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Sustainable bioplastics made from Tawaro sago starch are
investigated in the study. This study is motivated by the global
need to lessen the environmental impact of petroleum-based
polymers and discover greener alternatives. Tawaro sago starch’s
amylose concentration, moisture levels, and ecologically friendly
qualities are examined in the study. It carefully blends sago starch,
glycerol, and an acetic acid and water activator solution to create
a bioplastic. The study will examine these bioplastics’ chemical
composition, crystalline structure, mechanical properties, and
reactions to UV radiation and microbial development. Research-
ers and developers are interested in sago starch, a staple meal in
Palopo City, South Sulawesi Province, Indonesia, as a sustainable
material. Sago starch is advantageous due to its renewable nature
and eco-friendly properties. XRD, mechanical characteristics, and
microbiological development in sago bioplastic are examined in the
study, providing valuable insights. Tawaro sago bioplastic has no
heavy metals, according to XRD. The mechanical characteristics
have improved significantly, reaching 2,867 N/mm?. A 48-hour UV
radiation exposure within limitations changed the chemical chain,
causing the improvement. Furthermore, bacteria grow swiftly on
sago bioplastic. This research promotes sago-based bioplastics as
an eco-friendly alternative to traditional plastics, promoting envi-
ronmental sustainability. This research supports the global drive to
create eco-friendly materials. Using Tawaro sago starch, creative
solutions for a greener, more sustainable future are possible, with
bioplastics offering a compelling alternative to existing plastics and
lowering their environmental impact.

Keywords: X-ray diffraction, tawaro starch, ultraviolet radia-
tion treatment, mechanical properties.
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Peculiarities of phase and structural transformations during
the carbon-thermal recovery of high-speed steel slag with the
production of an alloying additive were investigated. This is nec-
essary to determine the technological indicators that allow reduc-
ing the loss of high-value elements during the production and use
of the alloying additive. A gradual change in the degree of scale
reduction from 32 % to 69 % and 77 % led to an increase in the
appearance of the solid solution of alloying elements and carbon
in the a-Fe lattice with respect to FeWO, and Fe3Oy4. Along with
this, FesC, FeW3C, WC, VC, V,C, and Cr3Cy were manifested. At
the same time, the formation of polyhedral and rounded particles
of different chemical composition and the formation of a spongy
microstructure was observed. It was determined that the most ac-
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ceptable degree of recovery is 77 %. At the same time, the degree
of reduction of 69 % is also sufficient since due to the residual
carbon in the form of carbides, an increased reduction capacity
is ensured with additional reduction of the oxide component in
the liquid metal during alloying. The spongy microstructure pro-
vides relatively fast dissolution compared to standard ferroalloys,
which causes a reduction in the total melting time while reduc-
ing the resources spent. No phases and compounds characterized
by an increased tendency to sublimation were detected in the
obtained alloying additive. That is, there is no need to provide
additional conditions that prevent the loss of high-value elements
during evaporation with the gas phase, which causes an increase
in the degree of extraction of alloying elements. The indicators
of the obtained alloying additive make it possible to melt alloyed
steel in an electric arc furnace with respect to brands whose com-
position does not have strict restrictions on carbon, while replac-
ing a part of standard ferroalloys.

Keywords: carbon thermal recovery, slag of high-speed steels,
oxide man-made waste, structural-phase transformations.
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The problem of increasing the efficiency of 13XFA pipe steel for
oil and gas wells by using selective selection of charges for smelting
them in an electric arc furnace is considered. 4 batches of different
chemical heterogeneity were studied. It was found that melt 1 from
a purer charge 1 contains a smaller amount of harmful impurities
in the form of surface-active substances (surfactants), which affect
grain growth when samples are heated for quenching. Thus, melts 1
and 2, containing a smaller amount of surfactants in the charge, have
a greater tendency to austenite grain growth and lower hardenability
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compared to melts 3 and 4, the charge of which is relatively heavily
contaminated with surfactants. This is due to the low relatively free
energy of melts 3 and 4. The study showed that at a relatively low
tempering temperature (300 °C) there was an insignificant change
in the mechanical properties of the samples (R, KC, etc.). Hydro-
genation of steels significantly reduces the strength of steels from all
melts, however, an increase in tempering time leads to an increase in

long-term strength. In this case, the maximum impact strength (KC)
of all melts is observed after normalization, but samples from melt 1
have a higher IC. When the samples were held (570 °C), the near-
boundary layers of steel grains were enriched with P, Sb, Sn, As,
leading to embrittlement and weakening of intergrain cohesion and
a decrease in the energy of boundaries. In the process of testing
at —80 °C, cracks along the grain boundaries are visible on the frac-
tures of the samples after brittle tempering. By increasing the purity
of metal waste for smelting pipe steel, it is possible to improve the
complex of its properties, and hence the durability of seamless pipes
for the oil and gas industry produced from it.

Keywords: selection of metal waste, pipe steel, heat treatment,
temper brittleness, cold resistance, oil and gas industry.
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The object of research is the processes of the formation of
brazed joints and the stressed state. The subject of research is
structure, chemical composition, long-term high-temperature
strength at a temperature of 900 °C, speed of high-temperature
salt corrosion. Existing brazing filler metals have a high-tempera-
ture performance of 40-50 % of the performance of the SM93-VI
and SM96-VT alloys. Despite this, brazing is the main technique
of joining modern heat-resistant cast alloys. Therefore, the devel-
opment of new brazing filler metals that ensure the formation of
joints with increased long-term high-temperature strength is rel-
evant. Ship gas turbine blades operate at a temperature of 900 °C.
The purpose of the development of the new SBM-4 brazing filler
metal is to achieve long-term high-temperature strength of brazed
joints at a temperature of 900 °C at the level of 85-90 % of the
strength of heat-resistant alloys SM93-VI and SM96-V1.

