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The main obstacle to solid oxide fuel cells (SOFCs)
implementation is the high operating temperature in the range
of 800—1,000 °C so that it has an impact on high costs. SOFCs
work at high temperatures causing rapid breakdown between
layers (anode, electrolyte, and cathode) because they have
different thermal expansion. The study focused on reducing
the operating temperature in the medium temperature range.
SmBag 5Sry5C0505.5 (SBSC) oxide was studied as a cathode
material for IT-SOFCs based on CeggSmg 2019 (SDC) electrolyte.
The SBSC powder was prepared using the solid-state reaction
method with repeated ball-milling and calcining. Alumina
grinding balls are used because they have a high hardness to
crush and smooth the powder of SOFC material. The specimens
were then tested as cathode material for SOFC at intermediate

temperature (600—800 °C) using X-ray powder diffraction (XRD),
(TGA),
scanning electron microscopy (SEM) tests. The X-ray powder
diffraction (XRD) pattern of SBSC powder can be indexed to a
tetragonal space group (P4/mmm). The overall change in mass of
the SBSC powder is 8 % at a temperature range of 125-800 °C.
A sample of SBSC powder showed a high oxygen content (5+38)
that reached 592 and 5.41 at temperatures of 200 °C and
800 °C, respectively. High diffusion levels and increased surface

thermogravimetric analysis electrochemical, and

activity of oxygen reduction reactions (ORRs) can be affected by
high oxygen content (5+8). The polarization resistance (Rp) of
samples sintered at 1000 °C is 4.02 Qcm? at 600 °C, 1.04 Qcm? at
700 °C, and 0.42 Qcm? at 800 °C. The power density of the SBSC
cathode is 336.1, 387.3, and 357.4 mW /cm? at temperatures of
625 °C, 650 °C, and 675 °C, respectively. The SBSC demonstrates
as a prospective cathode material for IT-SOFC.

Keywords: solid oxide fuel cell, thermal properties, oxygen
content, electrochemical properties, cell performance.
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The paper reports measurement of tensile strength and the
thermal cycle of AA6061 aluminum alloy circular bar friction weld
with different diameters and various friction times. A continuous
drive friction welding (CDFW) of AA6061 was conducted to weld
the AA6061 circular bar with different diameters of 30 mm for the
rotating part and 15 mm for the stationary part. The CDFW process
was carried out with the revolution speed of 1,600 rpm, the initial
compressive force of 2.8 kN during the friction stage for various
friction times of 10, 12, and 14 seconds, and an upset force of 28 kN
for 60 seconds. The flash temperature was measured using a digital
infrared thermometer gun. Computer simulation using the finite
element method was also done by coupling transient thermal and
static structural methods. The flash temperature becomes higher
along with increasing friction time based on the digital infrared
thermometer gun measurement and finite element analysis. The

results of tensile strength testing show that the specimen with a
friction time of 12 seconds has the highest tensile strength. Based
on the hardness testing result, it is found that the specimen with a
friction time of 10 seconds has higher hardness, but it has an incom-
plete joint flash so that the tensile strength is lower than that of the
specimen with a friction time of 12 seconds. Besides, the hardness of
the specimen with a friction time of 12 seconds is higher than that
of the specimen with a friction time of 14 seconds. The flash size
becomes bigger along with the increase of the friction time based on
the macrostructure observation on the longitudinal section of the
CDFW specimen. Tt is confirmed by the temperature measurement
and finite element analysis that the specimen with a friction time of
12 seconds has heat input to form the CDFW joint that has a maxi-
mum tensile strength in the range of this study.

Keywords: Aluminum, Friction Welding, Tensile Strength, Fi-
nite Element Analysis, Thermal cycle.
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Orbital pipe welding was often used to manufacture piping sys-
tems. In orbital pipe welding, a major challenge is the welding torch’s
position during the welding process, so that additional methods
are needed to overcome these challenges. This paper discusses the
influence of welding sequence and welding current on distortion,
mechanical properties and metallurgical observations in orbital pipe
welding with SS 316L pipe square butt joints. The variation of the
orbital pipe welding parameters used is welding current and welding
sequence. The welding current used is 100 A, 110 A, and 120 A, while
the welding sequence used is one sequence, two sequences, three
sequences, and four sequences. The welding results will be analyzed
from distortion measurement, mechanical properties test and metal-
lurgical observations. Distortion measurements are made on the pipe
before welding and after welding. Testing of mechanical properties
includes tensile tests and microhardness tests, while metallurgical
observations include macrostructure and microstructural observa-
tions. The results show that maximum axial distortion, transverse

distortion, ovality, and taper occurred at a welding current of 120 A
with four sequences of 445 pm, 300 pm, 195 pm, and 275 pm, respec-
tively. The decrease in ultimate tensile strength is 51 % compared to
the base metal’s ultimate tensile strength. Horizontal and vertical
microhardness tests show that welding with one sequence produces
the greatest microhardness value, but there is a decrease in the mi-
crohardness value using welding with two to four sequences. Orbital
pipe welding results in different depths of penetration at each pipe
position. The largest and smallest depth of penetration was 4.11 mm
and 1.60 mm, respectively.

