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The surfaces of thin composite electrochromic Ni(OH),-poly-
vinyl alcohol films, deposited by the cathodic template method on
FTO glass substrates, were proposed to be processed using laser
radiation. The processing of these films was carried out in a colored
state with a laser beam of a semiconductor emitter with a wavelength
of 650 nm (red) with a pulse duration of 3,000 ps, the beam diameter
was about 40 um. The energy at a single point was 37.5 J /cm?.

The result was a film with microholes of about 80 pm. The
transparent areas of the surface did not exhibit electrochromic
properties, which indicated the absence of the original electrochro-
mic coating.

The study of the properties of the laser-processed film follow-
ing a certain pattern showed that the characteristics of composite
Ni(OH)y-polyvinyl alcohol coatings had changed significantly. On
the one hand, the coloration depth of the films decreased by several
percent, on the other hand, the specific electrochemical characteris-
tics increased significantly.

The study also showed that laser processing did not lead to
significant changes in the main properties of the transparent electri-
cally conductive layer — color and resistance. Before and after laser
processing, the surface resistance of FTO glasses was 12.1+0.9 and
14.4%1.2 Ohm/sq., respectively.

In addition, it was found that the processing of Ni(OH),-
polyvinyl alcohol films improved the adhesion of the latter to
the surface of FTO glass. Based on the data obtained, a selective
method was proposed for modifying thin colored films deposited
on transparent conductive oxides (FTO, ITO, AZO) by visible
laser radiation. This approach to changing the properties of films
can be useful for areas related to the development of sensors, mi-
croelectronics, solar cells, small-sized current sources, electrodes
with high efficiency, etc.

Keywords: laser processing, selective processing, electrochro-
mism, electrochromic coating, deposition, nickel hydroxide, polyvi-
nyl alcohol, adhesion.
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This paper reports a study into the phase composition and micro-
structure of tungsten ore concentrate after carbon-thermal reduction
at different O:C ratios in the charge. This is required for determining
those indicators that reduce tungsten loss through the sublimation of
oxide compounds when processing ore concentrates, as well as when
using reduced tungsten-containing doping additives. The study results
have established that the reduced tungsten concentrate at the O:C ratio
in the charge within the interval of 1.33-2.30 contained the phases of
W, W,C C, C, WO,. The microstructure demonstrated a spongy and
disordered character. Together with W, the Mo, Si, Ca, Al impurities
were present in the reduced products. The main elements identified
at the sites studied had the following limiting content, % by weight:
O - 5.01-17.32; C — 0.84-4.23; W — 61.21-86.78; Mo — 1.57-7.51;
Si — 2.07-9.06; Ca — 1.34—11.30; Al — 0.27—0.40. The micro-inclusions
at the examined surface areas acquired different complex shapes. There
were traces of the process of caking between the particles. The analysis
of the resulting data has shown that the most preferred ratio of O:C in
the charge was 1.65. In this case, there is no lack of carbon and there is
a predominance of W in the phase composition with a relatively little
manifestation of the W5C phases, carbon, as well as the residual part
of WO,. The post-reduction of the oxide component would occur dur-
ing the doping process. The sponge structure contributes to a higher
dissolution rate compared to standard tungsten ferroalloys. Lack of
compounds with a relatively high propensity for sublimation does not
require any special conditions to prevent the loss of tungsten in the gas
phase, which increases the degree of assimilation of the target element.

Keywords: oxide tungsten concentrate, oxide, phase analysis,
carbon-thermal reduction, carbide, doping.
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Carbon thin films on SKD11 steel were deposited by 40 kHz
frequency plasma sputtering technique using a waste of battery
carbon rods in argon plasma, and their mechanical properties were
investigated by various target-substrate distances (1 cm, 1.7 cm,
2 c¢m, and 2.4 ¢cm). The power used is 340 watts, the vacuum time is
90 minutes, and the gas flow rate is 80 ml/minute. The deposition
time of carbon in plasma sputtering is 120 minutes with the initial
temperature (temperature during vacuum) of 28 °C and the final
temperature (the temperature after plasma sputtering) is 300 °C.
The hardness value of SKD11 steel deposited with carbon thin films
on SKD11 with target-substrate distance was tested using the Vick-
ers microhardness test. Testing the thickness of the carbon thin films
on the SKD11 steel substrate was carried out using a Nikon type
59520 optical microscope. Qualitative analysis of the thickness of the
carbon thin films on the SKD11 steel substrate at a scale of 20 um is
shown by an optical microscope. Qualitatively, the thin film at a dis-
tance of 1.7 cm looks the brightest and thickest than other distance
variations. Based on the Vickers microhardness test and Nikon type
59520 optical microscope, at the distance of 1 ¢cm to 1.7 cm, the aver-
age thickness and hardness increased from 10,724 pm (286.6 HV) to
13,332 um (335.9 HV). Furthermore, at the variation of the distance
from 1.7 ¢cm to 2.4 cm, the average thickness and hardness continued
to decrease from 13.332 um (335.9 HV) to 7.257 pm (257.3 HV).
The possibility of interrupting atoms colliding with argon atoms in
inert conditions increases at a long distance, thus causing the deposi-
tion flux on the SKD11 steel substrate to decrease.

