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The object of this study is structural and phase transformations
during the reduction of high-speed steel scale with carbon to obtain
a resource-saving alloying additive. The task addressed is the loss
of high-value elements when obtaining and using alloying material
from man-made raw materials. Solving the problem is associated with
determining technological indicators to enable the reduction of losses
of the corresponding elements.

It has been determined that the phase composition of the scale
had the manifestation of FeO, Fe,03, Fe;04, FeWO,, M00O,, FeW;C,
W,C and Mo,C. In the reduction products, a solid solution of alloying
elements and carbon in a-Fe, residual oxides Fe,03, Fe;0, and car-
bides FeW;C, WC, Mo,C, Cr,Cs, Cr3C,, CryCs, VC was found.

The disordered structure of the scale with particles of irregular
shape after reduction was characterized by the presence of formations
of polyhedral and rounded shapes with different contents of alloying
elements. Residual oxygen was within 5.78-7.14% by weight. It was
established that achieving a reduction degree of 79% is sufficient since
the residual carbon in carbides provides an increased reducing ability
during the further reduction of the oxide component in the liquid
metal during alloying.

The porous structure causes faster dissolution compared to stan-
dard ferroalloys, which reduces the resources consumed by reducing
the melting time. No phases with an increased tendency to sublima-
tion were found in the obtained alloying additive. That is, there is no
need to create additional conditions that prevent the loss of alloying
elements during evaporation with the gas phase, which ensures an
increase in the degree of extraction of the corresponding elements.

The properties of the obtained alloying additive allow it to be
used in smelting in an electric arc furnace as a replacement for part
of standard ferroalloys.

Keywords: scale, high-speed steel, oxide technogenic waste, car-
bon thermal reduction, structural-phase transformations.
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The object of this study was an electrochemical anodic dissolu-
tion of a heat-resistant nickel-based superalloy (=62 wt.%), recov-
ered from destroyed components of special-purpose equipment,
which contains valuable metals such as Re (=4 wt.%), Co, W, Mo, Ta,
Nb, and others. The research addressed the problem of the lack of
an effective electrochemical method for selectively extracting these
components, particularly rhenium and other valuable elements,
from such an alloy in alkaline media. The anodic behavior of the
alloy was experimentally studied in 0.5 M NaOH in the presence
of various complexing and activating additives (NaCl, citric acid,
EDTA salt, and Na,H,P,0-). It was shown that none of the additives
provided a significant acceleration of anodic dissolution. This was
demonstrated by the fact that the increase in the average specific
charge calculated for five cyclic voltammetry scans that contributed
to alloy dissolution did not exceed 8%. In other cases, the values
were significantly lower than in the base solution containing only
alkali. It was established that the anodic dissolution process has a
surface-selective nature: Ni, Co, Cr, Re, and Al are leached into the
electrolyte, while a residual surface layer enriched in W, Ta, Nb,
and Mo forms, hindering further dissolution. X-ray fluorescence
analysis data confirmed changes in the chemical composition (Ni
content decreased to =48 wt.%, W increased from =9 to =20 wt.%
on the surface). Theoretical justification of the results is provided,
based on the physicochemical properties of compounds that may
form during anodic dissolution in the presence of additives. The
absence of an activating effect from the additives suggests the need

for further studies on pure NaOH. The obtained data are of practi-
cal importance for the selective separation of superalloy elements
before further processing.

