10,11], nanowires [12]
and bimetals [13]. Like the other metals mentioned,
nanocrystalline rhenium can be permanently joined with
carbon nanomaterials, thus creating nanocomposites.
However, the state-of-the-art indicates that until today
information concerning the use of nanocrystalline rhenium
as a component of carbon-metallic nanocomposites is
limited to rather occasional publications. A research group
headed by Zhang have been received materials consisting of
single-walled carbon nanotubes (SWCNTSs), the cores of
which were filled with Re nanocrystals [14]. Inside the
SWCNTs cores, it is also possible to place ultrathin rhenium
disulfide (ReS;) nanoribbons [15]. Interesting results of
investigations concerning the fabrication of multi-walled
carbon nanotubes (MWCNTs) decorated with Re using the
CVD method were published by a Russian group of
scientists [16]. Efforts were also made to develop berry-
shaped nanoparticle clusters (NPCs) in which Re is
combined with amorphous carbon (a-C) and/or MWCNTs
[17]. Experiments were carried out involving the support of
ultra-small rhenium clusters consisting of 2-13 Re atoms on
graphene [18]. A team of scientists headed by Veerakumar
developed rhenium nanoparticles decorated on activated
carbon derived from the biomass raw materials cardamom
pods [19].

Moreover, this research team elaborated on nano-
composites useful for diagnostic applications containing
other metals besides rhenium and carbon, such as platinum
[20] or ruthenium [21]. Own research in the analysed field
[22,23] concerned research and description of the structure
of carbon-metallic nanocomposites consisting of nano-
structured rhenium permanently joined with carbon
nanomaterials in the form of single-, double- or multi-walled
carbon nanotubes as well as single-walled carbon nanohorns
(SWCNHs). This paper presents the research results on
nanocomposites consisting of MWCNTs decorated with
rhenium nanoparticles selected from a wider set of our
experiments.
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2. Materials and research methodology

MWCNTs were produced using EasyTube®2000 system
by First Nano. The device is used for Catalytic Chemical
Vapor Deposition (CCVD). During the CCVD process,
ethylene is thermally decomposed. It is a carbon source that
ensures the growth of carbon nanotubes. The other process
gases are hydrogen and argon. The EasyTube®2000 system
requires using a catalyst, which is iron deposited on a silicon
wafer [24,25]. HReO,4 and optionally NH4sHReO, were used
as the rhenium source during the out carried experiments.
The morphology of nanocomposite materials using the SEM
Supra 35 Scanning Electron Microscope by Carl Zeiss was
examined. High resolution during imaging of the examined
specimens was obtained thanks to the use of the In-lens
detector. The microscopic observations enabling the
obtaining of high-resolution images of the structure of the
tested materials on a nanometric scale were made using the
scanning and transmission electron microscope STEM
TITAN 80-300 by FEI. The microscope has Bright Field
(BF) and Dark Field (DF) and the High Angle Annular Dark
Field (HAADF) detector. Energy Dispersive Spectroscopy
(EDS) was used to determine the qualitative chemical
composition of the newly produced nanocomposites. For
this purpose, the EDS analytical attachment for the STEM
microscope was used.

3. Effective high-temperature method
of MWCNTs-Re nanocomposites
manufacturing

Initial research included an attempt to produce
MWCNTs-Re nanocomposite using a two-step indirect
method, including covalent functionalization of carbon
nanotubes and covering them with Re nanoparticles by
chemical synthesis. The conducted experiments indicate that
applying the method for fabricating MWCNTSs-Re
nanocomposites is ineffective. Therefore, it was excluded
from subsequent experiments.