A two-stage method was used in the development of SBM-4
brazing filler metal. At the first stage, the chemical composition
of the brazing filler metal base was determined, taking into ac-
count the peculiarities of operating conditions of the blades of
marine gas turbine engines and the achievements of materials sci-
ence of heat-resistant alloys. At the second stage, the depressant
and its necessary content were selected. Computer software was
used to determine the distribution between the y- and y’-phases,
taking into account the participation of each element in both
dispersion and solid-solution strengthening. Rational limits of
concentrations of alloying elements were determined. The crite-
rion was the minimum susceptibility of brazing filler metal to the
formation of brittle phases, taking into account the influence of
chromium, rhenium, and tantalum concentrations on resistance
to high-temperature salt corrosion and high-temperature perfor-
mance. The long-term strength of SM93-VI and CM96-VT alloys
brazed with SBM-4 brazing filler metal is 89-91 % of the strength
of the base metal. Technologies of brazing and correction of cast-
ing defects have been introduced into production.

Keywords: brazed joints, stressed state, high-temperature
salt corrosion, long-term strength.
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Tt is usually quite difficult to carry out deep penetration of thick-
walled products from titanium alloys using conventional welding
technologies. In this study, it was proposed to use electron beam
welding under high vacuum conditions for the realization of 40 mm
thick melting of VT23, VT3-1 alloys.

This paper considers the possibility of obtaining high-quality
welded joints from high-strength titanium alloys having (a+B) two-
phase structures. For the implementation of research works, samples
were made from selected materials, samples were welded according
to the specified modes, metallographic analysis was performed, and
the level of mechanical properties was determined. The research
results were verified under laboratory conditions.

The technological features of the processes of electron-beam
welding of products with a thickness of 40 mm were considered,;
the parameters affecting the weldability of titanium alloys and their
structure were determined. The welded samples were checked by
X-ray non-destructive testing, the microstructure of the welds was
studied, and the physical and mechanical properties of the welded
joints were checked. It was established that a feature of titanium al-
loys VT3-1, VT23 is the need for heat treatment after welding under
the base metal regimes to improve the characteristics of the welded
joint. The resulting strength limit of the alloys after heat treatment

reached values of 1250 MPa and more, while the impact toughness
was at the level of 48—50 J-cm™.

Modeling the welding process has made it possible to ensure the
reproducibility of the characteristics of the welded joint at a level
close to that of the base metal, to increase the quality indicators of
welded joints, and to reduce the time required to test the technology.
The studies of simulator samples showed compliance of the quality of
welded joints with the predefined parameters.

Keywords: high-strength titanium alloys, electron beam weld-
ing, technological parameters, macrostructure.
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This paper reports a study whose object was material of the weld.
The nature of changes in the microstructure of the weld material,
which are caused by changes in the supplied energy, alloying ele-
ments and heat removal from the melt area, was investigated. Weld-
ing was performed with an electron beam at U,=60 kV, I,,=90 mA,
with an elliptical sweep of 3x4 mm. The speed of electron beam

movement v,; was varied from 7 to 15 mm-s''. The temperature of
the experimental welded samples Ty was varied from 300 K to 673 K.
Ti-TiB alloy (a microcomposite alloy with reinforcing TiB fibers)
was welded with Ti-TiB alloys, T110, and with niobium. One of the
tasks of welding this alloy was to preserve and optimize the structure
of this type in the weld. Grinding of boride fibers, loss of their initial
orientation, and formation of a dendritic or cellular microstructure
was observed in the weld.

Using the methods of raster electron microscopy and micro-
X-ray spectral analysis, the microstructure of the weld material
was investigated and the dimensional characteristics of TiB fibers
under different welding conditions were determined. The analysis
of changes in the microstructure of the weld material, the average
length a and the thickness ¢ of the boride fibers in the material of the
joints made at different velocities of electron beam movement and
initial temperatures Ty was carried out. It was established that the
growth of the ratio ¢/a from 0.04-0.07 to 0.1-0.27 is accompanied
by significant changes in the microstructure and the mechanism of
formation of eutectic phases.

It is shown that the process that determines the formation of the
microstructure of the weld material was the eutectic breakdown with
the determining influence of the temperature gradient, crystalliza-
tion rate, supercooling, concentration inhomogeneities, and alloying
impurities.

Keywords: electron beam welding, microcomposite alloy, eutec-
tic decay, fiber size, weld.
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Resistance spot welding plays a critical role in the manufac-
ture dissimilar material industry. However, there are differences
in mechanical properties between mild steel and satinless steel so
as to reduce the quality of welded joints. In order for differences

in mechanical properties to be corrected, surface roughness was
treated. The aim of this study was to optimize the welding pa-
rameters of DRSW with surface roughness by analysis using the
Taguchi and Anova Methods. In this study discusses about inves-
tigates the Resistance spot welding parameters on weld geometry,
mechanical properties, and SEM EDS on dissimilar materials
of mild steel and stainless steel. The material thickness of the
mild steel and stainless steel are 1 mm, respectively. The process
parameters of the resistance spot welding joint used, example; sur-
face roughness, current, welding time, and electrode force. Qual-
ity welding joint test results include weld geometry, mechanical
properties, and SEM EDS. Weld geometry testing to determine
the weld nugget profile. The mechanical properties test was
shear tensile test, while the SEM EDS included macrostruture
and microstructure observations. The results showed the highest
nugget diameter 6.65 mm highest shear tensile strength 7.66 kN.
The most influential parameter is current by 75.08 %, then sur-
face roughness by 12.35 %. The highest tensile strength has fewer
defects. Surface roughness treatment before welding is very good
to make welding quality joints between mild steel and quality
stainless steel increase. Surface roughness treatment was very
good to be included when making welding procedures for welding
engineers for welding processes resistance spot welding dissimilar
mild steel with stainless steel.

