DOI: 10.15587/1729-4061.2025.327278

IDENTIFICATION OF THE INFLUENCE OFGAS METAL
ARC WELDING METHODS ON THE MECHANICAL
CHARACTERISTICS OF DUPLEX STAINLESS STEEL

(p. 6-16)

Ahmad Bakhori
Universitas Islam Sumatera Utara, Medan, Indonesia
ORCID: https://orcid.org/0009-0006-5371-4375

Muhammad Rafiq Yanhar
Universitas Islam Sumatera Utara, Medan, Indonesia
ORCID: https://orcid.org/0009-0003-7149-8811

Suhardi Napid
Universitas Islam Sumatera Utara, Medan, Indonesia
ORCID: https://orcid.org/0009-0003-3352-461X

This study evaluates the effect of various Gas Metal Arc Weld-
ing (GMAW) methods on the mechanical properties of duplex
stainless steel. The main objective is to identify the most effective
GMAW process parameters in improving the mechanical properties
of the material, including tensile strength, hardness, and corrosion
resistance.

The results of this study provide valuable insights into improv-
ing the weld quality, mechanical properties, and durability of duplex
stainless steels in high-performance environments and corrosive con-
ditions. Industries such as oil and gas, shipbuilding and chemical pro-
cessing can greatly benefit from these findings by adopting optimized
GMAW parameters to produce stronger and more durable weld joints.

The findings also highlight the significant impact of welding and
heat treatment on the alloy’s mechanical properties. The strength of the
control material was recorded at 811.47 MN/m?, whereas the welded
samples exhibited strengths between 177.07 and 257.32 MN/m?. The
impact energy of the control material was 162.70 J, while the welded
samples showed values ranging from 38.64 J to 56.20 J.

Additionally, the study reveals that stress relief heat treatment
resulted in the highest strength (A3=331 MN/m?) compared to quench-
ing in lubricating oil (42=329 MN/m?) and neem oil (41=222 MN/m?),
although variations in material toughness were observed. The unique-
ness of this research lies in its systematic approach in correlating
GMAW parameters with changes in microstructure and mechanical
properties. The distinctiveness of this research stems from its struc-
tured methodology in linking GMAW parameters to variations in mi-
crostructure and mechanical properties, facilitating the identification of
optimal welding conditions.

Keywords: gas metal, duplex, mechanical, impact, welding,
material, tensile strength, corrosion.
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This study investigates the synthesis, characterization, and pho-
tovoltaic performance of a rice husk-based TiO,-SiO, hybrid organic
thin film, which serves as the photoactive layer in an organic pho-
tovoltaic (OPV) cell. The object of the study is the TiO,-SiO, hybrid
thin film derived from rice husk, developed to enhance solar energy
conversion in OPV applications. Conventional TiO, thin films typi-
cally exhibit low efficiency due to limited electron mobility, small
surface area, and weak photon absorption. To overcome these limi-
tations, silicon dioxide (SiO,) was sustainably extracted from rice
husk and integrated with TiO, to form a hybrid material with im-
proved structural and electronic properties. Structural analysis con-
firmed the formation of a porous composite that enhances charge
separation and facilitates more efficient electron transport. Optical
studies revealed increased photon absorption across the UV-visible
spectrum due to synergistic interactions between TiO, and SiO,.
XRD analysis indicated that the hybrid structure improves crystal-
linity and potentially enhances carrier mobility. Furthermore, the
surface passivation effect of SiO, helps reduce charge recombination
by mitigating defect states in the TiO, matrix. The fabricated OPV
device achieved an open-circuit voltage of 0.72 V, a short-circuit
current density of 4.6 mA/cm?, and a power conversion efficiency
of 2.8 %, exceeding the performance of conventional TiO,-based
cells. This enhancement is attributed to optimized charge transport
and improved interfacial interaction. The approach demonstrates
a sustainable and cost-effective route for high-performance thin-
film solar cells using agricultural waste, particularly beneficial
for regions with abundant solar energy and limited technological
infrastructure.

