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Based on the study of the chemical composition and
analysis of the physicochemical properties of waste from
a number of metallurgical enterprises in the Zaporizhzhya re-
gion, the possibility of using waste as charge materials for the
production of magnesium-based alloys has been established.

The possibility of using solid salt chlorinator melt (SCM)
from ZTMC as a flux in the smelting of magnesium alloy
instead of the flux VI-2 has been studied; its effect on the
structure and mechanical properties of casting was investi-
gated. The technological possibility of using these chloride
wastes in the smelting of the ML5 alloy is shown. It was
established that the use of SCM as a flux in the smelting of
magnesium alloy contributes to the grinding of the structure
and improvement of the mechanical properties of the metal of
experimental smelting.

The possibility of modification of foundry magnesium
alloy with graphite powder (GP), which is the waste from
JSC «Ukrgrafit», is investigated. It is shown that the optimal
GP additive in the volume of 0.05...0.3 % contributes to the
grinding of metal grain and increases its strength characte-
ristics due to additional strengthening of both solid solution
and eutectoid. It is established that carbon changes the pa-
rameters of eutectic transformation, as a result of which, with
an increase in its concentration in the alloy, the volume of
eutectoid of type 8+y (Mg;Als) decreases markedly.

Testing the proposed waste for the smelting of the M5
alloy showed that no changes in melting technology are re-
quired while the environmental safety of the devised techno-
logical process meets the established standards; their quality
was improved while increasing the strength limit by 25 %,
and plasticity by 30 %.

At the same time, the use of waste in the smelting of mag-
nesium alloys can reduce costs in its production, and improve
the environmental situation due to the fact that waste is not
disposed of at landfills but reused in metallurgical industries.
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This paper reports a study into the role of indivi-
dual (S, P N, C, Si, Mn, Ni, Cr) and combined (Q;=S,
Qs=S+P, Q3=S+P+N, Q;=S+P+N+C, Qs=S+P+N+C+-
Si, Qg=S+P+N+C+Si+Mn, Q;=S+P+N+C+Si+Mn+Ni,
Qs=Q=S+P+N+C+Si+Mn+Ni+Cr) elements in five steel
AIST 304 smelting cycles. The correlation between the rate
of corrosion K in chloride-containing media and the specific
magnetic susceptibility o of austenite (matrix), the low con-
tent Pg of 8-ferrite, and the percentage of elements has been
established. Taking into consideration the order of arrange-
ment and influence of other present components, a set of the
different-shaped graphic models of K dependences on 7, Ps,
and percentage of elements was found. However, the sum of
the eight calculated individual and combined elements (Qg)
of the models coincides with the sum of the same ele-
ments (Q=Qg) of steel smelting samples that were subjected
to experimental measurements of yy and Pg. The curves of
the reported models were compared with experimental de-
pendences of K on y, Ps. The positive and negative role of
individual and combined elements in the process of pitting
resistance of steel smelting cycles has been identified. Given
this, it is assumed that the effect exerted on K by individual
and combined elements in the intervals before and after their

critical content may be ambiguous. Hence, one value K can
correspond to several values of the contents of elements, y, Ps.
A proof of that is the coincidence between the calculated
models K of corrosion on the same total content of Qg for
steel samples determined experimentally. The positive (ne-
gative) and ambiguous role of elements in the process of cor-
rosion and the possibility of predicting corrosion tolerance of
austenitic steels are assumed. The experimental dependence
K on g and Pg has been established; the greater yo and P,
the lower the corrosion rate K. The studied steels contained
&-ferrite in the low limits of 0.01...0.1 %.

Keywords: steel AISI304, corrosion, magnetic suscep-
tibility, ferrite, magnetic moment, nickel, chromium, chlo-
ride-containing medium.
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The paper reports the development of a Risk-Based In-
spection (RBI)-Machine Learning perspective. The Optical
Emission Spectrometry (OES), Tensile and Hardness Test,
Scanning Electron Microscope (SEM), Energy Dispersive
X-Ray Spectroscopy (EDS), Sulfate Reducing Bacteria
Check, and X-Ray Diffraction (XRD) was used to analyze
the root cause of the pipeline’s failure. Corrosion attack shows
at the cross-section microstructure based on SEM results.
Carbon, Manganese, Phosphorous, and sulfur’s chemical
composition is dramatically lower than the standard API 5L
Grade X42. Siderite and hematite dominate the composition
of the corroded area as a result of CO, dissolving in water. In
contrast, hematite is generated due to the pipe and outdoor
atmosphere reaction. Severe local wall thinning of the sand
abrasion causes the degradation of the material’s mechani-
cal properties and increases the corrosion rate. This result
amplifies by the development of Machine Learning (ML)
of Pearson Multicollinear Matrix and Supervised ML (Ran-
dom Forest, Support Vector Machine, and Linear Regres-
sion) to estimate the corrosion degradation of the material.
The source of datasets provided by ILI inspection includes
the calculated PoF Remaining Useful Life (Rul) as input
data, while Probability of Failure (PoF) prediction serves as
output data. The Random Forest shows superior predictions
of 92.18 %, with the lowest validation loss of 0.0316. The
modeling result confirms the experimental outcome. This
work demonstrates the implementation strategy to reduce
the analysis time, minimize human bias, and serve as a reli-
able reference tool and guideline to maintain the integrity of
the subsea pipelines.

