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The problem is to determine the threat of chemical damage to
a person upon his contact with historical artifacts from metals. For
this purpose, experimental studies of the process of accumulation of
chemicals on the surface of historical metal products were carried
out. The objects of this study were 3 samples of historical cold weap-
ons selected from the museum fund, as well as samples from modern
sheet steel.

The blades of museum objects were rubbed with a special ash-
free swab, which was burned, and the chemical composition of the
residue was determined. This makes it possible to obtain data on
compounds from a significant surface area. A list of chemical ele-
ments that accumulate on the surface of metallic historical artifacts
over time has been established. Theoretically, the possibility of the
appearance on the surface of historical artifacts made of iron of
such chemical elements as Mercury, Barium, Stibium, Phosphorus,
Plumbum (Lead), Thallium, Chromium, Selenium, Cadmium has
been theoretically proven. This can pose a threat to the health of
museum workers and collectors who are in daily contact with such
items.

The results of the experiment are provided with samples of
modern steel, which, in order to accelerate the process of elimina-
tion of impurity elements, warmed up for 3 hours in a muffle fur-
nace at a temperature of 700 °C. The surface of these samples was
studied using an electron microscope, and local emission analysis
of the chemical composition was carried out. The obtained results
confirm the process of elimination of ions of individual chemical
elements from the metal in the process of its heating. We can ob-
serve the release of Al, Si, S, K, Ca, Cu ions to the surface. Based on
the results obtained, plots are built that describe the change in the
chemical composition of the metal surface throughout the history
of existence.

The use of the author’s method of testing makes it possible to
study the problem of safety of handling historical monuments in

general. The results of the study are important for establishing the
authenticity of metallic historical artifacts and assessing possible
risks in contact with them.

Keywords: metallic historical artifacts, hazardous chemicals,
chemical composition, X-ray fluorescence analysis.

References

1. Indutnyi, V. V., Pokhodiashcha, O. B. (2021). Ekspertyza pamiatok
kultury. Kyiv: Litera LTD, 516.

2. Indutnyi, V., Merezhko, N., Pirkovich, K. (2019). Studying the
authenticity of the golden element from a mongolian warrior’s
armor by physicalchemical methods. Eastern-European Journal of
Enterprise Technologies, 1 (12 (97)), 34—40. doi: https://doi.org/
10.15587/1729-4061.2019.157156

3. Indutnyi, V., Merezhko, N., Pirkovich, K., Andreiev, O. (2021).
Identification of patterns of crystal-chemical transformations in
historical artifacts made of metals. Eastern-European Journal of
Enterprise Technologies, 1 (12 (109)), 44—51. doi: https://doi.org/
10.15587/1729-4061.2021.225418

4. Merezhko, N., Vovk, Y., Indutnyi, V., Pirkovich, K., Davydiuk, V., An-
dreiev, O. (2021). Devising criteria for the authenticity of historical
cold weapons based on X-ray fluorescence analysis of their surface.
Eastern-European Journal of Enterprise Technologies, 6 (12 (114)),
6—11. doi: https://doi.org/10.15587 /1729-4061.2021.247624

5. Kikuchi, N. (2020). Development and Prospects of Refining Tech-
niques in Steelmaking Process. ISIJ International, 60 (12), 2731—
2744.doi: https://doi.org/10.2355 /isijinternational.isijint-2020-186

6. Ashkenazi, D., Gitler, H., Stern, A., Tal, O. (2017). Metallurgical inves-
tigation on fourth century BCE silver jewellery of two hoards from Sa-
maria. Scientific Reports, 7 (1). doi: https://doi.org/10.1038 /srep40659

7. Mincu, V., Constantin, N. (2013). Refining steels produced in elec-
tric arc furnace. U.P.B. Sci. Bull,, Series B., 75 (2), 109—116. Avail-
able at: https://www.scientificbulletin.upb.ro/rev_docs_arhiva/
full80c_761668.pdf

8. Mincu, V, Negru, M., Constantin, N. (2012). Increase the Ingots
Quality Cast in Vacuum. Solid State Phenomena, 188, 339-345. doi:
https://doi.org/10.4028 /www.scientific.net/ssp.188.339

9. Guerra, M. F, Pagés-Camagna, S. (2019). On the way to the New
Kingdom. Analytical study of Queen Ahhotep’s gold jewellery (17th
Dynasty of Egypt). Journal of Cultural Heritage, 36, 143—152. doi:
https://doi.org/10.1016 /j.culher.2018.09.004

10. Robbiola, L., Blengino, J.-M., Fiaud, C. (1998). Morphology and
mechanisms of formation of natural patinas on archaeological Cu—
Sn alloys. Corrosion Science, 40 (12), 2083-2111. doi: https://
doi.org/10.1016,/s0010-938x(98)00096-1

11. Scrivano, S., Gémez Tubio, B., Ortega-Feliu, 1, Ager, E J., Paul, A,
Respaldiza, M. A. (2017). Compositional and microstructural study
of joining methods in archaeological gold objects. X-Ray Spectrom-
etry, 46 (2), 123-130. doi: https://doi.org/10.1002/xrs.2738

12. Uzloy, K. 1. (2015). Krystalohrafiya, krystalokhimiya ta mineralohiya.
Chastyna II: Konspekt lektsiy. Dnipropetrovsk: NMetAU, 52. Available
at: https://nmetau.edu.ua/file/konspekt_lektsiy kristalogr ch_ii.pdf

13. Voroshilov, Yu. V., Pavlishin, V. I. (2011). Osnovy kristallografii i
kristallokhimii. Rentgenografiya kristallov. Kyiv: KNT, 568.

