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System-analytical research of waste processing technologies of glass manufactoring
Y. Kazymyrenko!, O. Drozd?
12 Admiral Makarov National University of Shipbuilding

Abstract. With the help of a systematic approach, the prospect of recycling of waste which is
generated at the enterprises for the production of glass products for construction, household, decorative
purposes, art objects has been analyzed.

It is determined that broken glass is a strategically important raw material base, the use of which
creates the preconditions for obtaining new functional composite materials. The purpose, chemical
composition of glasses, type of structure, thermal history, cost indicators of processing are accepted as
identification signs of the system. The need to use electronic reference information has been emphasized.
The technological scheme of processing of broken glass into powder has been offered.

Key words: recycling, broken glass, production, powder, technologies, electronic reference
information, system approach.
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AHoTtamifa. J{oCmiKeHO  MOXIWBICTh  MIJBUINEHHS  KOMIUIEKCY  (Ppi3MKO-MEXaHIYHUX
1 eKCIUTyaTalllifHUX BJIACTUBOCTEH IMIa3MOBHUX MOKPUTTIB 3 mopoiikiB Mapok [1I-19M-01 i1 [TPX18H9
32 paxyHOK €JIEKTPOIMITyJIbCHOTO BIUIMBY Ha reTepodasHuil BHCOKOTEMIEPATYpHUH CTpPyMiHb IpHU
HamWwICHHI 1 TOJNaNbIIOi TMOBEPXHEBOI  IUIACTUYHOI  Jedopmariii HAHECEHHWX  MOKPUTTIB
npobocTpyMeHeBoro 00poOkoro. Tlokazano, mo apobdocTpyMeHneBa 006poOka 3abe3neuye GpopMyBaHHS
3MIIIHEHOTO Mapy ToBHMHOIO A0 180...200 MKM, mpH bOMY MaKCUMaJlbHUN PiBEHb MIKPOTBEPIOCTI
crioctepiraeTbcsi Ha rauOuHI Onu3pko 60 MKM. MikpoTBepaicTh HOKpUTTS 3 mopoiuky [1I-19M-01
B TOYIIl MAKCUMAJILHOTO 3MIIIHEHHS MiABHUIYy€Thcs HAa 35%; cTaneBuX MOKPUTTIB 3 moporky [1P-X18H9
— Ha 48% B TOpIBHAHHI 31 cTaHOM Ticias HamuieHHs. [IpoBeneHO ekcrnepuMeHTaNbHI JAOCHTIIKEHHS
BIUIMBY 3a3Ha4yeHOi OOpOOKM Ha MIIHICTh 3YEIUICHHS 1 3HOCOCTIMKICTP OTPUMAaHUX MOKPHUTTIB.
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[TokazaHo, MO TMmiclis MPOBEICHHS JIPOOOCTPYMEHEBOI OOpOOKM MIIHICTh 3YCIJICHHS TOKPHUTTIB
3HmKyeThes Ha 10...15%, a 3HOCOCTIHKICTD MiaBUITY€eThCs Ha 32...38%.

KawuoBi cioBa: Tmia3MoOBI TMOKPHUTTS, IMOBEpXHEBAa IUIACTHYHA JedopMarlis, TBEpPIICTb,
3HOCOCTIHKICTb, MII[HICTD 34YEIIJICHHS.

