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This study investigates cement-plasticized slurry for the produc-
tion of decorative concrete based on it. Given the difficult operating
conditions of concrete in architectural elements, it is important to en-
able the preservation of its functional properties. Due to the fact that
the microstructure of the material of articles is a rather disordered
system, consisting of substructures and discontinuities of different
composition, it is necessary to optimize the process of cluster aggre-
gate formation and its interparticle interaction.

This paper considers issues related to the study of the influ-
ence of modifiers and fibers on the processes of structure forma-
tion of 25 pastes. Analysis of changes in rheological parameters
revealed that, depending on the composition of discrete particles
and their modification, it is possible to significantly improve the
adhesion strength and energy of the interaction of aggregates. It
was found that when replacing part of the cement with zeolite
in highly plasticized unreinforced systems, the plastic strength
increases by 11.5 times, and the rate of its growth at the point of
2 kPa increases by 1.7 times.

It was established that among discrete fibers, short fibers have
a significant impact on the initial process of structure formation of
pastes, especially in compositions with a low level of modification of
binder systems. An increase in the content of short fibers while simul-
taneously reducing long fibers provides an increase in plastic strength
and speed by 4.2 and 3.3 times, respectively.

The use of kinetic equations of structure formation processes
together with experimental and statistical models for analyzing the
influence of formulation factors on rheological indicators is appropri-
ate in the design of rational compositions of binder slurry for decora-
tive concretes. The devised compositions of cement slurry, subject to
comprehensive analysis and optimization of the parameters of the
structure of the binder stone, will be implemented in the practice of
manufacturing concrete for architectural elements.
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This study investigates experimentally produced brazed joints
between carbon-carbon composite material (CCCM) and tungsten
in a vacuum.

The task addressed is to obtain high-temperature brazed joints ca-
pable of operating at temperatures of 1400-1600°C in a vacuum under
conditions of high thermal cycling loads. Existing methods for joining
CCCM with tungsten testify for a virtual lack of experience in brazing
such materials, especially for structures of thermal emission equipment.

In this work, a method was used to produce a metallized layer
zone with partial melting using a mixture of Ti-Nb-Zr powders on

the inner surface of an CCCM sample. Subsequently, the CCCM and
tungsten samples were brazed with a Ti-Nb filler metal at a tempera-
ture of 1840°C in a vacuum.

The results of microstructural analysis revealed that the brazed
joint exhibits a zonal structure. Zone I - a reaction carbide layer
(width 10-12 um), zone II - diffusion layer (width up to 70 um),
zone IIT - reaction layer adjacent to tungsten (width up to 30 um).
The results of phase formation modeling conducted at a tempera-
ture of 1840°C indicate the predominant formation of TiC, NbC,
NbCs, and Nb,C. Additionally, the distribution of C, Ti, Nb, and W
in the brazed joint was determined. The results of the microhard-
ness study confirmed the accuracy of the simulation and showed
that microhardness values decrease from Zone 1 (2300 HV) to
Zone III (500-600 HV).

The proposed solutions demonstrate that the metallized layer
helps retain solder in the joint gap; reduces thermomechanical
stresses; and promotes the formation of a gradual hardness gradient.
Together, these characteristics improve the ductile properties of the
brazed joint.

The results of this study could be applied in the field of instru-
ment engineering, specifically in the manufacture of cathode compo-
nents whose emitters are made from ultrafine powders of rare-earth
borides or their alloys.

Keywords: carbon-carbon composite material, vacuum brazing,
tungsten, phase formation, cathode.
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This study explores the process of the inductively coupled plasma
spheroidization of aluminum powder. The task addressed relates to
the complexity of spheroidization of low-melting materials, as well as
to the growing need to use spheroidized powders from new materi-
als in additive manufacturing, powder metallurgy, and gas-thermal
coating.

To define the process of particle spheroidization, a comprehen-
sive approach was used, including experimental studies, analytical
description of thermal processes, and numerical modeling using the
COMSOL Multiphysics software environment.

Based on the simulation results, parameters of the inductively
coupled plasma, the regularities of heating, melting and crystal-



lization of aluminum powder particles were determined. It was

found that the full cycle of heating to the melting temperature and
phase transition occurs over an extremely short time — on the order
of 107 s to 10** s for a particle with a diameter of 50 um. The temperai
ture gradients inside the particles are insignificant, which contributes
to their uniform melting and the formation of a spherical shape under
the influence of surface tension forces. The key factors of the process
are the plasma temperature and the time the particles spend in the
high-temperature zone.