Keywords: resistance spot welding, dissimilar material, mild
steel, stainless steel, surface roughness treatment.
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Pipeline systems play a pivotal role across various industries,
serving as the lifelines for transporting materials like oil, water,
and gas. Among the welding techniques, orbital pipe welding, par-
ticularly Gas Tungsten Arc Welding (GTAW) without filler metal,
is the fitting method for joining these critical piping systems.
This study examined orbital pipe welding on SS316L pipes with
a 114-mm outer diameter and 3-mm thickness. The main goal was
to evaluate the weld’s tensile strength and microhardness care-
fully. Constant current and three welding speeds — 1.3, 1.4, and
1.5 mm/s — achieved this goal. In addition, welding experiments
covered 0°,90°, 180°, and 270° pipe positions. First, the necessary
tools and test objects were prepared, and then the test materials
were welded. The final phase was testing tensile strength and
microhardness. This investigation used a 5G-specific prototype
orbital pipe welding equipment. The 5G method requires hori-
zontal welding with the vertical pipe axis. The study used ASTM
E-8M-compliant standardized test material for precise and re-
peatable tensile strength measurements. This standardization
ensured outcomes reliability. One of the significant findings was
that 1.4 mm/s welding at the 270° pipe position with 110 A cur-
rent produced the maximum tensile strength. This shows that
these conditions are best for welding SS316L-type stainless
steel pipes with an outside diameter of 114 mm and a thickness
of 3 mm. Strangely, microhardness testing showed that horizontal
distribution welding quality decreased at 1.4 mm/s. This implies
that further experimentation may be needed to fine-tune the
welding parameters to optimize the process and achieve superior
microhardness values.

Keywords: orbital pipe welding, gas tungsten arc welding,
SS316L, tensile strength, microhardness.
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PO3POBKA BIOILTACTHKY 3 EKOJIOITYHO YHCTOTO KPOXMAJIIO CATO (METPOKCHJIOH) TAWARO
(c. 6-16)

Budiawan Sulaeman, Nasaruddin Salam, Andi Erwin Eka Putra, Lukmanul Hakim Arma

B poboTi focaimpKy€eThest CTilikuii GioniacTuk, BUTOTOBAeHNI i3 Kpoxmaitio caro Tawaro. Ile m0CTiKeHHT MOTMBOBAHO II00AIBHOIO TTOTPe-
6010 3MEHIIUTH BIIUB TOJIMepPiB Ha HATOBII OCHOBI Ha HABKOJIMIITHE CEPEIOBUIIE Ta 3HANTH GLIBII €KOJIOrYHI abrepHaTiBu. J[oCmiKyeThest
KOHIIEHTpallis aMiJo3u KpoxMmaslio caro Tawaro, piBHI BOJIOTU Ta €KOJIOTIUHI sIKocTi. BiH peTesbHO 3Milllye KpOXMaJlb Caro, IJIIePUH, OLTOBY
KHCJIOTY Ta BOAHWI PO3YKMH aKTUBATOPA JUUIsl CTBOPEHHs GiotracTiky. J{oci/pKeH s BUBYATHME XIMIYHUI K1/l 1IUX Oi0MIACTUKIB, KPUCTAIY-
Hy CTPYKTYPY, MeXaHiuHi BAaCTUBOCTI Ta peakiiiio Ha YD-BUIPOMIHIOBAHHS Ta PO3BUTOK MiKpOGiB. JlOCIIHUKN Ta pO3POOHUKY 3alliKaBJeHi B
KPOXMaJIi caro, SIKiii € 0CHOBHOIO 3keto B micTi [Tasroro, posintist [lisgennnit Cynaseci, Inonesis, sik ekosoriuso unctuii marepian. Kpoxmann
€aro € TIepeBarolo 3aBISIKU CBOIH BiTHOBJIIOBAHII IPUPOJIi Ta eKOJIOTIYHIM BJIACTUBOCTSIM. Y OCTiKeHHi BUBYaioThest XR D, Mexamiuni xapakre-
PHMCTUKY Ta MiKPOOIOJOTTYHIN PO3BUTOK 6i0quaCTm<y caro, 1o Jia€ 1inHy iHndopmarito. Bignosizno 10 XRD 6iomractuk caro Tawaro He MicTUTD
Ba/KKIX MeTasTiB. MexaHiuHi XapaKTepuCTHKY 3HAUHO MOKPATIIIICS, Tocarysmmi 2867 H/Mm?. 48-ToaumHuil BIIHB yIsTpadhioNeToBoro Bi-
HPOMIHIOBAHHSI B MEKaX 0OMEKeHb 3MIHUB XIMIUHMIT IAHITOT, CIIPUYMHKUBINK MOKpatteHta. Kpivm Toro, 6akrepii BUAKO pocTyTh Ha GioriacTuii
caro. Ile nocitiprentst mpomarye 6i0IUIacTHK Ha OCHOBI Caro sik €KOJIOTIIHO YNCTY aTBTePHATHBY TPAINIIITHIIM IITACTHKAM, CIIPISIIOYN eKOJIOTIY-
Hiii crifikocti. Ile gocaipKeHHsT MATPUMYE TI06aIbHe TParHeH s 0 CTBOPEHHST eKOJIOTIYHO YUCTHX MaTepiasiB. BUKOPHCTOBYIOUH KPOXMADb
caro Tawaro, MOKHA 3HAHTH KpeaTUBHI PillleHHst yist GLIBII eKOIOTTYHOTO Ta CTAIOr0 MaiiGyTHHOTO, OCKIIBKY GIOIVIACTUK HAIAE EPEKOHIIIBY
AJIBTepHATHUBY iCHYIOYMM ILTACTMACAM 1 3HIKYE IXHill BIVINB Ha HABKOJIMIITHE CePeIOBUIIIE.

Kinouosi cioBa: penrrenisebka audpakitis, kpoxmasib Tawaro, 06podka yisrpadioseToBUM BUITPOMIHIOBAHHSIM, MEXaHiYHI BJJACTUBOCTI.
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BUSABJIEHHSA OCOBJIMBOCTE CTPYKTYPHO-®A30BUX NEPETBOPEHD ITPU ITEPEPOBIII
OKCHJIHUX BI/IXO/IB BIJI BUPOBHUIITBA HIBUAKOPIXKYYOI CTAJII (c. 17-22)

B. O. Bosiox, A. M. loasikos, B. I. Pedenxo, A. M. Auapees, M. M. SImumuncekuii, I. B. JIyk’sinenko, B. I. Kypaos, €. M. Yamurin,
H. €. Baaceunko, /I. B. IBanuenko