VY cy4acHHUX TEHJIEHIISIX PO3BUTKY TEXHOJOTI] IIa3MOBOTO HAMWICHHS MOXHA BUIUIUTH P
MEPCIICKTUBHUX HANpsMKiB. HallOumpl KapIUHAIBHUM € TIABHINEHHS KOMIUICKCY (YHKI[IOHALHUX
BJIACTHBOCTEH IMOKPHUTTIB 33 PaXyHOK X HAHOCTPYKTYypyBaHHS. OTPUMYIOTh TaKi IOKPUTTS HAITWJICHHSIM
arJoMepoBaHMX MOPOUIKIB 3 HAHOPO3MipHUMHU dacTHHKamH [1]. [Ipu mpomy miAroTOBIIEHI MOPOUIKU
MIKPOHHHUX PO3MipiB MOJAIOTh Y BUCOKOTEMIIEPATYPHUH IIIa3MOBHI CTPYMiHb TPAAUIIITHIM CIIOCOOOM
32 PaxyHOK BHUKOPUCTAHHS TPAHCIOPTYBAJIBbHOrO Tady. Takok uig mojadi yJIbTPaauCIIEpPCHUX
MOPOIIKIB BUKOPUCTOBYIOTH Cycmnensii [2], a caMm mporec iX HaHECEHHs OTpHMMaB Ha3By Suspension
Plasma Spraying (SPS). OctanHiM yacoM 3amrpoITOHOBAHO IA3MOBY TEXHOJIOT1(0 HAHECCHHSI TOKPUTTIB
3 BUKOPHCTaHHIM TPEKYPCOPIB, IO MICTATH IPiOHOIUCTIEPCHI MOPOIIKH Kepamik — Solution Precursor
Plasma Spraying (SPPS). IIporiec ckimamaeTbest 3 HOCTIIOBHOTO MIBUIKOTO BUITAPOBYBAHHS PO3UMHHHIKA
NPy BOPHCKYBaHHI TpPEeKypcopa B IUTa3MOBUM (¢aken Ha 3pi3 coIvia IUIa3MOTPOHY, MipOizy
B IUIA3MOBOMY BHMCOKOTEMIIEPATYpPHOMY CTPYMEHI 1 KpucTamizamiero Ha migkimamm [3]. 3a3naueni
CIOCOOM XapaKTEPHU3YIOThCS CKJIAIHICTIO JOJATKOBOTO OOJIaJHAHHS, HEOOXIIHICTIO TPYIOMICTKOT
MiTOTOBKK MaTepialliB, M0 HAMWIOKTECA. JIOCUTh TEPCHEKTUBHUMH BBAKAIOTHCS CIOCOOH
(hopMyBaHHSI HAHOKPUCTAJIIYHOTO CTaHY B MOBEPXHEBOMY IlIapi 3a paxyHOK MOBEPXHEBOI IIACTUYHOI
nedopmarilii  yapTpa3ByKOBOIO YJIapHOI a00 eJIeKTPOMEXaHIuHOI o00poOkoto [4, 5]. Oxpemuit
HaIpsIMOK CKJIAJIAI0Th CITOCOOH SIKi CIIPSIMOBaHI HAa CTBOPEHHS KOMITO3HMIIIMHUX TJIa3MOBHX TTOKPHUTTIB
3a paxyHOK 3aCTOCYBaHHS METAJICBHX MaTepialliB 1 HATIOBHIOBAUIB (CKJIO, MOIIMED, Kepamika, KapOin)
[6] ab0 HammIeHHS TUTAKOBAaHUX TOPOIMIKIB [7]. baraToo0insr0YMMu BBa)XKAIOTHCSA CIIOCOOM, B SKHX
BHKOPHUCTOBYETHCS IMITYJIbCHUM BIUTMB Ha Tporiec HanwieHHs. [lonepenni nocmimkeHns [§] mokaszanu,
110 caMe eJIEKTPOIMITYJIbCHUI BIUTMB Ha retepodaszHuii BUCOKOTEMIIEPATyPHHM MOTIK MPU HATUJICHH]
JI03BOJISIE 3HAYHO MIABUIIUTH MIIHICTh 34YETUICHHS 3 OCHOBOIO, IIIJIBHICTH 1 TBEPICTh MOKPHUTTIB 3a
PaxyHOK 3MEHIIICHHS CEPEIHBOTO PO3MIPY YaCTHHOK, 110 HAMMIIOIOTHCS 1 30UTBIIECHHS X MIBUIKOCTI.
[Ipu oMy togaTkoBe 00JaHAHHS € TOCUTh HEJJOPOTHM Y BUPOOHHIITBI 1 TPOCTUM Y 3aCTOCYBaHHI.

AKTyaJIbHUM € JTOCIIPKEHHSI MOKITMBOCTI KOMOIHAIIT AEKITBKOX CIIOCOO0IB, IO J03BOJISIE 3HAYHO
MiABUIIATH (13UKO-MEXaHIuH1 Ta eKCIUTyaTalliiiHi BIaCTUBOCTI (PYHKIIIOHATBHHX IJIA3MOBUX MOKPUTTIB
1 3a0e3meynTy iX HeOOX1THUI PIBEHb.