MWCNTs-Re nanocomposites can be effectively
manufactured using the high-temperature method, which is
the subject of our own patent [26]. It assumes the use of a
high-temperature furnace to heat the material in a hydrogen
atmosphere. In order to select satisfactory manufacturing
conditions for MWCNTs-Re nanocomposites, three series of
experiments were performed. Table 1 includes ten different
variants of the manufacturing conditions.
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Table 1.
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Optional manufacturing conditions of MWCNTs-Re nanocomposites by the high-temperature method

Material sign Functionalization time, h

Rhenium precursor

Impregnation time, h Material wetness

MWCNTs-Re 1 5 HReOy4 1 wet
MWCNTs-Re 2 5 HReO4 1 dry
MWCNTs-Re_3 5 HReO4 2 wet
MWCNTs-Re 4 5 HReO4 2 dry
MWCNTs-Re_5 5 NH4ReO4 1 wet
MWCNTs-Re 6 5 NH4ReO4 1 dry
MWCNTs-Re 7 0 HReO4 3 dry
MWCNTs-Re_8 1 HReO,4 3 dry
MWCNTs-Re 9 3 HReO4 3 dry
MWCNTs-Re 10 5 HReO4 3 dry
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Fig. 1. The process diagram of MWCNTs-Re nano-

composites manufacturing by the high-temperature method
(based on [27])

The high-temperature method includes three stages
(Fig. 1). Stage No. 1 is the functionalization of pristine
carbon nanotubes. Carbon nanotubes are oxidized in nitric
acid 65% (V); as a result of that, functional groups — COOH,
= CO and/or — OH appear on their surface. They are the sites
for the nucleation of rhenium nanocrystals. Stage No. 2 is
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impregnation, placing the nanotubes in a medium containing
rhenium precursor (HReO4 or NH4HReO4). Stage No. 3 is a
reduction leading to the permanent deposition of rhenium
nanocrystals on carbon nanotubes. The material is heated in
the furnace's working chamber in a special quartz boat. It
ensures a proper supply of process gases and effective
deposition of Re on carbon nanotubes.

4. Selection of satisfactory
manufacturing conditions

In order to select satisfactory manufacturing conditions
MWCNTs-Re nanocomposites, a materials science and
heuristic analysis was performed. Each material fabricated
under the manufacturing conditions specified in Table 1 was
assessed, taking into account the obtained results of
microscopic and spectroscopic examinations. During the
assessment, the universal scale of relative states was used,
where 1 is the minimum and 10 is the maximum.

Two groups of criteria were adopted to define the
attractiveness and potential of the analysis subject. Each
detailed criteria has been assigned weights that define their
importance throughout the assessment process. The weights
of the detailed criteria are given below in parentheses. The
detailed criteria for assessing attractiveness (A) are as
follows: [A1] Homogeneous dispersion of Re nanoparticles
(0.4); [A2] Relatively narrow diameter distribution of Re
nanoparticles (0.2); [A3] No tendency to agglomerate Re
nanoparticles (0.2); [A4] Purity and slight damage of carbon
nanotubes (0.2). The detailed criteria for assessing potential
(P) are as follows: [P1] Short total ultrasound treatment time
(0.2); [P2] Relevance of Re precursor selection (0.2);
[P3] Homogeneity of the obtained microscopic results (0.2);
[P4] Possibility of practical application (0.4). Each
nanocomposite was assessed according to the above-
mentioned criteria, giving scores from 1 (min) to 10 (max).
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Table 2.

The results of a material science and heuristic analysis of the attractiveness and potential of MWCNTs-Re nanocomposites
fabricated under various manufacturing conditions (based on [27])

Attractiveness

L Weighted Potential Weighted average
Material sign assessment average (A) P)
Al A2 A3 A4 Pl P2 P3 P4

MWCNTs-Re 1 1.2 02 06 1.0 3.0 1.0 1.6 14 2.0 6.0
MWCNTs-Re 2 12 1.0 14 1.0 4.6 10 16 14 24 6.4
MWCNTs-Re 3 24 06 02 14 4.6 08 18 14 1.6 5.6
MWCNTs-Re 4 36 18 16 1.6 8.6 08 1.8 1.8 3.6 8.0
MWCNTs-Re 5 20 08 06 18 5.2 10 1.6 1.8 2.0 6.4
MWCNTs-Re 6 16 06 04 2.0 4.6 10 16 14 1.6 5.6
MWCNTs-Re 7 28 14 14 18 7.4 16 18 14 3.2 8.0
MWCNTs-Re 8 36 16 16 14 8.2 12 18 16 3.2 7.8
MWCNTs-Re 9 36 18 16 1.8 8.8 1.0 1.8 1.8 3.6 8.2
MWCNTs-Re 10 24 12 1.0 1.0 5.6 06 18 1.6 2.8 6.8