The simulation results made it possible to establish technological
modes of spheroidization: inductor current 40-42 A, current fre-
quency 1.76 MHz, gas flow rate 5 1/s, gas pressure at the plasmatron
inlet 13103 MPa. The adequacy of the proposed modeling was
confirmed by obtaining aluminum powder with a high degree of
spheroidization (from 95% to 98%).

The model built could be used to predict the process parameters
and its further optimization in order to obtain spherical powders from
other materials and fractions.

Keywords: spheroidization, aluminum powder, additive manu-
facturing, simulation, inductively coupled plasma.
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i HecyiIbHOCTE!, HEOOXIIHUM € ONITUMI3YBaTH IIPOLieC yTBOPEHHS KJIACTEPHUX arperaTis i IX Mi>KUacTKOBY B3a€MOJIO.

B crarTi po3rIsAaoThCs MATAHHS, OB’ sI3aHi 3 JOCII/PKeHHAM BILTUBY MoAH(dikaTopiB i (i6py Ha TpoliecH CTPyKTypOyTBOPEHHS 25-TH
1acT. AHaJIi3 3MiHU peosIoriYHUX ITapaMeTpiB IT0Ka3aB, 3aJIeXKHO BiJ| CKIafly AUCKPETHUX YaCTOK i IX MoAudikalii MoXkHa CyTTEBO IIOKPAI[UTH
CHIUTy 34eIUIeHHs i1 eHeprilo B3aeMO/i0 arperariB. 3’sCOBaHO, 1[0 NP 3aMiHi YaCTHHU IIEMEHTY II€0JiTOM y BHUCOKO-IIITACTU(IKOBAaHUX He-
apMOBaHMX CUCTeMAX, IJIACTUYHA MillHiCTb 3pocTae y 11.5 pas, a mBuAKicTs ii pocTy B Toui 2 kI1a 36ibiyeThbesl B 1.7 pas. BcranosiieHo, 110
i3 AMCKPETHUX BOJIOKOH CYTTEBUI BIIJTMB HA TIOUATKOBHII ITPOIjeC CTPYKTYPOYTBOPEHHS acT 3/iliCHIOE KOpOTKa ¢hibpa, 0cCo6IMBO HA CKJIaaxX
3 HU3bKUM piBHeM Mozubikalil B’ SDKydnX cucTeM. 301/IbIIeHHsT BMiCTy KOPOTKHMX BOJIOKOH TP O{HOUACHOMY 3HIDKEHH] OBI'UX 3a6e3reuye
3POCTaHHS IUIACTUYHOI MIIJHOCTI Ta IBU/KOCTI, BiJIIOBIAHO, y 4.2 Ta 3.3 pasiB.

BukoprcTaHHs KiHeTUUHUX PiBHSHB IIPOLECIiB CTPYKTYPOYTBOPEHHS CIIIJIBHO 3 eKCIIepUMEHTaIbHO-CTATUCTUYHUMU MOZIEJIIMU /IJIsl aHa-
JTi3y BIUIMBY pelieNTypHUX (aKTOPiB Ha peOsIOTiTHi TOKa3HUKY € JIOLIIBHUM IIPU PO3po01li parjioHAIbHUX CKJIAiB B'SDKYIOTO TicTa JJIs IEKO-
paTtuBHUX GeTOHIB. PO3p0o6JIeHi CKJIa/[y IIEMEHTHOTO TiCTa, 32 YMOBHM KOMITJIEKCHOT'O aHaJIi3y ¥ ONTHMi3aii rapaMeTpiB CTPYKTYPH B sDKY4OTO
KaMeHIo, Oy[yTh BIPOBa/PKEHi B IPAKTUKY BUTOTOBJIEHHS OETOHY /ISl apXiTEeKTypHUX BUPOOIB.

Kurro4uoBi ci1oBa: 1ieMeHTHa IacTa, (hi6po6eToH, MyIioIaHOBa AKTHBHICTh, eKCIIePIMEHTaIbHO-CTaTUCTUYHA MOJIeIb, IeKOPATUBHUI GETOH.
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BU3HAYEHHA ®I3UKO-XIMIYHUX 3AKOHOMIPHOCTEN ®OPMYBAHHA IMATHUX 3’€JHAHb
BOJIb®PAMY TA BYIJIEIIb-BYIVIEIIEBOT'O KOMITIO3UTHOI'O MATEPIAJILY (c. 18-28)

P. M. I'y6a, JI. B. KamkiHa, C. I. Bymurpyk, A. A. Tposs, C. }0. AcmosoBcbkmuii, C. F0. OciaBcbKuiA

OG6’€KTOM IOCTIPKEHHS € eKCIIEPUMEHTAIbHO OTPUMaHi MasiHi 3’¢/IHaHHS BYIVIEI[b-BYIVIEI[EBOTO KOMIIO3UTHOTO MaTepiamy (BBKM) ta
BoJIb(PaMy y BaKyyMi.