Keywords: welding sequence, orbital pipe welding, gas tungsten
arc welding, distortion, SS 316L.
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In the present study, various quenching media were added
as cooling media for the quenching after pack carburizing treat-
ment. The aim of this research is to get a suitable cooling medium
for pack carburizing quenching treatment to increase the wear
resistance of low carbon steel. Many cylindrical specimens for

the adhesion wear tests were prepared from the used SS400 steel
according to ASTM G99-04 specifications. Two heat treatment
processes, namely pack carburizing and quenching were done.
Firstly, the specimens are pack-carburized at a temperature of
875 °C, soaking time of 2 hours and quenched. The carburizing
agent consists of Pinctada maxima shell powder (PMSP) and
corn cob charcoal with a weight ratio of 30:70 %. Different cool-
ing media (water, 10 % NaCl solution, 10 % cane molasses) in the
pack carburizing quenching treatment are subjected to different
kinds of tests. The hardness test was performed using Vickers
micro hardness tester, the wear resistance was used in adhesive
wear test, the carbon content was determined and microstructure
examination was made using a scanning electron microscope
(SEM-EDX). The result showed that all cooling media contrib-
uted to an increase in mechanical properties (surface hardness
number, wear resistance), carbon content and microstructure
change. The use of cooling media in the pack carburizing quench-
ing process generally increases the surface hardness number of the
specimen. The highest surface hardness number was 595 kg/mm?,
respectively using 10 % cane molasses. The work shows that cane
molasses can be used as a cooling medium for pack carburizing
quenching of SS400 steel and contributed to the improvement of
wear resistance.

Keywords: low carbon steel, SS400 steel, hardness test, wear
test, SEM-EDX, cooling medium, pack carburizing, quenching, sur-
face hardness number, wear resistance.
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This paper reports a study into the structural-phase com-
position of the doping alloy made by processing metallurgical
anthropogenic waste involving reduction smelting. This is re-
quired for determining the technological parameters that ensure
an increase in the level of extraction of target elements during
the processing of anthropogenic waste and for the further use
of the doping alloy. Tt was revealed that the phase composi-
tion of the doping alloy manifested a solid solution of the dop-
ing elements and carbon in a-Fe. Cementite FesC and silicides
FesSis, FeSi, and FeSi, were also identified. In this case, the
doping elements were more likely to act as substitution atoms.
It has been determined that the microstructure of the alloy con-
sisted of several phases of different shapes and contents of the basic
doping elements. Sites with an elevated iron level of up to 95.87 %
by weight in the composition could be represented by the solid so-
lution phase of the doping elements and carbon in o-Fe. The sites
with a relatively high (% by weight) content of carbon (0.83-2.17)
and doping elements — W, up to 39.41; Mo, up to 26.17; V, to 31.42;
Cr, to 9.15 — were apparently of a carbide nature. The sites with a
silicon content of 0.43-0.76 % by weight likely included silicide
compounds. The alloy’s characteristics make it possible to smelt
steel grades without strict carbon restrictions, replacing some of
the standard ferroalloys. Neither phases nor compounds with a
relatively high propensity for sublimation were identified in the
material produced. Therefore, there is no need to provide condi-
tions to prevent evaporation and loss in the gas phase of the doping
elements. That could increase the degree of extraction of the dop-
ing elements.

Keywords: oxide anthropogenic waste, doped steel scale, reduc-
tion smelting, X-ray phase examination.
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Ferronickel slag is a by-product of the nickel smelting process.
Recycling of ferronickel slag is required since it contains valuable
elements besides its potency to pollute the environment. In order to
take advantage of the valuable materials and reducing the potential
hazard, beneficiation of ferronickel slag is essential. Alkali fusion of
ferronickel slag using Na,COs in the roasting process was carried
out. This study aims to determine the decomposition of the mixture
of ferronickel slag-NayCOs in the roasting process. Roasting temper-
ature and time were 800—1,000 °C and 60-240 minutes, respectively.
Characterizations of the ferronickel slag were conducted by XREF,
ICP-OES, XRD and SEM-EDS. Meanwhile, roasted products were
characterized using ICP-OES, XRD and SEM-EDS. Characteriza-
tion of the ferronickel slag indicates that Mg and Si are the main
elements followed by Fe, Al and Cr. Moreover, olivine is detected as
the main phase. The roasting process caused percent weight loss of
the roasted products, which indicates decomposition occurred and
affected the elements content, phases and morphology. The roasting
process at about 900 °C for 60 minutes is a preferable decomposition
base on the process conditions applied and the change of elements
content. Aluminum (Al) and chromium (Cr) content in the roasted
products upgraded significantly compared to iron (Fe) and magne-
sium (Mg) content. Olivine phase transforms to some phases, which
were bounded with the sodium compound such as Na;MgSiOy,
Na,SiO4 and NayCrOy. The rough layer is observed on the surface
of the roasted product as a result of the decomposition process. It
indicates that liquid-solid mass transfer is initiated from the surface.