Keywords: heat-resistant superalloy, electrochemical dissolu-
tion, alkaline electrolyte, passivation, selective leaching, rhenium.
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Lantung bark (Artocarpus elasticus), a natural fiber abundant in
Bengkulu and other Indonesian regions, was studied as reinforcement
in polyester-based biocomposites. The increasing demand for envi-
ronmentally friendly materials has driven the development of natural
fiber-based biocomposites as alternatives to synthetic materials. The
main problem addressed is the weak interfacial bonding between
untreated Lantung fibers and polymer matrices, reducing composite
mechanical performance. To overcome this, fibers were treated with
Sodium Hydroxide (NaOH) solutions at 2%, 4%, and 6% concentrations
for 2 hours to improve surface morphology and chemical reactivity.
After drying, treated fibers were fabricated into biocomposites using
the hand lay-up pressing method. Testing included morphological ob-
servation via 3D microscopy and mechanical evaluation through tensile
and bending tests based on ASTM standards. Results showed that 2%
NaOH treatment provided the best biocomposite’s mechanical proper-
ties, with a Modulus of Rupture (MOR) of 82.41 MPa and a Modulus
of Elasticity (MOE) of 4.71 GPa. These improvements are explained by
effective removal of surface impurities without significant fiber dam-
age, enhancing fiber-matrix adhesion. The distinctive feature of this
study is identifying an optimal alkali concentration that maintains fiber
integrity while significantly improving mechanical performance. The
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developed Lantung biocomposites have potential applications as eco-
friendly interior or non-structural automotive components requiring
moderate tensile strength and high flexural performance.
Keywords: Artocarpus elasticus, biocomposites, hand lay-up,
mechanical properties, morphology, sodium hydroxide.
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BHUABJEHHA OCOBJIMBOCTEN CTPYKTYPHO-®PA30BUX IIEPETBOPEHbD ITPU IIEPEPOBIII TEXHOTEHHUX
