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The object of this study is a graphene-like material synthe-
sized from coconut shell biomass via a solvothermal process using
ethylene glycol (98%) as the dispersing medium. Were examined
are exfoliated carbon nanosheets intended for use as electrode ma-
terials in supercapacitors. The research addresses the problem of
improving biomass-derived carbon materials’ structural quality and
electrochemical performance for energy storage. The solvothermal
process was applied at varying ethylene glycol concentrations (1, 3,
and 5 mg/ml), and the synthesized samples were compared with an
untreated control. The results show that the sample treated with
3 mg/ml (SL-2) exhibited the most favorable characteristics, in-
cluding reduced interlayer spacing (0.39 nm), formation of thin
nanosheets, and decreased oxygen-containing functional groups, as
evidenced by TEM, FTIR, and EDS analyses. These structural im-
provements are attributed to the combined effects of thermal energy
and solvent-assisted exfoliation, which facilitated partial deoxygen-
ation and reordering of carbon layers. BET analysis revealed a high
specific surface area of 872.886 m?/g, contributing to enhanced

ion accessibility. Electrochemical measurements demonstrated a
specific capacitance of 31.50 F/g for SL-2, significantly higher
than the untreated sample (6.32 F/g), along with lower internal
resistance (1.87 Q) and prolonged charge-discharge time (39.90 s),
indicating improved ion transport and conductivity. These results
highlight the potential of this sustainable and tunable method for
producing cost-effective, eco-friendly supercapacitor electrodes.

Keywords: graphene-like material, coconut shell biomass, sol-
vothermal treatment, ethylene glycol, electrochemical performance,
supercapacitor.
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The mechanical strength and distortion management of
GMAW-welded low-carbon steel (A36) joints are investigated in
this work. GMAW is a combination of heat sinking and clamp-
ing procedures. Dimensional precision and structural reliability
are compromised due to the substantial distortion caused during
welding. To solve this problem, this research looks at a thermal-
mechanical strategy that uses heat sinks and mechanical clamps
in tandem when welding. Untreated joints (As-welded) and three
different treatment variants (HS5-4C, HS27-4C, and HS27-6C)
were tested in different experimental configurations. Using a 27°C
water-cooled heat sink and six steel clamps, the HS27-6C treat-
ment significantly decreased longitudinal distortion, going from
6.7 mm (As-welded) to 0.85 mm, an astonishing 87% reduction.
Mechanical testing showed that in all configurations, the tensile
strength was approximately 500 MPa and that weld integrity was
preserved since failures were in the base metal rather than the
weld metal. Microstructural examination revealed an increase
in Acicular Ferrite (AF) content in the weld metal for treated
samples, particularly HS27-6C, which enhanced toughness, and
microhardness tests verified consistent hardness values (e.g., weld
metal (WM): ~200 HV, heat-affected zone (HAZ): ~170 HV, base
metal (BM): ~150 HV). Mechanical restriction, in the form of
clamps, reduces unequal expansion and contraction during so-
lidification, and thermal management, accomplished by dispers-
ing excess heat, is responsible for the method’s efficacy. This
integrated approach offers a realistic and cost-effective means of
reducing distortion without sacrificing mechanical performance.
This is particularly noteworthy in the structural, automotive, and
manufacturing sectors, where precise control over dimensions is
important.

Keywords: thermal conductors, acicular ferrite, deformation,
material characteristics, metal inert gas welding.
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The object of this study is the wear resistance of surfaces after
electric spark alloying in contact with elastically fixed abrasive
grains. The task addressed relates to the lack of technological
modes for electric spark processing, in particular for hard alloys
T15K6 and VKS8. A rational mode has been determined, under
which samples with an optimal surface profile, a uniform struc-
ture, and minimal internal defects were obtained.

The choice of the technique for machining high-wear surfaces
by the electric spark alloying method is due to its simplicity and
accessibility.

Waste can be used as electrodes, specifically hard alloy plates
of a cutting tool that have failed. At the same time, there are a
number of unresolved issues related to the choice of optimal
machining modes that would ensure high wear resistance of the
machined surfaces.