Keywords: ferronickel, slag, alkali fusion, roasting, thermal,
decomposition, NayCOs, olivine, aluminum, chromium, iron, mag-
nesium.
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A study of the effect of holding the cast iron melt at tempera-
tures of 1,300, 1,450 and 1,600 °C for 20, 55 and 90 minutes on the
structure and properties of cast iron in a liquid state and after
crystallization was carried out. The studies were carried out on
samples with a diameter of 30 mm; cast iron containing 3.61-3.75 %
carbon, 1.9-2.4 % silicon, 0.03 % manganese, 0.081-0.084 % phos-
phorus, 0.031-0.039 % sulfur was poured into green-sand molds. The
samples were cast from the original cast iron (unmodified), modi-
fied with ferrosilicon 75 GOST 1415-93 (FS75), rare-earth met-
als (REM) and together with the REM+FS75 complex. The struc-
ture of cast iron was investigated by optical metallography, electron
microscopy and X-ray structural analysis. An increase in the holding
temperature and time of the cast iron melt leads to an increase in its
hardness. An increase in temperature at a short holding time leads
to an increase in strength in the entire investigated temperature
range (1,300-1,600 °C). Holding for 90 minutes at a temperature
of 1,450 °C corresponds to an extremum, after which, with a further
increase in temperature, a sharp drop in strength is observed. The
change in the toughness of cast iron is characterized in a similar way.

Keywords: data mining, heat-time treatment, chemical param-
eter, ferrosilicon, rare-earth metals, engineering, pyroelectric, trans-
formation, optimization, structure.
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AHAJII3 OKCUJTY MTOJABIAHOI'O MEPOBCKITY SmBal.5S8r0.5C0205+5 J1JII TBEPTOOKCHUITHUX MMAJTUBHUX
EJIEMEHTIB, 11O ITPALIIOIOTH B JIAITA3OHI IPOMI’)KHUX TEMIIEPATYP (c. 6-14)

Adi Subardi, Iwan Susanto, Ratna Kartikasari, Tugino Tugino, Hasta Kuntara, Andy Erwin Wijaya, Muhamad Jalu Purnomo,
Ade Indra, Hendriwan Fahmi, Yen-Pei Fu

OCHOBHOIO MEPENIKO0IO /ISt BIPOBA/PKEHHsT TBepAooKcnHux naausiux eaementis (TOTIE) € Bucoka pobouya Temreparypa B jia-
nazoni 8§00—-1000 °C, mo nmo3uavaerbest Ha Bucokux Butparax. TOIIE mpaiioioTs npu BUCOKUX TeMIepaTypax, 10 BUKJINKAE NIBUAKUN
PO3pUB Mizk 11apamu (aHOJI, €JIEKTPOJIIT i KaTO/1), OCKIJIbKM BOHU MAIOTh Pi3He TEIJIoBe Po3inpeHHs. JocijiskeHHs TPUCBIYEHO 3HUKEHHIO
pobOYOi TeMIIepaTypH B CepeIHbOMY TeMIIepaTypHOMY aiana3oni. B sikocti karoanoro matepiaiy st [IT-TOIIE na ocHOBI eekTposiTy
CepsSmg2019 (SDC) 6yB mocuimpkennit okcua SmBag5Sry5C0205:5 (SBSC). Topomok SBSC orpumyBann MeTogoM TBepaohasHol
peaxitii 3 MOBTOPHUM TOAPIGHEHHSIM B KyJbOBOMY MJIMHI i MPOKAPIOBAaHHAM. BUKOPHCTOBYBAIUCS MEJIIOYi KyJi 3 OKCHIY aTOMiHi0,
OCKIJIbKM BOHU MAKOTh BUCOKY TBEPAICTb Uit OAPIOHEHHS 1 3ruiakyBanHs nopoiky marepiany TOIIE. Torim GyJ10 poBeieHO BUIIPO-
OGyBaHHs 3pasKiB B skocTi KatoaHoro mMarepiany st TOIIE nipu npomiskuiii remmeparypi (600-800 °C) 3 BUKOPHCTAHHSAM HOPOIIKOBOT
pentrenisebkoi audpaxiii (ITPI), repmorpasiMerpuunoro ananizy (TTA), esekTpoximMidynux BUIIPOOYBaHb i CKaHYIOUOI €JeKTPOHHOI
mikpockotii (CEM). [ludpakrorpamy nopomky SBSC mosxna iHzekcyBaT 3a TeTparonaibHoio kKpucraiorpadiynoio rpymnoo (P4/mmm).
3arasbHa 3mina Macu nopoiiky SBSC cranosuts 8 % B aianasoni temneparyp 125-800 °C. 3pasok nopoinky SBSC nokasaB Bucokuii
BMicT kucHo (5+3), mo pocsras 5,92 1 5,41 mpu temmeparypax 200 °C i 800 °C Bigmosizxo. Bucokuii BMicT kucHio (5+8) MOsKke BIIMBATH
Ha BUCOKI piBHi mndysii i migBuieny noBepxueBy akTUBHICTD peakiliil Bixnosaenus kucuio (PBK). [longpusamniiinuit omip (Rp) 3paskis,
cneuernx ipu 1000 °C, cranosuts 4,02 Omem? ipu 600 °C, 1,04 Omem?® ipu 700 °C i 0,42 Omem? ipur 800 °C. [InToma moTysKHicTh KaToxa
SBSC cranosuth 336,1, 387,31 357,4 MBt/cm? ipu Temmneparypi 625 °C, 650 °C i 675 °C sinnosiano. SBSC neMoHcTpye nepernekTuBHICTh
B sikocTi karopHoro marepiany s IIT-TOIIE.