BIZAXO/IB IIBUAKOPDKYUYUX CTAJIEM BYIVIEHIEBOTEPMIYHUM BITHOBJIEHHSM (c. 6-11)

B. I. PeGenxo, I. B. JIyk’siHeHKo, B. O. Bosiox, A. M. AH/peeB, A. M. IossikoB, M. M. SIminmacbkwit, [, I1. XKypageis, /1. B. IBaHueHKo,
1. B. KoBasienko, €. M. Yaruturin

O6’eKTOM AOCIIiKEHHS € CTPYKTYPHO-(Da30Bi epeTBOPEHHS NP BiTHOBJIEHH] ByIVIeI[eM OKaJIMHU MIBUKOPIKYUOi CTasi 1I0/[0 OTPH-
MaHHS pecypco36epirarouoi jierytodoi 106aBKu. IIpo6iema MosIsrae y BTpaTax BUCOKOBAPTICHUX eJIEMEHTIB IIPU OTPUMaHHI Ta BUKOPHUCTaH-
Hi JIeryiodoro matepiajy i3 TeXHOTeHHOI CHPOBUHU. BupinieHHs mpo6ieMy OB’ s13aHe i3 BU3HAUEHHSIM TeXHOJIOTTYHUX ITOKa3HHUKIB I[0J0
3a6e3I1eYeHHsT 3MEHIIeHHs BTPAT Bi/JIIOBITHUX eJeMeHTiB. BusHaueHo, 1m0 y (asoBoMy ciiiazi okagnHu Maiu mnposiB FeO, Fe,0;, Fe;0y,
FeWOy, M00O,, FeW;C, W,C Ta Mo,C. B npozykTax BiflHOBJIEHHS BUSBJIEHO TBEPAUI PO3UMH JIETYIOUMX eJIeMeHTiB Ta ByIvleljio B o-Fe, 3a-
smnkoBi okcuan Fe,03, Fe;04 Ta Kap6ign FeW;C, WC, Mo,C, Cr;Cs, CrsC,, Crp;Ce, VC. Po3ymopsiikoBaHa CTPYKTYPa OKAJIWHU 3 YaCTKAMU
HEeNpPaBUWIbHOI (hOPMU ITicJIs Bi/IHOBJIEHHS XapaKTepU3yBajiacsl HassBHICTIO yTBOPEHb 6araTOrpaHHOI Ta OKPYIJIOi popMU 3 pisHUM BMicTOM
JIETYIOUMX eJIeMEHTiB. 3aJUIIKOBUM KUCEHb 3HAXOAUBCS B MeXax 5,78-7,14% mac. BcTaHOBJIEHO, IO ZOCSATHEHHS CTYIeHSI BiJIHOBJIEH-
Hs 79% € JOCTaTHIM, TaK SIK 3QJIMIIKOBHUI ByIJIeIlb B Kap6imax 3a6e3edye MiZBUINEHY BiJHOBHY 3[aTHICTh IIPY JOBiTHOBJICHHI OKCHUIHOI
CKJIa/I0BOI B pijjkoMy MeTasi mmij 4ac jeryBaHHsA. ITopucTa cTpyKTypa 0OyMOBJIIOE GibII IIBHU/JKE PO3YMHEHHS BiJHOCHO CTaHJAPTHUX
(epocriasis, 1[0 CKOpOYye BUTpadeHi pecypcy IIpy 3MeHIIeHHi 9acy IUIaBKU. B oTpuMaHiii sieryrodiil 06aB1i He BUABIEHO (a3, 1o Ma-
FOTh Ii/IBUIIIEHY CXUJIBHICTB 10 cyOsrimariii. To6To HeMae IOTpeGy it CTBOPEHHS IOZATKOBUX YMOB, 10 3a1106iraloTh BTpaTaM JIETyI4YnX
eJIeMeHTIB ITIpY BUIIAPOBYBaHHI 3 ra30BoI0 (pa3010, 0 3a6e3meuye 36iabIIeHHS CTYIeHsI BUIyUYeHHs BiZilIOBiHUX eJleMeHTiB. BiacTuBOCTI
OTPUMAHOI JIETYI040] 106aBKU JJAIOTh MOXKJIUBICTh BUKOPUCTAHHS IPU BUILIABI B €JIEKTPOYTOBiil I1edi B SKOCTi 3aMiHM YaCTUHU CTaH-
JlapTHUX (epocIiIaBiB.