Keywords: Root-cause-analysis, Wall thinning, Sand
Abrasion, Pearson Multicollinear Matrix, Supervised Ma-
chine Learning.
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The study aims to investigate the effect of Al,O3 and
Al additions to Nickel-base superalloys as a coating layer
on oxidation resistance, and structural behavior of nickel
superalloys such as IN 738 LC. Nickel-base superalloys are
popular as base materials for hot components in industrial
gas turbines such as blades due to their superior mechanical
performance and high-temperature oxidation resistance, but
the combustion gases’ existence generates hot oxidation at
high temperatures for long durations of time, resulting in
corrosion of turbine blades which lead to massive economic
losses. Turbine blades used in Iraqi electrical gas power sta-
tions require costly maintenance using traditional processes
regularly. These blades are made of nickel superalloys such
as IN 738 LC(Inconel 738). Few scientists investigated the
impact of Al,O3 or Al additions to Nickel-base superalloys
as coating layer by using the slurry coating method on ox-
idation resistance to enhance the Nickel-base superalloy’s
oxidation resistance. In this study, IN 738 LC is coated with
two different coating percentages, the first being (10 Al+
+90 Al,O3) and the second being (40 Al+60 Al,O3). Scanning
Electron Microscope (SEM) and X-Ray Diffraction (XRD)
were performed on all samples before and after oxidation.
According to the results, SEM images of the surface revealed
that the layer of the surface has a relatively moderated
porosity value and that some of the coating layers contain
micro-cracks. The best surface roughness of specimens coated
with 60 % alumina+40 % aluminum was 5.752 nm. Whereas,
the surface roughness of specimens coated with 90 % alumi-
na+10 % aluminum was 6.367 nm. Results reveal that alloys



with both Al,O3 and Al additions have reported a positive
synergistic effect of the Al,O3and Al additions on oxidation
resistance. Moreover, the NiCrAl,O3 thermal coating has
good oxidation resistance and the effective temperature of
anti-oxidation is raised to 1100 °C in turn reducing the main-
tenance period of turbine blades.

Keywords: slurry, coating, aluminizing, turbine blades,

oxidation, IN 738 LC, superalloys, surface roughness.
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The remanufacturing process of a hydraulic cylinder
rod becomes a challenging prospect in the industrial sector
producing heavy equipment. That is because remanufactured
components can have the same product quality as new com-
ponents with a more economical price.

Hard chromium electrodeposition is a well-known tech-
nique to provide a protective coating for the cylinder rod so
that it has favorable wear and corrosion resistance properties.
Associated with remanufacturing applications, the used chro-
mium plating covering the cylinder rod should be removed first
before applying the new chromium one. Whereas the removal
process often slightly consumes the base metal and fresh thicker
chromium should be deposited in order to preserve its original
diameter. The main problem is that the thick chromium may ex-
perience macrocrack after the baking process at 200 °C. Hence,
the observation of as-plated and as-baked thick and hard chro-
mium deposit properties is the novelty of this research.

In this work, the thick and hard chromium plating over a
flat carbon steel substrate was produced by the electrodepo-
sition method. A conventional single-layer chromium deposit
with a plating current density greater than 40 A/dm? shows
macrocracks after the baking process at 200 °C for an hour.
For the chromium duplex plating composed of two Cr layers,
the maximum thickness of the deposit was 261.0£8.5 microns,
and the macrocrack was observed. Meanwhile, the as-baked
duplex chromium plating composed of a polished Cr-C layer
and a Cr layer has a microcrack density of 337+8 cracks/cm
and hardness of 924.8422.2 HV,3 without macrocracks.
EPMA characterization confirmed the presence of a carbon
element in the Cr-C layer, and it is presumed due to carbon
co-deposition from formic acid additives.

Keywords: hard chromium electrodeposition, remanu-
facturing, macrocrack, chromium duplex plating, chrome-car-
bon deposit.
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Pigments are the main components of cosmetics, which
determine both toxicity and consumer color characteristics.
Zn-Al layered double hydroxides intercalated with anionic
food dyes are promising pigments. The best sources of dyes for
intercalation are natural ones. The most promising are spices.
Natural dyes from spices are often biologically active substances.
The parameters of samples of Zn-Al (Zn:Al=3:1) hydroxides
intercalated with natural food dyes, synthesized in the medium
of aqueous tinctures of saffron and safflower, were studied.
The crystal structure of the samples was studied by X-ray
phase analysis; color characteristics were studied by spectros-
copy and calculation of parameters in the CIE I*¥a*b system.