KiouoBi cioBa: TBepIOOKCHAHII TATMBHUIN €JeMENT, TETJIOBI BJIACTUBOCTI, BMiCT KMCHIO, €JIeKTPOXIMIUHI BJIACTHBOCTI, TPOYKTUB-
HICTD eJIeMeHTa.
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AHAJII3 MIITHOCTI HA PO3PUB I TEILZIOBOT'O IIUKJIY ®PUKIINHUX 3BAPHUX 3’€THAHD 3 AA6061 3
PISHUM OJIAMETPOM I YACOM TEPTA (c. 15-21)

Yudy Surya Irawan, Moch Agus Choiron, Wahyono Suprapto

Y craTTi mpeicTaBIeHO BUMipPIOBAHHS MIllHOCTi HA PO3PUB i TEIJIOBOTO NMUKJIY (GPUKIHITHOTO MIBA KPYTJIOTO CTPUIKHS 3 alIOMiHIEBOTO
ciiaBy AA6061 3 pisaum giamerpom i vacom teptst. Jljist 3BapoBanis Kpyraoro crpuskis 3 AA6061 3 pistum giamerpom 30 Mm 15t 06epTOBOT
YaCTHHY i 15 MM 151 HEPYXOMOI YacTuHu OyJI0 TTPOBEICHO 3BaproBanHs TepTsaM 3 GesnepepsanM npusogom (3TBIT) AA6061. TTpouec 3TBIT
3aiiicHioBaBes 3i mBuaKicTio obeprannsa 2300 06/XB, OYATKOBUM 3ycHILIsiM cTucHends 2,8 kKH 3 pisnum wacom teprst 10, 12 1 14 cexynp i
3ycmiisiM ocagku 28 kH mporsarom 60 cexyn. TemmnepaTypy rpata BUMipIOBaIK 3a JOTIOMOroio IudpoBoro iHdpauepBOHOrO TePMOMETPA.
KoMIT'toTepHe MOJIEIIOBAHHS 3 BUKOPUCTAHHSIM METO/Y CKIHUEHHX eJIEMEHTIB TaKOK MPOBOAIIOCS TIIIXOM 00’ €/IHAHHSI EPEXiIHUX TETIO-
BUX i CTaTHYHUX CTPYKTYPHUX MeToiB. Ha ocHOBI BuUMipioBaub 11 poBoro iHhpayepBOHOTO TepMOMETPA i aHAJII3Y METOJIOM CKiHYEHUX eJie-
MEHTIB, TEMITEPATYPa rPaTa MiABUIILYETHCS 31 301IbIIEHHSIM Yacy TepTsi. PesyisraTn BUIpoGyBaHb MIIIHOCTI Ha PO3PHB MOKA3YIOTH, IO 3PA30K
3 gacoM TepTs 12 cekyHi Mae HailbGiibly MitHicTh Ha po3puB. Ha mizcrasi pesy/sraTis BUnpoOyBaHb Ha TBEPAICTh BCTAHOBJIEHO, 110 3Pa3oK
3 qacom TepTst 10 ceKyH/ Ma€ GiJIbIIT BUCOKY TBEPIICTh, ajle HEMOBHUIN IPAT, TAKMM YUHOM MII[HICTh Ha PO3PUB HITKYE, HIK Y 3pasKa 3 4acoM
tepts 12 cexyn. Kpim Toro, TBep/icTh 3paska 3 yacom Teptst 12 cekyH/1 Bullle, HiXX y 3paska 3 yacoMm teptsi 14 cexyns. Ha migcrasi crioctepe-
JKEHHSI MAKPOCTPYKTYPH Ha MO3A0BKHbOMY miepepisi spaska 3TBII, poamip rpata 36imbIIyeThest 3i 3011bIeHHAM 9acy TepTst. BumipoBaHHs
TeMIepaTypH i aHali3 METO/IOM CKiHYEHNX eJIeMEHTIB TiATBEP/KYIOTh, [0 3Pa30K 3 4acoM TepTs 12 ceKyH]| Ma€ TEIJIOBY MOTYKHICTb IS
dopmysanms 3'eqnanns 3TBHI, mo Mae MakcMMaIbHy MIIIHICTH HA PO3PUB B PAMKAX JAHOTO JOCJIi/IPKEHHS.