IIpo6siema, 110 BUPIIIyeThCs, MOJIATae B OfeP>KaHHI BUCOKOTEMIIEPATYPHHUX MTAsHUX 3’ €/[HaHb, TPaNe3/jaTHUX 3a Temreparyp 1400-1600°C
y BaKyyMi B yMOBaxX BUCOKMX TEPMOLIMKJIIYHUX HaBaHTaXkeHb. IcHytoui MeToau 3’eAHaHHA BBKM 3 Bosib(hpaMOM BKa3yIOTh Ha ITPAKTUYHO BiJl-
CYTHIli 1OCBi/] MastHHSA TaKMX MaTepiasiB, 0COOJIMBO /I KOHCTPYKIiii TepMoeMmicifiHoro o6afHaHHS.

¥V po6oTi 3aCTOCOBAHO METOZ CTBOPEHHS 30HM METaJi30BAaHOTO LIApy 3 YAaCTKOBMM ILIABJICHHSM i3 3aCTOCYBaHHSIM CyMilli ITOpPOIIKiB
Ti-Nb-Zr Ha BHyTpimHiit noBepxHi 3pasky BBKM. ITicss mporo 3pasku BBKM Ta Bombdpamy masiichk mpumnoeM cucrtemu Ti-Nb 3a Temmepa-
Typu 1840°C y Bakyymi.

OTpuMaHi pe3y/IbTaTH A0CTiZPKeHHI MIKPOCTPYKTYPH 03BOJIMJIN BU3HAYUTH, 1[0 MasiHe 3’€/THAHHS XapaKTepPU3yeThCsl 30HAIBHUM THIIOM
yTBOpeHHs1. 30Ha I — peakuiiinnii kap6isgHnii map (tupunHa 10-12 Mxm), 30Ha 11 - audysiitauit map (mupuHa 1o 70 MkM), 30Ha III - peakiiii-
HUI 11ap MpWIEmINiA o Bosbgpamy (mrpuHa zo 30 MKM). Pe3ysibrat MofieitoBaHHs (a30yTBOPEHHS], IIPOBEIEHOrO 3a TeMiieparypu 1840°C,
BKa3ye Ha nepeBakHe yrBopeHHs: TiC, NbC, NbsCs, Nb,C. Takork, Bu3HaueHo posnogin C, Ti, Nb, W y nassHoMy 3>eiHaHHi. Pesyipratu mo-
CJIi/PKEHHS MiKpPOTBEPAOCTI 03BOIM/IN MiATBEPAUTH KOPEKTHICTh IIPOBEJEHOT0 MO/ETFOBAHHS Ta BUSHAYUTH, 1110 TIOKa3HUKH MiKPOTBEPAOCTI
3HIDKYIOThCS Bijj 30HU I (2300 HV) mo 30HU III (500-600 HV).

3anponoHoBaHi pilleHHs JOBOAATD, 110 30HAa METaJIi30BaHOr0 LIapy CIPUsAE YTPUMAaHHIO IIPUIIOK0 B 3a30pi IIBY, 3MEHIIy€e TepMOMeXa-
HiYHi HaBaHTa)KeHHs, CIIPUsIE YTBOPEHHIO IIOCTYIIOBOTrO I'PajiieHTy MikpoTBepAocTi. CyKyIHiCTh IIMX XapaKTePUCTUK IIOKpallly€e ILUIACTUYHI
BJIACTHBOCTI ITasTHOTO 3’€/THAHHS.

OTpyMaHi pe3y/IbTaTH JOCTiPKEHHS MOXKYTh 3aCTOCOBYBATHCH y cepi Mpuaafo0yayBaHH:, a caMe B JETaIAX KaTO/iB, eMiTep SIKUX BH-
TOTOBJICHUH {3 y/IBTPaIUCIIEPCHUX MTOPOLIKIB 6OPU/IB pifKo3eMeJbHUX MaTepialiB a6o X cruiaBiB.