Keywords: target-substrate distance, SKD11 steel, sputtering,
hardness, thickness, carbon thin films.
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Our object of research is to combine the properties of Mn and
the advantages of Fe-Al-C to improve the performance of grinding
ball materials. Three Fe-5A1-1C alloys with compositions of 15 wt%
Mn (FAM15), 20 wt% Mn (FAM20), and 25 wt% Mn (FAM25) were
investigated. Argon gas was used to assist the removal of dissolved
oxygen and to control the formation of metal oxides during Fe-Al-
Mn-C (FAMC) fabrication. Microstructure analysis was conducted
using scanning electron microscopy, and the Vickers microhardness
tester was used to evaluate hardness. To guarantee the Fe-5A1-1C-
Mn alloy phase, X-ray diffraction (XRD) test was performed. The
EDS test was carried out to show the composition at different points
and to observe the presence of several phases in the FAMC alloy sys-
tem. A pin-on-disc method was employed for a dry sliding wear test,
and corrosion testing was performed using the three-electrode cell
polarization method. With the addition of Mn, the Vickers hardness
of the FAMC alloy raised from 194.4 VHN at 15 wt % to 265 VHN
at 25 wt %. The tensile strength and fracture elongation values were
424.69 MPa, 27.16 % EI; 434.72 MPa, 33.6 % EI; and 485.71 MPa,
38.48 % EI for FAM15, FAM20, and FAM25, respectively. A crucial
factor for increasing the performance of grinding ball is the wear
mechanism. The wear rate results for FAM25 show a decline of more
than 57 % compared to FAM15 due to an increase in the hard inter-
metallic area. The addition of Mn elements increased the corrosion
resistance of the FAMC alloys; the lowest corrosion rate occurred at
25 wt% Mn content at up to 0.036 mm/yr. According to the experi-
mental results, the FAM25 alloys have the highest mechanical and
corrosion resistance of the three types of alloys. The FAMC alloy is
a promising candidate for application as a material for grinding balls
by optimizing the Mn content.

Keywords: Fe-Al-Mn-C, microstructure, mechanical character-
istics, wear, impact, corrosion resistance, grinding ball.
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Organic metal halide perovskite has recently shown great
potential for applications, as it has the advantages of low cost,
excellent photoelectric properties, and high power conversion
efficiency. The Hole Transport Material (HTM) is one of the

most critical components in Perovskite Solar Cells (PSC). It
has the function of optimizing the interface, adjusting the energy
compatibility, and obtaining higher PCE. The inorganic p-type
semiconductor is an alternative HTM due to its chemical stabil-
ity, higher mobility, increased transparency in the visible region,
and general valence band energy level (VB). Here we report
the use of the Graphene Oxide (GO) layer as a Hole Transport
Layer (HTL) to improve the perovskite solar cells’ performance.
The crystal structure and thickness of GO significantly affect
the increase in solar cell efficiency. This perovskite film must
show a high degree of crystallinity. The configuration of the
perovskite material is FTO/NiO/GO/CH3NH;3Pbl3/ZnO/Ag.
GO as a Hole Transport Layer can increase positively charged
electrons’ mobility to improve current and voltage. As a block-
ing layer that can prevent recombination. The GO can make the
perovskite interface layer with smoother holes, and molecular
uniformity occurs to reduce recombination. The method used in
this study is by using spin coating. In the spin-coating process,
the GO layer is coated on top of NiO with variations in the rota-
tion of 700 rpm, 800 rpm, 900 rpm, 1,000 rpm, and 1,500 rpm.
The procedure formed different thicknesses from 332.5 nm,
314.7 nm, 256.4 nm, 227.4 to 204.5 nm. The results obtained at
a thickness of 227.4 nm reached the optimum efficiency, namely
15,3 %. Thus, the GO material as a Hole Transport Layer can
support solar cell performance improvement by not being too
thick and thin.

Keywords: perovskite solar cells, hole transport layer, graphene
oxide, thickness, performance.

Reference

1. Kojima, A., Teshima, K., Shirai, Y., Miyasaka, T. (2009). Organometal
Halide Perovskites as Visible-Light Sensitizers for Photovoltaic
Cells. Journal of the American Chemical Society, 131 (17), 6050—
6051. doi: https://doi.org/10.1021/ja809598r

2. Yang, W. S, Noh, J. H,, Jeon, N. J,, Kim, Y. C, Ryu, S, Seo, J.,
Seok, S. I. (2015). High-performance photovoltaic perovskite layers
fabricated through intramolecular exchange. Science, 348 (6240),
1234-1237. doi: https://doi.org/10.1126 /science.aaa9272

3. Chiang, Y.-E, Jeng, J.-Y., Lee, M.-H., Peng, S.-R., Chen, P, Guo, T.-F.
et. al. (2014). High voltage and efficient bilayer heterojunction solar
cells based on an organic—inorganic hybrid perovskite absorber with
a low-cost flexible substrate. Phys. Chem. Chem. Phys., 16 (13),
6033-6040. doi: https://doi.org/10.1039/c4cp00298a

4. Yip, H.-L,, Jen, A. K.-Y. (2012). Recent advances in solution-processed
interfacial materials for efficient and stable polymer solar cells. En-
ergy & Environmental Science, 5 (3), 5994. doi: https://doi.org/
10.1039/¢2ee02806a

5. Vivo, P, Salunke, J., Priimagi, A. (2017). Hole-Transporting Materi-
als for Printable Perovskite Solar Cells. Materials, 10 (9), 1087. doi:
https://doi.org/10.3390,/ma10091087

6. Niu, G, Li, W, Li, J., Wang, L. (2016). Progress of interface engi-
neering in perovskite solar cells. Science China Materials, 59 (9),
728-742. doi: https://doi.org/10.1007 /s40843-016-5094-6

7. Shang, Y., Hao, S, Yang, C., Chen, G. (2015). Enhancing Solar Cell
Efficiency Using Photon Upconversion Materials. Nanomaterials,
5 (4), 1782-1809. doi: https://doi.org/10.3390 /nan05041782

8. Kim, J. H., Liang, P.-W.,, Williams, S. T,, Cho, N., Chueh, C.-C,,
Glaz, M. S. et. al. (2014). High-Performance and Environmentally
Stable Planar Heterojunction Perovskite Solar Cells Based on a So-
lution-Processed Copper-Doped Nickel Oxide Hole-Transporting
Layer. Advanced Materials, 27 (4), 695-701. doi: https://doi.org/
10.1002/adma.201404189



20.