A technique for testing machined parts for wear has been
proposed. It was found that the highest predicted wear resistance
would be demonstrated by parts processed by the electric spark
alloying (ESA) method using the VK8 electrode, with the ca-
pacitor bank capacity of 330 + 30 uF and the electrode vibration
frequency of 125 + 25 Hz. They combine high surface microhard-
ness (13.5 MPa) and residual compressive stresses in the deposited
layer (-90 MPa).

The results are attributed to the physical and mechanical
processes occurring in the metal during electric spark alloying.
These conditions were created by different values of technological
parameters. A feature of the results is that it was established that
not only the hardness of the deposited layer but also the magnitude
of internal stresses in this layer have a significant impact on the
operational parameters.

Practical application implies that electric spark alloying could
become an alternative technology for strengthening the surfaces of

parts that work in contact with abrasives (mechanical engineering,
medicine).

Keywords: electric spark alloying, hard alloys, tribological
studies, spectral analysis, microhardness, wear.
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BU3HAYEHHS BIUTUBY COJIBBOTEPMIYHOI OBPOBKH HA CTPYKTYPHI TA EJIEKTPOXIMIUHI
BJIACTUBOCTI I'PA®EHOITIOAIBHUX MATEPIAJIIB 1JI1 3ACTOCYBAHHS B CYIIEPKOH/IEHCATOPAX (c. 6-14)

Wahyu Widanarto, Dedi Setiawan, Mukhtar Effendi, Wahyu Tri Cahyanto, Retno Supriyanti, Muhammad Syaiful Aliim,
Dina Rahmawati, Candra Kurniawan

0O6>eKTOM LIBOTO AOCTiZPKEHHS € TpaeHONOAIGHMI MaTepial, CHHTe30BaHuUi 3 6ioMacy KOKOCOBOI IIKAPAJIyIIH 3a I0TIOMOTOI0 COJIBBOTEP-
MiYHOTO IIpOLecy 3 BUKOPUCTaHHSM eTHJICHIVIIKOIIO (98%) SIK AUCIIEpPTYI0YOro CepeioBUIIA. Bymu foctipkeHi po3imapoBaHi ByrJienieBi HAaHO-
JIMCTH, TIPU3HAYEH] /I BUKOPUCTaHHA AK eJIeKTPOAHI MaTepiasu B CyliepKOHZAeHcaTopax. [locyi/keHHs CTOCYeThCs TPo6IeMH TTOKpaIleHHs
CTPYKTYPHOI SIKOCTi Ta eJIeKTPOXiMiYHMX XapaKTePHUCTUK BYIVIEI[eBIX MaTepiasiB, OTPUMaHMX 3 6ioMacH, JJIs HaKoII4YeHHs eHeprii. CoIbpBo-
TepMIiUHMII ITPOIjeC 3aCTOCOBYBABCS ITPH Pi3HUX KOHIIEHTpAIisfX eTHUIeHIiKoo (1, 3 Ta 5 Mr/MiI), a CHHTe30BaHi 3pa3Ky ITOPiBHIOBAJIUCS 3
He0OpPOOIEeHNM KOHTpPOJIEM. Pe3y/ibTaTy OKa3yIoTh, 10 3pa3ok, 06pobsieHuit 3 Mr/mi (SL-2), TpoAeMOHCTpyBaB HalCIIPUAT/IUBIILI XapaKTe-
PHUCTHKY, BKJIIOYAIOYY 3MEHIIeHHs MDKIIapoBoi BifcraHi (0,39 HM), yTBOPEHHSI TOHKMX HAHOJIMCTIB Ta 3MEHIIEHHS KiJTbKOCTi KCHEBMiCHUX
(YyHKIIIOHAIBHUX TPYTI, 10 MiATBEPKYETHCS aHaIi3aMU METOAAMHM IIPOCBiUyIOUOi €JIeKTPOHHOI MiKpOCKOIIii, iH(padepBOHOI CIIEKTPOCKOITIT
3 repeTBOpeHHsAM Dyp> € Ta eHeprofucIIepciitHol peHTreHiBChKoi criekTpockortii. Lli cTpyKTypHI ITOKpaIeHHs ITOSICHIOIOTHCSI KOMOiHOBaHUM
BILJIMBOM TeILJIOBOI eHeprii Ta po3lapoByBaHHs 3a JOIIOMOT'0I0 PO3YMHHUKA, 1[0 CIIPUSIIO YACTKOBIH leokcHUreHarlii Ta mepeBropsIKyBaHHIO
ByIUIenieBuX IapiB. BET-aHaIi3 BUSIBUB BUCOKY IIUTOMY ILIOLLY IOBepXHi 872,886 M2/T, 110 cIpusie OKpalieHiit goctynHocTi ioHiB. Enxekrpo-
XiMiYHI BUMipIOBaHHS IPOAEMOHCTPYBAIM IIUTOMY eMHIcTh 31,50 @/ ast SL-2, 110 3HAYHO BHUIIIE, HK Yy Heo6pobieHoro 3paska (6,32 @/r),
pas3oM i3 HIKYMM BHYTpilIHIM oropoM (1,87 OM) Ta TPUBAILINM YacoM 3apsiy-po3psazy (39,90 ¢), 1110 CBiUNTH PO MOKpalieHi i0HHUH
TPAHCIIOPT Ta MPOBiAHICTE. 1i pe3y/IbTaTH MiZKPECTIOI0Th MOTEHIIiaI IIHOTO CTAJIOr0 Ta HACTPOIOBAHOI'O METOY BUPOOHHIITBA €KOHOMIYHO
eeKxTUBHUX, €KOJIOT{UHO YHCTUX eJIeKTPOZIB AJIsl CYyIlepKOH/IeHCATOPiB.