The possibility of synthesizing Zn-Al colored layered
double hydroxides intercalated with natural dyes in the
medium of saffron and safflower tinctures was shown. X-ray
phase analysis showed that both pigment samples were
layered double hydroxides with the a-Zn(OH), structure. For
the pigment intercalated with saffron dye, the phenomenon of
partial decomposition of Zn-Al LDH to ZnO during synthe-
sis was revealed. The color characteristics of the samples were
studied. Zn-Al LDH pigment synthesized in a saffron tincture
had a bright yellow color determined by intercalated saffron
carotenoids (crocin and crocetin). It was suggested that saf-
flower dye flavonoids were partially hydrolyzed (red ones —
cartamine and cartamidine, and yellow — Safflor Yellow A),
which led to the formation of a dark orange-brown color of
the sample. The prospects of using Zn-Al LDH intercalated
with saffron food dyes as a cosmetic pigment were shown.

Keywords: Zn-Al layered double hydroxide, cosmetic
pigment, intercalation, saffron, safflower, color, carotenoids,
flavonoids.
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PO3POBKA PECYPCO3BEPITAIOUNX TEXHOJIOI'T BUPOBHUIITBA JIMTBA 3 MATHIEBUX CIIJIABIB 3
BUKOPUCTAHHSAM BIZIXO/IIB METAJIYPTIITHUX IIJIIIPUEMCTB (c. 6-12)

B. A. lllanomees, B. JI. I'pemra, O. B. JIiotoBa, C. A. BoBkyH

Ha ocHoBi mocizkeHHS XIMIYHOTO CKITay Ta aHamidy (i3nKo-XiMIiYHUX BIACTUBOCTEH BiXO/iB HU3KHM METATYPrilfHUX MiATIPUEMCTB 3amo-
PI3bKOTO Periony BCTaHOBJIEHO MOK/IMBICTh BAKOPUCTAHHST BIAXO/IB B IKOCTI IIMXTOBUX MaTepiasiB /i BAPOOHUIITBA CIIABIB Ha OCHOBI MarHil0.

BuBueHo MOKJIMBICTD BUKOPUCTAHHS TBEPAOTO po3iuiaBy cosboBoro xiopatopa (PCX) 3TMK sk duioca npn Bumiasii MaruieBoro
crraBy 3amicTb duiocy BI-2 Ta mociizkero iioro BIJIMB Ha CTPYKTYPY Ta MeXaHiuHi BJACTUBOCTI inTBa. [loka3ano TeXHOIOTiYHY MOKITHBICTD
3aCTOCYBAHHSI JIaHUX XJIOPUIHUX BiZIX0AiB npu Butiasili cruiaBy MJIS. Beranosiieno, 1o 3acrocysantsa PCX B sikocti dutiocy mpu Buriasiti
MarHi€BOTO CIUIABY CIIPHSIE MOAPIOHEHHIO CTPYKTYPH Ta OKPAIIEHHIO MEXaHIYHUX BJACTHBOCTEN MeTATy OCTIHNX TIaBOK.

JlocmimkeHo MOXKIMBICTH MOIUGbIKYBaHHST IMBAPHOTO MarHieBoro cruiaBy rpaditoBum rnoporikom (I1T), mo € Binxomom AT «Ykprpadits.
TToxasaro, mo onrtumanbha mpucaaka [T y xiaskocti 0,05...0,3 % crpusie moapiGHeHHIO 3epHA METAY Ta MiIBUIIEHHIO HOTO XapaKTEePHICTHK Mill-
HOCTI BHACJII/IOK /I0ZIATKOBOTO 3MiIlHEHHS SIK TBEP/IOTO PO3UMHY, TaK i eBTeKTOoixy. BeTaHoBIIeHO, 1110 ByTJIellh 3MIHIOE apaMeTpy eBTeKTHYHOTO
[EPETBOPEHHS, BHACJI/IOK YOTO 3i 30LIBIIEHHSIM HOT0 KOHIIEHTpAILi y CIIaBi KilbKicTh eBTexToiny Tuiy &+y (MgsAls) MOMITHO 3MEHIIYEThCS.

OnpobyBaHHs 3alIPOIIOHOBAHNX BIZIXO/IIB J/IsI BUILIABKH critaBy MJI5 mokasalio, 1o He moTpiGHO JKOAHUX 3MiH B TEXHOJIOTIT IPOBEIEHHST
IJTaBKH, a eKoJIoriyHa Ges3rexa po3pobIeHoro TeXIPOoIlecy BiANIOBila€ BCTAHOBJIECHUM HOPMaM,a TaKOXK IMOJIIIIEHO iX AKICTb Ta IiBUIIIEHO
MesKy MinHocTi Ha 25 %, a actuyaicts — Ha 30 %.