14. Smyrnov, V. O., Biletskyi, V. S. (2022). Fizychni ta khimichni osnovy
haluzevoho vyrobnytstva. Lviv: Novyi Svit-2000, 148. Available at:
http://repository.kpi.kharkov.ua/bitstream/KhPI-Press/56004,/1/
Book 2022 Smyrnov_Fizychni.pdf

15. Biletskyi, V. S. et al.; Biletskyi, V. S. (Ed.) (2004). Mala hirnycha
entsyklopediya. Vol. 1. Donetsk: Donbas, 640.



DOI: 10.15587/1729-4061.2022.267264

SUPPRESSION OF CORROSION ON STAINLESS
STEEL 303 WITH AUTOMATIC IMPRESSED CURRENT
CATHODIC PROTECTION (A-ICCP) METHOD IN
SIMULATED SEAWATER (p. 13-21)

Hamsir

Hasanuddin University, Bontomarannu Gowa,
Sulawesi Selatan, Indonesia

ORCID: https://orcid.org/0000-0001-5521-2498

Onny Sutresman

Hasanuddin University, Bontomarannu Gowa,
Sulawesi Selatan, Indonesia

ORCID: https://orcid.org/0000-0002-4451-5634

Hairul Arsyad

Hasanuddin University, Bontomarannu Gowa,
Sulawesi Selatan, Indonesia

ORCID: https://orcid.org/0000-0003-3356-2846

Muhammad Syahid

Hasanuddin University, Bontomarannu Gowa,
Sulawesi Selatan, Indonesia

ORCID: https://orcid.org/0000-0001-8025-4542

Agus Widyianto

Universitas Negeri Yogyakarta, Karang Gayam,
Caturtunggal, Kec. Depok, Kabupaten Sleman,
Daerah Istimewa Yogyakarta, Indonesia

ORCID: https://orcid.org/0000-0002-1554-256 1

One effective method to slow down metal corrosion rate is the
impressed current cathodic protection (ICCP) system. The ICCP
system is suitable for coastal applications such as piping systems and
offshore structures. In this application, metal surfaces tend to be ex-
posed to seawater. Specific concentrations of seawater can accelerate
the occurrence of corrosion of metals, even though they are stainless
steel types. This study applied the automatic ICCP system to stainless
steel 303. Stainless steel 303 will be immersed in simulated seawater
at several concentrations of NaCl (27 ppt, 31 ppt, and 35 ppt). The
specimens were immersed in NaCl solution for three weeks or about
504 hours at a constant temperature of 38 °C. After the sample has
been soaked, quantitative and qualitative measurements were carried
out. Quantitative measures include average weight loss, corrosion
rate, and potential value. At the same time, the qualitative measure-
ments include macroscopic, Scanning Electron Microscopy (SEM),
and Energy Dispersive X-Ray Spectroscopy (EDS). Based on quan-
titative measures, it was found that the difference in average weight
loss and corrosion rate for each NaCl concentration was not very
significant. The difference of each parameter is less than 0.1 % and
0.22 %, respectively. The potential value quickly reaches a steady state
at NaCl concentrations of 27 ppt and 31 ppt in less than 10 seconds.
The results of the SEM test showed a change in the metal structure.
The oxygen (O) content in the metal after the EDS test showed a
decrease in this element up to 35 % at a NaCl concentration of 35 ppt.
The decrease in oxygen (O) can slow down the corrosion rate in met-
als when exposed to seawater.

Keywords: corrosion rate, impressed current cathodic protection
(ICCP), simulated seawater, stainless steel 303.
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The reflector durability is essential to maintain suitable photo-
to-thermal conversion in concentrated solar power plants. The

present study evaluates the impact of environmental exposure and
accelerated aging of the reflector material. The study is conducted to
assess the reflector material’s durability to withstand environmental
exposure and accelerated aging test. The evaluation is conducted us-
ing four different reflector materials commonly used in concentrated
solar power: stainless steel and silvered-glass mirror (solid-state
reflector), aluminum and silvered-polymer film (sheet-based reflec-
tor). The environmental exposure and accelerated aging test are
conducted for 1,080 hours according to the standard reference of
ISO 8565:2011 and ASTM B117-11. The mass loss after exposure
is used as a reference to determine the corrosion rate for each reflec-
tor. Further observation is conducted by using microscope light to
observe the effect of exposure on the surface of the reflector. Each
reflector indicates a different corrosion rate which implies different
weather resistance for each reflector type. The highest corrosion
rate is found on aluminum film, with a value of 295.8 g/m?year.
The accelerated aging test through neutral salt spray demonstrates
that a metallic reflector has a higher corrosion rate compared to a
silvered-glass mirror which uses silicon dioxide as the top coating.
Microscope observation demonstrates that suitable protection from
soiling elements for the silvered-glass mirror is mainly caused by the
presence of silicon dioxide on the top surface of this reflector. The
assessment suggests that a suitable coating can be developed to be
used for reflector protection. Furthermore, the corrosion mechanism
is observed clearly, which can be referred to the synthesis of new
reflective material that withstands environment and salt exposure.