Kurrouogi ciroBa: rpadeHonofi6Huit MaTepias, 6ioMaca KOKOCOBOI IITKapaIyIy, COJbBOTEPMidHa 00POOKA, €TUIEHIVIIKOb, eIeKTPOXiMid-
Hi XapaKTepUCTUKH, CyIIepKOH/IEHCATOP.

DOI: 10.15587/1729-4061.2025.328730

OIITHKA KOMBIHOBAHOTI'O METO/IY TEILIOBIJIBOAY TA 3ATUCKAHHS /IS SMEHIIIEHHSA JE®OPMAIIIT
3BAPHOTIO IIIBA B HU3bKOBYIVIEITEBIF CTAJII 3 BHKOPHCTAHHSIM FA30BOT'O IYTOBOT'O 3BAPIOBAHHS
METAJIOM (c. 15-27)

Heri Wibowo, Slamet Karyono, Tri Adi Prasetya, Ahmad Fikrie, Agus Widyianto

¥V niéi po6oTi ZOCTIPKYEThCS MeXaHiYHA MIIIHICTh Ta YIpaBIiHHS AedOopMalliero 3>¢[lHaHb HU3BKOBYIVIEleBoi crasi (A36), 3BapeHUX
METO/IOM T'a30BOr0 JyroBoro 3BaproBaHHst MetasioM ([JI3M). [JI13M - 1ie 1oeiHaHHsI IIPOLEJyP TEIIOBiBEAeHHS Ta 3aTHCKaHHs. Po3mipHa
TOYHICTh Ta CTPYKTYPHA HAZiMHICTh 3HIDKYIOThCS Yepe3 3Ha4YHy JedopMallifo, 10 BUHMKAE MiJl Jyac 3BaproBaHH:A. 1106 BUPIMINATH IO IIPO-
6JieMy, y IIbOMY JIOCJIi/IPKEHHI PO3IJISIZAEThCS TepMOMEXaH{uHa CTpaTerisi, Ika BUKOPHCTOBYE Pa/iiaTOpU Ta MEeXaHiuHi 3aTHUCKa4i O{HOYAaCHO
i, yac 3BaproBaHHs. HeoOpoOsieHi 3>egHaHHs (TIiciisl 3BaploBaHHS) Ta TpH pi3Hi BapianTu 06pobku (HS5-4C, HS27-4C ta HS27-6C) Gynu
BUITPOOYBaHi B pi3HUX eKCIIEPUMEHTAIBbHUX KOHQIrypanisx. BUKoprcToByrOUM pajiaTop 3 BOASHUM OXOJIO/PKEHHSIM IIpH TeMmeparypi 27°C
Ta LICTh CTaJIEBUX 3aTHUCKa4iB, 06po6ka HS27-6C 3HaAYHO 3MEHIIIIIA TI03/I0BXKHI0 JiehopMariiro 3 6,7 MM (TTicsist 3BaproBaHHs) 710 0,85 MM, 1110
CTAaHOBUTH Bpakarode 3MeHIIeHHs Ha 87%. MexaHiuHI BUIPOOYBaHHS ITOKAa3aJIH, IO ¥ BCiX KOHQIryparisx MiI[HICTP Ha PO3TAT CTAaHOBHJIA
rpu6au3Ho 500 MITa, a nimicHicTs 3BapHOro mIBa Gys1a 36epexeHa, OCKUIbKY pyHHYBaHHS OyJIM B OCHOBHOMY MeTasli, a He B MeTasl MiBa.
MiKpOCTPYKTYpHE JOCTi/PKEHHST BUSIBUIIO 30iIblIeHHST BMICTy roidactoro ¢epury (I'®) y 3BapHOMYy MeTasi 00po6IeHUX 3pasKiB, 30Kpe-