[Ipu 11bOMY, BUKOPHCTAHHS BiZIXO/IB [P BUILIABII MarHi€BUX CILJIABIB J03BOJISIE 3HU3UTH BUTPATU MIPU MOTO BUPOGHUIITBI, MOJIMIIUTI
€KOJIOTIIO 32 PAXyHOK TOTO, MO Bi/[XOAN HE YTHJI3YIOTHCS HA MOJITOHAX, & TOBTOPHO BUKOPUCTOBYIOTHCSI Y METAIYPrilHUX BUPOOHUIITBAX.

KmouoBi cioBa: MarnieBuii criaB, po3iaB COTbOBOTO XJI0paTopa, durioc, MoandikyBanH:, rpadiToBHil MOPOIIOK, MiKPOCTPYKTYpa
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BU3HAYEHHS POJII IHAVBIAYAJIBHNX I KOMBIHOBAHUX XIMIYHUX EJIEMEHTIB V¥V ITPOITECI
MITIHTOBOI KOPO3Ii AYCTEHITHUX Fe-Cr-Ni CTAJIEM (c. 13-19)

B. JI. Cuixknoii, I'. B. Cuicknoii, C. M. CrenaHeHKO

[Iposeneno pocaipkents poui inausixyansaux (S, PN, C, Si, Mn, Ni, Cr) i kom6inosanux (Q=S, Qs=S+P, Q3=S+P+N, Q,=S+P+N+C,
Q5=S+P+N+C+Si, Q=S+P+N+C+Si+Mn, Q;=S+P+N+C+Si+Mn+Ni, Qg=Q=S+P+N+C+Si+Mn+Ni+Cr) eseMeHTiB B II'ATH IJIaBKax
cram AISI 304. Beranosieno xopenAmiiinmii 38’430k Misk mBuzKicTio K KOpo3sii B X70pHa0BMICHUX cepeioBUINaX i MUTOMOIO MarHiTHOIO
CHPUUAHSITIUBICTIO ¥ aycTeHiTy (MaTpHuili), HU3bKUM BMicToM Pgs 8-eputy, mporenTHuM BMiCTOM esleMeHTiB. BpaxoByioun mopsijiok pos-
TalIyBaHHS 1 BIVIMB IHIINX HMPUCYTHIX KOMIIOHEHTIB, BUSIBJICHO MHOXHHY pis3HOI (opmu rpadiunux mozeseit sanexunocrein K Bin o, Ps
i TIPOTIEHTHUM BMicTOM esieMenTiB. OHaK CyMa BOCbMU PO3PaXOBaHUX iHANBIAyaabHUX | KOMOiHOBaHUX eneMenTiB (Qg) Mozesieil criBnaxae
3 cyMoI0 Tux xe eneMeHTiB (Q-Qg) 3paskiB IIaBOK CTaJI, SIKi HijlaBalncs ekclepuMeHTaIbHuM BuMipam ) i Ps. [lopiBHIoIOTBCS KpUBI
TIPEACTAaBJIEHNX MOJIeTel 3 eKcrepruMeHTaIbHuMu 3aneskHoctsamn K Bin o, Ps. Busasiena mosutnsHa i neraTuBHa poJib iHIWBILyaTbHIX
i KOMOIHOBAHUX €JIEMEHTIB Y TPOIleci MTIHTOTPUBKOCTI MJIABOK CTasll. 3aBASAKHU 1bOMY, IIPUILYCKAETHCsI, 110 BILIMB Ha K iHAMBIAyaIbHIX Ta
KOMOIHOBAHUX eJIEMEHTIB B iHTepBaJiax /10 i 1MicJIs iX KPUTUUHKUX BMICTIB MOKe 6yTI/I HEeO/IHO3HAYHNM. 3Bi/IcK oiHOMY 3HaveHHI0 K Moske Bij-
MOBiIATH JEKiTbKa 3HAUeHb BMICTY eleMeHTIB, Yo, Ps. JlokazoM 11b0T0 € 36ir pozpaxoBanux Mozeseil K Koposii Bii TOTo 5 cyMapHOTO BMiCTy
Qg /U1t 3pa3KiB CTaJi BU3HAYEHOTO eKcliepuMeHTanbHO. [Ipumnyckaerbes mo3uTuBHa (HeraTBHA) i HEOJIHO3HAYHA POJIb €JIEMEHTIB B IIpolieci
KOpO3ii Ta MOKJIMBICTH TIPOTHO3YBAHHS KOPO3iliHOi TPUBKOCTI ayCTEeHITHUX cTajeil. BeTanmoBieno excrepmMenTanbiy 3aiexxHicTs K Bif x
i Pg, unim Gisbiite ¥ i Py, Tum Menute msuakicts koposii K. locaimkysani crani mictunn 3-dbeputy y Husbkux mexax 0,01...0,1 %.