Kmio4oBi ciioBa: aymoMiHiil, 3BaproBaHHs TEPTSIM, MII[HICTh HA PO3PUB, aHAJI3 METO/IOM CKiHUCHUX eJIEMEHTIB, TeILJIOBHIT IIIKL.
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BILJIB ITOCJIIJITOBHOCTI 3BAPIOBAHHSI TA 3BAPIOBAJIBHOTO CTPYMY HA JIE®@OPMAIIIIO, MEXAHTYHI
BJIACTHBOCTI TA METAJIVPTIVHI IOCJI?KEHHSI OPBITAJIbHOTO 3BAPIOBAHHS TPYFG 3 HEPKABIIOUOT
CTAJII 316L (c. 22-31)

Agus Widyianto, Ario Sunar Baskoro, Gandjar Kiswanto, Muhamad Fathin Ginanjar Ganeswara
OpbiTanbhe 3BapoBaiHs TPYO YaCTO BUKOPUCTOBYBAJIOCS [UIsl BATOTOBJICHHsT TPYGONpoBiaHux cucreM. I[Ipn opbitasbHOMY 3BapioBaHHi

Tpy6 OCHOBHOIO TIPOBJIEMOIO € TIOJIOKEHHS 3BaPIOBAILHOTO MaJbHUKA B IIPOIEC] 3BapIOBAHHsL, TOMY JIjIs BUPIIIEHHs [[UX TPoOJaeM HeoOXi/iHi
J0AaTKOBI MeTou. Y faHiil poOOTI PO3IJISAAETHCS BIUIMB TIOCIA0BHOCTI 3BapIOBaHHA 1 3BapIOBaJLHOIO CTPyMY Ha JiedopMariiio, MexaHiuHi



BJIACTUBOCTI I MeTasypriiiHi JocaipkenHs opbiTanbHOro 3BapioBatns Tpyb 3 Hep:Kasitouoi craii 3161 3i crukoBuM 3'eHanHAM 6€3 CKOCY
KPOMOK. 3MIHHUMH TIapaMeTpamMu opOiTalibHOTO 3BapiOBaHHsS TPYO € 3BaplOBAbHUIT CTPYM 1 TTOCJIIOBHICTh 3BaplOBaHHsI. BUKOPUCTOBYBa-
Huii 3BapioBagbamii cTpyM ctaHoBUTh 100 A, 110 A1 120 A, moci1oBHICTD 3BapIOBaHHS CTAHOBUTD OJIHY MOCIiTOBHICTD, Bi TTOCTiIOBHOCTI,
TPU MOCJIOBHOCTI i YOTUPHU MOCHIIOBHOCTI. Pe3yibraTit 3BapioBaHHs aHaMi3yIOThCsT Ha OCHOBI BUMIipIoOBaHHsI sedopMallii, BUIIPOOYBaHHS
MeXaHIYHUX BJACTUBOCTEl 1 MeTanyprilHux gocipkenn. Bumipiosarns gedopmaltii TpyOu NPOBOAATHCS 10 3BapIOBAHHA 1 MIC/IsI 3BaploBaH-
Hst. BUnpoOyBaHHsT MEXaHIYHUX BJACTUBOCTEH BKJIIOYAIOTh BUPOOYBAHHS HA PO3TATYBAHHS | MIKPOTBEP/AICT, METANYPIiiiHI A0CITIKEHHS
BKJTIOYAIOTH JIOCJI/UKEHHST MAKPOCTPYKTYPU 1 MIiKPOCTPYKTYypu. PesysbraTi MoKas3yioTh, 10 MaKCHMaIbHa 0ChOBa AedopMaitisi, monepeyna
nedopmartist, OBaIbHICTh 1 KOHYCHICTD criocTepirasucst mpu 3BapioBaibHoMy ctpymi 120 A 3 yotupma nocaigoBroctsimu 445 MM, 300 MM,
195 MM i 275 MKM BifiIoBi/IHO. HIZKEHHST Me3Ki MIITHOCTI Ha PO3TAT cTaHOBUTH 51 % B TIOPIBHSAHHI 3 MEKEIO MIIHOCTI Ha PO3TIAT OCHOBHOTO
MeTasty. BunpoGyBaHHs Ha FOPUOHTAIBHY | BEPTUKAIBHY MIKPOTBEP/IICTh TTOKA3YOTh, 1[0 3BAPIOBAHHS 3 O/[HIEI0 TIOCJIIOBHICTIO 1a€ HANGIIb-
IIe 3HaYeHHsT MiKPOTBEPIOCTI, B TON Yac K TPU 3BapIOBaHHI 3 IBOMA-40THPMA MTOCTIIOBHOCTSIMU BiIGYBAEThCS 3HUKEHHS 3HAYEHHS MiKPO-
tBepaocrti. [Tpu opbitasbroMy 3BapoBanHi TPyO rMOMHA TPOTIIABIEHHS B KOKHOMY MOJIOKeHHI TpyOu pisanThes. Haiibibina i Haiimera
rambuHa nporiasaeHss ckiana 4,11 mm i 1,60 MM BignosiHo.