Keywords: accelerated aging, concentrated solar power, reflector
material, salt spray, soiling.
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This paper reports a study the into processes of plasma-electrolyte

formation of heterooxidic coatings on titanium alloys for the photocat-



alytic destruction of natural and man-made toxicants. The synthesis of
coatings was carried out from aqueous solutions of diphosphates under
a galvanostatic mode. For a quantitative description of photocata-
lytic reactions, the constants of the reaction rate k; from the linear-
ized dependences In(C;/Cy), where C; is the current, Cy is the initial
concentration of the reagent, were calculated. The morphology of the
coating surface was investigated by atomic force microscopy, and the
results were visualized by reconstruction of the relief in the form of 2D
and 3D topographic maps. Morphological features of coatings made of
titanium oxide (IV) and heterooxidic composites containing oxides of
transition metals were analyzed. It is shown that the specific surface
area remains an effective factor in regulating the photocatalytic activ-
ity of coatings. The establishment of the morphology of heterooxidic
composites, as well as methods for controlling this parameter of the
target product, is a constant component of the systematic study of
such materials in determining their functional properties. It has been
established that compared to oxide-titanium coatings whose surface
layers are characterized by a toroidal mesostructure, heterooxidic
compositions have a more developed surface, which has a positive ef-
fect on their functional properties. Subsequent heat treatment simi-
larly affects the properties of the coating. The speed constants of the
photocatalytic decomposition of the methyl yellow-hot azo dye were
used to rank coatings of different composition according to their
functional properties. Coatings from TiO»ZnO showed the highest
catalytic activity among the materials studied — ks is 5.26 10 min?,
which is several times higher than the corresponding value for TiOs.
Keywords: plasma-electrolyte oxidation, titanium heterooxides,
heterooxidic photocatalyst, photocatalyst morphology, azo dye, dopant.
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Investigating the properties of composite oxide for intermedi-
ate temperature solid oxide fuel cells (IT-SOFCs) has been done
as a new cathode material. Using a solid-state reaction method, the
metallic oxide material has been employed to create the compos-
ite model system. During the sintering process, a model system
of Smg;5Srg35Bag15FeO3.5 (SSBF15) was constructed. Thermal
gravimetric analysis (TG) was played to utilize the oxygen content
and weight loss of the model. In the meantime, the structure of the
composite was characterized using X-ray diffraction (XRD), and the
conductivity properties were tested by thermal conductivity. The
structural design was made possible by the findings, which revealed
that the composite model structure exhibited the crystalline struc-
ture with perovskite phase. Weight losses during the construction of
the structure were reflected in the decomposition and evaporation
of the composite’s constituent parts. After the calcination process
up to 950 °C, the model system’s formation oxygen content was
obtained of 2.94 in 800 °C. The electrical conductivity maximum ob-
tained in 12.2 S-cm™! at 430 °C. At low temperatures, the conductive
behavior was affected by the metallic element, while at higher tem-
peratures, it was influenced by the ionic structure. As a result, mixed
ionic and electric conductors (MIEC) were extensively utilized in
the process of generating the conductive properties. The SSBF15
composite has a good chance of being used as an alternative cathode
material with a perovskite single phase for future IT-SOFCs appli-
cations based on the structure and conductivity results. Additional
testing and observation are required to determine the resistance’s
value when incorporated into the electrolyte and its heat expansion
properties.

Keywords: solid oxide fuel cells, cobalt-free cathode composite,
perovskite structure, oxygen content, electronic conductivity.
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This paper reports a study into the features of the structural-
phase composition of products from the carbon-thermal reduction
of scale of high-speed steels that yields an alloying additive. This is
necessary to determine the technological parameters that reduce the
loss of target elements in the process of obtaining and using resource-
saving alloying material. The study indicates that when the degree of
scale reduction changed from 28 % to 67 % and 81 %, an increase in
the manifestation of a solid solution of carbon and alloying elements
in the o-Fe lattice was observed. At the same time, the intensity of
the diffraction maxima of FeO and Fe3O, decreased. In the reduced
products, the presence of FesC, FeW3C, FesWsC, and WC was
traced. With an increase in the degree of scale reduction from 28 %
to 67 %, the disordered (of “loose” appearance) microstructure was
replaced with the formed particles of round and multifaceted shape
with different content of alloying elements. At the reduction stage of
81 %, the microstructure had a finely fibrous structure. Based on the
suite of studies, the most acceptable degree of reduction of scale of
high-speed steel, followed by the use of the obtained material as an
alloying additive, is 81 %. At the same time, ensuring the degree of
recovery at the level of 67 % would also suffice. This is due to the fact
that residual carbon in the form of carbides provides an increased
reducing ability and degree of assimilation of alloying elements with
the restoration of the residual oxide component in the liquid metal
during doping. Spongy microstructure contributes to faster dissolu-
tion, in relation to the corresponding standard ferroalloys. This en-
sures a reduction in the total smelting time and, as a result, a decrease
in the energy consumed.