Keywords: rice husk, TiO,-SiO, hybrid, thin-film photovoltaic,
charge transport, light absorption, electron mobility, photocurrent.
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The object of this study is the structuring processes and the
physical-mechanical properties of nanomodified ion-protective
coatings based on the gypsum-alumina cement system. Under the
influence of ionizing radiation, defects are formed in the calcium
hydroxide crystalline lattice causing radiation shrinkage. As a re-
sult of the shape anisotropy and aggregate deformations, uneven
deformations are transferred to the concrete skeleton. Therefore,
the effective use of gypsum alumina binders for creating ion-
protective coatings for biological shielding against radioactive
radiation is a pressing issue being solved. The sulfate and sulfoalu-
minate phases solution modification by carbon nanotubes (CNTs)
leads to a decrease in the linear expansion coefficient and an
increase in the gamma-ray scattering coefficient by 30-40 % due
to the high specific surface area. The results are explained by
the ettringite phase formation leading to the 15 % increase in the
chemically bound moisture content in the optimal composition.
At the same time, arithmetic mean value of the chemically bound
moisture content improves the linear attenuation coefficient of
ionizing radiation by 0.0088-0.009 cm~!. Under such conditions,
the total coefficient could reach up to 0.354 cm™! making it pos-
sible to reduce the radiation-protective layer equivalent thick-
ness (14.6 cm™) by 1-1.5mm. A special feature of the result,
which made it possible to reach the purpose of the study, is the
maximum 46 % ettringite content in the most complete water
binding contributing to the effective ionizing radiation absorption


https://doi.org/10.1016/j.colsurfa.2024.134742
https://doi.org/10.1016/j.ijhydene.2024.12.201
https://doi.org/10.1063/1.1714393
https://doi.org/10.1021/acssuschemeng.1c06572
https://doi.org/10.1021/acssuschemeng.1c06572
https://doi.org/10.1016/j.sse.2022.108256
https://doi.org/10.1002/adma.202205009
https://doi.org/10.1002/adma.202205009
https://www.arpnjournals.org/jeas/research_papers/rp_2017/jeas_0317_5818.pdf
https://www.arpnjournals.org/jeas/research_papers/rp_2017/jeas_0317_5818.pdf
https://doi.org/10.1016/j.rser.2017.05.115
https://doi.org/10.1016/j.ijhydene.2023.03.179
https://doi.org/10.1016/j.fuel.2024.132891
https://doi.org/10.1038/s41578-022-00514-0
https://doi.org/10.1038/s41578-022-00514-0
https://doi.org/10.1039/d3ra01454a
https://doi.org/10.1016/j.optmat.2023.114662
https://doi.org/10.1016/j.optmat.2023.114662
https://doi.org/10.1080/10584587.2023.2191557
https://doi.org/10.1007/s13399-022-03728-y
https://doi.org/10.1016/j.ijleo.2020.166206
https://doi.org/10.1016/j.ijleo.2020.166206
https://journal.csme.org.tw/vol_file.aspx?lang=en&fid=20240903232257
https://journal.csme.org.tw/vol_file.aspx?lang=en&fid=20240903232257
https://doi.org/10.1007/s11051-024-06006-2
https://doi.org/10.1016/j.crcon.2025.100308
https://doi.org/10.1016/j.optmat.2023.113897
https://doi.org/10.1016/j.optmat.2023.113897
https://doi.org/10.1016/j.electacta.2024.145499
https://doi.org/10.1038/s41467-023-40806-9
https://doi.org/10.1038/s41467-023-40806-9

in the protective coating. The application of research findings is
solutions for ion-shielding coatings for X-ray rooms.

Keywords: composite binder, mortar, ettringite, ettringite stabili-
zation, aluminate cements, sulfoaluminate cements.
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INEHTHU®IKAIIIA BINIMBY METOAIB 'A30BOI'O AYIOBOT'O 3BAPIOBAHHA METAJIY HA MEXAHIYHI
XAPAKTEPUCTUKU OVIUIEKCHOT HEPXKABIFOUOI CTAJII (c. 6-16)

Ahmad Bakhori, Muhammad Rafiq Yanhar, Suhardi Napid

Lle mocstizpKeHHs OI{HIOE BIUIMB Pi3HUX METO/iB ra30BOro AyroBoro 3BaproBaHHs (I7]3) Ha MexaHiuHi BJIaCTHBOCTI /yTUIEKCHOI HEpIKaBi-
r040i cTasti. OCHOBHOO METOI0 € BU3HAUeHHs Hal6i1bII epeKTUBHUX MapaMeTpiB mporiecy /13 /s MoKpaleHHs MeXaH{YHHX BJIaCTUBOCTEl
Marepiajly, BKIIOYalouy Mil[HICTb Ha PO3PUB, TBEPAICTb i CTIHKiCTb 10 KOpO3ii.

