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Abstract

This study aims to investigate the mechanical properties of bamboo apus (gigantochloa apus) as a natural reinforced composite

material. Bamboo’s laminates of gigantochloa apus were used as reinforcement on the epoxy resin matrix. The parameters

examined in this study are the configuration of lamina and compaction pressure. Laminate configuration varies in the number,

thickness and direction of the lamina. Compaction pressures of 1.5 MPa, 2 MPa, and 2.5 MPa were used to fabricate the Laminated

Bamboo Composites (LBCs). The stem of bamboo with a length of 400 mm was split to obtain bamboo lamina with a size of

400×20 mm. The thickness of bamboo lamina is varied between 1 mm, 1.5 mm, and 2 mm. The bamboo lamina is then preserved

by watering it with a preservative solution in the form of 2.5 % sodium tetraborate solution and dried in an oven until the water

content reaches 10 %. LBCs were made with a hand lay-up method. After the LBCs were molded, they were pressed with 3

variations of dies compaction 1.5 MPa, 2 MPa and 2.5 MPa. The tensile and bending tests were carried out on the LBCs. Tensile

testing is performed in accordance with ASTM standard D3039 and the bending tests were conducted based on ASTM standard

D7264. The results show that at each compaction pressure, the highest tensile and bending strength was achieved by LBCs with a

thickness of 1 mm of bamboo lamina and 7 layers of bamboo laminates. The LBC with thinner bamboo lamina reinforcement and

more layers has the highest tensile strength and bending strength, even it has a lower mass fraction. The LBCs with laminates

oriented 0  exhibited greater tensile and bending strengths than the LBCs with laminates structured −45°/+45° and 0°/90°. The

LBCs with the 0° laminates direction is matrix fracture followed by lamina fracture. In the 0°/90° direction, matrix fracture is

followed by delamination in the 90° and 0° laminates direction. Delamination and lamina clefting were observed in LBCs with

laminates oriented +45°/-45° © 2021. All Rights Reserved.
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1. Introduction

Fundamental research in the field of materials science, 
carried out during the last century, allows us to assert that 
the physicochemical properties of metals and their alloys 
have been fully studied. Relevant knowledge contributes to 
the active development of modern technologies and is now 
widely used to solve numerous practical tasks [1]. It should 
be noted that at that time special attention was paid to 
devising the technologies for metal refining ‒ methods for 
obtaining pure and ultra-pure metals, which are devoid of 
the content of chemical and mechanical impurities. At the 
same time, the leading role in the development of such tech-

nologies belonged to the results of experimental studies on 
the recrystallization of metals. The energy of the metal crys-
talline lattice during the growth time of crystals contributes 
to pushing out (into thermal solutions or melts) of impurity 
chemical elements, causing deep purification of the crystal-
line phase of the metal. These technologies involve melting 
with the gradual cooling of the melt at temperatures close 
to eutectics. This makes it possible to indirectly control the 
growth rate of pure metal crystals, as well as the transition of 
impurity elements to a melt or solution with their subsequent 
elimination.

It is worth noting that such processes of metal refining 
also occur in a solid state at low temperatures close to ambi-
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How to Cite: Merezhko, N., Vovk, Y., Indutnyi, V., Pirkovich, K., Davydiuk, V., Andreiev, O. (2021). Devising criteria for the 

authenticity of historical cold weapons based on X-ray fluorescence analysis of their surface. Eastern-European Journal of Enter-

prise Technologies, 6 (12 (114)), 6–11. doi: https://doi.org/10.15587/1729-4061.2021.247624

DEVISING CRITERIA 
FOR THE AUTHENTICITY 

OF HISTORICAL COLD 
WEAPONS BASED ON X-RAY 
FLUORESCENCE ANALYSIS 

OF THEIR SURFACE
N i n a  M e r e z h k o 

Doctor	of	Technical	Sciences,	Professor,	Head	of	Department*
Y u l i i a  V o v k

Corresponding author
Postgraduate	Student*

E-mail:	y.vovk@knute.edu.ua
V o l o d y m y r  I n d u t n y i 

Doctor	of	Geological	and	Mineralogical	Sciences,	
Associate	Professor*

K a t e r y n a  P i r k o v i c h 
PhD,	Associate	Professor*

V a l e n t y n a  D a v y d i u k
Chief	Curator	

National	Military	History	Museum	of	Ukraine	
Hrushevskoho	str.,	30/1,	Kyiv,	Ukraine,	01021	