Keywords: oxide man-made waste, scale of high-speed steels,
carbon-thermal reduction, structural-phase transformations.
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BU3HAYEHHS HEBE3IEYHNX XIMIYHIX PEYOBUH HA IIOBEPXHI APTE®AKTIB ICTOPIi 3 METAJIIB
(c. 6-12)

I0. P. BoBk, H. B. Mepe:xko, B. B. Ingytauii, K. A. Ilipkosiy, }O. O. JInTBuHEeHKO

ITpo6aema nosArae y BU3HAYEHHI 3arpo3y XiIMIYHOTO ypasKeHHs JIIOAMHU NpU i KOHTAaKTi 3 apredakramu icTopii 3 meramis. s
11bOro OyJIM MPOBEIEH] eKCIepUMEeHTAIbHI OCTIIDKEeH S TPOIeCy HAKOMUYEHHs XIMIYHUX PEYOBUH Ha MOBEPXHI iICTOPUYHUX BUPOOIB
3 metani. O6’ekramu gocaikerts 6yi0 06pano 3 B3ipii icTOPUUHOT X0I0AHOT 36P0i 3 My3eHHOTO (DOHIY, a TAKOK 3Pa3KK 3 Cy4acHO]
JINCTOBOI CTaJI.

Jlesa My3elHUX MpeAMETIB HATUPAIUCS CHElialbHUM Ge330JbHUM TAMIIOHOM, SIKUH CHANIOBABCS, 1 BU3HAYABCS XIMIYHUIT CKJal
saanniky. Ile 103BoJisse oTpuMaTy JaHi PO CIOJIYKH 31 3HAYHOI IJIOII MOBepxHi. BcTaHOBiIEHO Ieperik XiMIYHUX €JIEMEHTIB, SKi
HAKOTMYYIOThCS Ha MOBepXHi apredakTiB icTopii 3 MeTamiB i3 minHOM vacy. TeopeTuyHo JoBefieHa MOXKJIUBICTh MOSIBM Ha MOBEPXHi
apredaktip icTopil i3 samiza Takux XimiuHuUX ejgemeHTiB, sk PryTh, Bapiii, Ctubiii, ®ochop, [Matombym (Csunens), Taniii, Xpowm,
Cenen, Kagmiit. [le Moske cTaHOBUTH 3arpo3y 3/10POB’I0 MPAIliBHUKIB My3€iB Ta KOJEKI[IOHEPIB, SKi MOBCAKIEHHO KOHTAKTYIOTH 3 TAKIMU
npeMeTaMu.

Hapnamno peaysraTil eKCIIepUMEHTY 31 3paskaMi CyJacHOI CTaJi, SIKi, 3 METOIO IPICKOPEHHS IIPOIIECy eTiMiHaIlii JOMIIIKOBUX €JIEMEHTIB,
3 ropunu mporpiBasmcs B mydenbniii meui npu Temrepatypi 700 °C. [ToBepxms mmx 3pas3kiB BUBYATACI 32 JOTIOMOTOIO €JIEKTPOHHOTO
MIiKpOCKOILY, i IPOBOAMBCS JIOKAJIbHUI eMiciitHuil anasis XiMiunoro ckiaaxy. OTpumani pesyJibraTil MiATBEP/UKYIOTh IPOTIKAHHS IIPOLeCcy
eiMiHAI] 10HIB OKpEeMIX XIMIYHUX eJeMEHTIB 3 MeTay B TpoIleci Horo mporpiBanus. MoskeMo crocTepiraTi BUAIJEHHS Ha MOBEPXHIO
ionis Al, Si, S, K, Ca, Cu. Ili xiMiuHi eJileMeHTH MaiOTh 3/aTHICTb YTBOPIOBATH IKIAJIMBI U151 JIOAMHU CIIOJYKHU TIPU B3a€MOIIT 3 BOJIOTOI0
Ta OpPraHiYHUMN pedoBHHAMM 1oBepXHi pyk. Ha mifcTasi oTpuMannx pesyibraTis mpejacTaseni rpadiku, ki onnucyioTh 3MiHy XiMi9HOTO
CKJIaJly MOBEPXHi MeTasry BIPOJIOBK icTOPIT MOOYTYBaHHSL.

3acTocyBaHHsI aBTOPCbKOI METOMKH OMPOOYBaHHsI I03BOJISIE BUBYATH T1POOJIeMy Ge3IeKH TIOBOJKEHHs 3 TlaM'sITKaM K iCTOPii B ILJIOMY.
PesymnbraTin mocipkeHHs € BaKJIMBIMN JIJTsT BCTAHOBJICHHS aBTEHTHYHOCTI apTedaKTiB icTopii 3 MeTasliB Ta OIIHKY MOKJIMBUX PU3HKIB IIPH
KOHTAKTi 3 HUMU.

KimouoBi cioBa: apredaktn icTopii 3 MeTasis, HeOe3meuHi XiMiTHi PeYOBIHM, XIMIYHUI CKJIaJI, PEHTTeHOMIyOPECIIEHTHNIT aHAT3.
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MPUYIIEHHSI KOPO3Ii HEP3KABIIOUOI CTAJII 303 METOJIOM ABTOMATHYHOTO KATOJTHOTO
3AXHMCTY 30BHIIIHIM CTPYMOM (ICCP) B IITYYHIIT MOPCBHKIi BOJII (c. 13-21)