Kmouosi croBa: ctams AISI304, koposis, MarHiTHA CHPUIHATINBICTD, (DePUT, MATHITHII MOMEHT, HiKeJIh, XPOM, XJIOPHUIOBMICHE CePe/IOBHIIIE.
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AHAJII3 PU3UKY EX-SPOOL 16” MOL: IIOTJIAJ HA MAIITMHHE HABYAHHS TA EKCIIEPUMEHTAJIbHI
PE3YJIbTATH (c. 20-33)

Taufik Aditiyawarman, Johny Wahyuadi Soedarsono, Agus Paul Setiawan Kaban, Rini Riastuti, Haryo Rahmadani,
Mohammad Pribadi, Rizal Tresna Ramdhani, Sidhi Aribowo

B crarti onucano pospoOKy KOHIEMIIii TTepeBipKi, Ha OCHOBI PU3UKIB Ta MAIIMHHOTO HABYAHHSI, JJIsi MOKJIMBOCTI HACJIIKIB BiAMOBH
Tpy6onpoBois. [lyis aHai3y NEPUIONPUYMHE BIIMOBH TPYyOOIPOBOLY BUKOPUCTOBYBAJIM ONTHYHY €MICIHHY CIIEKTPOMETPI0, TECT Ha PO3TsI-
TYBaHHS i TBEP/ICTD, CKAHYIOUNH eJeKTPOHHUI MiKPOCKOTI, eHePTOANCIIEPCITHY PEHTTeHIBChKY CIIEKTPOCKOTIIIO, TTEPEBIPKY CYIbdhaTpeyKy-
1ounx Gakrepiil i perrrenisebKy andpakiio. Koposiiina ais posgBiseThes Ha MIKPOCTPYKTYPI MOMEPEUHOTO Mepepisy 3a pesysbrataMi CKa-
HYIOYOTO eJIEKTPOHHOTO MiKPOCKOTIA. XiIMIYHII CKIa/] BYIJIEI0, Maprauifio, Gochopy ta cipki 3HaYHO HIKYHIL, HiXK y crangapraoro API 5L
kmacy X42. Y ckiaji KOppoJaOBaHOi MiJISTHKY TIePeBasKalOTh CUIEPUT Ta TeMaTUT BHACTIOK pogunHeniss CO, y Bomi. HaBnaku, remaTut yTBO-
PIOETHCS uepes peakilii TpyOu Ta 30BHilHBOT armocdepu. CuiibHe JIOKaTbHEe CTOHIIYBAHHS CTIHKU B PE3YJIBTATI MCKOCTPYMUHHOTO CTUPAHHS
BUKJIMKAE TIOTIPHICHHST MEXaHIYHUX BJACTHBOCTEH Marepiasy i 301/Ibly€e MBUAKICTH KOposii. 1leil pe3ysraT mocHIIoETbCs 32 paxyHOK Po3-
POOKM MAIIMHHOTO HABYAHHST MYJIBTUKOJLIHeapHoi Marpuiti IlipcoHa Ta KOHTPOJIbOBAHOTO MAIIMHHOTO HaBYaHHSA (BUIAJAKOBHM JIic, METO
OMOPHMX BEKTOPIB Ta JiHIIIHA perpecist) A/s OMIHKM KOPO3iiiHOi Aerpagaii Matepiany. /[sepeno HaGOpiB naHuX, Hamane iHcmekmicio 1LI,
BKJIIOYAE PO3PAXyHKOBUII TEPMiH KOPUCHOTO BUKOPHCTAHHS ITPOTHO3Y HMOBIPHOCTI Bi/IMOBU B TePMiH KOPHCHOTO BUKOPHCTAHHS, 11O 3AJIH-



LIMBCS, SIK BXi/IHI JaHi, TOi SIK TPOTHO3 HMOBIPHOCTI Bi/IMOBH CJIy;KUTH sIK BUXi/HI qani. Bunaakosuii siic mokasye uyzosi mporuosu 92,18%
i3 Haitmennmimu Brpatamu tepesipku 0,0316. Pesdysisrat MozesioBaHHsT MiATBEP/UKYE pedysbratu ekcriepuMenty. Lls poGora gemoncrpye
CTpaTeTiio BIPOBAKEHHS, 110 03BOJISIE CKOPOTUTH Yac aHaJi3y, 3BeCTH /[0 MiHIMyMY BIIUB JIOJCHKOTO (DaKTOPa Ta CIAYKUTH HATIITHIM
JOBIJIKOBMM IHCTPYMEHTOM Ta KePIBHUIITBOM JIJISA MATPUMKH I{LIICHOCTI MiABOAHKX TPYOONPOBOIB.

