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It has been proven that the alloy of “white gold”, composed of 
palladium and silver (AuAgPd585), is not affected by the acid re-
agent for gold assay 585. 

Testing the alloy of “white gold” (AuAgPd585) using an acid 
reagent for gold assay 750 yields the dark sediment of a bluish tint. 

We have established a more contrast effect on the alloys of 
“white gold” and “yellow gold” of assay 750 from the acid reagent for 
gold alloys of assay 750.

Keywords: gold alloys, touchstone, “chlorine gold”, potassium 
dichromate, copper sulphate, assay control.
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We report testing the yellow and white jewelry alloys based on 
gold that contains nickel, zinc, palladium, using a touchstone by 
applying various chemical reagents and XFA (X-ray fluorescence 
analysis).

We have improved the procedure for assessing the conformity of 
assay of the precious alloys based on gold, considering the content of 
component composition by using the results from rubbing the alloys 
on a touchstone. 

It was established that the magnitude of gold assay for precious 
alloys in the system AuAgZnCu, determined under the action of the 
reagent “chloric gold” on the touchstone, depends on the manifesta-
tion of contrast in the course of quality reaction against a standard 
sample (touch-needle).

Under the influence of the reagent, the “yellow” gold alloys dem-
onstrate chloride compounds with silver and copper, being reduced 
to a metal powder of black and brown color. In this case, copper dis-
solves while gold, together with silver, forms an intensive residue on 
a strip that depends on the ligature composition of the alloy. It was 
established that the lower the assay of a tested sample, the greater 
the amount of “chlorine gold” that decomposes, the larger the sedi-
ment of silver chloride and the pure gold reduced from the reagent, 
and hence the darker the sediment.

It has been proven that testing the precious alloys of red color 
from the system AuAgZnCu 585 with a content of zinc (over 2 %), 
nickel, indium by using a reagent based on potassium dichromate and 
copper chloride is not effective. 

The results of our analysis indicate the increased gold assay 
compared with a standard touch-needle. 

To eliminate this phenomenon, it is recommended that one 
should first determine the composition of an alloy by the XFA 
method and construct an algorithm for testing in accordance with 
the content of the alloy by other reagents.

It was determined that the gold assay defined on a touchstone 
for alloys from the system AuAgZnCu 585 (a content of zinc is over 
2 %) is more contrast under the influence of acidic reagents and de-
pends on the component composition of the alloy. 
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to achieve an improvement in the surface properties of structural 
carbon, structural alloyed, tool steels. The relationship has been 
established between the service life of the products and the surface 
properties obtained after implantation. An increase in the service 
life of products with TiN coating (1.5–3 times), CrN (1.9–6 times) 
and ZrN (3–12 times) in comparison with uncoated products is 
shown. An analysis was conducted and the most effective variants 
of combinations “target ‒ steel substrate” for practical application 
of protective coatings were determined. The use of relatively inex-
pensive steel products with enhanced strength characteristics has 
economic benefits for the manufacturer and is one of the trends in 
modern production.

Keywords: ion implantation, protective coating, steel substrate, 
wear resistance, service life.

References

1.	 Dragunov, Yu. G. et. al.; Dragunov, Yu. G., Zubchenko, A. S. (Eds.) 
(2014). Marochnik staley i splavov. Moscow, 1216.

2.	 Ba, Z., Dong, Q., Yin, J., Wang, J., Ma, B., Zhang, X.Wang, Z. (2017). 
Surface properties of Mg-Gd-Zn-Zr alloy modified by Sn ion implan-
tation. Materials Letters, 190, 90–94. doi: https://doi.org/10.1016/ 
j.matlet.2016.12.038 

3.	 Schibicheski Kurelo, B. C. E., de Oliveira, W. R., Serbena, F. C., 
de Souza, G. B. (2018). Surface mechanics and wear resistance of 
supermartensitic stainless steel nitrided by plasma immersion ion 
implantation. Surface and Coatings Technology, 353, 199–209. doi: 
https://doi.org/10.1016/j.surfcoat.2018.08.079 

4.	 Borisov, A. M., Krit, B. L., Kulikauskas, V. S., Semenova, N. L., 
Suminov, I. V., Tihonov, S. A. (2014). Issledovanie uprochneni-
ya poverhnosti staley pri kombinirovannom ionnom i lazernom 
vozdeystvii. Izvestiya Tomskogo politekhnicheskogo universiteta,  
324 (2), 137–142.