Jlocaipkeno ocobmBocti (hazoBUX Ta CTPYKTYPHUX TIEPETBOPEHDb MPU BYIJICIEBOTEPMIYHOMY BiJHOBJIEHHI OKaJMHK HIBUAKOPIZKYUOI
cTasi 3 OTPUMAHHAM 00aBKU U1 JIeTyBaHHs. 1le OTPiOHO [ BUSHAYECHHST TEXHOIOTIYHUX TIOKA3HUKIB, 1110 I03BOJISIIOTh 3MEHIIUTU BTPATU
BHCOKOBAPTICHUX €JEMEHTIB il YaC OTPUMAHHS Ta BUKOPUCTAHHS Jieryiodoi mobaBki. [loeTama 3MiHa CTYMeHs BiTHOBIEHHsI OKaJIIHN 3
32 % 110 69 % ta 77 % 06yMOBIIIA IOCUJIEHHS TIPOSIBY TBEPIOTO PO3UMHY JIETYIOUKX €JIEMEHTIB Ta BYTJIEIto B rpaTil o-Fe BigHocHo 10 FeWO,
ta Fe3Oy4. Pasom 3 tmm mamm nposiB FesC, FeW3C, WC, VC, V,C Ta Cr3C,. IIpu iboMy crocTepiranocst yTBOPeHHST 9acTOK 0araTorpanHoi
Ta OKPYIJI0i (hOpME Pi3HOTO XiMIYHOTO CKIaLy Ta (hopMyBaHHs TyGUacTol MiKpOCTPYKTYpH. BusHadeHo, 110 HaiiGiIbI IPUHHATHUIT CTYIIHD
BizHOBsIeHHS ckyanae 77 %. Ipu 1boMy cTyniHb BiiHOBIeHHS 69 % TaKOK € J0CTaTHIM, TaK sIK 3aB/ISIKU 3JIUIITKOBOMY BYTJIEIIO Y BUIJISAI
KapOiztiB 3a0e31euy€eThes MiABUIEHA BiITHOBHA 3/aTHICTD 3 IOBIIHOBJIEHHIM OKCHHOT CKJIA0BOI B PiIKOMY MeTasIi Ipu jieryBanui. [ybuacra
MIiKPOCTPYKTYpa 3abe3ledy€e BiHOCHO IIBUKE PO3UMHEHHS B MIOPIBHIHHI i3 CTaHAAPTHUMU (HEPOCILIABAMHE, 10 OOYMOBJIIOE 3HIKEHHS 3a-
TJIBHOTO Yacy TIJIABKH [IPH 3MEHIIEHHI BUTPaueHNX pecypciB. B oTpumaniii seryrodiit 1o6asii #e 6yso BusiBieHo a3 i 3'eanans, Mo xapak-
TEPU3YIOTHCSI MIBUIIEHOI0 CXIJIBHICTIO 0 cybuiMarii. To6To HeMae moTpebu 3abe3edeH st T0IATKOBUX YMOB, 110 MEPENIKOKAIOTh BTPATi
BUCOKOBAPTICHUX €JIEMEHTIB NIPU BUIIAPOBYBAHHI 3 Ta30B0I0 (ha3o10, M0 00yMOBJIIOE 3POCTAHHS CTYTICHS BHJIYYCHHS JIETYIOUMX €JIEMEHTIB.
TokasHUKKM OTPUMAHOT JIEryi04oi H00aBKU JAI0Th MOKJIMBICTh BUIJIABKY JIETOBAHOI CTaJi B €JIEKTPOLYTOBIl 11edi BiAIOBIHO MapoK, CKJIajl
SIKMX HE MA€ CYBOPUX OOMEKEHb 3a BYTJICIEM, TIPU 3aMiHi YaCTHHU CTAHIAPTHUX (HePOCILIABIB.

KmouoBi coBa: ByrienieBoTepMidne BiHOBICHHS, OKaJNHa MBUAKOPIAKYUNX cTasiel, OKCU/IHI TeXHOTeHHi BiZIXO/H, CTPYKTypHO-(ha30Bi
IIepeTBOPEHHS.
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BU3HAYEHHS 3AKOHOMIPHOCTE CTPYKTYPH TA BJACTUBOCTEI TPYBHOI CTAJII 13X®MA, 1[0
BUILTABJISAETHCSA HA PI3BHUX IIUXTAX B EJTJEKTPO/IYTOBII IIEYI (c. 23-31)

Arif Mammadov, Agil Babayev, Nizami Ismailov, Mukhtar Huseynov, Faig Guliyev

PosrasHyTa 3a1a4a migsumenHs ebektusHoCTi TpyOHOI cTasmi 13X MA s HadTOra3oBuX CBEPAIOBYH 3a PaXyHOK CEJIEKTUBHOTO BiIGOPY
MIUXTH IS iX BUTUJIABKY B €JI€KTPO/YTOBiil 1Teui. Bupueno 4 maprii 3 pisHoio XiMiuHoio HeoaHOpiAHicTIO. BetanosieHo, mo posmias 1 3 6isbin
YUCTOI IMUXTH 1 MiCTUTh MEHIIY KiJIbKiCTh HIKIVTMBUX JIOMIIIIOK y BUIJISI/I IOBepXHeBO-akTUBHUX pedoBuH (IIAP), mo BrsmBatots Ha pict
3epHa MMPU HATPiBaHHI 3pasKiB i 3arapryBanis. Takum yuHOM, posiiasu 11 2, 1o MicTsTh y mmxTi MeHnry kiibkicts ITAP, MaioTs Gisbiy
TEHJICHIIIO 10 POCTY ayCTEHITHOTO 3epHA i MEHIIY IIPOrapTOBYBAHICTD y IMOPIBHAHHI 3 PO3ILIaBaMu 3 i 4, MuXTa SKUX BI/JHOCHO CHJIBHO 3a-
6pyauena TTAP. 1le nos’si3ano 3 HU3BKOIO BiZIHOCHO BiIBHOIO eHeprieio po3iiasis 3 i 4. JIoc/Ii/pKen s T0Kas3asio, o Py BiAHOCHO HU3bKIN
temreparypi Bizmycky (300 °C) BindyBaeThes He3HAYHA 3MiHA MEXaHIYHUX BAACTHBOCTEH 3paskiB (R, KC Ta in.). BoxHese HacuueHHs craaei
3HAYHO 3HIDKYE MIIHICTD cTasell 3 yciX posIuiasis, pote 30iIbIIEHHS Yacy BiYCKy MPU3BOAUTD A0 30iIbIIEHHS TPUBAJIOL MirtHOCTI. [Tpu