Jns  oTpuMaHHS TIJIa3MOBUX TOKPUTTIB 3  MiABUINEHUMH  (i3UKO-MEXaHIYHMMH  Ta
eKCIUTyaTalliiHUMU ~ BIACTUBOCTAMHM  iX  (OpMyBaHHS  3[iMCHIOBANIM 13  3aCTOCYBaHHSIM
€JIEeKTPOIMIYIBLCHOTO BIUIMBY Ha reTepoda3Huil BUCOKOTEMIIEPATypHH CTpyMiHb. [ moaambpIioro
MiBUIIICHHS X BIaCTUBOCTEH, OTPUMaHi 3pa3KHu 3 IIa3MOBUMH MOKPUTTSAMH M1 IIaBATH IPOOOCTPYHIA
00poOIIi.

Tpusamnicts ApoOOCTPYMUHHOT 00pOOKH po3paxoByBaiu 3a Gopmymoro [10]:

_ 7.6ldNH
k,vm,, sin® a

(1

ne [ — Bigcramp Bix comia g0 0OpoOIIOBaNBLHOI MOBEpXHi, MM; d - miameTp ApoOy, MM;
H — tBepaicTh 00poOIIOBaIbHOTO MaTepiaiy; k;, - KOeQillieHT, SKUI BPaXOBY€ KUIBKICTh HEOOX1THUX

1

yzapiB juist 3abesnedeHHs 3miuHeHus (k, = 0,8); v — mWBHAKICTE 9acTOK Apo0y, M/C; m,, - BAUTPATH

npo0y, KI/XB; & - KyT MK IIOTOKOM JIpo0y Ta 00p0o0III0BaIbHOIO TOBEPXHEIO, I'Pal.

TpuBamicts apoOoCTpyMeHEBOi 0OPOOKHM 3pa3KiB 3 TUIA3MOBUMH TOKPHUTTSMHU CTaHOBWIIA | XB.
HeoOxigHicTh BU3HAYCHHS Yacy TOB'S3aHa 3 THUM, IO OUTBII TPHBAIWN HAKIEH 3HWXKYE TBEPHICTH
MOBEPXHI 32 PaXyHOK IMOSIBH BEJIMKOI KUTBKOCTI 1e()EKTiB, sIKi CHPUSAIOTH MEPEIIaCHOMY PYHHYBaHHIO
nokpuTTs. [ TMOMHY HaKJIENaHOTO MIapy BCTAHOBJIIOBAIM IIJISIXOM BU3HAUYEHHS 3HAYE€Hb MiKPOTBEPIOCTI
IJIa3MOBOTO IMTOKPHUTTS Ha TonepevHux nntidax (puc. 1).
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a

Puc. 1. Po3mip Bin0uTKIB iHIeHTOPY B 32JI€5KHOCTI BiJl I'THOMHHN HAKJICNIAHOI0 IAPY MJ1a3MOBOI0 MOKPHUTTS,
0TPUMAaHOro 3 nopoumkis Mmapok II'-19M-01 (a) Ta IIP-X18H9 (6)

3riiHO 3 OTPUMAHMMH pE3yJIbTaTaMH BHU3HAYCHHS 3HAYCHb MIKPOTBEPAOCTI Yy BCIX BHIIAIKax
MaKCHUMaJlbHa iX BEJIMYMHA CIIOCTEPIraloThCs HE MOOIM3Y MOBEPXHEBOTO MIApy IIa3MOBOTO MOKPHUTTS
(puc. 1), a Ha TmuoOuHI MpubIU3HO 60 MKM BiA Micis ApoOocTpyMeHeBoi 00poOku. TlosicHIOETBCS T1e
THM, III0 B MiCIIi yZapy IpoOy BUHUKAE JIOKAIbHUI HArpiB IIOBEPXHEBOTO MIAPY, SKUW 1 IPHUBOIAMUTH 10
3HWKCHHS HaKJIeTTy TOHKHX MPUITOBEPXHEBUX IIAPiB, a 30Ha MAKCUMAIIBHOTO 3MIITHEHHS 3MIII[y€ThCS 10
MIIMTOBEPXHEBOTO Mapy. MIKpOTBEPAICTh MOKPHUTTS OoTpuMaHoro 3 mopomky I[II-19M-01 B Touri
MaKCUMaJIbHOTO 3MilHeHHs miaBuiyetbes 3 1,6 I'lla qo 2,16 T'Tla (+ 35%); HepkaBitOUMX CTalEeBUX
MOKPUTTIB 3 mopoiky Mapku [TP-X18H9 32,95 I'Tla no 4,37 I'Tla (+ 48%). binbimii epexT migBUIICHHS
TBEPAOCTI MOKPUTTIB 3 HEPIKABIIOUOT CTaJI MOSACHIOETHCS 1X 31aTHICTIO A0 AeQOopMaIliitHOro 3MIITHEHHS
3a paxyHOK ¢opmyBaHHS o'-pa3u MaprteHcutHoro tumy [10]. ['mubuHa HaknemaHoro ulapy
ckinagae 180...200 MKM, miciass YOro MIKpOTBEPAICTh MpHIMae 3HA4YCHHSA, SIKi BiJIMOBIIAIOTH
HEoOpoOIeHOMY MaTepiany MOKPUTTSL.