PesysibTaTH LIbOTO AOCI/HKEHHS Jal0Th LiHHY iH(OopMallilo IIpo MOKpaIleHHs SIKOCTi 3BapIOBAaHHS, MEXaHIYHUX BIACTUBOCTEH i JOBroBid-
HOCTI YTIJIEKCHUX HEPXKaBiFOUHMX CTaIell y BUCOKOe(eKTUBHUX CePeIOBUIIAX i KOpo3ilHMX yMoBax. Taki ramysi mpomMucioBocTi, sk HadTora-
30Ba, CyZAHOOYZIiBHA Ta XiMiuHA IPOMUCJIOBICTb, MOXKYTh OTPUMATH 3HAYHY BUTOJly 3 LIMX BUCHOBKIB, IPUIHSBIIN ONTUMi30BaHi T1apaMeTpu
/13 mJist OTpUMaHHS MiIHINIINX i IOBTOBIYHININX 3BapHUX 3’ €JHAHbD.

Pe3y/IbTaTH TaKOXK ITiJKPECTIOI0Th 3HAYHUII BILUIMB 3BapIOBaHHS Ta TEPMiUHOI 06pOOKM Ha MeXaHiYHi BIaCTHUBOCTI CILIaBy. MillHiCTh KOHT-
PpOJIBHOTO Matepiaty Oysia 3apeectpoBaHa Ha piBHi 811,47 MH/M?2, Tozi sIK 3BapHi 3pa3Ky OKa3aIk MilHICTb Biz 177,07 1o 257,32 MH/m2. Eneprist
yZapy KOHTPOJILHOIO MaTepialy ctaHoBuIa 162,70 /1K, a 3BapeHUX 3pasKiB — Bif 38,64 [k 10 56,20 K.

KpiM TOro, IOCTiIKEHHST TTOKA3ye, 0 TEPMiYHa 06PO6KA [JIst 3HSATTS HANIPYTH TIPU3BEJIa 0 HalBUIIoi MiriHOCTi (A3=331 MH/M?) miopis-
HSIHO 3 rapTyBaHHAM y MacTuii (A2=329 MH/m?) i otii HiMy (A1=222 MH/m?), X04a criocrepiraincs 3MiHUA B MilJHOCTi Matepiaiy. YHiKaib-
HICTb 1IbOTO JIOCIi/PKEHHS I0JIArae B I0ro CUCTEMHOMY Iifixofii 0 Kopensnii napamerpis I/13 3i 3MiHaMu MiKPOCTPYKTYpH Ta MeXaHiuHHX
BJyIaCTUBOCTEN. OCOGIMBICTH IIHOTO TOCTI/HKEHHS MOJIsIrae B 10r0 CTPYKTypOBaHiil MeToz0JI0Ti1 3B’ 513Ky mapameTpiB 713 3 Bapianissmu Mikpo-
CTPYKTYPH Ta MEXaHiYHUX BJIACTUBOCTEH, IT0JIETLIYI0UM BU3HAUYEHHs ONITUMAJIBHUX YMOB 3BapPIOBAHHS.

KurrouoBi cioBa: ra3oBuii MeTasl, AyTleKc, MeXaHiYHUH, yJap, 3BaploBaHHs, MaTepia, MillHiCTb Ha PO3pPUB, KOPO3id.
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PO3POBKA I'IBPH/THOI'O OPTAHIYHOT'O TOHKOILIIBKOBOI'O ®OTOEJIEKTPTYHOTI'O EJIEMEHTA TIO,-SIO,
HA OCHOBI PUCOBOI'O JIVIIIINHHAI (c. 17-24)

Tulus Subagyo, Denny Widhiyanuriyawan, Agung Sugeng Widodo, Willy Satrio Nugroho, I Nyoman Gede Wardana