oMy MakcuMaibHa yiapHa B's3kictb (KC) Beix posiuiasiB criocrepiraerbes mic/isi HopMmasisaitii, ajie 3pa3ku 3 posiiaBy 1 MaioTh Gisibin
sucokwii [C. TTpu Burpumiti 3paskis (570 °C) npurpannani mapu 3epHa crasi sdarauysamucst P, Sb, Sn, As, 1110 npusBouTh 10 KPUXKOCTI Ta
ocsiabJIeHHsT MiK3ePEeHHOTO 34Yel/IeHHs Ta 3HUKEHHsT eHeprii Mesxk. B niporieci BunpoOysanb 1ipu temiepatypi —80 °C Ha 31amax 3paskiB micJist
KPUXKOTO Bi/IITYCKY BUAHO TPIIIMHK 1O MesKaxX 3epeH. [TiBUIYI0Ur YUCTOTY METAJIEBHX BIZIXO/IB /IS BUIJIABKU TPYOHOI CTasIi, MOXKHA 110~
JUTIIIUTH KOMILIEKC i BJIaCTUBOCTEH, a OTIKe, 1 I0BroBIiYHICTh BUPOOJICHNX 3 Hel 6e3moBHUX TPYO st HahTOrazoBol MPOMKCIOBOCTI.

KmouoBi cioBa: Bifbip MeTaseBux BifxoAiB, TpyOHA CTasb, TePMOOGPOOKa, BIIIYCKHA KPUXKICTh, XOJOMOCTIIKICTD, HahTOra3oBa mpo-
MUCJIOBICTb.
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PO3POBKA ITPUIIOIO JJIA1 5JKAPOMIIIHMX HIKEJIEBHX CILVIABIB CY/IHOBHUX 'A3OBUX TYPBIH
HOBOTI'O TIOKOJITHHA (c. 32-46)

B. B. KBacuuupkuii, B. M. Kop:kuk, B. @. Kpacuuupkuii, M. B. Matsieuko, €. A. Byrypas, I. M. Jlaroasincekuii

O06’ekt mocaimkenn: mpoteck GOPMYBAHHS CIAsTHUX 3'€IHAHD 1 HATIPYKEHOTO cTaHy. [IpeMeT MOCIIIKEHb: CTPYKTYPa, XIMIYHIIA CKIIa/,
JIOBrOTPUBAJIA BICOKOTEMITEpATypHa MittHicTb nipu Temirepatypi 900 °C, mBuakicTh BUCOKOTEMIIEPATYPHOI COTbOBOI KOpoaii. [cnyioui npuroi
MaloTh BUCOKOTeMIepaTypHy npaiesaaraicts 40—-50 % Bix npanesgarnocti criais CM93-BI i CM96-BI. He auBiistunch Ha 1ie, nastnus €
OCHOBHUM CIIOCOOOM 3’€/[HAHHS CYYaCHUX SKaPOMII[HUX JMBAPHUX CILIaBiB. ToMy po3poOKa HOBUX TIPUIIOIB, 10 3a0€3MeuyI0Th (OPMYBaHHS
3'e/IHaHb 3 TABUIIEHOIO TPUBAIOI0 BUCOKOTEMIIEPATYPHOIO MIIHICTIO, € akTyanbHo10. CyaHOBI ra3oTypOiHHI JOMATKH TIPAIIOIOTH TIPH TeM-
neparypi 900 °C. MeToio po3pobku HOBOTO 1puniolo SBM-4 € JocsrHeHtsa TpUBaioi BUCOKOTEMIIEPATyPHOI MII[HOCTI CHIasHUX 3'€lHaHb PU
temmepatypi 900 °C na piBai 85-90 % Bix minHoCTi skapominanx crrasis CM93-BI i CM96-BI.

IIpu pospobii npunoio SBM-4 Bukopucrano asoerantuii Meros. Ha nepuioMy erari BUSHa4eHO XiMIYHWUii CKJIal OCHOBHU MIPUIIOIO 3 ypa-
XyBaHHAM 0COOIUBOCTENl YMOB POOOTHU JIOMATOK CYAHOBUX ra30TyPOIHHUX ABUTYHIB i JOCATHEHD MaTepialo3HABCTBA XKAPOMIIHIX CILIABIB.
Ha apyromy erari o6paHo seripecant Ta fioro HeoOXiaHuii BMicT. BUKoprucTOBYBasm KOMITTIOTEPHI IPOrpaMy JIJIsi BUSHAYEHHST POIIOLTY MiK
v-iy'-dazamu 3 ypaxyBaHHSIM ydacTi KOXKHOTO eJIEMEHTa, SIK B IMCIIEPCIHHOMY, TaK i B TBEPIOPO3YMHHOMY 3MiliHeHHi. Busnayanu pamionanbai
MesKi KOHIIeHTpalliil Jreryiounx esxeMenTiB. KpurepieMm € MiHiMasbHa CXUIIBHICTB IIPUIIOIO 10 YTBOPEHHS KPUXKUX (Da3 3 ypaxyBaHHSIM BILIHBY
KOHIIEHTPAIIiil XpOMY, PEHil0, TAHTATY Ha CTIHKICTb MPOTH BUCOKOTEMIIEPATYPHOI COJBbOBOI KOPO3ii i BUCOKOTEMIIEPATYPHY TIPaIe3/aTHiCTb.
Josrorpusazia minHicTs crasunx npunoem SBM-4 cruiasis CM93-BI i CM96-BI ckiraae 89-91 % Bix minnocti ocHoBHoOro metainy. TexHo-
JIOTi asTHHSI Ta BUNPABJIEHHS e(eKTIiB JUTTS BIPOBA/LKEHO Y BUPOGHUIITBO.