Kmou4oBi cioBa: amasi3 mepmonpuyni, CTOHIIEHHS CTiH, CTHPAHHS ICKOM, MyJbTHKOJUTiHeapHa MaTpuiyd [lipcona, konTposboBate
MallliHHEe HaBYaHHSI.
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JNOCJIIKEHHS PO3PAXYHOYHOI TEMIIEPATYPU OKUCJIEHHS JIOIIACTIB TYPBUHU

3 CYIIEPCILIABY IN-738 LC 3 TEPMIYHUM IIOKPUTTSIM AL,0; 3 BAKOPUCTAHHSIM ITPOLIECY
IIZTAMOBOTI'O IIOKPUTTSI (c. 34—41)

Naseer A. Mousa, Bajel M. Alshadeedi, Osam H. Attia, Hussein A. Mahmood, Nor Mariah Adam

JlocmipKeH st CipsiMOBaHe Ha BUBUeHHs BIUBY 100aBok AlyO5 a Al y cynepcniaBu Ha OCHOBI HIKeJIO , SIK APy MOKPUTTSI, HA CTIHKICTH
IO OKUCJIEHHST Ta CTPYKTYPHY TOBEAIHKY HiKeJIeBUX cyrepcriabis, Takux sk IN 738 LC. CynepcriaBu Ha OCHOBI HIKeJIIo TOTYJISIPHi STk 6a30Bi
Marepiajiu ist TapsSunX KOMIIOHEHTIB IIPOMUCJIOBUX Ta30BUX TYPOiH, TAKUX K JIOMATKY, Yepes X 4y0Bi MeXaHiuHi XapaKTepUCTHKK Ta CTiii-
KiCTb /10 BUCOKOTEMIIEPATYPHOTO OKHUCJICHHSI, aJle HASIBHICTD MTPOJIYKTIB 3TOPSHHS BUKJINKAE Tapsiye OKMCJIEHHS IIPH BUCOKUX TeMIIepaTypax
MIPOTSITOM TPHBaAIOro vacy. Ile mpu3BoauTb 10 KOPO3ii JIOMATOK TypOiHHM, 110 TPU3BOAUTH 10 BEJINYE3HIX eKOHOMIUHIX BTpaT. JIOmaTKi Typ-
6iH, sIKi BAKOPUCTOBYIOTBCS HA IPAKCHKUX Ta30BHX €JEKTPOCTAHILISX, HOTPEOYIOTh PErYJISIPHOTO JIOPOTOro 00CIYyroOBY BaHHS! 3 BUKOPUCTAHHIM
Tpaauiiitnux nporecis. 11i sesa, Burotosseni i3 cynepcernuasis wikenio, Takux stk IN 738 LC (Inconel 738). [lesiki Bueni gocaiKyBasim BIJIMB
n06aBok AlyO3 a6o Al y cynepciiaBy Ha OCHOBI HIKeJIO , SIK [Iapy MOKPUTTSI, 3 BAKOPUCTAHHSIM METO/LY IIOKPUTTS CYCIIEH3IE10 Ha CTIHKICTD 110
OKNCJIEHHS JIJIST TABUIEHHS CTIFKOCTI 710 OKUCJIEHHS CYTIepCIIaBy Ha OCHOBI Hikemo. Y oMy focaimpkenti Ha IN 738 LC naneceno mokput-
T4 3 IBOMA PI3HUMU BiZICOTKOBMMU BMiCTaMU TIOKPUTTS, iepiie 3 akux cranoButhb (10 AI+90 Al,O3), a apyre — (40 Al+60 Al,O3). Cranyiounit
estekTporHuil Mikpockort (SEM) Ta penrreniseska audpakiiisi (XRD) Gysii BUKOHAH] /715t BCiX 3pa3KiB /10 Ta MMiCJIst OKUCICHHST. 3a pe3yJibra-
tamu CEM-300paskeHb MOBEPXHi BCTAHOBJIEHO, 110 OBEPXHEBHH MIap Ma€ Bi/IHOCHO MOMipHE 3HAYeHHsI TOPUCTOCTI, a JIesIKi Iapy IOKPUTTS
MicTsaTb Mikporpimuan. Haiikpaiia mopceTkicTs moBepxHi 3paskis, mokpurux 60 % okcuy amoMinio + 40 % amominio, cranoBuia 5752 HM.
Toxi sk mopcTkicTb nMoBepxHi 3paskis, mokputnx 90 % oxcnay amominio + 10 % amominiio, ctanoBuiaa 6367 num. PedysnbsraTit 10KasyioTs,
o ciiasu 3 gobaskamu sk AlyOs, Tak i Al, mokaszaim nosurusHuil cunepreTnynuii edekr go6aBok AlyOsz i Al Ha criiikicTs 10 OKHUCIEHHS.
Kpim Toro, tepmiune mokputtsi NiCrAl,O3 Mae xoporry cTifikicTs 10 OKHCIeHHS, a eheKTHBHA TEMIIEPATypa AHTHOKNCICHHSI Ti/IBUIIEHA /10
1100 °C, 1110, ¥ CBOIO Yepry, CKOPOUYE Mepioj 06CAYroByBaHHsI JOMATOK TypOiHu.