VY maniit poOOTI 71 BU3HAYEHHS MIIHOCTI 3YETUICHHS 3 METAJIEBOIO OCHOBOIO BUKOPHCTOBYBAIIA
MTHPTOBUNA METOJ, OCKIJIbKA BiH JIO3BOJISIE OTIEPATUBHO MPOBOIUTH BHIIPOOYBaHHS O€3IMOCEPETHBO
MiCJI HAHECEHHS MOKPUTTS Ha 3pa3Ku. 3TiIHO 3 OTPUMAHWMHU JaHWMH, IICIS TPOBEACHHS
TpoOOCTpyMEHEBOi 0OpOOKM MIIHICTh 3YETUICHHS MMOKPUTTIB 31 CTAJIEBOI0 OCHOBOIO 3HIKYETHCS Ha
10...15% y nopiBHSHHI 31 CTAHOM IICJIsl HANUJICHHS, HMOBIPHO, 32 PaXyHOK BUHUKHEHHSI JJOJJATKOBUX
BHYTPIIIHIX HAIIPy>KE€Hb B OBEPXHEBUX IIapax MIa3MOBOTO MOKPUTTSI.

HpobocTtpymunHa oOpoOka 3abe3mneuye MiABHUILNEHHS 3HOCOCTIMKOCTI Ha 32% st MOKPHTTIB,
orpuManux 3 nopomky Mapku III'-19M-01; nHa 38% nans mokpuTTiB, cPOPMOBaHMX 3 TMOPOLIKY
HepxkaBitouoi crani Mapku [IP-X18H9. EdexTt 3011bIeHHsT 3HOCOCTIHKOCTI MOKPUTTIB KOPETIOETHCA 3
e(eKTOM MiBUIIECHHS IX TBEPAOCTi. 3HOC KOHTPTLIa OOEPHEHO MPOMOPLIHHIIA 3HOCY MOKPHUTTS: YUM
OlTpIIa TBEPAICTH 1 3HOCOCTIHKICTH MOKPUTTS, THM OUIbIIE 3HOIIYETHCS KOHTPTINO, aje OCTaHHS
XapaKTepUCTHKA 3pOCTAE MEHII IHTEHCUBHO, HI)K TBEPICTh MMOKPUTTS.
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Obtaining of plasma coatings with the complex of improved physical-mechanical and
operating properties

Anton Karpechenko', Maksym Bobrov?, Oleg Savenkov’, Anna Kondratieva*

1“4 Admiral Makarov National University of Shipbuilding, Mykolaiv, Ukraine

Abstract. The possibility of improving of the complex of physical, mechanical and operational
properties of plasma coatings from the powders of PG-19M-01 and PRH18N9 due to the electric pulse
effect on the heterophase high-temperature flow during spraying and further surface plastic deformation
of the deposited coatings by the shot blasting has been investigated. It is shown that the shot blasting
provides the formation of the hardening layer with the thickness of up to 180...200 um, while the
maximum level of microhardness is observed at the depth of about 60 um. The microhardness of the
coating from PG-19M-01 powder at the point of maximum hardening increases by 35%; steel coatings
from PR-H18N9 powder — by 48% compared to the post-spraying state. Experimental studies of the
effect of this treatment on the bond strength and wear resistance of the obtained coatings have been
carried out. It is shown that after shot-blasting the bond strength of the coatings decreases by 10...15%,
and the wear resistance increases by 32...38%.

Keywords: plasma sprayed coatings, surface plastic deformation, hardness, wear resistance, bond
strength.
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