Kurro4oBi cyroBa: oKaJMHa, MIBUAKOPIXYy4a CTalb, OKCH/HI TEXHOT€HHI BiZIXOAN, BYIVIEI[eBOTEPMiYHE BiZTHOBJIEHHS, CTPYKTYPHO-(a30Bi
TIepeTBOPEHH .
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BU3HAYEHHSA MOXXJ/IMBOCTI EJIEKTPOXIMIYHOTI'O POSYMHEHHA CYITEPCIL/IABY, IITO
BHUKOPHICTOBYETHCA B EJIEMEHTAX TYPBIH, ¥V JIVKHHUX PO3YHUHAX I3 TOBABKAMM (c. 12-20)

B. A. Kotok, IO. €. CkHap, T. €. ByrupiHa, I. B. Ckaap, O. B. lemuninHa, E. B. YacoBa

OG6’eKTOM JIOCJIi/PKEHHS € eJIEKTPOXiMiUHEe aHOAHE PO3UMHEHHS YKapOCTIHKOTO HiKeJIEeBOTO CyNepCIiaBy Ha OCHOBI Hikesro (TIpH-
6JIN3HO 62%), OTPUMAHOIO i3 3HUIEHUX BY3JIiB CIeIl[iabHOI TEeXHIKU, SKUIl MICTUTh IIiHHI MeTaju 30Kpema: peHiit (mpubsanusHo 4 %),
K0GaJIbT, BOTbGpaM, MoIi6/ieH, TaHTaJI, Hio6iit Ta iHmmi. [Ipo6ieMoro, 10 BUpilryBaiacs, 6y/ia BiicyTHICTb e(eKTUBHOTO eJIeKTpoXimid-
HOT'0 METOZly C€JIEKTUBHOI'O BUIyYEHHs [IUX KOMIIOHEHTIB, 30Kpe€Ma PEeHil0 Ta JPyTUX L[iHHUX €JIEMEHTIB 3 CyIlepCIUIaBy TaKOrO CKJIALY,
y JIY)KHOMY cepefoBulli. EXCriepuMeHTaIbHO JOC/IIPKEHO aHOAHY MOBeAiHKY ciuiaBy y 0.5 M NaOH 3a HasgBHOCTI pi3HUX KOMILJIEKCO-
YTBOPIOBAJIbHUX Ta aKTHUBYHOYUX J006aBoK (NaCl, mumonHa kuciora, cine EATA, girigpomipodocdar Hatpiro). [lokaszaHo, 1[0 KOgHA 3
106aBOK He 3a6e3Iedye CyTTEBOTO IPUCKOPEHHS aHOHOTO PO3YMHEHH. OCTaHHE IIPOZIeMOHCTPOBAHO THM, IO Ii/IBUIEHHS 3HAYeHHS
cepeAHiX MUTOMUX KiJIbKOCTeH eIeKTPUKHU, PO3PAXOBAHUX JJIA 5 UKJIIB IIUKJIiYHOI BOJIBTAMIIEPHUX KPUBHUX, 1[0 MilJIM Ha PO3YMHEHHS
CIIJIaBY, B YCiX BUIIQZIKaxX He TIepeBUIYBaIo 8%. B iHIINX BUITaZKax 3HAYeHHs OyJIM CyTTEBO MEHBIIIE 3a 6a30BUIl pO3UMH, 1[0 MiCTUB TiTh-
KM JIyT. BcTaHOBJIEHO, 1110 aHOJHE PO3YMHEHHS Mae IOBepXHeBO-BUOipkoBUii Xapakrep: Ni, Co, Cr, Re, Al BUJIyrOByIOTbCS B €JI€KTPOJIIT,
a Ha moBepxHi GopMyeThes map, 36aradeHuit W, Ta, Nb, Mo. 3miHa xiMiqYHOTO CKJIay HMiATBEP/KEHA JAHUMHU PEHTTeHO(IyOpeceHT-
HOro aHazizy (3HmxeHHs BMicTy Ni o npubansHo 48%, migsuuieHHs W 3 Ipu6an3HO 9 10 20% Ha moBepxHi). IIpuBesieHO TeopeTHYHe
O0OrpYHTYBaHHS NPUBEAEHUX PE3y/IbTaTiB, sike 6a3yeThcsd Ha (i3UKO-XiMiYHUX BIACTUBOCTAX CIIOJIYK, fKi MOXYTb yTBOPIOBATHUCH MPHU
AHOHOMY PO3UMHEHHI 3 Jo6aBKaMu. BiJiICyTHICTh aKTHBY1090r0 e(eKTy Bifi Z06ABOK CBi[YUTH PO AOLITBHICTS MOAAIBIINX JOCTi/KEHb
y uucromy NaOH. OTpuMaHi JaHi MalOTh IIPaKTUYHE 3HAYEHH JJIs CEJIEKTUBHOIO PO3/iJIeHH: KOMIIOHEHTIB CyIlepCIlIaBy Iepej, I10-
JTaJIBIIOI0 TVIMOIIOI0 TIEPePOOKOIO.

Korro4oBi ciioBa: >xapoCTiiikuil cynepcIiiaB, eJIeKTpOXiMiuHe PO3YMHEHHs, JIy)KHHUI eJIeKTPOJIIT, TacKuBaisi, BU6ipKoBe BUJIYTOBY-
BaHH#, PeHill.
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BU3HAYEHHS MEXAHIYHUX BJIACTUBOCTEM TA MOP®OJIOTTI IIOBEPXHI BOJIOKOHHUX
BIOKOMIIO3HUTIB ARTOCARPUS ELASTICUS BHACJIIAOK BII/IMBY OBPOBKH JIVTAMM J1JIA
ABTOMOBUIBHOI'O 3ACTOCYBAHHI (c. 21-30)

Tri Mulyanto, Firda Aulya Syamani, Ismadi, Deni Purnomo, Mona Nurjanah, Iman Setyadi, Abdul Azis Abdillah, Sulaksana Permana