Ka040Bi cioBa: 1niam, moKpuTTst, aliTyBaHHs, TypOiHHi Jonatky, okcuaysantst, IN 738 LC, cynepceriasu, IOPCTKICTh TIOBEPXH.

DOI: 10.15587,/1729-4061.2022.258728
BUT'OTOBJIEHHA TOBCTOTO ABOIIAPOBOI'O XPOMOBOI'O IIOKPUTTA BE3 MIKPOTPIIINH AJIA
BITHOBJIEHHS BUIPOBIB (c. 42-51)

Taufiqullah, Adhi Setyo Nugroho, Raden Dadan Ramdan, Firmansyah Sasmita, Siti Rodotun, Aditianto Ramelan

[Tpornec BiiHOBIEHHS MITOKA TIPOLUIIH/PA CTAE CKJIAAHUM 3aBJAHHAM Y IPOMUCJIOBOMY CEKTOPI, 110 Bupobase Bakke obnannanus. Ile
TIOB’S13aHO 3 TUM, 110 BiJTHOBJICHI KOMIOHEHTH MOXKYTb MaTH TaKy K SIKICTb, SIK i HOBI KOMITOHEHTH 3a HIKYOI BapTOCTI.

Enexrpooca/keHHs TBEP/I0r0 XPOMY € BiJIOMIM METO/IOM OTPUMAHHS 3aXUCHOTO MTOKPUTTS IS IIITOKA IIMJTIHAPA, 1110 HA/[a€ HOMY CIIPUST-
JIMBUX BJIACTHBOCTEH 3HOCO- 1 KOpO3iiiHol criiikocti. ITig yac BiIHOBIIOBAIBHUX POOIT CHOYATKY CJIJI BUAQJIUTH CTApe XPOMOBE TIOKPUTTS
IITOKA IIJTIH/PA TIepe/l HAaHECEHHSIM HOBOTO. Y TIPOIeCi BUAAJIEHHST YacTO HE3HAUHO 3HIMAETHCS OCHOBHUIT MeTas i st 36epeskeHHsT Horo
MOYATKOBOTO /liaMeTpa CJIi/I HAHECTU CBiKUiT Olbin ToBCTHIE 11ap Xxpomy. OcHOBHA POOJIEMA MOJATAE B TOMY, 11O THCJISE TIPOIECY BUIAITY TIPU
200 °C na ToBCTOMY Iapi XpOMY MOKJINBE YTBOPEHHS MakpoTpimui. OT:ke, BUSHAUEHHS BIACTHBOCTEN TOBCTUX TA TBEPIUX CBIXKOOCAKEHITX
i ¢BiKOOOTANIEHNX XPOMOBUX MOKPUTTIB € OCOOMUBICTIO TAHOTO TOCTIIPKEHHSI.

¥ po6oTi METOIOM eJIeKTPOOCA/KEHHS GYJI0 OTPUMAHO TOBCTE i TBEP/IE XPOMOBE MOKPUTTST HA TIJIOCKIN Ti/IKIa/I 3 ByTJreneBoi craii. [Tpu
HIIBHOCTI cTpyMy ocapkents 6impmre 40 A/mv? micas Bumany mpu 200 °C HPOTATOM TOAMHM Ha 3BHYANHOMY OHOITAPOBOMY XPOMOBOMY
HOKPUTTI 3'SBJSIOTCS MAaKpPOTPinuHu. [{J1s1 1BOIIAPOBOTO XPOMOBOTO MOKPHUTTS, MO CKJIAAAETHCS 3 ABOX mapiB Cr, MaKCHMaJbHa TOBIIU-
Ha HanuieHHs ckaana 261,0x8,5 MM, i criocrepiraiocst yrBopeHHs MakpoTpinuH. Tum dacom, obrajieHe JBOIIApoBe XPOMOBE TOKPUTTS,
o ckaagaerbes 3 nosiposanoro mapy Cr-C i mapy Cr, Mae minbnicts Mikporpinun 337x8 tpinms/cM i TBepaicts 924,8%22,2 HV 5 6¢e3
yTBOpemHst MakpoTpinmi. Axariz EIIMA minrBepans nasBHicTs ByrieneBoro exementa B mapi Cr-C, i mepenbataeTtsest, Mo 11e OB sI3aH0 i3
CYMICHIM OCa/[KEHHSIM BYTJIEIIO 3 106aBOK MYPAIMHOT KHCIOTH.