KmiouoBi cioBa: cnasui 3'€/{HaHH:, HAPYKEHNIT CTaH, BUCOKOTEMIIepaTypHa COJIbOBA KOPO3is, /I0BrOTPUBaJIa MillHICTb.
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BU3HAYEHHA TEXHOJIOTTYHUX ITAPAMETPIB EJIEKTPOHHO-ITPOMEHEBOI'O 3BAPIOBAHHA
BUCOKOMIITHIX TUTAHOBHX CIIJIABIB (c. 47-53)

0. B. ®exnocos, O. B. Kapnosuy

3asBuyail JI0CUTh BaKKO MPOBECTH IJIMOOKE MPOIIABIEHHS TOBCTOCTIHHUX BUPOOIB 3 TUTAHOBUX CIUIABIB 3a JOMOMOTOI0 3BUYATHIX
TEXHOJIOTIH 3BapioBaHHs. B maHoMy mocuipkeHHi 6yJ0 3alIPOMOHOBAHO BUKOPUCTOBYBATH €JIEKTPOHHO-TIPOMEHEBE 3BAPIOBAHHS B YMOBax
BUCOKOTO BaKyyMy JiJIsl peastizalii nporiasienns Topmunnoio 40 mm 3i citasis BT23, BT3-1.

B nocmimpkenti po3risiia€Thest MOKIUBICTD OJIePKAHHS SKICHUX 3BAPHUX 3'€IHAHD 3 BUCOKOMIIIHUX THTAHOBHX CIJIABIB, 1110 MAIOTH (a+P)
nBodasti ctpykrypu. Jlaist peamisaiiii 0CHiAHUIBKUX POOIT BUTOTOBJIECHO 3pa3Ky 3 BUOPAHUX MaTepialiB, BAKOHAHO 3BAPIOBAHHS 3Pa3KiB 3a
BU3HAYEHUMH PEKMMaMHU, BUKOHAHO MeTasorpadiyHuil aHasi3, a TAKOK BU3HAUYEHO PiBEHb MEXaHIYHNUX BJACTUBOCTE. ATIpobaIrito pe3yJisra-
TiB IOCTIIZKEHHSI IPOBENN B TaGOPATOPHUX YMOBaX.

PO3IJISHYTO TEXHOMOTIUHI 0COGIMBOCTI MPOIIECIB €EKTPOHHO-TTPOMEHEBOTO 3BaPIOBAHHS BUPOOIB TOBIIMHOK 40 MM, Ta BUSHAUECHO Ta-
paMeTpH, 110 BIUTHBAIOTH Ha 3BAPIOBAHICTh THTAHOBHX CILUIABIB Ta IX CTPYKTYPY. 3BapHi 3pasku GyJIi mepeBipeHi METOOM PEHTTEeHIBCHKOTO
HEPYUHIBHOIO KOHTPOJIIO, JIOCJI/PKEHO MIKPOCTPYKTYPY 3BapHUX HIBIB Ta IepeBipeHO (i3MKO-MeXaHiYHi BJIACTUBOCTI 3BapHUX 3'€/[HAHb.
Beranosiieno, mo ocobusicTio TutanoBux cruiasis BT3-1, BT23, € neo6xianicTs TepMo06pOOKH TIiCIIst 3BapIOBAHHSI HA PEKIMAX OCHOBHOTO
MeTaJty JIJIsl TIOKPAIIEHHS XapaKTePUCTUK 3BapHOTO 3'eiHaHHs1. OTpUMaHa MeKa MII[HOCTI CILIABIB IMiCJIst TEPMIYHOT 06POOKH 0CSTIIa 3HAYEHD
1250 MIla i 6inbie, yapHa B'a3KicTh TIpH 1iboMY Ha piBHi 48—50 [Ix-cm2.

MogesoBaHHsT TIPOIleCy 3BapIOBaHHS [TO3BOJIIO 3a0€3MEeYNTH BiITBOPIOBAHICTD XapaKTEPUCTHK 3BAPHOTO 3'€IHAHHS HA PiBHI HAOGIN-
SKEHOMY /10 OCHOBHOTO METaJIy, Mi/[BUIIUTH MTOKa3HUKU SKOCTI 3BAPHUX 3'€/HAHD, CKOPOTUTH Yac Ha BiJIpalioBanHs texHosorii. IIposeseni
NOCTI/KEeHHST 3pa3KiB-iMiTaTOPiB TIOKA3aJIH Bi/IMOBIIHICTD SKOCTi 3BAapHUX 3'€THAHD 3a[aHIM apaMeTpPaM.

KmouoBi ci0Ba: BUCOKOMIIIHI TUTAHOBI CIJIABU, €JIEKTPOHHO-IIPOMEHEBE 3BAPIOBAHHSI, TEXHOJIOTIUHI ITApaMeTPU, MAKPOCTPYKTYpa.
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BU3HAYEHHSA OCOBJUBOCTI CHPIMYBAHHS TA PO3ITOAIIY IHTEPMETAJIEBOT ®A3U B
EBTEKTHUIII MATEPIAJIY 3BAPHOT'O HIBA ITICJIA EJEKTPOHHO-ITPOMEHEBOI'O 3BAPIOBAHHAA
CIIJTABIB TUTAHY TA HIOBIIO (c. 54-62)

II. 1. JIoGoxa, A. K. 3Bopukina, E. JI. Bpskuskescobkuii, T. T'. Tapanosa, B. A. Kocrin, B. JI. 3sopukin, JI. O. 3Bopukin

OG6’exTOM fOCITiIZKEH s OYB MaTepiaj 3BapHOro IBa. J{ocaikeHo XapakTep 3MiH Y MIKPOCTPYKTYPi MaTepiaay 3BapHOTO I1Ba, SIKi BUKJIU-
KaIOThCsI 3MIHAMU TTiIBEIEHOT €HEPTil, JIEryiourX eJIEMEHTIB Ta TEIUIOBIIBEICHHS 3 00J1aCTi PO3ILIaBY. 3BapPIOBAHHS BUKOHYBAJIM €JICKTPOHHIM



npomeneM 3a U, =60 kB, 1,,=90 MA, 3 eminconoaiouoo posroptkowo 3x4 mm. IIBUAKICTD PyXy €JEKTPOHHOTO MIPOMEHIO U, 3MIHIOBAIM Bijl
7 10 15 mv-c'L. TemmepaTypy ekcriepiMenTa bHIX 3BapioBanyx 3paskis Ty smimiosamn Biz 300 K 10 673 K. 3papiosamu crmas Ti—TiB (Mikpo-
KOMIO3UIIIHHKI crtaB 3 apmyiounMi BosokHamu TiB) 3i cirasamu Ti—TiB, T110 ta 3 wiobiem. Oznieio 3 3a1a4 3BapiOBaHHsA 1IbOTO CILIABY
BU3HAYEHO 30€PEKEHHS Ta ONTUMIZAIi0 CTPYKTYPH TAKOTO THILY Y 3BAPHOMY IIBi. Y 3BapHOMY IIBi cIriocTepiraan moapibHeHHs 60pUAHIX
BOJIOKOH, BTpaTy IX MOYaTKOBOI opieHTallii Ta (GOpMyBaHHSI MIKPOCTPYKTYPH AEHAPUTHOTO ab0 KOMIPKOBOTO THITY.