ma HS27-6C, 1110 IiiBUINIIO B>I3KICTh, @ BUNIPOOYBaHHS Ha MiKpPOTBEp/iCTh MiATBEPANIIN CTA0iIbHI 3HAUEHHS TBEPAOCTI (HAIIPUKIIAZ, METAJ
urBa (MIII): ~200 HV, 30na TepmiuHoro Brunsy (3TB): ~170 HV, ocHoBHuMit MeTas1 (OM): ~150 HV). MexaHiuHe 060Me)XeHHs y BUIVIsI/I 3aTHCKa-
4iB 3MEHIIye HepiBHOMipHE PO3LUIMPEHHs Ta CTUCHEHHS I1i/l Yac 3aTBepAiHH, a TepMiuHe yIIpaBJIiHHS, 10 AOCATAETHCS IUIIXOM PO3CilOBaHHS
HaJIMIIKOBOTO TeIIa, BiioBifae 3a epekruBHiCTE MeToxy. leit KoMIIeKCHUM TiXi/| MponoHye peaylicTUYHNN Ta eKOHOMIYHO e(heKTUBHUI
crioci6 3MeHIIeHHs Aedopmanii 6e3 MKOAU I MeXaHIYHIX XapaKTepPUCTUK. Lle 0coGIMBO BOXKIMBO B OyZiBesbHIM, aBTOMOOLIBHIN Ta BU-
PpOGHNYI ramyssix, /ie BaXJIMBHUI TOUHNUN KOHTPOJIb PO3MIpIiB.

Kurio4oBi c1oBa: TerUIONpoBiJHUKY, TOTIaCcTUH epuT, Aedopmallisi, XapaKTepUCTUKU MaTepialy, 3BaploBaHHsA MeTajly B CepeZjoBHIIi
iHepTHOrO rasy.
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BHU3HAYEHHSA PAITIIOHAJIBHUX TEXHOJIOTTYHHX PEXKXMMIB OBPOBKH 3 METOIO OAEP2XKAHHA
OIITHUMAJIbBHUX EKCIUIVATAITMHUX XAPAKTEPUCTHUK IIOBEPXHEBOTO IIIAPY, OTPUMAHOT'O
EJIEKTPOICKPOBHUM JIETYBAHHAM 3 BUKOPHCTAHHSAM TBEPIOCILVIABHUX EJTEKTPO/IIB (c. 28-37)

1. B. IIpyHusko, T. 1. BoiinexiBcbka, 5. M. JeM’ THIyK

OG’€eKT AOCII/KEHHS — 3HOCOCTIMKiCTh ITOBEPXOHB ITiCJIS €IEKTPOIiCKPOBOTO JIETYBAHHS IIPY KOHTAKTI 3 MPYKHO3AKPIIJICHUMH 3epHAMHU
abpazuy. IIpo6sieMa, 1110 BUpilTyBasack B po6OTi, HOB>sI3aHA 3 BiICYTHICTIO TEXHOJIOTTYHUX PEXUMIB [IJIs1 €JIeKTPOiCKPOBOI 06POOKH, 30KpeMa



J1s TBepAux criasiB T15K6 i BKS. BuzHaueHo pallioHaJbHUI PEXUM, 3a IKOTO OTPUMYBAJIMCS 3pa3K 3 ONTHMaJIbHUM IIpodiseM MoBepxHi,
OJHOPi/THOIO CTPYKTYPOIO Ta MiHIMaJIbHUMU BHYTpPilIHIMU fieheKTaMu.