Kopy santyHra (Artocarpus elasticus), HaTypajibHe BOJIOKHO, IOIIMpeHe B BeHrkysy Ta iHmmx perioHax IHmoHesii, 6ysio JocsipKeHo sk
apMyrYMil MaTepias y 6i0KOMIIO3UTaxX Ha OCHOBI IosiecTepy. 3pOoCTalounii MOMUT HAa €KOJIOTIYHO YHCTi MaTepiaay CTUMYJIIOBaB PO3POOKY



610KOMIIO3UTIB HA OCHOBi HaTYpaJIbHUX BOJIOKOH SIK QJIBTE€PHATHBU CUHTETUYHUM MatepiaszaM. OCHOBHOIO ITpo6JIeMOI0, SIKY Gy/I0 BUpillIeHO,
€ cyabkuil Mbka3HU 3B>5130K MK HEOOpOOJIeHUMU BOJIOKHAMU JIAHTYHTA Ta MOJIMEPHUMU MATPUISIMU, 10 3HIDKYE MeXaHiuHi Xapak-
TEPUCTUKH KoMIto3uTy. 1I]0o6 mozomaTy 10 mpo6ieMy, BOJIOKHA 06pOOJIS/IM pO3YMHAMH Tifipokcuy Hatpito (NaOH) y KOHIeHTpamisax 2%,
4% Ta 6% TPOTArOM 2 TOLUH ISl TIOKpalieHHs: MopdoJioril moBepxHi Ta XiMiuHOI peakuiitHoi 3gaTHOoCTi. ITic/s cymiHHS 06po6IIeHi BOJOKHA
Gy/u TIepeTBOpeHi Ha 6i0OKOMITO3UTH METOJIOM PYJIHOTO ITpecyBaHHs. TeCTyBaHHS BKJIIOYATIO MOP(OJIOTiYHE CIIOCTEPEeKEHHS 32 JOTIOMOTO0
3D-MiKpOoCKoIIii Ta MeXaHiuHy OIiHKY 3a JJOTIOMOI'0}0 BUITPOGYBaHb Ha PO3TST Ta BUTMH BiJTIOBiHO [0 craHAapTiB ASTM. PesysbraTu rokasa-
s, 1110 06po6Ka 2% NaOH 3abe3mneunsia Halikpalli MexaHi4Hi BJIaCTUBOCTI 6i0KOMIIO3UTY 3 MozysieM po3prBy (MOR) 82,41 MIla Ta MozysieM
npyxxHocti (MOE) 4,71 T'TIa. I1i mokpaleHHs IMOSCHIOIOTECS e(heKTUBHUM BHUAJICHHSIM ITOBEPXHEBUX ZIOMIIIIOK 63 3HAYHOTO MOIIKO/PKEHHS
BOJIOKOH, IIJ0 TIOKpAIllye ajre3ito BOJIOKHA 0 MaTpHIli. BiMiHHOIO 0COGIMBICTIO LIbOTO AOCTIZPKEHHS € BU3HAYEHHS! ONTUMAJIbHOI KOHIIEH-
Tpamii Jyry, Ka MATPUMYe IITICHICTh BOJIOKOH, BOJHOYAC 3HAYHO MOKPAIIYIOYM MEXaHiuHi XapakTepucTUKH. Po3po6ieHi 6GiokoMmo3uTu
JIAHTYHTa MalOTh ITOTEHIIii{He 3aCTOCYBaHHS SIK €KOJIOT{YHO YHCTI KOMIIOHEHTH iHTep’epy a60 HECTPYKTYPHI aBTOMOGLIbHI KOMIIOHEHTH, 1[0
TOTpebyIOTh TOMipHOI MiITHOCTi Ha pO3TAT Ta BUCOKOI MiIIHOCT] Ha 3THH.
KurrouoBgi cioBa: Artocarpus elasticus, 6i0KOMITO3UTH, pydHe YKJIa/[aHHSI, MEXaHi9Hi BJIACTUBOCTi, MOP(OJIOTis, IiZIpOKCH/ HATpiO.