5.	 Bystrov, S. G., Pepelyaev, N. B., Reshetnikov, S. M., Kolotov, A. A., 
Bayankin, V. Ya. (2017). Vliyanie implantacii ionov argona na fiziko-
himicheskoe stroenie i korrozionnoe povedenie vysokohromistoy 
stali. Himicheskaya fizika i mezoskopiya, 19 (2), 250–258.

6.	 Pogrebnyak, A. D., Kaverina, A. Sh., Kylyshkanov, M. K. (2014). 
Electrolytic plasma processing for plating coatings and treating 
metals and alloys. Protection of Metals and Physical Chemistry of 
Surfaces, 50 (1), 72–88.

7.	 Proskuryakov, V. I., Rodionov, I. V., Koshuro, V. A. (2019). Issledo-
vanie izmeneniya mikrotverdosti poverhnosti cirkoniya posle laz-
ernoy modificiruyushchey obrabotki. Zhurnal tekhnicheskoy fiziki,  
45 (6), 20–22. doi: https://doi.org/10.21883/pjtf.2019.06.47493. 
17598 

8.	 Semendeeva, O. V., Uchevatkina, N. V., Ovchinnikov, V. V. (2011). 
Analysis of implantation features for titanic alloys, 2, 36–47.

9.	 Yakupov, N. M., Giniyatullin, R. R. (2011). Corrosion deteriora-
tion of the thin-walled elements processed by a method of ionic 
implantation. Stroitel’naya mekhanika inzhenernyh konstrukciy i 
sooruzheniy, 3, 74–79. 

10.	 Wang, F., Zhou, C., Zheng, L., Zhang, H. (2017). Corrosion resistance 
of carbon ion-implanted M50NiL aerospace bearing steel. Progress 
in Natural Science: Materials International, 27 (5), 615–621. doi: 
https://doi.org/10.1016/j.pnsc.2017.07.003 

11.	 Vlcak, P., Fojt, J., Weiss, Z., Kopeček, J., Perina, V. (2019). The effect 
of nitrogen saturation on the corrosion behaviour of Ti-35Nb-7Zr-
5Ta beta titanium alloy nitrided by ion implantation. Surface and 
Coatings Technology, 358, 144–152. doi: https://doi.org/10.1016/ 
j.surfcoat.2018.11.004 

12.	 Bratushka, S. N., Sokolov, S. V. (2012). Vliyanie plazmennoy ob-
rabotki i ionnoy implantacii na svoystva i strukturno-fazovye izm-
eneniya v titanovyh splavah. Fizicheskaya inzheneriya poverhnosti,  
10 (2), 138–161.

15.	 Stankiewicz, W., Bolibrzuch, B., Marczak, M. (1998). Gold and gold 
alloy reference materials for XRF analysis. Gold Bulletin, 31 (4), 
119–125. doi: https://doi.org/10.1007/bf03214776 

16.	 Young, R. S. (1980). Analysis for gold. Gold Bulletin, 13 (1), 9–14. 
doi: https://doi.org/10.1007/bf03215123 

17.	 Jurado-López, A., de Castro, L., Pérez-Morales, R. (2006). Applica-
tion of energy-dispersive X-ray fluorescence to jewellery samples de-
termining gold and silver. Gold Bulletin, 39 (1), 16–21. doi: https://
doi.org/10.1007/bf03215528 

18.	 Mahr, C., Schowalter, M., Mitterbauer, C., Lackmann, A., Fitzek, L., 
Mehrtens, T. et. al. (2018). Nanoporous gold dealloyed from AuAg 
and AuCu: Comparison of structure and chemical composition. Ma-
terialia, 2, 131–137. doi: https://doi.org/10.1016/j.mtla.2018.07.014 