Hamsir, Onny Sutresman, Hairul Arsyad, Muhammad Syahid, Agus Widyianto

Onunm i3 eheKTUBHIX METO/IIB YIOBLILHEHHS MIBUIKOCTI KOPO3il MeTaIy € cucTeMa KatoaHoro 3axucty 3oBHimHiM ctpymom (ICCP).
Cucrema ICCP edextiBHa U1 BUKOPHCTAHHS Y MPHOEPEKHIX 30HAX, TAKNX SIK TPYOOIIPOBIIHI cucTeMN Ta MOPCHKi cropyan. B marnomy
BUIIAJIKYy METaJIeBi TTOBEPXHi, SIK TPABUJIO, MiIAI0TLCS BIIUBY MOPChKOi Boau. IleBHi KoHIleHTpaIlii MOPChKOI BOAM MOXKYTb MPUCKOPUTU
BUHUKHEHHS KOPO3ii MeTaJliB, HaBITh SIKIIO BOHU BIZIHOCATBCS 0 TUILY HEPKaBIIOUOi cTasi. Y JOCIIKEHHI 3aCTOCOBYBAJACs aBTOMATUYHA
cucrema ICCP muist nepskasitouoi crani 303. Hepxkasitoua cranb 303 Gy/ie sanypeHa B IITYYHY MOPCHKY BOjty 3a pisHux konrentpaiiit NaCl
(27 ppt, 31 ppt i 35 ppt). 3pasku zanyprosanu y pozunt NaCl na Tpu Trkni abo 6;113bK0 504 roauH mpu mocTiituiii remmeparypi 38 °C. Ilicas
3aMOYYBaHH: 3paszka MPOBOAMJIN KilbKicHI Ta sAKicHI BUMipioBaHH:. KigbKiCHI MOKa3HUKN BKJIIOYAIOTH CEPEHIO BTPATy Bard, MBUIKICTH
KOPO3ii Ta 3HAYeHHsT MOTEHTHATY. Y TOI JKe Yac SKiCHI BUMiPIOBAHHS BKJIIOYAIOTh MAKPOCKOIIII0, CKAHYIOUY eJIeKTPOHHY Mikpockorriio (SEM)
Ta eHeProucepeiiiHy peHTreHisehKy crekrpockorniio (EDS). Ha migctasi KibKiCHUX MOKa3HUKIB OYJI0 BCTAHOBJIECHO, 110 PI3HUIIS B CePEIHIN
BTpaTi Barm Ta MBUIKOCTI KOPO3il /st koskHoT kKonrenTpariii NaCl Gysa He ayske icroTHoio. PisHuI 3a KOKHUM TapaMeTPOM CTaHOBHUTD
menie 0,1 % 10,22 % BianosiaHo. 3HaueHH OTEHI[ATy IBUIKO A0CATaE CTiliKoro crany 3a Kontentpaiiii NaCl 27 ppt i 31 ppt Menin Hix 3a
10 cexymu. Pesyasratn SEM-BurnpoOyBaHb MoKasauu 3Miny cTpykTypu Metasy. Bumict kuctio (O) y merasni micsist EDS-BunipoGyBanb nokasas
3HIKEHHST IAaHOTO efieMenTa 710 35 % 3a kounenTparitii NaCl 35 ppt. 3menrnents Bmicty kucHio (O) 103BOJISE YIOBUIBHUTH MIBUAKICTH KOPO3ii
MeTaJIiB i/l BINIMBOM MOPCHKOI BOJIU.

KmouoBi cioBa: mBuaKicTh KOPO3ii, kKaToaumii 3axuct 3oBHimHIM cTpymMoM (ICCP), mtyuna Mopcbka Boja, Hepskasiioua ctaib 303.
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OIITHKA JIOBTOBIYHOCTI MATEPIAJTY BIZJBUBAYA /17151 KOHIIEHTPOBAHOI COHSTYHOI EHEPTIi
HA OCHOBI BILTMBY HABKOJIUIIHBOTO CEPEJIOBHUIILIA TA BUTIPOBYBAHHSI HA IIPUCKOPEHE
CTAPIHHS (c. 22-29)

Budhi Muliawan Suyitno, Reza Abdu Rahman, Hendri Sukma, Dwi Rahmalina

JloBroBiumicTh pedieKTopa € BaKIMBOIO JJISI MATPUMKH HaJEKHOTO (OTO-TEIJIOBOTO MEPEeTBOPEHHS B KOHIIEHTPOBAHIX COHSUYHNX
eJIEKTPOCTAHINIAX. Y 1[bOMY HOCAIKEHHI OIIHIOETHCS BILIMB JAOBKIISA Ta MPUCKOPEHOTO CcTapiHHsa Marepiany BixOusaua. JlociiaskeHHs