21.

22.

. Frost, J. M., Butler, K. T, Brivio, E, Hendon, C. H., van Schilfgaarde, M.,

Walsh, A. (2014). Atomistic Origins of High-Performance in Hybrid
Halide Perovskite Solar Cells. Nano Letters, 14 (5), 2584-2590. doi:
https://doi.org/10.1021,/n1500390f

. Zhang, P-P, Zhou, Z.-]., Kou, D.-X., Wu, S.-X. (2017). Perovskite

Thin Film Solar Cells Based on Inorganic Hole Conducting Materi-
als. International Journal of Photoenergy, 2017, 1-10. doi: https://
doi.org/10.1155/2017,/6109092

. Rajeswari, R., Mrinalini, M., Prasanthkumar, S., Giribabu, L. (2017).

Emerging of Inorganic Hole Transporting Materials For Perovskite
Solar Cells. The Chemical Record, 17 (7), 681-699. doi: https://
doi.org/10.1002/tcr.201600117

. Chung, C.-C., Narra, S., Jokar, E., Wu, H.-P, Wei-Guang Diau, E.

(2017). Inverted planar solar cells based on perovskite/graphene
oxide hybrid composites. Journal of Materials Chemistry A, 5 (27),
13957-13965. doi: https://doi.org/10.1039 /c7ta04575a

. Zhu, Z., Bai, Y., Zhang, T., Liu, Z., Long, X., Wei, Z. et. al. (2014).

High-Performance Hole-Extraction Layer of Sol-Gel-Processed
NiO Nanocrystals for Inverted Planar Perovskite Solar Cells. Ange-
wandte Chemie International Edition, 53 (46), 12571-12575. doi:
https://doi.org/10.1002/anie.201405176

. Kim, G.-W, Shinde, D. V., Park, T. (2015). Thickness of the hole

transport layer in perovskite solar cells: performance versus reproduc-
ibility. RSC Advances, 5 (120), 99356-99360. doi: https://doi.org/
10.1039/c5ral18648;

. Marinova, N., Tress, W., Humphry-Baker, R., Dar, M. I, Bojinov, V.,

Zakeeruddin, S. M. et. al. (2015). Light Harvesting and Charge Re-
combination in CH3NH3PbI3 Perovskite Solar Cells Studied by Hole
Transport Layer Thickness Variation. ACS Nano, 9 (4), 4200—4209.
doi: https://doi.org/10.1021/acsnano.5b00447

. Manders, J. R, Tsang, S.-W., Hartel, M. J., Lai, T.-H., Chen, S.,

Amb, C. M. et. al. (2013). Solution-Processed Nickel Oxide Hole
Transport Layers in High Efficiency Polymer Photovoltaic Cells.
Advanced Functional Materials, 23 (23), 2993-3001. doi: https://
doi.org/10.1002/adfm.201202269

. Dai, B, Fu, L, Liao, L., Liu, N,, Yan, K., Chen, Y., Liu, Z. (2011).

High-quality single-layer graphene via reparative reduction of gra-
phene oxide. Nano Research, 4 (5), 434—439. doi: https://doi.org/
10.1007 /s12274-011-0099-8

. Wang, Y, Hu, Y, Han, D., Yuan, Q., Cao, T, Chen, N. et. al. (2019).

Ammonia-treated graphene oxide and PEDOTPSS as hole trans-
port layer for high-performance perovskite solar cells with enhanced
stability. Organic Electronics, 70, 63-70. doi: https://doi.org/
10.1016/j.0rgel.2019.03.048

. Schniepp, H. C., Li, J.-L., McAllister, M. J., Sai, H., Herrera-Alon-

so, M., Adamson, D. H. et. al. (2006). Functionalized Single Gra-
phene Sheets Derived from Splitting Graphite Oxide. The Journal
of Physical Chemistry B, 110 (17), 8535-8539. doi: https://doi.org/
10.1021/jp060936f

McAllister, M. J., Li, J.-L., Adamson, D. H., Schniepp, H. C., Ab-
dala, A. A, Liu, J. et. al. (2007). Single Sheet Functionalized Graphene
by Oxidation and Thermal Expansion of Graphite. Chemistry of Ma-
terials, 19 (18), 4396—4404. doi: https://doi.org/10.1021/cm0630800
Liu, D., Kelly, T. L. (2013). Perovskite solar cells with a planar
heterojunction structure prepared using room-temperature solu-
tion processing techniques. Nature Photonics, 8 (2), 133-138. doi:
https://doi.org/10.1038 /nphoton.2013.342

Kim, H.-S,, Lee, C.-R,, Im, J.-H., Lee, K.-B., Moehl, T.,, Marchioro, A.
ct. al. (2012). Lead Todide Perovskite Sensitized All-Solid-State Submi-
cron Thin Film Mesoscopic Solar Cell with Efficiency Exceeding 9%.
Scientific Reports, 2 (1). doi: https://doi.org/10.1038 /srep00591

23. Tseng, Z.-L., Chiang, C.-H., Chang, S.-H., Wu, C.-G. (2016). Surface
engineering of ZnO electron transporting layer via Al doping for high
efficiency planar perovskite solar cells. Nano Energy, 28, 311-318. doi:
https://doi.org/10.1016 /j.nanoen.2016.08.035