V 1ift po6oTi AOCIIHKYETHCSI CHHTE3, XapaKTePUCTHUKA Ta (DOTOEIEKTPHUYHI XapaKTepHUCTUKY Ti6pUAHOI opraHiqHoi ToHKOI TwtiBKkK TiO,-
SiO, Ha OCHOBi PHCOBOTrO JIYLIITUHHS, SIKa CJIYXXKUTb (POTOAKTHBHUM IIAPOM B opraHiuHiii ¢oroenexkrpuuniit (OPV) xomipui. O6’ekToM J0-
ciipKeHHs € ribpuaHa ToHKa 1wtiBka TiO,-Si0,, oTprMaHa 3 pHCOBOTO JIYIIITMHHS, pO3po0JeHa ISl TOKPAIeHHs IIePEeTBOPEHHSI COHSTIHOL
eHeprii B 3acrocyBaHHsAX OPV. 3Bny4aiini ToHKi 1uiiBku TiO, 3a3BMYail 1eMOHCTPYIOTh HU3bKY e(eKTUBHICTh Yepe3 OOMEeXEHY PYyXJIMBICTh
€JIEKTPOHIB, MaJIy IIOLLY MTOBEPXHi Ta cabke rmoryMHaHHs (oToHiB. [1[06 moforaTH 11i 060MeXeHHs, JioKcH | KpeMHito (SiO,) 6yB cTabiibHO
BUTSATHYTHI 3 PHUCOBOTO JIyIIITUHHSA Ta iHTerpoBaHuil 3 TiO, 1y opMyBaHHS ri6prgHOrO Marepiany 3 MOKpaIleHUMHU CTPYKTYPHHUMU Ta
€JIEeKTPOHHUMHU BJIaCTUBOCTAMU. CTPYKTYpHUIi aHaJIi3 Mi/ITBEPAUB YTBOPEHHS MOPUCTOT0 KOMIIO3UTY, KM MOKpAIllye PO3/iiIeHHs 3aps/iiB
i cripusie 6inpI eheKTUBHOMY TPAHCIIOPTY €IeKTPOHiB. ONTHYHI JOCTiZYKeHHs BUSABU/IM ITiZIBUIIIEHe TIOIVIMHAHHSA (OTOHIB y YO-BUANMOMY
CIEKTpi 3aBASKYU CUHEPreTHYHUM B3aeMozissM Mixk TiO, i SiO,. Anasniz XRD nokasas, 1jo ri6puiHa CTpyKTypa ITOKpallye KpUCTTIYHICTb i 1T0-
TeHLiHO mifBUIye pyxinBicTh Hocis. KpiM Toro, edexT rmoBepxHeBoi macusariii SiO, joromarae 3MeHIIUTH PeKOMOiHAIIiI0 3apsily HLISXOM
ITOM SIKIIIEHHS JiepeKTHUX cTaHiB y Marpuni TiO,. Burorosnaenunii mpuctpiit OPV gocsar Hanpyru xosoctoro xozy 0,72 B, miibHOCTI CTpyMy Ko-
POTKOro 3aMHUKaHHS 4,6 MA/cM?2 i koedilieHTa KOHBepcii TOTY)XXHOCTI 2,8 %, 110 TIePeBHIIye MPOAYKTUBHICTb 3BUYAHUX eJIeMEHTIB Ha OCHO-
Bi TiO,. Ile moKpamieHHs MOsICHIOETHCSI ONTUMI30BaHUM TPAHCIIOPTYBAHHAM 3aps/ly Ta IMOKpaIleHo MibkdasHoro B3aemozieto. et migxis
JIeMOHCTpY€ CTilikuii i ekOHOMiUHO edeKTUBHUI LUISIX [J1s1 BUCOKOe()EeKTHBHIX TOHKOILJIIBKOBUX COHSUHMX €JIEMEHTIB, 11J0 BUKOPUCTOBYIOTh
CITBCHKOTOCIIOAAPCHKI BiIXON, OCOOIMBO KOPUCHUI /IS PErioHIB 3 BEJIMKOIO KiTBKICTIO COHSTYHOI eHeprii Ta 06MeXeHOI0 TeXHOJIOTiYHOI0
iHpacTpykTypOIO.