MPOBOAUTHCS IS ONMIHKK CTIIKOCTI MaTepiasy BigOMBaua A0 BILIMBY HABKOJIMIIHBOTO CEPEIOBUINA Ta BUIPOOYBaHb HA MPUCKOPEHE
crapinns. OIliHKa TPOBOAUTHCSA 3 BUKOPUCTAHHSM YOTHPbOX PI3HUX MarepiajiiB BigOuBaua, sIKi 3a3BUYail BUKOPHCTOBYIOTHCS B
KOHIIEHTPOBaHIll COHAYHIN eHeprii: 3epKasio 3 HepKaBiloyol cTai Ta cpibGHOro ckaa (TBepAOTIIbHIIT BinOuBay), aoMiHiil Ta mocpibiena
nosriMepHa TriBKa (JIMCTOBHMH BizbuBaw). BumpoOyBamHs Ha TOBKILIS Ta MPHCKOpEHE cTapiHHs mpoBoanuThes mpotsirom 1080 rogmn
Bianosiguo 10 crangapris SO 8565:2011 ta ASTM B117—-11. Brpara macu 1ic/ist BIUIMBY BUKOPUCTOBYETHCS SIK 3PA30K JJIs1 BUSHAUEHHST
HIBUAKOCTI KOPO3ii A1 KOKHOTO Bigbusava. [Togasnbine CrocTepeKeHHs IPOBOAUTHCS 3 BUKOPUCTAHHSAM CBITJIOBOTO MIKPOCKONA /IS
criocrepeskeHHs 3a epeKToM ONpoMiHeHHsT Ha TToBepxHi pediekropa. Kojken BigduBay mokasye pisHy mBHAKICTb KOPO3ii, 110 nepenbavae
pisHy CTIHKiCTb 10 aTMOchepHIX BILIMBIB KOKHOTO TUITY BigOGusaua. HaliBuia msuakicts Koposii crocrepira€Tbes Ha aqioMiHieBill mmiBii
3i sHauennam 295,8 r/vM° Ha pik. BumpobyBanns Ha HpHCKOpeHe cTapiHHs B HeHTPambHOMY COMBOBOMY TyMaHi TIOKa3ye, IO MeTajeBumit
Biz6uBay Mae GiJIbI BUCOKY HMIBUAKICTH KOPO3ii MOPIBHSIHO 3 I3€PKAJIOM i3 CPIGHOTO CKJIa, B SIKOMY SIK BEDXHE TIOKPHUTTSI BAKOPHCTOBYETHCS
miokeua kpemHio. CIOCTepeKeHHs i MIKPOCKOIIOM MOKA3Y€, 10 BIANOBIAHUN 3aXMCT A3epKana i3 ¢piGHOTO CKaa Bix 3a0pyaHEHDb B
OCHOBHOMY 00yMOBJIEHA HASIBHICTIO JIOKCH/Y KPeMHi0. Ha BepPXHiil moBepxHi 1boTo BigbOuBava. OliHKa MOKa3ye, 10 MOXKHA PO3POOUTH
Bi/IIOBiZIHE OKPUTTS 3aXUCTY Binbusaua. Kpim Toro, uiTko [IPOCTEXKYETHCSI MEXaHi3M KOpO3ii, 1110 MOKHA BiIHECTU 10 CUHTE3Y HOBOIO
Marepiaiy, mo BiduBae, CTIKOro 110 BIUIMBY HABKOJIUIIHBOTO CEPEJOBHUIIA i COJIEil.
Ki1040Bi c10Ba: pucKoOpeHe CTapiHHst, KOHIEHTPOBaHA COHSIYHA €HePrist, MaTepia BinbnBaua, COJMbOBIIA TyMaH, 3a0py IHEHHSL.
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3AKOHOMIPHOCTI EJIEKTPOXIMIYHOI'O CMHTE3Y TOHKOILIIBKOBUX ®OTOKATAJITUYHUX
MATEPIAJIIB HA OCHOBI TETEPOOKCH/HHUX CIIOJIYK TUTAHY (c. 30-39)

M. [I. Caxuenko, I. I. CrenanoBa, A. M. Koporozaceka, I'. B. Kapakypkui, O. C. Ckpunnuk, A. B. /I’xeniok, O. B. I'asak

Jlocmipkeno mporecu 1a3Mo-€eJIeKTPOITHOTO (hOPMYBAHHS TeTEPOOKCHAHNX TTOKPUTTIB HA CIIJIaBaX TUTAHY /Uit (DOTOKATAII THUHOT
NeCTPYKITii IPUPOIHUX TA TEXHOTEHHUX TOKCUKAHTiB. CUHTE3 MOKPUTTIB IIPOBO/INIIH 3 BOAHUX PO3YNHIB 1ocdaTiB y TaTbBAHOCTATHIHOMY
peskumi. JIJst KistbKiCHOTOo orucy GOTOKAaTATI THIHUX PEaKIliii PO3PaXOBaHO KOHCTAHTH IIBUKOCTI peakilii ki3 liHeapu3oBaHUX 3aJe;KHOCTEN
In(C;/Cy), ne C; — morouna, Cyp — Buxiana koumenTpaitii pearenty. MophoJoriio moBepxui MoKPUTTIB A0CITIZKEHO METOIOM aTOMHO-CHIIOBOT
MIiKPOCKOIIii, a pe3yJIbTaTi Bi3yasi30BaHO IIJISIXOM PEKOHCTPYKIIi pesbedy y Burisiai 2D ta 3D tonorpadiunux kapt. [IpoanarizoBano
Mopdosioriuai 0cobamBocTi MOKPUTTIB 3 okcuay Tutany (IV) Ta reTepooKCHAHMX KOMIIO3UTIB, IO MICTSATH OKCH/U TIEPEXiZAHUX METaJIiB.
[Tokazamno, o mUTOMa TIOTIA TTOBEPXHI 3aJUNIAETHC ePeKTUBHIM (PaKTOPOM peryioBanHs (GOTOKATATITUIHOT AKTUBHOCTI MTOKPUTTIB.
Bceranosiiennst MOpdoJI0rii reTepooKCH/HIX KOMITO3UTIB, @ TAKOK METO/IiB YIIPABJIiHHS IIUM I1aPAMETPOM IiJIbOBOTO IIPOIYKTY € HE3MiHHOIO
CKJIQIOBOIO CHCTEMHOTO BUBYEHHS TaKWX MaTepiasiB Mpu BU3HadenHi iX (yHKIIOHAJIbHUX BIACTHBOCTEil. Beramosieno, 1o MOpPiBHAHO
3 OKCHU/HO-TMUTAHOBMMHU IOKPUTTSIMHU, IOBEPXHEBI MIapM SKUX XapaKTePHU3YIOTbCS TOPOIAAJIbHOI ME30CTPYKTYPOIO, IeTepOOKCH/IHI
KOMITO3HIIIT MaloTh OiJbII PO3BUHEHY MOBEPXHIO, IO MO3UTUBHO BIUIMBAE Ha iX (yHKIioHANbHI BractuBocTi. HactymHa TepMooGpobka
AHAJOTIYHNM YIHOM BILIMBAE HA BJIACTUBOCTI MOKPUTTs. KoHCTaHTH MBUAKOCTI (DOTOKATATITUYHOTO PO3KIAJAHHS a300apBHIKA
METHJIOBOTO JKOBTOTApsiYOTO BUKOPUCTAHO JIJIsI PAHKYBaHHS HMOKPUTTIB PI3HOrO CKiaay 3a iX (DYHKIIOHAJIBHUMU BJACTHBOCTSIMU.
Iokpurra 3 TiO»ZnO BuABUIN HABUIILY KaTaJiTHYHY aKTHBHICTb cepell MOC/IKCHNX Martepianis — k; nopisuioe 5.26 103 x!, mo B
JieKisbKa pasiB nepesepiirye BianosigHe 3HadeHHs st TiOy.