Ka1040Bi cioBa: moc/iI0BHICTh 3BapioBaHHs, opbiTajibHe 3BapoBaHHs TPy, razoBe Bob(hpaMoBe Iyrose 3BaprBaHHs, AedopMairis,
HepxKasifoua ctamb 316L.
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JOCJIIKEHHA BILIUBY TBEPOI IEMEHTAIIIT 3 TAPTYBAHHSM 3 BUKOPUCTAHHAM TPOCTUHHOI
MMATOKU B IKOCTI XOJIOJOATEHTY HA 3HOCOCTIUKICTh HU3bKOBYTIJIEIIEBOI CTAJII (c. 32-37)

Sujita Darmo, Sinarep Sinarep, Rudy Soenoko

Y manomy AOCIIKEHHI B SIKOCTI XOJOZ0AreHTIB /IS TaPTYBAHH IMIC/IS TBEPAOI IIEMEHTAIlil /I0/[aBaJIN Pi3Hi rapTyBaIbHI cepe/OBUIIA.
Mero10 aHOTO JIOCTIZKEHHS € OTPUMAHHS BiJITIOBI[HOTO XOJIO/[0ATeHTY /711 TBep/I0i IIeMEHTAIlil 3 TapTyBaHHAM /TS Mi/IBUIIEHHS 3HOCOC-
TiiKOCTI HUBBKOBYTJIENEBOI cTaji. [l BunpoOyBanb Ha ajare3iiHuii 3Hoc GyJI0 BUTOTOBJIEHO Garato MUJIiHAPUYHUX 3pas3KiB 3 BAKOPUCTAHOT
crami SS400 Bixnosinxo 1o cranaapris ASTM G99-04. Bysu nposezieni 1Ba nporecu TepMivHoi 06poOKH, a came TBep/ia IeMEHTAIist i rap-
tyBanHs1. ClIOYaTKy 3pasku MiUIal0Th TBEP/il nemenTarii npu Temneparypi 875 °C, uaci Burpumkn 2 roamtu i raprysansio. KapGopusarop
CKJTAAETHCS 3 TIOPOIIKY MIKApaIyTn Moiocka Pinctada maxima i ByTrisuis 3 KyKypyA3STHIX CTPIDKIIB 3 MacoBuM criBBianontensam 30:70 %.
¥ mporieci TBepoi eMeHTalil 3 rapTyBaHHIM pi3Hi xosmonoarentH (Boaa, 10 % pozunu NaCl, 10 % TpocTuHHa matoka) MiAAA0TH PI3HIM BH-
naM BUIpoOyBatb. BunpobyBaHHs Ha TBEP/IiCTh IPOBOIIN 32 I0TIOMOTOI0 MiKPOTBepIOMepa 110 Bikkepcy, 3HOCOCTIHKICTD BUKOPUCTOBYBAIU
npu BUNpoOYBaHHI Ha a/re3iiiHUIT 3HOC, BUSHAYAIN BMICT BYTJIEIIO i TIPOBOAMIIH TOCIIZKEHHS MIKPOCTPYKTYPH 34 0OMOMOTOK CKaHYK0YOTO
enextpornoro Mikpockomna (CEM-EPC). PesyasraT mokasas, 110 BCi X0JI0/[0aT€HTH CIIPHUSIN IiIBUNIIEHHIO MEXaHiYHIX BaacTUBocTell (1mo-
BepXHeBa TBEP/iCTh, 3HOCOCTIHKICTD ), 3MiHi BMIiCTY BYTJIEITIO i MiKPOCTPYKTYpHU. BUKOPHCTAHHS X0JI00areHTiB B MpOIieci TBepoi IieMeHTailii
3 TapTyBaHHsM, SIK IIPaBUJIO, 30ibIIye MOBEPXHEBY TBEPAICTh 3paska. HailGisblie sHAUeHHs TIOBEPXHEBOI TBEPAOCTI CKIamo 595 Kr/Mm?2,
BiAMOBiAHO, py BukopucTtanui 10 % TpocTMHHOI matoku. Y poGOTi TMOKA3aHO, MO0 TPOCTHHHA MATOKA MOKE BUKOPUCTOBYBATUCS B AKOCTI
XOJIOZI0ATEeHTY ISl TBEP/IOi IleMeHTartii 3 rapryBaniaM crami SS400 i cripusiia miBUIEHHIO 3HOCOCTIHKOCTI.

KiiouoBi cioBa: HU3bKOBYTJIENeBa cTalb, cTaib SS400, BUpobyBaHHs Ha TBepAiCcTb, BUpodysans Ha snoc, CEM-EPC, xonomoarenr,
TBep/la lleMEeHTallis, TapTyBaHHs, IOBEPXHEBA TBEP/ICTh, 3HOCOCTIHKICTb.
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BUABJIEHHS OCOBJIUBOCTEI CTPYKTYPHO-®A30BOT0 CKJALY JIETYIOUOIO CILIABY, OTPHUMAHOTIO
MEPEPOBKOIO METAJIYVPTTITHUX BIZAXOJIB (c. 38-44)

A. M. lloasikos, A. 1. JI3106a, B. O. Boaox, A. C. Ilerpumes, b. M. Ilum6an, M. M. SImmuncbkuii, I. B. Jlyk’sanenko, A. M. Auzpees,
T. O. Biibko, B. 1. Pe6enko