Metozamu pacTpoBOI €JIEKTPOHHOT MIKPOCKOTIIT Ta MIKPOPEHTTEHOCIIEKTPATIBLHOTO aHai3y OYJI0 TOCHIKEHO MIKPOCTPYKTYPY MaTtepiary
3BApHOTO IITBAa Ta BU3HAUEHO PO3MipHi XapaKTepucTUKN BosokoH TiB 3a pisumnx ymoB 3BapioBanms. [IpoBezero anamis 3Min MiKpOCTPYKTYP
Marepiasy 3BapHOTO IBa, CEPEIHBOI IOBKUHU 8 Ta TOBIIMHU ¢ GOPUIHUX BOJIOKOH B MaTepiasi 3'€/[HaHb, BUKOHAHWX 32 PI3HUX MIBUAKOCTEN
Ve TIEPEMITTIEHHST €JIEKTPOHHOTO TIPOMEHTIO Ta TOYATKOBUX TeMiiepatypax Iy. BectanosseHo, 1o 3poctanus criBsignomenus: ¢/a 3 0.04-0.07 no
0.1-0.27 cynpoBO/KYETHCS 3HAYHIMY 3MiHAMU MiKPOCTPYKTYPHU Ta MeXaHi3My (HOPMYBaHHS €BTEKTUYHUX (Pas.

I[TokasaHo, 10 TIPOLECOM, sIKUii Br3Hauae (hOPMyBaHHs MIKPOCTPYKTYPH MaTepialy 3BapHOro IBa, GYB eBTEKTHYHUIT PO3IIaj 3 BU3HA-
YaJbHUM BIUTMBOM Ha HBOTO PA/IIEHTY TEMIIEPATyp, MIBUAKOCTI KPUCTAJi3allii, MepeoX0oI0/KeH s, KOHIIEHTPAlINHNX HEOAHOPIIHOCTE,
JIETYIOUMX JIOMIIIOK.

Kmo4oBi cioBa: eslekTpOHHO-TIPOMeHeBe 3BapIOBaHHs, MiKDOKOMITO3UIIIHUI CTITaB, eBTEKTHYHNI PO3MajI, PO3MiP BOJTOKOH, 3BaPHUIA TITOB.
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OIITHUMI3AIISI KOHTPOJIbHOI'O TOUKOBOTO 3BAPIOBAHHSI 3 PI3BHOMIPHOIO IIOPCTKICTIO
IIOBEPXHI M’SIKOf CTAJII 3 HEPKABIIOUOIO CTAJIIO (c. 63-71)

Ariyanto, Setiawan Sukardin, Ilyas Renreng, Hairul Arsyad, Muhammad Syahid, Muhammad Alwi

KoHTakTHe TOYKOBE 3BapiOBaHHs BiAirpae BUPIIIAIbHY POJb Y BUPOOHUIITBI pisHOpiAHMX MatepianiB. OfHaK iCHYIOTh BiAMIHHOCTI B
MEeXaHIYHUX BJACTUBOCTSIX MisK M'SIKOIO Ta CATHHOBAHOIO CTAJLIIO, 1110 3HUKYE AKICTh 3BapHUX 3'¢/iHanb. 11[06 BUITPABUTH BiZIMIHHOCTI B Me-
XaHIYHUX BJIACTUBOCTSX, IMOPCTKICTh MOBEpxXHi GyJa 06pobiiera. MeTa 1[b0TO JOCI/KEHHS TOIsATajla B ONTHMI3allii apaMeTpiB TOYKOBOTO
3BApIOBAHHS 3 PI3HUM OIIOPOM 3 HIOPCTKICTIO HOBEPXHi HMIISXOM aHaJi3y 3a Jonomorow MeroiiB Taryui ta Anova. Y 1boMy /0CIiKeHHI
00OTOBOPIOETHCS IOCIIPKEHHSI TAapaMeTPiB OTIOPHOTO TOYKOBOTO 3BAPIOBAHHSI HA T€OMETPII0 3BAPHOTO IBA, MEXaHIYHI BIACTHBOCTI Ta CKaHY-
10401 eekTponnoi mikpockorii (CEM) Ta enepromucrepciiinoi pentreniBebkoi criekrpockorii (EPC) na pisHopimnux marepianax 3 M'sikoi
Ta HepsKkasitouoi crasi. ToBmmHa MaTepiamy M'sIKOI cTasli Ta Hep:kaBiloyoi ctasi ctaHoBuTh 1 MM Biamnosinno. [Ipukian mapamerpis npoiecy
OTIOPHOTO TOYKOBOTO 3BAPIOBAHHS; IMOPCTKICTD TIOBEPXHi, CTPYM, 4ac 3BapIOBaHHS Ta CHJIA eIeKTpo/a. Pe3yrbraTn epeBipKi SKOCTi 3Bapio-
BaJIbHUX 3 €/[HAHD BKJIIOYAIOTh TEOMETPIt0 3BapHOro 1iBa, MexaHiuni Biactusocti Ta CEM EPC. BunpodyBaHHs reoMeTpii 3BapHOTO 1B 1151
BU3HAYEHHST TPODITIO 3BapHOTO Mapy. BUnpoOyBaHHAM MeXaHIYHUX BJAACTUBOCTEl Oys10 BUPOOYBaHHS Ha PO3TSATHEHHS MIPH 3CYBi, TOMI K
CEM EPC BKJI04aIo CrocTepeskeH st 3a MaKPOCTPYKTYPOIO Ta MiKPOCTPYKTYPOI0. Pesyibratu mokasain HalGiIbInmii JiaMeTp caMopoaKa
6,65 MM, HaiiBUIIy MillHICTh Ha 3cyB Ha po3pus 7,66 kH. HaiiBiiinBosimum napamerpom € ctpyMm Ha 75,08 %, MOTIM MIOPCTKICTh MOBEPXHi
na 12,35 %. HaiiBuiia min#icts Ha po3pus Mae Meire aedextiB. O6pobKa MOPCTKOCTI TOBEPXHi Mepell 3BapioBAHHAM Iy:Ke XOPOTIa IS TT0-
KpAILEHHST IKOCTI 3BaPIOBAaHHA 3'€IHAHD MK M’SIKOIO CTAJLIIO Ta SKICHOW HepsKaBiouoo ctamin. O6poOKy MIOPCTKOCT MOBEPXHI OYII0 LysKe
n06pe BKJIIOYUTH TTijl 9aC BUKOHAHHSI 3BaPIOBANIBHUX TIPOIEAYP IS iHKEHePiB-3BapIOBATbHUKIB /TSl 3BapIOBAIBHIX MPOIECIB KOHTAKTHUM
TOYKOBUM 3BaPIOBAHHSIM Pi3HOPIIHOI M'SIKOI CTaJIi 3 HEPIKABIIOUOI CTAJLIIO.