Komo4oBi ciioBa: esieKTPOOCa/PKeHHsT TBEP/IOT0 XPOMY, BiJTHOBJIEHHS, MAKPOTPIIIIHA, JBOIIIAPOBE XPOMOBE TIOKPUTTSI, XPOMOBYTJIEIEBE
TIOKPUTTSL.
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JOCJIIKEHHA XAPAKTEPUCTUK Zn-Al IOABIMHO-IITAPOBUX I'/TIPOKCUAIB, IHTEPKAJIbBOBAHUX
NMPUPOJHUMU BAPBHUKATH 31 CIEIIi, AK KOCMETUYHUX IIITMEHTIB (c. 52-59)

B. JI. KoBasenko, B. A. Kotok, A. 0. Bopucenko, A. 0. [lormpa, A. O. Pespanuesa, P. K. Hadees, B. B. Bepouupkui,
. A. Cyxommu

TlirMeHTH € OCHOBHUMM KOMIIOHEHTAMU KOCMETUYHUX 3aCO0iB, AKI BUBHAYAIOTH i TOKCUUYHICTD, i CIIOKMBYI KOMPHI BaacTuBocTi. Zn-Al
MOABINHO-TTAPOBI TiAPOKCHAN, IHTEPKATbOBaHI XapUuOBMMH OapPBHUKAMH aHIOHHOTO THUITY, € TIEPCIEKTUBHUMI KOCMETHYHIMHE THTMEHTAMU.
Haiikpammmu prepeiamu 6apBHUKIB JUIst iHTepKaIoBaHHs € npupoanumu. Haii6inbin nepenextuauMu € pstiori. [Ipupoari 6apBHUKI



i3 CKJIa/Ly TIPSIHOIILIB YacTo € GioJOTiYHO-aKTUBHUME pedoBrHaMu. Jlocipkeni napamerpu 3paskis Zn-Al (Zn:Al=3:1) rixpokcuuis, inTepka-
JIbOBAHNX [PUPOHUMH XapuoBUMU GAPBHUKAMM, CHHTE30BAHUX B CEPEOBHI BOAHUX HacTOiB madpana ta cadopa. Kpucraniuna crpyk-
Typa 3pasKiB BUBYEHA METOIOM PeHreHo(}a3oBOro aHasli3y, XapaKTepHCTHKH KOJbOPY — METOIOM CIIEKTPOCKOIIIi Ta PO3paxyHKY IapaMeTpiB
B cucremi CIE T*a*b.

TTokasana MOKAMBICTH cunTe3y 3abapsriennx Zn-Al moaBiliHO-IAPOBUX TIAPOKCHIB, IHTEPKATIBOBAHUX MPUPOAHUMYU GapBHUKAMH,
B cepeloBHIIi HacToiB madpana ta cadopa. MeTogoM peHTreHohaszoBoro aHaIisy, MoKaszaHo 4yTo 0OuBa 3pasKa MTMEHTIB € TOABIHHO-1Ia-
poBUMU TiapoKcuaamu 3i ctpykTypoto o-Zn(OH)y. s mirMeHTy, iHTepKaIboBaHOTO OapBHUKaMu madpaHa, BUABJIEHO SBUIIE YACTKOBOTO
posmany Zn-Al ITHIT go ZnO mix yac cunresy. Busnayeno xapakrepuctuky Koabopy 3paskis. Zn-Al ITIHIT mirment, cuTe3oBanuii B HacTol
mrapany, Ma€ SICKPaBO-’KOBTHII KOJIIP, BUBHAYAEMUIT IHTePKaJIbOBAaHUMHU KapoTHHOIIaMu madpana (KpoIMHOM Ta KpoleTnHoM ). Buciosiie-
HO TIPUITYIIEHHSI MI0JI0 YaCTKOBOTO Ti/IpoJiidy (uiaBoHoiniB-6apBHUKIB cadiiopa (KpacHUX — KapTaMina Ta Kapramigina, Ta skosroro — Safflor
Eellow A), mo npusseno 10 hopMyBaHHS TEMHOIO OPaHKEBO-KOPHYHEBOTO KOJIBOPY 3paska. [lokasaHa MepCreKTUBHICTh BUKOPHCTAHHS
Zn-Al TTHIT; iHTepKaIbOBAHIX XaPUOBIMIE OapBHUKAMH MadpaHy, B IKOCTI KOCMETHYIHOTO MITMEHTY.

Kimouosi cioBa: Zn-Al nozBiiino-mapoBuii rigipoKcuy, KOCMETHYHKI THiTMEHT, iHTepKasioBams, madpat, cadiop, KapoTHHOIIH, (hIaBOHOIIN.