JlocJTi/pKEHO CTPYKTYPHO-(A30BHil CKJIAJL JIETYIOUOTO CILIABY, OTPUMAHOTO [epepOOKOI0 METATYPriliHUX TEXHOTeHHUX BiJXO/AIB 3 BUKO-
PMCTaHHAM BiTHOBHOI MTaBku. 11e HeOOXiTHO /T BUBHAYEHHST TEXHOIOTIYHNX MapaMeTpiB, M0 3a0€3MeUyI0Th M/ IBUIEHHS PIBHS BIIYYEeHHS
[IILOBUX €JIEMEHTIB TIPH TIePepodIli TEXHOTEHHUX BIZXO/IB 1 P MOAAIBIIOMY BUKOPHCTAHHI JIEYIOUoro ciiaBy. Bussieno, 1mo y ¢pazoBomy
CKJIAJl JIErYI0YOro CIUIABY MaB MPOSIB TBEPAUIT PO3UMH JIETYIOUNX eJeMeHTiB Ta Byrierio B o-Fe. Takox Gyau Busiieni nementut FesC i
cuinuan 3amiza FesSis, FeSi i FeSiy. IIpu 1boMy JIeryiodi eieMeHTH, HareBHe, GiIbIIon Mipoo nepebyBaiu B SKOCTI aTOMIB 3aMillleHHSI.
BusHaueHo, 110 MIKPOCTPYKTYpa CIUIaBy CKJIajajiacs 3 AeKiibKox (a3 pisHoi dhopmu i BMicTy ocHOBHUX Jeryiounx enementis. Obmacti 3
MABUIIEHNM piBHEM 3ariza 10 95,87 % mac. y ckiazi Morsii GyTi TIpeficTaBieHi (Hasoio TBEPIAOTO PO3UNHY JIETYIOUNX €JTEMEHTIB Ta BYTJIEIIO
B o-Fe. /lisstaku 3 BigHOCHO BucokuM BMictoM (% Mmac.) Byriemio 0,83-2,17 i seryiounx enementis: W — 0 39,41; Mo — o 26,17; V — 1o
31,42, Cr — 10 9,15, nanesHe, masu kapOigny npupony. [lisssHku 3 BmictoM Kpemuito 0,43-0,76 % mac. Morsin BKIOYaTH B co0i cuminuai
crostyku. XapakTepUCTHKI CILIaBy 3a0e3edyioTh MOKJIMBICTh BUIJIABKU MapOK cTasiell 6e3 )KOPCTKUX 0OMEKeHb 3a BYIJIELEM i3 3aMiHOI0
YaCTUHM cTaHAapTHUX (hepociiasiB. Dasu i croyKu, Mo MaloTh BiZIHOCHO BUCOKY CXUJIBHICTH /10 cyOmimaltii, He OyJiu BUSBIEHI B OTPUMAHO-
My Marepiazi. OTske, HeMae HeOOXiIHOCTI B 3a0e31edeH i yMOB JIJIs 3alI00iraH st BUNAPOBYBaHHA i BTPaT B Ta30BY (asy Jerylounx eJeMeHTIB.
1Lt o6cTaBnta 00yMOBIIIOE 301IBIIEHHS CTYIIEHS BUIyYCHHS JIETYIOUNX eJIeMEHTIB. 3aIUIIKOBUIL ByTJIelb | KPEMHIN POSIBIISINCS Y BUTJIS
KapOigHnX i crmimuannx ¢as, 3abesnedyodn HeoOXiHY BiIHOBHY i PO3KICHIOBAIBHY 3aTHICTD TPH BUKOPHCTAHHI CILIABY.

KmouoBi cioBa: okcuiHi TEXHOTEHHI BiZIX0/H, OKAJMHA JIETOBAHUX CTaJIel, Bi/IHOBHA TJIABKa, PEHTTeH0(ha30Bi TOCITIIPKEHHS.
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PO3KJIAJIAHHSI ®EPOHIKEJIEBOTO IITAKY METOJ[OM JIYKHOTO ILJIABJEHHS B IIPOIECI
BUIIAJLY (c. 44-51)

Wahyu Mayangsari, Isma Nur Avifah, Agus Budi Prasetyo, Eni Febriana, Ahmad Maksum, Reza Miftahul Ulum, Florentinus Firdiyono,
Rudi Subagja, Johny Wahyuadi M. Soedarsono