24. Das, R., Hamid, S., Ali, M., Ramakrishna, S., Yongzhi, W. (2014).
Carbon Nanotubes Characterization by X-ray Powder Diffraction —
A Review. Current Nanoscience, 11 (1), 23-35. doi: https://doi.org/
10.2174/1573413710666140818210043

25. Dobiasova, L., Stary, V., Glogar, P, Valvoda, V. (1999). Analysis of
carbon fibers and carbon composites by asymmetric X-ray diffraction
technique. Carbon, 37 (3), 421-425. doi: https://doi.org/10.1016/
s0008-6223(98)00207-3

DOI: 10.15587,/1729-4061.2021.225418
IDENTIFICATION OF PATTERNS OF CRYSTAL-
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The theoretical substantiation of the process of elimination of
individual chemical elements from crystal lattices of metals in the
process of the crystal-chemical transformations taking place during
the long history of artifact existence was given. To confirm the theo-
retical conclusions, five ancient gold items from different historical
periods (from the IV century B.C. to the XVIII century A.D.) with
approximately the same contents of gold, silver, copper, and iron in
the alloy body were studied. The conducted studies will promote
more exact attribution of historical artifacts made of metals and
revealing the signs of forgery or restoration.

The chemical composition of items was determined immediately
under patina and in the alloy body using a scanning electron micro-
scope equipped with an energy dispersion spectrometer. The results
have shown a much lower gold content inside the alloy than in the
item surface. At the same time, the undamaged surface cleansed of
mineral crusts contained significantly fewer impurities than the
polished surface which did not have contact with the environment.
Therefore, the study of the chemical composition of gold artifacts
cannot be conducted solely based on surface studies.

The studies have resulted in establishing a dependence of the
concentration of the main component (gold) of the alloy in the
artifact surface on the item age in thousands of years. Equations for
predicting the age of the items that are chemically belonging to the
described item group were also presented.

Studies of peculiarities of crystal-chemical processes are very
important in practice to prove the historical artifact authenticity,
adjust artifact dating, identify signs of forgery or profound changes
caused by restoration.

Keywords: metal artifacts, crystal-chemical transformations,
chemical composition, gold content.
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JAOCJIIKEHHA MOKJIINBOCTI ITIPOBEAEHH CEJIEKTUBHOI JIASEPHOI ObPOBKH TOHKHX
KOMIIO3UTHHX EJEKTPOXPOMHUX IIJIIBOK Ni(OH),-IIBC (c. 6-15)

B. A. Korok, B. JI. KoBanenko

[ToBepxHIO TOHKNX KOMITO3UTHUX €1eKTpoXpoMHIX M1iBOK Ni( OH),-1101iBiHiIOBHIT CIIUPT, OCA/PKEHUX KATOHUM TEMILJIATHIM METO/[0M
Ha mimokkax i3 FTO creka, 3ampomoHoBaHo 00poOMI0OBaTH 3a TOTIOMOTOIO JTa3epPHOTO BUpoMiHioBaHHsS. OOpoOKa BKasaHNX TLTIBOK 3iti-
CHIOBaJIaCh B 3abapBJIEHOMY CTaHi Ja3epHUM [POMEHEM HariBIIPOBIHUKOBOIO BUIIPOMIHIOBAYA 3 AOBKUHOIO XBUJIi 650 HM (4epBOHUIT) 11pu
TpuBasocti iMityabey 3000 MKc, giameTp npomenst cranosus 6usbko 40 Mrm. Eneprist B ogunnaniii touni ckaanana 37,5 Jlxk/cm?.,

V pesyabraTi GyJia oTprMana IiiBKa 3 otBopamu 6;n3bko 80 MrM. TIpo3opi AisHKN MOBEpPXHi He TPOSIBISIN eJeKTPOXPOMHUX BJIACTH-
BOCTEH, 1[0 BKa3yBaJIO Ha BI/ICYTHICTb BUXITHOTO €JIEKTPOXPOMHOTO TIOKPUTTSL.

JloctiKeHHS BAaCTUBOCTENH 06pOOJIEHOT JTa3epHIM BUIIPOMIHIOBAHHAM IUIBKU Y BIZNOBIAHOCTI 3 TEBHUM MAJIOHKOM IOKA3aJIo0, 110
XapaKTePUCTUKU KOMITO3UTHUX MOKPUTTIB Ni( OH)o-noniBiHIIOBUI clIUPT 3HAYHO 3MiHUINCS. 3 OAHOTO GOKY, IMIMOMHA 3aTeMHEHHS MLTIBOK
3HMBUJIACS Ha KiJIbKa BiZICOTKIB, 3 IHIIOTO GOKY, UTOMI €JIeKTPOXIMIYHI XapaKTePUCTHKI 3HAYHO 3POCIIH.

¥V nocnimkenni Takoxk GyJ10 MokazaHo, mo 06poOKa Ja3epHIM BUIPOMIHIOBAHHAM HE MPHU3BOAUTH /10 3HAUHUX 3MiH OCHOBHUX BJIACTH-
BOCTEHl TPO30POTO EJIEKTPOIPOBIAHOTO Mapy — KOJAbopy Ta oropy. Jlo i micas nazeproi 06pobku nosepxuesuii omip FTO ckia ckianas Bi-
nosizuo 12,1+£0,9 1 14,4+1,2 Om/xB.

Kpim Toro, GyJio BusiBiieHo, 1o B pesyssrati 06pooku 1maiBok Ni(OH ),-11ouiBiHIIOBHIT CHIMPT MOJIIIIYETHCS aire3iss OCTAHHBOT JI0 M0~
Bepxui FTO ckua.