Kii0uoBi cl10Ba: KOHTaKTHE TOUYKOBE 3BAPIOBaHHsI, PI3HOPIAHKIT MaTepias, M’siKa cTalb, HepKaBiloya CTailb, 00pOOKa IOPCTKOCTI TTOBEPXHI.
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BU3HAYEHHS BILUTUBY MAPAMETPIB 3BAPIOBAHHS OPBITAJIbHOI TPYBU HA MEXAHTYHI
BJIACTUBOCTI 3 BUKOPUCTAHHAM TPYBU SS316L (c. 72-84)

Eko Prasetyo, Ario Sunar Baskoro, Agus Widyianto, Gandjar Kiswanto

Tpy6omnpoBiHi crcTeMU BiAirpaloTh KJIIOUOBY POJIb Y PI3HUX Taly3siX MPOMHUCIOBOCTI, CAYTYIOUM SIK PATIBHI AJIsI TPAHCIOPTYBaHHS
Takux Marepiajis, sk Hadra, Boga ta ra3. Cepe/i METO/iB 3BapioBaHHsI OpOiTajibHe 3BapioBatHst TPYO, 30KpeMa JyroBe 3BapIOBAHHsI Ta30BOIO
BOJIBGPAMOBOIO IYTOI0 Ge3 TIPUCATOYHOTO METATY, € METOAOM TH/ATOHKM VTSI 3'€AHAHHS [IIX KPUTHYHUX CUCTEM TPYOOIIPOBOIIB. Y IHOMY [0-
CITiKEHH] posriisiaaiocs opbitaibie 3Bapiosatis Tpy6 SS316L i3 soBHinmim giamerpom 114 MM i ToBmmHO© 3 MM. OCHOBHA MeTa MoJisraja
B TOMY, 1100 PETETHHO OMIHUTH MIIHICTh HA PO3PHB 1 MiKPOTBepAicTh 3BapHOro mBa. IlocTiiiHuil cTpyM i Tpu mBHAKOCTI 3BapoBaHHs — 1,3,
1,41 1,5 MM/c — nocsirum i€l Mmern. KpiM Toro, excriepuMenTH 3i 3BapioBatsi OXOITIOBAJIM TT0J0KeHHs TpyO mix kyramu 0°, 90°, 180° i 270°.
CriouaTky ToTyBasu HeOOXigHI iHCTpyMeHTH Ta 00’€KTH [yt BUIIPOOYBaHb, a MOTIM 3BapOBAIN TOCHI/IKYBaHI MaTepianu. 3aBepiuiajbHIM
etarioM Oysin BUIIPOOYBaHHS MIIIHOCTI Ha PO3PUB i MIKPOTBEPAOCTI. Y IOMY [OCTiZKEHHI BUKOPHCTOBYBABCS MPOTOTUIT OPOITATBHOTO
3BaproBasbHOTO o6aanHanHs st 5G. Meroa 5G BUMara€ ropusoHTaJIBHOTO 3BAPIOBAHHSI 3 BEPTUKAIBHOW BicCIO TPyOU. Y mociipkeHHi
BUKOPUCTOBYBABCS CTaHIAPTU30BAaHUN BUNPOOYBasibHUil MaTepiart, cymicauit 3 ASTM E-8M, a1 TOYHUX i TIOBTOPIOBAaHUX BMMIiPIOBaHb
MinHocti Ha pospus. s crangaprusanis 3abesneyrna HaaiiHicT pesyabraTiB. OQHUM i3 BasKJIMBUX BUCHOBKIB OYJIO Te, 110 3BaplOBaHHS 3i
mBUAKicTIO 1,4 MM/C ipu nostoskeHHi Tpy6u 1mix Kytom 270° 3i ctpymom 110 A nano makcuManbHy MilHICT Ha po3puB. Lle mokasye, mo i
YMOBU HalKpallli JJIst 3BapioBaiist TpyO 3 Hep:Kasitouoi crasi tuiy SS316L i3 soBuinmiM aiamerpom 114 MM i ToBmmHo0 3 MM. SIK He MBHO,
BUTIPOGYBaHHS MiKPOTBEPOCTI MOKA3aJIH, 1[0 SKICTh TOPH30HTAILHOTO POIIOILTY 3BaploBaHHs 3Hu3MIacs Ha 1,4 mm/c. Ile o3Havae, 1o Mo-
JKYTh 3HAZIOOUTUCS TIOIAJIBII €KCIIEPUMEHTH JIJISI TOYHOTO HAJIAMITYBAHHS TApaMeTPiB 3BapIOBaHHsI IJIsl ONITUMI3AILT IIPOIIeCy Ta OCSATHEHHS
BUIIUX 3HAYEHb MiKPOTBEPIOCTI.

KuiouoBi cioBa: opbitasibHe 3BapoBanis Tpy0, razoBosibdhpamose ayrose 3sapioBattst, SS316L, Mil[HiCTb HA PO3PUB, MIKPOTBEP/IICTb.