Detailed assessments were multiplied by criteria weights
and summed up to obtain weighted averages reflecting the
attractiveness and potential of each variant of manufacturing
conditions (Tab. 2).

A dendrological matrix was used for the graphical
presentation of the analysis results (Fig. 2). The matrix
consists of four quarters, the names of which intuitively refer

Wide-stretching Oak

1 Soaring Cypress
10

MWCNTs-Re_4 (8.0, 8.6)

MWCNTs-Re_8 (7.8, 8.2)

MWCNTs-Re_9 (8.2, 8.8)

7 MWCNTs-Re 7 (8.0, 7.4)

MWCNTs-Re_10 (8.2, 8.8)

5 | MWCNTs-Re_6 (5.6, 4.6) MWCNTs-Re_5 (6.4, 5.2)

4 MWCNTs-Re_3 (5.6, 4.6)

3 MWCNTs-Re_1 (6.0, 3.0)

MWCNTs-Re_2 (6.4, 4.6)

ATTRACTIVENESS
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3

al 2 3 4

Rooted Dwarf Mountain Pineji
9 10

Quaking Aspen
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POTENTIAL
Fig. 2. Dendrological matrix. Positioning of MWCNTSs-Re

nanocomposites created in various manufacturing
conditions (based on [27])
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to the trees' specificity. The best quarter is called "Wide-
stretching Oak" [28]. The best structure and morphology
characterise the nanocomposites with the highest scores in
the quarter. The analysis results presented graphically
indicate that the production conditions corresponding to
MWCNTs-Re 4 and MWCNTs-Re 9 specified in Table 1
should be ensured when using the high-temperature method.
The best variants are marked in light green on the matrix.

5. Results of microscopic and
spectroscopic investigations

The chapter contains representative results of MWCNTs-
Re 4 nanocomposite investigations. In line with chapter 4,
the nanocomposite was created under manufacturing
conditions, ensuring a satisfactory morphology and structure
of the analysed group of materials.

SEM studies of the morphology of MWCNTs-Re 4
nanocomposite indicate high homogeneity of the
distribution of Re nanoparticles on the surface of carbon
nanotubes in the entire volume of the material (Fig 3a). The
structure of MWCNTs-Re 4 includes single large Re
nanoparticles (above 50 nm), but the most numerous are oval
particles with a diameter of 10 to 30 nm. In Figure 3b, in the
central part on the right, is a visible single carbon nanotube,
approx. 2 um long, with Re nanoparticles deposited on its
walls. High-resolution TEM enables the examination of the
fabricated nanocomposites, revealing the graphene planes of
decorated MWCNTs (Fig. 4a) and the crystal structure of Re
nanoparticles deposited on their surface (Fig. 4b). Figure 5a
made in the HAADF-STEM mode shows the MWCNTs-Re
nanocomposite in the dark field with the area marked with
ablue frame in which the EDS analysis was performed
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(Fig. 5b). The EDS results confirm the presence of Re in the with carbon from carbon nanotubes. Copper comes from the
chemical composition of tested nanocomposites together mesh used to make the samples for HRTEM testing.