O l e k s i i  A n d r e i e v 
PhD,	Leading	Researcher

Department	of	Physical	and	Chemical	Research
National	Research	Restoration	Center	of	Ukraine

Tereshchenkivska	str.,	9b,	Kyiv,	Ukraine,	01024
*Department	of	Commodity	Science	and	Customs	Affairs

Kyiv	National	University	of	Trade	and	Economics
Kyoto	str.,	19,	Kyiv,	Ukraine,	02156

This paper reports the results of studying the 
chemical composition of the surface of 4 objects of 
cold weapons of the 19th and early 20th centuries, 
made of iron – bayonet knives and sabers. This 
makes it possible to establish the signs of authen-
ticity of cold weapon samples made of iron in that 
chronological period.

An authentic procedure has been proposed for 
examining the chemical composition of the surface 
of historical objects of cold weapons by rubbing the 
samples with cotton wool swabs and their subse-
quent investigation. This makes it possible to explore 
objects of cold weapons, whose size is large, as well 
as simplify the very procedure for studying objects of 
historical and cultural value.

Using the X-ray fluorescent chemical analyzer 
Expert Mobile, chemical elements were found at the 
surface of samples of cold weapons made of iron. The 
presence of such elements is the result of the process 
of re-crystallization and self-purification of metal 
during a long history of its life. Elements found in 
almost every rubbing sample were identified: calci-
um, ferrum, zinc, cuprum, and chlorine.

The studies of cold weapons samples testify to 
the heterogeneity of the composition of patina for-
mations on their surface, which confirms the authen-
ticity of ancient objects. In addition, the studies have 
shown a difference in the chemical composition of 
surface layers of different parts of individual sam-
ples of antique cold weapons, which may indicate 
different times or different technology for their man-
ufacture.

The fluorescence spectra of the obtained rubbing 
of individual samples of cold weapons were com-
pared with “pure” material, which made it possi-
ble to identify elements removed from the surface of 
objects. The study results are important indicators to 
confirm the authenticity of cultural monuments and 
the technology of their manufacture in the past

Keywords: cold weapons, metal affinity, metal 
crystallization, impurity chemical elements, X-ray 
fluorescence analysis
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1. Introduction

Polymer materials are increasingly used in engineering 
practice owing to their various compositions. The latter are 

characterized by a more wider set of physical and technolog-
ical properties. At the same time, polymer nanocomposites 
with a range of unique properties and record performance in 
terms of their characteristics are of particular importance.
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This paper reports a series of exper-
imental studies to establish regularities 
of the integrated effect exerted on the 
specific heat capacity of polymer nano-
composites by such factors as the tem-
perature regime of their production, the 
value of the mass fraction of the filler, 
and the temperature of the composite 
material. The studies were conducted 
for nanocomposites based on polypro-
pylene filled with carbon nanotubes. 
When obtaining composites, the method 
of mixing the components in the melt of 
the polymer was used. During the stud-
ies, the temperature of nanocompos-
ites varied from 295 to 455 K, the mass 
fraction of the filler ‒ from 0.3 to 10 %. 
The basic parameter of the technologi-
cal mode for obtaining composite mate-
rials, the value of overheating the poly-
mer melt relative to its melting point, 
varied in the range of 10...75 K. 

It is shown that the temperature 
dependence of the specific heat capac-
ity of the considered composites is sen-
sitive to changes in the overheating of 
the polymer melt only in the region max-
imum values of the specific heat capac-
ity. Concentration dependences of the 
specific heat capacity of the considered 
nanocomposites at different values of 
their temperature and the level of over-
heating of the polymer melt have been 
built. 

The studies have been carried out 
to identify the effects of the influence of 
the above parameters on the coefficient 
of thermal diffusivity of nanocompos-
ites. It has been established, in particu-
lar, that an increase in the level of over-
heating the polymer could lead to a very 
significant increase in the coefficient of 
thermal diffusivity, which is all the more 
significant the higher the proportion of 
filler and the lower the temperature of 
the composite material. It is shown that 
the level of overheating the polymer melt 
relative to its melting point is a parame-
ter that can be used as the basis for the 
creation of polymer composite materi-
als with specified thermophysical prop-
erties
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