DeponikeseBuii MTaK € MOOGIYHIUM TIPOAYKTOM MPOIecy BUILIABKU Hikeo. [lepepobka (eporikeneBoro maky HeoOXiaHa, OCKIIbKI
BiH MICTHTD I[IHHI eJleMEeHTH, Ma€ BJIaCTUBICTh 3a0pyAHIOBATH HABKOJIUIIHE cepenoBuiie. [ BUKOpUCTAHHS IIHHUX MaTepiasiB i 3HUKEHHS
MOTEeHIINHOI Hebe3nekn, HeOOXinHO 36araueHHs (hepoHIKeTeBOro muiaky. [[poBeeHO JIysKHE TIaBJAeHHST (DEPOHIKEIEBOTO MIJIAKY 3 BUKO-
puctanusM NapyCOg3 B mporieci Butiaxy. MeToio aHOTO JOCHTIPKEHHS € BU3HAYEHHS CTYIEHs PO3KIAaH s cyMili (epoHikeseBoro miaxy-
NayCOs3 B mporieci Bumamy. Temmnepatypa i yac Bumany cranosuian 800—-1000 °C i 60—-240 xusuH Bigmosiano. Busnadenns xapakTepuCcTUK
(deponikenesoro miaky 6yao nposenero Merogamu PDA, I3I1-MC, PIIA i PEM-EPC. Tum yacoM, BUSHaUYEHHS XapaKTePUCTUK MPOLAYKTIB
Bunaiy sailicHiosasnocs 3 Bukopuctanusam [3I1-MC, P/IA i PEM-EPC. Busnauennst XxapakrepucTuk (GepoHiKeJeBOro Imulaky IOKasye, 1o
ocHOBHUMH esieMenTamn € Mg i Si, 3a sknmu cainyiors Fe, Al i Cr. IIpnuomy omiBiH BHSHAYa€ThCS Ik OCHOBHA (hasa. IIporec Bumany Bu-
KJTFIKAB MPOIEHTHY BTPATY MACH TIPOAYKTIB BUTIAIY, IO CBITYUTH PO PO3KIAAHHS i BIVIUB Ha 3MICT eIeMeHTiB, (asu i mopdosoriio. [Tporec
Bunasy 1pu remieparypi 6ausbko 900 °C nporsarom 60 XBUIMH € KPaIioio OCHOBOIO PO3KJIaJaHHs B 3aI€;KHOCTI BiJl YMOB 1polecy i 3MiHu
3micty esemenTiB. 3mict amominio (Al) i xpomy (Cr) B IpoyKTax BUIATy 3HAYHO 3pic B nopiBHsAHHI 3 BMicToM 3aiiza (Fe) i marnio (Mg).
OuiBinoBa dhasa nepexoanTh B Jiesiki (hasu, MOB'sI3aHi 3 CIIOAYKOI0 HATPio, Takoio sk NapMgSiOy, NasSiOy4 i NayCrOy. B pesysbrati mporecy
PO3KJIa/IaH s Ha MOBEPXHI MPOAYKTY BUMALY CHOCTepiraeThes mopcetkuii map. Ile Bkasye Ha Te, 1[0 MacorniepeHoc piiiHa-TBep/a pedoBHHA
iHIIIIOETHCS 3 TOBEPXHi.

Kmoyosi cioBa: hepoHikesib, IILIAK, JIy)KHE [IABJICHHS, BUIAJ, TepMiYHUi, po3kiaianHst, NayCOs, 01iBiH, amoMiHiii, XpoM, 3a71i30, MarHiii.
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BUABJIEHHA BIIVINBY ITAPAMETPIB OBPOBKH PO3IIVIABY HA XAPAKTEPUCTUKHN MOJU®IKOBAHOTO
YABYHY B METAJIYPTIAHINA IPOMUCJI0BOCTI 3 BUKOPUCTAHHAM METO/IIB IHTEJIEKTY AJIbHOTO
AHAJI3Y (c. 52-58)

Denis Boldyrev, Roman Dema, Oleg Latypov, Anton Zhilenkov, Vitalii Emelianov, Alexey Nedelkin

ITpoBe/eHo MOCTiKEeH ST BIUIMBY 4acy BUTPUMKM PO3ILiaBy yaByHy npu temieparypax 1300, 1450 i 1600 °C mporsirom 20, 55 i 90 xBu-
JINH Ha CTPYKTYPY 1 BJACTUBOCTI YaBYHY B PiIKOMY CTaHi i micss kpuctasizaitii. /lociiskents mpoBoanncs Ha 3paszkax giamerpoM 30 My;
yaByH, 1m0 mictuthb 3,61-3,75 % Byruero, 1,9-2,4 % kpemtiio, 0,03 % maprauitio, 0,081-0,084 % docdopy, 0,031-0,039 % cipku, pozausann
y dopmu 3 cuporo micky. 3pasku BiUTI 3 BUXigHOrO uaByHy (HemoaudikoBaHoro), moaudikoBanoro depocuminiem 75 TOCT 1415-93
(DC75), pinkozemensranmu Metasamu (P3M) i criibho 3 komiuiekcom P3M+DC75. CrpykTypa YaByHY AOCHI/KEHA METOIAME ONTHIHOT
Metasorpadii, eJeKTPOHHOT MIKPOCKOIIIT Ta PEHTTEHOCTPYKTYPHOTO aHasi3y. 301IbIIEeHHS TEMIIEPaTypH i 4acy BUTPUMKHU PO3IJIABY YaByHY
MIPU3BOIUTD [0 30iTbITEHHS] HOTO TBEPAOCTI. 3POCTAHHS TEMIEPATYPH TIPU HEBEJIMKNX BUTPUMKAX MPHU3BOAUTH 0 3POCTAHHS MIIHOCTI ¥
BChbOMY Jrocatipkenomy intepsaii temueparyp (1300—1600 °C). Burpumui 90 x8 npu temmneparypi 1450 °C Bignosigae excrpemym, micsst
SIKOTO TP TOAJIBIIOMY 301/IbIIEHH] TEMIIEPATyPU CIIOCTEPIrAEThCs PI3KE Ma/[iHHSA MIITHOCTI. AHAJIOTTYHIM YMHOM XapaKTePU3YEThCs 1 3MiHa
y/IapHOI B'SI3KOCTI YaBYHY.

KiiouoBi ciioBa: iHTeeKTyaabHUil aHasis, TepmiyHa 06poOKa, XiMiyHuil mapamerp, (pepocuriiii, piiKoseMeIbHi MeTalu, iHKeHepis,
MPOeJIeKTPUK.