KmouoBi ciroBa: n1a3Mo-eJIeKTPOTiTHE OKCH/TYBAHHS, TeTePOOKCUIN TUTAHY, (hoTOKATATI3aTOP TeTePOOKCUAHN, MOpdoJioris poTokaTa-
Ji3aTOpa, a300apBHIIK, JIOIAHT.
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PO3POBKA OKCHJIHUX KOMIIO3UIIITHIX MATEPIAJIIB /1151 KATO/IHOTO EJIEMEHTY IT-SOFCs
(c. 40-45)

Iwan Susanto, Dianta Kamal, Tia Rahmiati, Vika Rizkia, Fuad Zainuri, Belyamin Belyamin, Sulaksana Permana, Adi Subardi, Yen-Pei Fu

Sk HoBuii KaToaHMII Marepias Oysi0 HPOBEAEHO LOCJI/UKEHHS BJIACTHMBOCTEH KOMIO3UTHOTO OKCHUAY /sl TBEPLOOKCHIHUX
manuBHUX ejseMenTiB mpomixkuoi Temmepatypu (TIIEIIT). BukopucToByioun MeTo TBEpAOTITBbHOI peakIlii, MaTepiajl OKCUIY MeTaTy
6yB BUKOPUCTAHUI JIJI CTBOPEHHS KOMIIO3UTHOI MOJIEJIbHOI CUCTEeMM. Y MPOIECi CIiKaHHS 6yJ10 1106ya03aﬁo MO/ICJIBHY CUCTEMY
Smy 5Srg35Bag 15Fe03.5 (SSBF15). [IpoBeneno tepmorpasimerpuuninii anamnis (TTA) as BUKopucTamis BMicTy KUCHIO Ta BTPATH Barm
Mozeni. TUM 4acoM, CTPYKTypa KOMIO3UTY OyJia oXapakTepusoBaHa 3a JOIIOMOTOIO peHTreHiBchbKoi andpaxiii (P), a Baractubocti
nposiguocti Gy mepesipeni 3a gonoMoroio TemnonposigHocti. CTPYKTYPHUN AU3alH CTaB MOKJIMBUM 3aBIsAKH PIilICHHIM, SKi
MMOKA3aJIH, 1[0 CKJIa/I0Ba MOJIeIbHA CTPYKTYPa Ma€ KPUCTANIYHY CTPYKTYPY i3 hasoio mepoBckity. BrpaTu Baru npu 3BeieHHi KOHCTPYKILii
BiAOMINCSA HAa PO3KJIAJaHHI Ta BUIIAPOBYBAHHI CKJIAJ0BUX YACTHH KOMMo3uTy. [Ticas mpouecy npoxapioBants 10 950 °C BmicT mac-
TOBOTO KICHIO y MOZeNbHiit cicTeMi 6ymo orpumano 2,94 mpu 800 °C. Makcumym edekTporposianocti orpumarno mpu 12,2 C vt
npu 430 °C. 3a HU3BKUX TeMIlepaTyp Ha IPOBIJHY IIOBEAIHKY BILJIMBAB METAJEBUIl €JIEMEHT, a IIPU BHUIUX TeMIlePaTypax Ha HbOTO
BIJINBaJIa i0HHA CTPYKTypa. B pesysbrari smimani ionni Ta exextpuyni nposignukn (3IEID) mupoko BuKopncToByBaancs B 1poiieci
CTBOPEHHSI BJIACTUBOCTEI, 1110 1poBoAsaTh. Kommosur SSBF15 mae xoporni miancu Ha BUKOPUCTAHHS SIK aJIbT€PHATUBHII KaTO[HUI
Marepian 3 ogHOGAZHUM MEPOBCKITOM s MailOyTHix 3actocyBanb TIIEIIT Ha OCHOBI pe3yabTaTiB MOCTIKEHHS CTPYKTYPH Ta
nposignocTi. JlogaTkoBi BUIPOOYBaHHS Ta CIIOCTEPeKeH s HeoOXiAHI I BU3HAYEHHsI 3HAYeHHs OMOPY TIPU BKJIIOYEHHI B €JIEKTPOJIT i
110ro BJIaCTUBOCTEN TEIIJIOBOTO PO3LINPEHHS.