19.	 Morcali, M. H., Zeytuncu, B., Ozlem, E., Aktas, S. (2015). Studies of 
Gold Adsorption from Chloride Media. Materials Research, 18 (3), 
660–667. doi: https://doi.org/10.1590/1516-1439.005715 

20.	 Henson, B. C., Harris, J. T., Homan, K. A. (2017). Synthesis of Gold 
Nanorods: Avoiding Common Pitfalls. Material Matters. Available 
at: https://www.sigmaaldrich.com/technical-documents/articles/
material-matters/synthesis-of-gold-nanorods.html

21.	 Ali, R., Ali, H. R. H., Batakoushy, H. A., Derayea, S. M., Elsuto- 
hy, M. M. (2019). A reductant colorimetric method for the rapid 
detection of certain cephalosporins via the production of gold 
and silver nanoparticles. Microchemical Journal, 146, 864–871.  
doi: https://doi.org/10.1016/j.microc.2019.02.023 

22.	 Hashmi, M. H., Rashid, A. (1966). Colorimetric Determination of 
Gold, Platinum, and Cerium. Analytical Chemistry, 38 (10), 1423–
1424. doi: https://doi.org/10.1021/ac60242a041 

23.	 TU U 27.4-00201514-010:2005. Splavy na osnovi dorohotsinnykh 
metaliv. Tekhnichni umovy (2005). Donetsk, 12. 

DOI: 10.15587/1729-4061.2019.161292
ANALYSIS AND COMPARISON OF MECHANICAL AND 
CHEMICAL PROPERTIES OF PROTECTIVE COATINGS 
OBTAINED AT DIFFERENT COMBINATIONS OF 
“TARGET – SUBSTRATE” (p. 19-27)

Larisa Vasetskaya
Institute of Chemical Technologies of the Volodymyr Dahl East 

Ukrainian National University, Rubizhne, Ukraine
ORCID: http://orcid.org/0000-0002-4873-8835

The effect of different combinations of the “target-substrate” 
on the mechanical and chemical properties of protective coatings 
obtained by ion-plasma treatment has been studied. The wide-
spread use of ion-plasma technology for strengthening products is 
constrained by the imperfection of equipment, the lack of sufficient 
theoretical and experimental research for control and regulates the 
physical properties and technical parameters of the process. Elimi-
nating these problems is possible based on further research and new 
solutions in the field of strengthening technology. For research in 
this direction, an experimental ion-plasma setup was used with 
software for regulating and controlling energy, dose, concentration 
of implanted ions, working gas pressure, coating thickness. The 
effective technique to improve the quality of the steel tool work-
ing surface has been applied, which made it possible to carry out 
mass transfer of alloying elements by ion-plasma surface treatment. 
Due to the controlled low-temperature two-stage ionization of 
nitrogen atoms and alloying elements in the reaction volume, the 
iron crystal lattice was saturated with implanted ions and carbo-
nitride phases of the alloying elements, which are responsible for 
increasing hardness, wear and corrosion resistance. The optimal 
parameters of the implantation process (Us=25 kV, Is=35 mA, 
D=4.01·1017 cm-2 per hour) were revealed, which made it possible 
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macionnoe povedenie i iznosostoykost’ stali 45. Izvestiya Tomskogo 
politekhnicheskogo universiteta, 307 (4), 121–125.
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We have studied the surface structure of tamper-proof paper 
with positive and negative watermarks at different scales ‒ from a 
micrometer to a nanometer level, by using the methods of contact 
profilometry and atomic force microscopy. Experimental research 
has confirmed that the structural parameters of the tamper-proof 
paper’s surface differ at regions with and without watermarks.

The results of measurements by a contact profilometer have 
made it possible to trace a correlation between values of the profile’s 
mean arithmetic deviation and the presence of watermarks. It was 
determined that the value for the profile’s largest height does not de-
pend on a measurement region, which could be related to the chaotic 
arrangement of fibers and particles of the filler in the paper bulk that 
protrude above the profile’s line.