Bubip crioco6y 06po6Ky MIBU/KO3HONIYBAHHUX ITOBEPXOHb METOZIOM €JIEKTPOiCKPOBOTO JIETyBaHHSI 00YMOBJICHUIT H10T0 IIPOCTOTOIO Ta JI0-
CTYIIHICTIO.

B sIKOCTi es1eKTPO/IiB MOXKYThb OyTH BUKOPHCTaHI Bi/[X0/[11, 30KpeMa TBep/[0CIIaBHI IUTACTUHKY PDKY9I0T0 iHCTPYMEHTY, sIKi BUHIIIH 3 JIaLy.
OZHOYaCHO 3aJIMIIAETHCS Psifi HEBUPIIEHNUX ITUTaHb, MOB’S3aHUX 3 BUOOPOM ONTHUMAJIbHUX PEXXUMIB 06POOKH, sKi 6 3a6e3I1eunIu BUCOKY
3HOCOCTIMKICTh 06pO6IEHHX ITOBEPXOHb.

3arpornoHoOBaHO CIioci6 BUIIPOGOBYBaHHS OGPOOJICHHUX JieTaseil Ha 3HOIIYBaHHS. By/s0 BCTAaHOBJICHO, 1[0 HABUIIOI0 IIPOIHO30BAHOIO
3HOCOCTIMKICTIO BOJIOAITUMYTH JeTasi, 06pobsieHi MeTooM esekTpoickpoBoro JeryBaHHsi (ELJI) i3 3acTrocyBaHHsIM esekTpopa BKS, em-
HICTh KOHZIeHcaTopHOI Gartapei 330 + 30 mk®, gacrora Bibparii exekrpomy 125 + 25 I'i. BoHM NOEJHYIOTb BHUCOKY ITOBEPXHEBY MiKpOTBEp-
gicts (13,5 MIIa) Ta 3a/IMLIKOBI HAIIPY>KeHHsI CTUCKY B HaHeceHoMy Iapi (-90 MITa).

Pe3ysibTaTH MOSICHIOIOTHCS 3 TOYKU 30Dy (hi3MKO-MeXaHIYHUX IPOLIECiB, 10 BiIOYBaIOThCSI B MeTaJi ITifi 9ac eJIeKTPOiCKPOBOTO JIETYBaHHSI.
11i yMOBH CTBOPIOBAJINCS Pi3HUMHU 3HAYEHHSIMU TEXHOJIOTIYHMX ITapameTpiB. OCOGIMBICTIO pe3y/IbTATIB € Te, 110 Gy/I0 BCTAHOBJICHO, 1110 3Ha-
YHUII BIJIMB Ha eKCILTyaTalliliHi mapaMeTpy Mae He TiJIbKY TBEPAICTh HAaHECEHOro 1Iapy, ajie i BeJIMYiMHa BHYTPIlIHIX HaNpy>keHb B IIbOMY
mapi. [IpakTU4YHe 3aCTOCYBaHHS: €JIEKTPOiCKPOBE JIETYBaHHS MOXKe CTaTH aJIbT€PHATHBHOIO TEXHOJIOTIEI0 3MIIJHEHHsI IIOBEPXOHb JieTaslel, sKi
MPAIIOI0Th B YMOBAX KOHTAKTY 3 a6pa3syuBOM (MaIIMHOOYAyBaHHS, MEIUIIIHA).

KUrro4oBi ci1oBa: eJIeKTpoiCKpoBe JIeTyBaHHS, TBEPAi CIIJIaBU, TPUOOJIOTIUHI JOCTiPKEHHS, CIIEKTPaJIbHUM aHali3, MiKpOTBEPZiCTh, 3HO-
LIyBaHHS.