KurrouoBi croBa: ByIJIenb-ByIVIeIeBHI KOMITO3UTHUI MaTepias, MassHHA y BaKyyMi, BoJIb(pam, (ha30yTBOPEeHH:, KaTof,.
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BJOCKOHAJIEHHA BUCOKOYACTOTHOT'O IHAYKIIMHO-IVIASMOBOI'O TEXHOJIOTTYHOI'O ITPOIIECY
COEPOITU3AIIIT AJTFOMIHIEBOT'O ITIOPOIIKY (c. 29-38)

M. I1. JIrsotuk, M. O. Ckynbcekmii, C. O. MaiikyT, A. I. Ky3pmuues, B. M. ITamenko, B. B. JIucak, A. B. YopHwuii, 1. A. CexiBepcroB,
1. B. CMmupHOB

OG6’€KTOM IIHOTO ZIOCJI/PKEHHS € ITPOIieC BUCOKOYACTOTHOI iHAYKIIHHO — T1a3MoBoi chepoinu3ariii amominieBoro nopouiky. Heo6xigHicTs
Ppo6OTH BUKJIMKAHA CKJIAAHICTIO chepoifu3aiii JIerkonaaBKUx MaTepiasis, a TAKOXK 3pOCTAHHSAM IT0Tpe® BUKOPUCTAHHS Chepoifru30BaHUX I10-
POIIKIB 3 HOBUX MaTepiasiB y aJUTUBHOMY BUPOGHUIITBI, IIOPOIIKOBiif MeTaTypril Ta ra30TepMiYHOMY HaHEeCeHi TOKPUTTIB.



[y BU3Ha4YeHHsI Ipoliecy cdepoifn3alil YaCTHHOK BUKOPUCTAHO KOMILJIEKCHUH MifIXiJ|, 110 BKJIIOYA€E eKCIIepUMEeHTaIbHI JOCTiKeHHS,
aHaJTITUYHE OIMCAHHS TEeIUIOBHX ITPOLIECIB Ta YMCeIbHE MOJIEIFOBAHHS i3 3aCTOCYBaHHAM ITporpaMHoro cepefoBuia COMSOL Multiphysics.

3a pesysibTaTaMM MOJIEJIIOBaHHS Oyl BU3HAY€Hi ITapaMeTpH BUCOKOYACTOTHOI iHAYKIIHHOI I1J1a3MU, 3aKOHOMIPHOCT] HarpiBy, IIaBJIeH-
Hi 1 KprcTamizanii YaCTHHOK aJIOMiHi€EBOrO MOPOIIKY. BCTAaHOBJIEHO, 1[0 ITOBHUI IIUKJI HATPiBY /0 TeMIIEpaTypH ILIAaBJAeHHS Ta (a3oBOro
repexofly Bi0yBA€ThCs 38 HAI3BUYANHO KOPOTKUE Yac — mopsaxy Big 107 ¢ go 10* c. aist yacTMHKM giamerpoM 50 MkM. TemrieparypHi
rpaZiieHTH BcepeArHi YaCTMHOK € He3HAYHNMH, 110 CIIPHUsIE iX piBHOMiIpHOMY IIJIaBJICHHIO Ta (POpMyBaHHIO chepUIHOI (hOPMU ITif| Ti€F0 CHII
ITOBEPXHEBOTo HaTATy. KiItouoBUMHU (hakTOpaMu MpoIiecy € TeMIlepaTrypa IUIa3MH i 4ac repeGyBaHHS YaCTHHOK y BHCOKOTEMIIepaTypHill 30-
Hi. OTprMaHi pe3y/bTaTi MOJIETIOBAHHS JO3BOJIM/IN BCTAHOBUTHU TEXHOJIOTIUHI pexxuMu cepoiamsariii: crpym iHaykropa 40-42 A, yactoTa
crpymy 1,76 ML, BUTpara rasy piBHi 5 Ji/c, THCK rasy Ha BXO/i I11a3MOTPOHY 13x1073 MITa. AjieKBAaTHICTh 3aIIPOIIOHOBAHOTO MOZEJTIOBAHHS
MiATBEP/KEHO OTPUMaHHSM MOPOLIKY aTFOMiHiI0 3 BUCOKUM CTyIieHeM cdepoinu3anii (Big 95% 10 98%).

Pospo6sieHa MozieTb MOYKe OyTH BUKOPHCTAHA ISl IPOTHO3yBAaHHS ITapaMeTpiB IIPOIeCcy Ta HOro IMOAaIbIIol ONTUMI3allii 3 METOI OTpH-
MaHH#A cpepUyYHUX IOPOIIKiB i3 iHIMX MaTepiaiB i ppakiiii.

KorrouoBi ciroBa: chepoinusariisi, aTroMiHiEBUI TTOPOIIOK, aIUTUBHE BUPOOHUIITBO, KOMIT IOTEpPHE MOJIETIOBAHHS, BUCOKOYACTOTHA iH-
JIyKiiiiHa mia3ma.