By analyzing the value of the profile’s mean arithmetic deviation 
obtained by using a method of atomic-force microscopy, it was found 
that for regions with negative watermarks it is larger than that for 
regions with positive watermarks. The dependence of the profile’s 
largest height on measurement region is not clearly observed. This 
may be due to that the size of the examined region (3,000×3,000 nm) 
covers only part of the pulp fibers.

Thus, the results of our analysis allow us to argue that both 
methods are suitable for estimating the characteristics of paper’s 
surface, and determine the character of interaction between a given 
type of paper and printing inks during printing process. In particular, 
it has been established that the method of profilometry makes it pos-
sible to determine parameters of the paper’s surface profile, formed 
in a certain way, while the atomic force microscopy method allows 
analysis of the morphology of its components, located at the surface 
(fibers, filler’s particles, etc.). The availability of information on the 
structural properties of paper makes it possible to predict the qual-
ity of printing reproduction, specifically clearness of reproduction 
of thin guilloche lines on watermarks, which is relevant because it 
prevents flaws in printing products for special purposes.

Keywords: tamper-proof paper, roughness, contact profilometry, 
atomic force microscopy, surface structure of paper.
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We investigated samples extracted in Ukraine from nine granite 
deposits experimentally. We performed tests of granite samples at 
high temperatures of 200, 400, 600, and 900 °C.

All presented granites showed a change in the color of surface at 
a temperature of 200 °C and higher. The behavior of granites under 
heating depends on their mineral composition, structure and texture.

Surfaces of all samples became lighter and some granite samples 
lost saturation of their color. The largest increase in L component 
(image of stone samples brightens) of the CIELab color system 
occurred on Cardinal Gray and Carpazi granite samples of natural 
stone under heating to 900 °C. The increase made up 42 and 44 %, 
respectively. The smallest increase in L component was on Gray 
Ukraine and L granites under heating to 900 °C. It made up 4 and 
8.5 %, respectively.

The effect of temperature was less visible on red granite, since 
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The study was conducted on the influence of chemical precipita-
tion of copper on the change in the physical, chemical and technologi-
cal properties of atomized powder based on iron. The kinetics of the 
copper deposition process from the solution of copper glycerate and 
the technological parameters of the deposition process have been 
established, helping obtain copper plating with adjustable thickness. 
The study of the physical properties of composite powders has shown 
that plating changes the shape, size, and morphology of the surface of 
particles of iron powder. Due to this, there are changes in the techno-
logical characteristics of iron powders, in particular their fluidity and 
bulk density increase. The study of the structure of composite powders 
has shown a difference in porosity at low pressures after compression, 
compared with the original iron powder, which is due to the best 
repositioning of particles at the stage of structural deformation. This 
allows the compression process to be carried out at lower pressures to 
obtain satisfactory porosity. Second pressing of briquettes based on 
composite powders results in a decrease in the total porosity of the 
material by 6–7 %, which is due to the effect of plastic copper, which is 
more easily deformed at a pressure of up to 800 MPa. The study of the 
physical and mechanical properties of composite powders has shown 
that plating with copper increases bending strength and toughness 
with hardness. The improvement of properties is due to the dissolution 
of copper in the iron after sintering and the formation of a solid copper 
solution in α–Fe. In addition, the introduction of copper by chemical 
precipitation allows obtaining a material with a uniform distribution 
of the alloying component throughout the volume of iron, which is 
confirmed by the results of metallographic analysis and measurement 
of specific electrical resistance.

There are grounds to argue that it is possible to control the 
amount of copper in an iron powder with a given thickness of plating 
by a chemical precipitation method, which helps obtain powdered 
material with high performance characteristics.

consider a fire with temperatures lower than this threshold as a “safe” 
fire in terms of aesthetic damage, if we take into consideration the 
heating coefficient of fire only and exclude ash and gases.