Fig.3. MWCNTs-Re_4 nanocomposite: a), b) SEM, In-lens detector

.f!’,

Fig.4. MWCNTs-Re 4 nanocomposite: a) MWCNTs decorated with Re nanoparticles, BF, HRTEM; b) crystal structure of Re
nanoparticles, HAADF, STEM
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Fig. 5. Cluster of MWCNTs decorated with Re nanoparticles; HAADF, STEM (a); Qualitative analysis of the chemical
composition from the area marked with a blue frame in 5a figure, EDS (b)
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6. Conclusions

Like many other metals, Nanocrystalline Re can be
permanently jointed with carbon nanomaterials, thus
forming a  carbon-metallic  nanocomposite. =~ Own
experiments were carried out to achieve this goal. Two
alternative methods have been tested, i.e., chemical
synthesis and the high-temperature method. Chemical
synthesis, despite successful applications in other own
research for the fabrication of CNTs-NPs nanocomposites
(with Pt, Pd, Rh), is not suitable for carbon-rhenium
nanocomposites. Satisfactory results were achieved using
the original high-temperature method, which is the subject
of our patent [26]. The structure of MWCNTs-Re
nanocomposites is influenced by the functionalization and
impregnation time, Re precursor, and wetness of the heated
material. Ten variants of manufacturing conditions were
tested, and the best two were selected using material science
and heuristic analysis. The representative example of
MWCNTs-Re 4 shows the structure, morphology, and
chemical composition of carbon-rhenium nanocomposites
obtained by the high-temperature method. They can be used
in catalysis and as sensors for harmful gases.

References

[1] S. Rahmati, W. Doherty, A. Amani Babadi, M.S.
Akamal CheMansor, N.M. Julkapli, V. Hessel, K.
Ostrikov,  Gold—Carbon  Nanocomposites  for
Environmental Contaminant Sensing, Micromachines
12/6 (2021) 719.

DOI: https://doi.org/10.3390/mil2060719

[2] I. Anshori, L. Nuraviana Rizalputri, R. Rona Althof, S.
Sean Surjadi, S. Harimurti, G. Gumilar, B. Yuliarto, M.
Handayani, Functionalized multi-walled carbon
nanotube/silver  nanoparticle  (f-MWCNT/AgNP)
nanocomposites as non-enzymatic electrochemical
biosensors for dopamine detection, Nanocomposites
7/1 (2021) 97-108.

DOI: https://doi.org/10.1080/20550324.2021.1948242

[3] J. Li, X. Huang, W. Shi, M. Jiang, L. Tian, M. Su, J.
Wu, Q. Liu, C. Yu, H. Gu, Pt nanoparticle decorated
carbon nanotubes nanocomposite based sensing
platform for the monitoring of cell-secreted dopamine,
Sensors and Actuators: B. Chemical 330 (2021)
129311.

DOI: https://doi.org/10.1016/j.snb.2020.129311

[4] X.Ji, Y. Tang, J. Ye, S. Wu, M. Hou, S. Huang, R.

Wang, The effect of carbon-based copper

Research paper |

nanocomposites on Microcystis aeruginosa and the
movability of antibiotic resistance genes in urban
water, Chemosphere 286/3 (2022) 131744. DOI:
https://doi.org/10.1016/j.chemosphere.2021.131744

[5] Y. Gao, Q. Lu, P. Yan, P. Tian, M. Zhu, B. Xiao,
F. Xuan, Theory-guided design of Pd/C nanocomposite
for H» sensing at room-temperature. Applied Surface
Science 581 (2022) 152367.
DOI: https://doi.org/10.1016/j.apsusc.2021.152367

[6] N. Wu, W. Du, Q. Hu, S. Vupputuri, Q. Jiang, Recent
Development in Fabrication of Co Nanostructures and
Their Carbon Nanocomposites for Electromagnetic
Wave Absorption, Engineered Science 13 (2021) 11-
23. DOI: http://dx.doi.org/10.30919/es8d1149

[71 M. Gopiraman, S. Saravanamoorthy, S. Ullah, A.
Ilangovan, 1.S. Kim, .M. Chung, Reducing-agent-free
facile preparation of Rh-nanoparticles uniformly
anchored on onion-like fullerene for catalytic
applications, Royal Society of Chemistry Advances 10
(2020) 2545-2559.
DOI: https://doi.org/10.1039/C9RA09244G