Kirrouogi ciaoBa: pucose JTymnuHH4, Tiopug TiO,-SiO,, TOHKOIUTIBKOBA (hOTOEIeKTPUKA, TPAHCIIOPT 3apsifly, TOIIMHAHHA CBIiT/Ia, pyXJIH-
BICTB €JIEKTPOHIB, (DOTOCTPYM.
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PO3POBKA 3AXMICHHUX PO3YHMHIB HA OCHOBI HAHOMOJH®IKOBAHOI CUCTEMHM TIIIC-
IJIMHO3EMUCTHI IEMEHT I IOC/IIJIDKEHHA iX BJACTUBOCTEM (c. 25-32)

T. M. I'puiiko

O6’eKTOM JIOCJIiIPKEHHS € IIPOLeCU CTPYKTYPOYTBOPEHHS Ta (Di3MKo-MexaHiuHi BJTacTUBOCTI HAHOMOAU(IKOBaHUX 10HO3aXUCHUX I10-
KPUTTIB Ha OCHOBi CUCTeMU TillC-ITMHO3eMHUCTHH IjeMeHT. IIpu Aii i0Hi3y04oro BUNIpOMiHIOBaHHS BiI0yBaeThCsI YTBOPEHHS [ie(heKTiB B
peuriTIi KpUCTaIiB TiZJpOOKCHU/Y KaJbIlilo, [0 CHPUYMHSE pafialiiiny ycajaky. B pesysbrari aHizoTpomnii ¢popmu i fedopmariiii 3anoBHIo-
BauiB HepiBHOMipHi Jedopmalii mepesaroThest Ha ckeseT 6eToHy. ToMy, aKTyaJbHOIO IIPOGJIEMOIO, 10 BUPIIIYETHCS, SBASETHCS edeK-
THUBHE BUKOPUCTaHHS TilICOITTMHO3EMUCTHUX B’SXKyUMX PEUOBMH [IJI1 CTBOPEHHs i0HO3aXMCHUX MOKPUTTIB /il 6i0JIOTYHOr0 3aXMUCTY Bif



pajiioakTUBHOrO BUNIPOMiHIOBaHHS. Moaudikanii pozunny cynbdarHux i cynbdoanoMiHaTHUX (a3 ByraeneBuMu HaHOTpyOkamu (BHT)
TIPUBOJUTH /10 3MEHIIEeHHS KoedillieHTy JiHifiHOrO po3mMpeHHs i migBULeHHS KoedillieHTy po3ciloBaHHs rama mpomeHiB Ha 30-40 %
32 paXyHOK BHCOKOI ITUTOMOI ITOBepxHi. OTpHUMaHi pe3ysbTaTy MOsICHIOIOThCS (DOPMYBaHHSM €TPUHIITOBOI (Da3u, 3a JOIOMOTOI0 SKOI
B ONTUMAJIBHOMY CKJaZi MiABUIIYETHCSI HA 15 % BMICT XiMiuHO-3B’s13aHOI Bogu. IIpu boMy cepeiHbOApUGMMETUYHUN cKIaf XiMiuHO-
3B’513aHOI BOJIOTU JIiHiMfHOTO KoedirjieHTa mocia6ieHHs iOHiI3y4Oro BUIPOMiHIOBaHHS 30iibiryeTscss Ha 0,0088-0,009 el T Topi
3arajJibHUI KoedinieHT Moxke gocartu 0,354 cm7l, i 6inbuie, mo gae 3MOr'y 3MEHUIUTH eKBiBayseHTHY (14,6 cmh) TOBIIVHY pajianifino
3aXMCHOro mapy Ha 1-1,5 MM. BiAMiHHMMH prcaMu OTpPUMaHHUX pPe3yJbTaTiB, SKi JO3BOJIWJIM BUPIIIUTH AOCIiKyBaHy Ipo6iaemy, €
MAaKCHUMAaJIbHUM BMICT €TPUHIITY JJIs1 Hal6iIbIIl IOBHOTO 3B sI3yBaHHS BOAU 46 %, 1110 CIIpusie e()eKTUBHOMY IOIVIMHAHHIO 10Hi3yI040ro
BUIIPOMiHIOBaHHS 3aXMCHOTO MOKPUTTs. Cdeporo MPAKTUYHOTO BUKOPUCTAHHS OTPUMAHUX Pe3YJbTATiB € PO3UMHU AJIs1 iI0HO3aXUCHUX
TIOKPUTTIB peHTreHKabiHeTiB.

KirrouoBi cyioBa: KoMIIO3uIlifiHe B’sDKyde, PO3YMH, eTPUHTIT, cTabii3allis eTpuHriTy, ajloMiHaTHI LIeMEHTH, Cy/Ib(oanaoMiHaTHI
LIEMEHTH.