KirouoBi coBa: TBEepIOOKCHAHI MATNBHI eleMeHTH, 6e3K006aTbTOBUN KaTOAHMIT KOMIIO3UT, CTPYKTYPa MEPOBCKITY, BMICT KUCHIO,
eJIEKTPOHHA MPOBiHICTD.
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BUBJIEHHA OCOBJIMBOCTEN CTPYKTYPHO-®A30BOI'O CKJIALY NPOAYKTIB IEPEPOBKI
OKAJIMHU HIBUAKOPIZKYUYOI CTAJII BYTJIEHEBOTEPMIYHUM BIJIHOBJIEHHAM (c. 46-51)

B. B. Bopucos, O. M. Topy6apa, B. O. Boaox, A. M. Iloaskos, M. M. SImummncekuii, I. B. JIyk’sinenko, A. M. Auapees, T. O. Biibko,
/1. II. Kypagensn, /1. B. IBanuenxo

JlocaiskeHo ocobaUBOCTI CTPYKTYPHO-(A30BOTO CKJIALY HPOAYKTIB BYIJIEIEBOTEPMIUHOTO Bi/[HOBJIEHHS OKAJNHU IIBUKOPIXKYUNX
crazieii 3 OTpUMaHHAM Jeryiouol gobasku. [le HeoOXiAHO /T BUBHAYEHHS TEXHOJOTTYHUX MapaMeTpiB, 10 3a0e31euyioTh 3MEHIIEHHS
BTPAT I[JIbOBUX €JEMEHTIB B TPOIleci OTPUMaHHsS Ta BUKOPUCTAHHS pecypcosbepiraiodoro jerywouoro wmarepiamy. IIpoBemeni
JOCJIJIKEHHsT BKa3yI0Th, IO IPU 3MiHI CTYIEHs BiIHOBJICHHS oKaxuuu 3 28 % 10 67 % ta 81 % crocrepiraiocs migBUIEHHS TIPOSIBY
TBEP/IOTO PO3UMHY BYTJIEIIO Ta JIETYIOUNX eJeMenTiB B rpatii o-Fe. Pagom 3 muv, intencusmicTs audpakmniiinux MmakcumymiB FeO ta
Fe3O, sHmwkyBanacs. B mpoaykrax BigHOBIEHHS npocainkoBysanacs npucyTHicts FesC, FeW3C, FesW3C ta WC. Tlpu 36inbimenHi
CTYIeHs BiIHOBJIEHHS okanuHu 3 28 % 1o 67 % Ha 3MiHy HeBHIOPsAKOBaHIN (“pUXJOro” BUIJSLY) MIKPOCTPYKTYPI crioctepiraaocs
YTBOPEHHSI YacTOK OKPYrJoi Ta GaraTorpaHHoi (GopMu 3 Pi3HUM BMICTOM Jieryiouux ejeMmeHTiB. [Ipu cryneni BigHoBienus 81 %
MIKPOCTPYKTYpa Masa ApiOHOBOTOKHUCTY OyIOBY. BUXOASYN 3 KOMILIEKCY TPOBEIEHUX AOCTIKEHD, HANOINBIN IPUITHATHII CTYIIHD
BIIHOBJIEHHSI OKQJMHM NIBUAKOPIKYYOi CTasi, 3 MOCHIAYIOYMM BHKOPHCTAHHSM OTPUMAHOrO Marepialy sK Jeryiodoi mo6aBKH,
ckaaziae 81 %. IIpu ibomy 3abe3riedeHHs cTyneHs BifHOBIeHHs Ha piBHi 67 % Takox € gocratiM. [le nos’si3ane 3 THM, 10 3ATHITKOBUN
BYTJIEIb Y BUTJIsI KapOiiB 3abe3nedye miABUINEHY BiIHOBHY 3[aTHICTD i CTYIIHb 3aCBOCHHSI JIETYIOYUX €JIEMEHTIB 3 JI0BIIHOBICHHSIM
BaJMIIKOBOI OKCHUIHOT CKJIaI0BOT B PiIKOMY MeTaJIi 1ij1 yac jeryBanis. [y6uacrta MiKpOCTPYKTYpa CIIPUAE GiIbII MIBUAKOMY PO3YMHEH-
HIO, 110 BI[HOIIEHHIO /10 BiANOBIAHUX cTanzapTHUX (epociuiasis. [le 3abe3nedye 3MEHIIEHHS 3ara/lbHOTO Yacy IJIABKH i, SIK HACJI/IOK,
CKOPOYEHHS BUTPAYEHUX €HEPropecypcis.

Ko4oBi croBa: oKcH/iHI TEXHOTEHHI Bi/IXO/IM, OKAJIMHA HIBUJAKOPIKYUUX CTasell, ByrjeleBoTepMiuHe BiIHOBJIEHHS, CTPYKTYPHO-
¢a3oBi mepeTBOpeHHS.