[8] Q. Sun, J. Shi, L. Wu, F. Wu, A. Xie, Ni@Carbon
nanocomposites with hierarchical three-dimensional
network for electromagnetic waves absorption,
Ceramics International 47/19 (2021) 27577-27585.
DOI: https://doi.org/10.1016/j.ceramint.2021.06.182

[9] A. Sharma, G. Gupta, J. Paul, A comprehensive review
on the dispersion and survivability issues of carbon
nanotubes in AI/CNT nanocomposites fabricated via
friction stir processing, Carbon Letters 31 (2021) 339-
370. DOL: https://doi.org/10.1007/s42823-020-00207-
0

[10] S. Ranjbar Bahadori, R. Hart, Y.W. Hao, Synthesis of
cobalt, palladium, and rhenium nanoparticles, Tungsten
2 (2020) 261-288.
DOI: https://doi.org/10.1007/s42864-020-00057-3

[11] M. Zhu, H.P. Shao, H.L. Zhai, Y. Meng, R. Liu, C. Ren,
Rhenium nanoparticles for the delivery of HSP 90
inhibitors: A new drug delivery platform designed by
molecular dynamics simulation, Journal of Molecular
Liquids 347 (2022) 117995.
DOI: https://doi.org/10.1016/j.molliq.2021.117995

[12] A. Naor-Pomerantz, N. Eliaz, E. Gileadi,
Electrodeposition ~ of  rhenium—tin  nanowires,
Electrochimica Acta 56/18 (2011) 6361-6370. DOI:
https://doi.org/10.1016/j.electacta.2011.05.022

[13] J. Okal, K. Adamska, Thermal Stability of Ru—Re NPs
in H> and O> Atmosphere and Their Activity in VOCs
Oxidation: Effect of Ru Precursor, Catalysis Letters
152 (2022) 55-74.
DOI: https://doi.org/10.1007/s10562-021-03607-7

A.D. Dobrzanska-Danikiewicz, W. Wolany


http://www.journalamme.org
http://www.journalamme.org

[14] F. Zhang, X. Pan, Y. Hu, L. Yua, X. Chen, P. Jiang,
H. Zhang, S. Deng, J. Zhang, T.B. Bolin, S. Zhang,
Y. Huang, X, Bao, Tuning the redox activity of
encapsulated metal clusters via the metallic and
semiconducting character of carbon nanotubes, PNAS
110/37 (2014) 14861-14866.
DOI: https://doi.org/10.1073/pnas.1306784110

[15]L.T. Norman, J. Biskupek, G.A. Rance, C.T.
Stoppiello, U. Kaiser, A.N. Khlobystov, Synthesis of
ultrathin rhenium disulfide nanoribbons using nano test
tubes, Nano Research 15/2 (2022) 1282-1287. DOI:
https://doi.org/10.1007/s12274-021-3650-2

[16] K.V. Kremlev, A.M. Obiedkov, S. Yu. Ketkov, B.S.
Kaverin, N.M. Semenov, G.A. Domrachev, S.A.
Gusev, D.A. Tatarskiy, P.A. Yunin, New hybrid
material based on multiwalled carbon nanotubes
decorated with rhenium nanoparticles, Journal of
Surface Investigation: X-ray, Synchrotron and Neutron
Techniques 9/4 (2015) 694-698.
DOI: https://doi.org/10.1134/S1027451015040114

[171M. Kim, Z. Yang, J.H. Park, SM. Yoon, B.A.
Grzybowski, Nanostructured Rhenium—Carbon
Composites as Hydrogen-Evolving Catalysts Effective
over the Entire pH Range, ACS Applied Nano
Materials 2/5 (2019) 2725-2733.
DOI: https://doi.org/10.1021/acsanm.9b00236

[18] O. Miramontes, F. Bonaf¢, U. Santiago, E. Larios-
Rodriguez, J.J. Velazquez-Salazar, M.M. Mariscal,
M.J. Yacaman, Ultra-small rhenium clusters supported
on graphene, Physical Chemistry Chemical Physics
17/12 (2015) 7898-7906.
DOI: https://doi.org/10.1039/C4CP05660D