BuxozisTan 3 OTPUMAHNX [AHNX, 3aMTPOIOHOBAHO CETEKTHBHIN METO MOII(DIKYBaHHsI TOHKIX 3a0apBJIEHNX IUIiBOK, OCAJKEHNX Ha TIPO-
3opi esexrporposiaui okcuau (FTO, ITO, AZO) BuanmuM Jia3epHUM BUTTPOMiHIOBaHHIM. /laHuil miixi B 3MiHi BJIACTUBOCTEI ITIBOK MOXKE
GyTH KOPUCHUHN /TSI HATIPSIMKIB, MOB'SI3AHUX 3 PO3POOKOIO CEHCOPIB, MIKPOETEKTPOHIKH, COHSIHIX €IEMEHTIB, MAIOTAGAPUTHUX [KEPE
CTPYMY, €JIEKTPO/IiB 3 BUCOKOIO e(PeKTUBHICTIO Ta iH.

Kmouosi ciioBa: asepHa 00poOKa, cesekTnBHA 06pOOKa, EJIEKTPOXPOMI3M, €IEKTPOXPOMHE TTOKPUTTS, T1IPOKCH/L HIKEJTIO, TIOJTiBIHITOBHI
CIUPT, a/resis.
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BUSABJIEHHS OCOBJIMBOCTE CTPYKTYPHO-®A30BUX IIEPETBOPEHD ITPU BIJTHOBJIEHHI
BYTJIEHEM BOJIb®PAMBMICHOTO PYJHOI'O KOHIIEHTPATY (c. 16-21)

B. I. Punasies, O. B. Xonomiok, B. C. XmenboBcbkuii, A. C. Ilerpumes, A. I1. IOmenko, I'. B. @ecenko, €. M. Yammrix, B. 1.
CrpenbHikoB, A. M. Auzpees, B. B. Matyxuo

Jlocuipkeno ¢azoBuii ckiajL i MIKPOCTPYKTYPY BOJIB()PAMOBOTO PY/IHOTO KOHIIEHTPATY HiCJIst BYTJIEIIEBOTEPMIUHOTO Bi/IHOBJICHHS ITPU PISHOMY
crissignomenti O:C B mmxri. [le HeoOXiaHO, 100 BUBHAYNTH TIOKAa3HUKH, 1110 3HIZKYIOTH BTPaTH BOJIb(hpaMy cyOIiMaIlieio OKCHIHUX CIIOMYK TPU
nepepoOIli PyIHUX KOHIIEHTPATIB, & TAKOK NP BUKOPUCTAHHI BiZIHOBJICHUX BOJIb(MPAMBMICHUX JIETYIOUNX T00aBOK. 3a Pe3yIbTaTaMu I0C/i/KEHb
BU3HAUEHO, 10 Y BiIHOBIEHOMY BoJIb(hpamMoBoMy KoHIlenTpati pu crisBianomenHi O:C B mmxTi B inTepBaii 1,33—2,30 nmpossrsmcs dhasu W,
W,,C, C, WO,. Mikpocrpykrypa Maja ryGuacty i posynopsiikosaty Oyzosy. Pasom i3 W B 1pojyKTax BiAHOBJIEHHs OyJIM IIPUCYTHI JOMIIIKH
Mo, Si, Ca, Al. BusiBjieri B 10C/IKEeHUX AISTHKAX OCHOBHI €JIEMEHTH MaJIi HACTYIHI Mexi BMicTy, % mac.. O — 5,01-17,32; C — 0,84-4,23; W —
61,21-86,78; Mo — 1,57-7,51; Si — 2,07-9,06; Ca — 1,34—11,30; Al — 0,27—-0,40. MikpoBK/IFOUEHHS BUBYEHUX JIJISTHOK OBEPXHI MAJIU PI3HY CKIIHY
dopmy. Crioctepirasmicst cJ1iii MPOTIKAHHS TPOIIECIB CIIKAHHS Mi’K YaCTHHKAMH. AHAJI3 pe3ysIbTaTiB OTPIMAHNX IAaHUX TOKA3aB, 110 HAKPaIM
crigsizronentsiv O:C B mmxri € 1,65. B 11b0My BUMAZIKY HE MPOCTEKYETHCS HEMOIIK BYTJIEIO 1 3a0e31euyeThest epeBakaHHst B (pa3oBOMy CKajii
BoJIb(bpaMy 3 BiZIHOCHO HEBETTMKNUM TIPosiBOM (haz W C, ByTJIetnio, a TAKOK 3aJINIITKOBOIO YaCTHHOIO AIOKCHTY BoJbdhpamy. /loBiTHOBIEHHS OKCHIIHOI
CKJIAZI0BOI Gy/Ie MPOXOMTHU B MPOIIEC JieryBatHst. [yGuacTta cTpyKTypa crprsie Giibiil BUCOKII IIBUAKOCTI PO3UMHEHHS B TIOPIBHSIHHI 3 BUKODIC-
TaHHSAM CTaHJAPTHUX (PepoCTIIaBiB BoabhpaMy. BifcyTHICTh 3'€1HAHD 3 BITHOCHO BHCOKOK CXMIIBHICTIO 10 CyOmiMaltii He CTBOPIOE HEOOXITHOCTI
3a0e3meveHHsI CIIelia/IbHIX YMOB, JIJIs1 [IEPEITKO/M BTPaT BOJIb(GPaMy B TazoBy (asy, 110 MiBUIILY€E CTYTIiHb 3aCBOEHHS I[LJTHOBOTO €JIEMEHTA.