Keywords: granite, high temperatures, decorativeness of natural 
stone, mineral composition, granite structure.
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The results of experimental research into the influence of the 
concentration of carbon black in industrial oil I-30А and on wear 
resistance of the tribological system “steel-oil-bronze” are presented. 
It is assumed that carbon black, obtained by the electric arc method 
under laboratory conditions, consists of conglomerates and micro-
and nanoparticles of carbon, which are found in a wide range from 
nanometers to tenths of millimeters.

The procedure, materials, and equipment for experimental stud-
ies of wear resistance of the parts of the tribosystem “steel-bronze” 
on the friction machine SMC-2 was shown. The research procedure 
methodology involved the variation by two independent factors: 
concentration of carbon black in industrial oil I-30А and external 
loading. Sliding velocity, contour area of the contact and initial tem-
perature of the tribosystem remained constant factors.

The obtained experimental data made it possible to establish 
two main patterns that characterize the process of friction and wear 
in the studied tribological system. The first pattern reveals the influ-
ence of the concentration of carbon black in industrial oil I-30А and 
external load on friction torque in the couple “steel ‒ bronze”. The 
second pattern reveals the influence of the same factors on wear 

Keywords: plating, chemical precipitation, composite powder, 
moulding, compaction, sealing, morphology, impact strength, electri-
cal resistance.
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resistance of the parts that were tested on the friction machine. 
The obtained patterns correlate among themselves and determine 
the scope of rational concentration of conglomerates of micro- and 
nanoparticles of carbon in industrial oil I-30A, which was applied as 
a lubricant in the tested tribological system.

At the final stage of the research, the surfaces of the parts of fric-
tion were studied at the atomic-force microscope “Solver P47-Pro” 
made by manufacturing company NT-MDT. These studies made it 
possible to reveal the mechanism of modification of the surface layer 
of steel and bronze by carbon nanoparticles in their interaction in the 
tribological system at friction.

Keywords: carbon conglomerate, carbon nanoparticles, friction 
pair, tribological system, industrial oil.
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We have investigated the physicochemical characteristics 
of chromium-nickel-containing waste from the production of 
corrosion-resistant steels and a doped alloy obtained by reduction 
smelting. This is necessary to determine the parameters that re-
duce the losses of Ni and Cr during the processing of doped oxide 
raw materials and using the resulting dopant. It was determined 
that the alloy with the O/C ratio in the charge in the range of 
1.09–1.78 had the γ-Fe and Fe3C phases with alloying elements 
as substitutional atoms. At O/C=1.78, the phase composition 
predominantly consisted of γ-Fe with a weak manifestation of 
Fe3C. A phased O/C change in charge of 1.33 and 1.09 resulted in 
an increase in the emergence of Fe3C on diffractograms. The mi-
crostructure of the chrome-nickel-containing corrosion-resistant 
steels scale mixture is disordered with the presence of particles of 
different sizes and shapes. The content of the alloying elements 
Ni and Cr was 7.65 % wt. and 14.26 % wt., respectively, at the 
oxygen content at the level of 29.70 % wt. The microstructure 
of the doped alloy with a different O/C ratio in the charge had a 
clear manifestation of several phases, characterized by differences 
in the content of the main alloying elements. The Ni content in 
the studied areas of different phases varied within 1.41–20.90 % wt., 
Cr ‒ 1.27–32.90 % wt. According to research, the most accept-
able O/C ratio in the charge is 1.78. In this case, reduction was 
achieved with predominance in the phase composition of γ-Fe 
with a relatively weak manifestation of residual carbon as the car-
bide component. In other words, we have determined the indica-
tors for the processing of chromium-nickel-containing industrial 
wastes and the production of a doped smelting product with a 
relatively low carbon content. This expands the possibilities of 
resource saving using the obtained alloy with the replacement of 
a certain proportion of standard alloying materials in the smelting 
of carbon-limited steel grades.

Keywords: corrosion-resistant steel scale, alloyed technogenic 
waste, reduction smelting, X-ray phase studies.
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