[19] P. Veerakumar, C. Rajkumar, S.-M. Chen, B.
Thirumalraj, K.-C. Lin, Activated porous carbon
supported rhenium composites as electrode materials
for electrocatalytic and supercapacitor applications,
Electrochimica Acta 271 (2018) 433-447. DOI:
https://doi.org/10.1016/j.electacta.2018.03.165

[20] P. Veerakumar, A. Sangili, S.-M. Chen, A. Pandikumar,
K.-C. Lin, Fabrication of Platinum—Rhenium Nano-
particle-Decorated Porous Carbons: Voltammetric
Sensing of Furazolidone, ACS Sustainable Chemistry

Creative Commons
Attribution-NonCo
n nal 4.0

Volume 115 ¢ Issue 2 « December 2022

and Engineering 8 (2020) 3591-3605. DOI:
https://doi.org/10.1021/acssuschemeng.9b06058

[21] P. Veerakumar, V. Vinothkumar, S.-M. Chen, A.
Sangili, K.-C. Lin, Ultrafine rhenium—ruthenium nano-
particles decorated on functionalized carbon nanotubes
for the simultaneous determination of antibiotic
(nitrofurantoin) and anti-testosterone (flutamide)
drugs, Journal of Materials Chemistry C 9 (2021)
15949-15966.

DOI: https://doi.org/10.1039/D1TC02885E

[22] A. Dobrzanska-Danikiewicz, W. Wolany, G. Benke,
Z.Rdzawski, The new MWCNTs-rhenium nano-
composite, Physica Status Solidi B 251/12 (2014)
2485-2490.

DOI: https://doi.org/10.1002/pssb.201451360

[23] A.D. Dobrzanska-Danikiewicz, W. Wolany, A rhenium
review- from discovery to novel applications, Archives
of Materials Science and Engineering 82/2 (2016) 70-
78. DOI: https://doi.org/10.5604/01.3001.0009.7106

[24] A. Dobrzanska-Danikiewicz, D. Cichocki, M. Pawlyta,
D. Lukowiec, W. Wolany, Synthesis conditions of
carbon nanotubes with the chemical vapor deposition
method, Physica Status Solidi B 251/12 (2014) 2420-
2425. DOI: https://doi.org/10.1002/pssb.201451178

[25] A.D. Dobrzanska-Danikiewicz, D. Lukowiec,
Synthesis and characterization of Pt/MWCNTs
nanocomposites, Physica Status Solidi B 250/12 (2013)
2569-2574.

DOI: https://doi.org/10.1002/pssb.201300083

[26] W. Wolany, A.D. Dobrzanska-Danikiewicz, G. Benke,
Z. Rdzawski, Nanocomposite from carbon nanotubes
and a heat-resistant noble metal and the way of its
fabrication, Pat. 229097, Polish Patent Office, 2017 (in
Polish).

[27]1 W. Wolany, The newly developed nanocomposites
consisting of nanostructured rhenium combined with
carbon nanomaterials, PhD Thesis, Silesian Univesity
of Technology, Gliwice, 2016 (in Polish).

[28] A.D. Dobrzanska-Danikiewicz, Foresight methods for
technology validation, roadmapping and development
in the surface engineering area, Archives of Materials
Science Engineering 44/2 (2010) 69-86.

wonensill  © 2022 by the authors. Licensee International OCSCO World Press, Gliwice, Poland. This paper is an
open access paper distributed under the terms and conditions of the Creative Commons Attribution-

@ @@@ NonCommercial-NoDerivatives 4.0 International (CC BY-NC-ND 4.0) license
BY NC ND

(https://creativecommons.org/licenses/by-nc-nd/4.0/deed.en).

READING DIRECT: www.journalamme.org m


http://www.journalamme.org
http://www.journalamme.org