Kmo40Bi caioBa: OKcuaiHMi BOTb(MPAMOBUIT KOHIIEHTPAT, OKCH, (ha3oBUil aHAII3, BYT/IEeBOTEPMIUYHE BiHOBJIEHHS, KapOijl, JeryBaHHs.
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BIIJINB BIICTAHI MIINEHb-IITAKIA/IKA HA TOBIIUHY I TBEPAICTb TOHKHUX BYTJVIEHHEBUX ILIIBOK
HA CTAJII SKD11 3 BUKOPUCTAHHAM MATEPIAJIY MIIIEHI 3 AKYMYJIATOPHUX BYTJIEIEBUX
CTPUKHIB (c. 22-28)

Aladin Eko Purkuncoro, Rudy Soenoko, Dionysius Joseph Djoko Herry Santjojo, Yudy Surya Irawan

Tonxi Byraeniesi uriBkn Ha ctami SKD11 ocapkyBain MeTo0M TJIa3MOBOTO HAMTUIEHHS ¢ 9acToToio 40 K111 3 BUKOPHCTAHHAM BiIIpaboBa-
HUX aKyMYJISITOPHUX BYTJICIIEBUX CTPUIKHIB B APrOHOBIH [1J1a3Mi, JIOCJI/IKEH] IX MeXaHi1uHi BJIACTUBOCTI IIPU PIZHUX BiICTAHSX MillleHb-IT1/IKIa/[Ka
(Tem, 1,7 cem, 2em i 2,4 cm). BukopucroByBana notyskHicTs cTaHoBUTH 340 BT, wac pospimkennsa — 90 xsusmn, Butpara razy — 80 mu/xB. Hac
0CAIKEHHST BYTJIEIIIO TIPY TJIAa3MOBOMY HarusenHi cranoButh 120 XBUJIMH TIPU TIOYATKOBIl TemiiepaTypi (TeMiiepaTypa i yac Bakyymy) 28 °C



i KiHNeBiil TeMneparypi (Temneparypa micss mrasmoBoro HarseHHst) 300 °C. 3nauenns tBeppocri crani SKD11, oca/pkenoi 3 TOHKIME ByTie-
mesumu TuTiBkamu Ha SKD11 3 BificTaniio MirnmeHb-mikiaKka BUMipIoBaan MeTofioM Bikkepca. BrMipioBaHH: TOBIIMHU TOHKHUX BYTJIETIEBUX
riBoK Ha miakaai 3i crami SKD11 nposoauin 3 Bukopuctantsam ontuaHoro mikpockona Nikon 59520. 3a 101moMoroo onTuaHOTO MiKpOCKOITa
MOKa3aHUi SAKICHIH aHaJIi3 TOBIMHI TOHKKMX BYTJIEIeBUX TUIBOK Ha miksa/i 3i crami SKD11 B macurrabi 20 Mrm. SIKicHO TOHKa TUTiBKa Ha Bijl-
crani 1,7 cM BUTIszIa€ HATIOLIBIN SICKPABOIO 1 TOBCTOIO, HiK Ha iHmmMX Bigcranax. Ha migcrasi Metony Bikkepca i JaHUX ONTUYHOIO MiKPOCKOIIA
Nikon 59520 wa Bizcrani iz 1 cm 10 1,7 eM ceperst ToBiuHa i TBepAicTs 36impmmmcs 3 10,724 mxm (286,6 HV) o 13,332 mxm (3359 HV).
Kpim Toro, nipu 3mini Bigcrani Big 1,7 cM 10 2,4 cM cepeiHs TOBIIMHA i TBEPIAICTb MPOAOBKYBaiu 3meHiyBarucs 3 13,332 mxm (335,9 HV) 1o
7,257 MM (257,3 HV). MoskmBicTb HiepeprBaHHst 3iITKHEHHST aTOMIB 3 aTOMaMK aproHy B iIHEPTHUX YMOBaX 301/IbIIYETHCST Ha BEJINKIiT BificTaHi,
110 MTPU3BOUTD JI0 3MEHIIEHHST OTOKY OCA/KEHHs Ha MAKIAKy 3i ctami SKD11.
Kmouogi cioBa: BificTanb MineHb-miakIaaka, craab SKD11, nannienns, TBepAiCcTh, TOBIINHA, TOHKI BYTJIEIEBi MJIiBKIL.
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PO3POBKA CILJIABIB Fe-5Al-1C JJISI MEJTIOUYUX KVYJIb (c. 29-35)

Ratna Kartikasari, Adi Subardi, Andy Erwin Wijaya

MeToio Hamoro pocaijukerts € o6'exnanus Biacrusocreil Mn i nepesar Fe-Al-C s nigBuienns ekcruryataiiiiux XapakTepucTuk
MarepiasiB MeJounx KyJib. Bysm gocimskeni Tpu crasu Fe-5AL-1C 3 Bmictom 15 mac. % Mn (FAM15), 20 mac. % Mn (FAM20) i 25 mac. %
Mn (FAM25). /Iy BUIaIeHHsT PO3YHHEHOTO KUCHIO 1| KOHTPOJIIO YTBOPEHHsI OKCH/IiB MeTasiB ripy Burotosienti Fe-Al-Mn-C (FAMC) Buxko-
PHCTOBYBABCS ra3 aproH. AHauIi3 MiKPOCTPYKTYPH ITPOBOANBCS 32 JIOIOMOT0I0 CKaHYIOUOI eJIeKTPOHHOI MiKPOCKOIIii, a /71t OLIHKN TBEPAOCTI
BUKOPHCTOBYBaBCsl MikpoTBepioMip o Bikkepcy. [luis 3abesnedennst ¢asu ciiapy Fe-5AL-1C-Mn, Gysiu npoBeeHi peHTreHOCTPYKTYPHi
sunpoOysantst (XRD). [lyis1t ieMoHCTparii CKIaAy B PI3HUX TOUKAX i BUSIBJIECHHS HASBHOCTI IEKinbKoX (a3 B cuctemi criaBy FAMC GyJra ipo-
BejieHa eneprojucepciiina pearrenisebka crekrpockorist (E[C). BunpoGyBarHst Ha 3HOC TIPU CyXOMY TePTi KOB3aHHST IPOBOAUINCS 32 [10-
MOMOTO0 TITH(TOAMCKOBOI MAIMHM, & TAKOK TIPOBOANIIICS KOPO3iiiHi BUIPOOYBAHHS METOAOM MOJSPU3AIIIT TPHOXETIEKTPOAHIX OCEPEIKIB.
IIpu momasanmi Mn tBepaicts no Bikkepcy cmraBy FAMC spocaa 3 194,4 VHN npu 15 mac. % mo 265 VHN npu 25 mac. %. 3HadeHHst Mexi
MIITHOCTI 1 TIO/I0BKEeHHs Ipu pylitHyBanHi ckiam 424,69 M1Ila, 27,16 % EI; 434,72 MlIla, 33,6 % EI; i 485,71 MIla, 38,48 % EI musa FAM15,
FAM20 i FAM25 siamnosizso. Bupinassunm ¢hakTopoM mijiBUIIEHHST TIPOLyKTHBHOCTI MEJIIOUOi KyJli € MexaHi3M 3Hocy. PesysbraTn IBHIKO-
cri 3HoCy st FAM25 nokasytors 3HUsKeHHsT Giibiit Hisk Ha 57 % B mopiBusinui 3 FAM 15 uepes 36ibienHst mwioii TBepaoro inrepmeraity. [pu
JoJIaBaHHi eseMeHTiB Mn mizBummiacs koposiitna crifikicts crrais FAMC; HaiiMeHIIa mBHAKICT KOPO3ii criocTepiranacs npu Bmicti Mn
25 mac. % 10 0,036 Mmm/pik. 3rifHo 3 pe3yJibraTaMu eKCliepuMenTiB, criasn FAM25 MaioTh HailBUIIy MeXaHiuiy i Koposiiiiy cTifikicTsb 3 ycix
TPHOX THIIIB CIIJIABIB. 3a paxyHOK onrumizaiii BMicTy Mn crtaB FAMC € nepcrieKTuBHIUM MaTepiaioM st MeJIOYIX KYJIb.

Kiouosi cioBa: Fe-Al-Mn-C, MikpocTpyKTypa, MexaHiqHi XapaKTepUCTUKH, 3HOC, y/ap, KOposiiiHa CTiliKicTh, MeJioya KyJis.
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IMPOAYKTHUBHICTD IEPOBCKITOBOTO COHAYHOTI'O EJIEMEHTA, IOKPUTOI'O OKCHIOM TPA®EHA
B AKOCTI HIAPY 3 AIPKOBOIO ITPOBIAHICTIO (c. 36-43)

Rustan Hatib, Sudjito Soeparman, Denny Widhiyanuriyawan, Nurkholis Hamidi

OcranHimM 4acoM OpraHiyHNIf METaI0Ta/IOTeHHIUI TIePOBCKIT IEMOHCTPYE BEIMKHIT MOTEHITIA IS 3aCTOCYBAHHS, OCKITLKH BiH BOJIOZIE TAKIME
repeBaraMu, ik Hu3bKa BapTiCTb, 4y/10Bi (hOTOEIEKTPUYHI BJIACTUBOCTI i BUCOKA e(heKTHBHICTD IepeTBOPEHHs eHeprii. MaTepiasu 3 1ipKOBOIO 11po-
BigricTio (M/IIT) € ogrnME 3 HAGLIBIN BaKIMBUX KOMITOHEHTIB MepoBcKiToBux constarmx esiementis (IICE). Born Bukonyors (GyHKILi0 onTu-
mizartii intepdeiicy, perysoBanHs enepretudHoi cymicuocti Ta migsuiientst EITE. Heopraniuni naniBiposigaku p-tuiy € ansrepaarusoio M/ITT
3aBJISIKK CBOTH XIMIYHIi cTaGlIbHOCTI, GBI BUCOKIN PYXJIMBOCTI, MiABHINEHIN TIPO30POCTI Y BUMMIiT 00J1acTi i 3araibHOMY PiBHIO €Heprii BajleHT-
noi 3ouu (B3). ¥ naniii cratTi NOBiIOMIISIETBCS TIPO BUKOPHCTAHHs 1miapy okcuy rpadeny (OI) B sxocti mapy 3 gipkosoio nposianictio (IL/1IT)
TSI TIOJITIIIEHHST XapaKTePUCTHK EPOBCKITOBIX COHSYHNX eleMeHTiB. Kpucramiuna ctpykrypa i ToBuna OI icTOTHO BIIMBAIOTE HA TTiABUIIECHHS
edeKTHBHOCTI COHSTYHUX eJieMeHTiB. Taka 1epoBCKiTHA MJTiBKA TIOBIMHHA BOJIOITH BIUCOKUM CTYTIeHeM KprcTtaniunocTi. Kondirypartist mepoBckiTo-
Boro Marepianry FTO/NiO/OI'/CH3NH3Pbls3/ZnO/Ag. OT sk 1map 3 lipkOBOIO TIPOBITHICTIO MOYKe 30LIBIINTH PYXJINBICTD TO3UTHBHO 3apsipKe-
HUX eJIEKTPOHIB ISl MOJHIIIEHH ¢TpyMy 1 Hanpyru. B sikocti 6710Kyio4oro mapy, Moske 3anobirru pexkombinaitii. OT 103Bosisie oTpuMaT nepos-
ckiTHUIT inTepdeiicHnii map 3 GBI ITAIKIMIT OTBOPAMI, & MOJIEKYJISIPHA O/IHOPIIHICTD CIIPHSIE 3MEHIIEHHIO peKoMOiHaIil. B ranoMy rociukeHHi
BUKOPHCTOBYBaBCcs MeTo ienTpudyrysaritst. B iporieci ienrpudyrysariis map OT narnocutsest mosepx NiO 3i mBuzkictio obepranmst 700 06,/xs,
800 06,/x8, 900 06,/x8, 1000 06/x8 i 1500 06/xB. B pesybrari nponeaypu 6y dhopmoBani pisi Tosiman Bix 332,5 M, 314,7 uwm, 256,4 uwm, 227,4
10 204,5 um. Pesyosrati, orpuMati npu ToBimHi 227,4 HM, IOCATIIA ONTUMATBHOI edbektuBHOCTI, a came 15,3 %. Takum unxom, marepian OT B
SIKOCTI TApy 3 JIiPKOBOIO TIPOBI/IHICTIO, OY/ydn HE HA/ITO TOBCTHM i TOHKHMM, MOKE CHPHSTH Ti/IBUIIEHHIO POJYKTHBHOCTI COHSYHNX €JIEMEHTIB.

KmouoBi cioBa: mepoBCKiTOBI COHSUHI eJIeMeHTH, Tap 3 iPKOBOIO TIPOBiHICTIO, OKCH/I rpadeny, TOBINHA, TIPOAYKTUBHICTb.
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BUSABJIIEHHI 3AKOHOMIPHOCTEI KPUCTAJIOXIMIYHIX IIEPETBOPEHD B APTE®AKTAX ICTOPII 3
METAUJIIB (c. 44-51)

B. B. Ingytnuii, H. B. Mepexxko, K. A. ITipkosiy, O. O. Augpees

[Togano TeopeTndre 0OIPYHTYBAHHS TIPOTIECY eiMiHAIT OKPEMUX XIMIUHHUX €JIeMEHTIB 3 KPUCTAMIYHNX IPATOK METAJIB B MPOIEC KPH-
CTATIOXIMIYHUX [IEPETBOPEHD, AKi BiI0YBAIOTHCA BIIPOJOBK TPUBAJIOL icTOpii icHyBaHHs apTedakTiB. Jljis MiATBEPIKEHHST TEOPETHYHUX BUCHO-




BKiB GyJI0 IOCTIIZKEHO 5 CTAPOBUHHUX 30JI0TUX MPEAMETIB Pi3HUX icTOpuuHUX nepiogis: Big IV cromitrs a0 H. e. 1o XVIII cromitTs H. e., sKi
MicTATh TIPUGJIMBHO OIHAKOBY KiJIbKICTh 30J10Ta, cpibiia, Miji Ta 3ai3a B riMOOKKMX YacTHHAX CITaBy. [IpoBeieri oI PKeHHS CIIPUATUMYTh
Gisbin TouHiiT aTpubyIlii apredaxTis icTopii 3 MeTaiB, a TAKOXK BUSIBJICHHIO O3HAK TAPOOKN ab0 pecTaBpariiHux pooiT.

Busnaveno XiMigHmMiT CKIaI MPEMETIB M/l MATHHOIO Ta B GBI TIHOOKNX YaCTHHAX CIVIABY 32 [OTIOMOTOIO PACTPOBOTO €J€KTPOHHOTO
MIKPOCKOIIa, OCHAIIEHOTO eHePro/iucIiepciitHnM criekTpoMerpoM. OTpUMaHi pe3yJIbraTi CBi[4aTh PO 3HAYHO MEHIIUIT BMICT 30J10Ta BCepe/ii-
Hi CIJTaBY, aHi’K Ha MOBepXHi mpeaMeTiB. Boanovac, Hemomko/Kena MoBepXHs, OYHIieHa Bifi MiHepaJTbHIX CKOPHHOK, MiCTUTD 3HAYHO MEHIITe
JIOMIIIKOBUX €JIEMEHTIB, aHixK mpuiiioBana MOBEPXHs, sKa He Majia KOHTAKTY i3 30BHimHIM cepenoBuiiieM. OTKe, BUBYEHHST XIMIYHOTO
cKJIay apTeakTiB 3 30710Ta He MOKHA TIPOBOJIMTH JIUIIIE Ha OCHOBI IOCJIIKEHHS TIOBEPXHI.

PesysisraToM IIpoBe/IeHNX JIOCTI/IPKeHb € BCTAHOBJIEHHS 3aJIe5KHOCTI KOHIIEHTPallii OCHOBHOTO KOMITOHEHTA CIIaBy (30J10Ta) Ha OBEPXHIi
apredakTiB Bi/l BiKy HpeJIMeTiB B TUCAYAX POKIB. A TAKOX IPEACTABICHO PIBHAHHS /7l IIPOTHO3YBAHHS BiKy HPEJMETIB, CHOPIHEHNX 3a
XIMIYHUM CKJIQI0M JI0 TPYIH 06 €KTIB, ONMCAHUX B Iill CTATTi.

JlocnimkeHHsT 0COOIMBOCTEH TIPOTIKAHHS KPUCTAMOXIMIYHIX MPOLECIB MAIOTh BUKIIOYHO BasKJIMBE MPAKTUYHE 3HAYCHHS U1 TOBEICHHS
aBTEHTUYHOCTI apTedakTiB icTOpii, KoperyBamis AaTyBaHb IPEAMETIB, BUSBJIECHHs 03HAK MAPOOKKM ab0 riMOOKUX 3MiH, 0 Majau Micie B
PE3YJIBTATI TIPOBEICHHS PECTABPAIIITHIX POOIT.

Kmouogi cioBa: apredakTu icTopii 3 MeTaiB, KPUCTATIOXIMIUHi TIEPETBOPEHHS, XiMIUHMIT CKJIA/l, BMICT 30JI0Ta.



