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3micT aucepramii. Ha 6a3i po3BUTKY TEXHOJOTIYHUX MPOLECIB AUPY31HHOTO
JIEryBaHHA IOBEPXHEBOro IIapy BHUPOOIB 13 CIPOro 4YaByHy Ta CTajl pPO3pOOHUTH
BUCOKOC(EKTUBHUM CIOCI0 HAHECEHHS SIKICHUX 3aXMCHUX IIapiB Ha JUTUX BUPOOAX
XIMIYHOTO YCTaTKyBaHHS, 110 3a0e3reduye 3HayHe MIABUINEHHS iX eKCIuTyaTariitHol
CTIHKOCTI.

OmauM 3 HaWBaXXJIMBIMIMX 3aBJaHb MAalIMHOOYAIBHOI MPOMHUCIOBOCTI Ha
Cy4acHOMY €Tami € IMABHUINEHHS HaJIMHOCTI Ta JOBIOBIYHOCTI JETaJICH MaIllluH B
yMOBaxX [ii BHUCOKHMX TeMIlepaTyp 1 THCKIB, arpeCUBHUX CEPEIOBHIL, 3MIHHUX
HaBaHTaXeHb. 3abe3nmeyuTd HAOYTTS HEOOXIJHUX BJIACTUBOCTEH 3a pPaxyHOK
CTBOPCHHSI HOBUX IIIapiB METOJaMH 00'€MHOTO JIETYBaHHS HE 3aBXIH MOXKIHUBO a0o
HEJOLUIBHO 3 €KOHOMIYHOI a00 TEXHOJIOTTYHOI TOUOK 30py. ToMy Bce Oinbliie yBaru
OPUIUISAETBCA po3poO0Ll 3aXMCHUX MIApiB, MO0 3a0€3MeUyloTh CTalsM 1 CIUIaBaMm
migBumieHi (i3uKo-XiMIYHI 1 MEXaHIYHI BJIACTMBOCTI, IO JO03BOJISIE BUPINIYBATH
3aBIaHHS 3aMiHH JOPOTHX BHUCOKOJETOBAHUX XPOMOHIKEIEBUX CTAJICH JEHICBITMMHU
ByrieneBuMi. L{e B mepiry yepry BiTHOCHTHCS 70 IapiB HA OCHOB1 KPEMHIIO, XpOMY,
TUTaHy, AJTIOMIHIIO, AKI 3a0€3Me4yloTh CTalsM 1 CIJIaBaM TMIJABUIIEHY KOPO3iiHY
CTIWKICTb, 3HOCOCTIMKICTh, YKAPOMIITHICTb.

3axXUCT MOBEPXHEBOTO MIAPY NUIAXOM MU y31iHOrO JIETYBaHHS BUSBIISIETHCS HE
aumie epeKTUBHUM, aje 1HOAI 1 €IWHUM CIOCOOOM OTPUMAHHS HEOOXITHUX

BJIACTUBOCTEN JHMTHX BHUPOOIB, OCKUIBKM TUIBKM MPU LBbOMY CHOcO0l Mae OyTH
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JOCSArHyTa a0COJIFOTHA CYLUIBHICTh IIAapy 1 BHCOKAa KOHLIEHTpalls JeryBajlbHUX
€JIEMEHTIB Y TOBEPXHEBOMY IIIapi, 10 OCOOJIMBO BAXKIMBO JJISI 3aXUCTY JIUTUX BUPOOIB
B arpecuBHHX cepenoBumax. Cepenm BiIoMUX crmoco0iB Audy31HHOTO JeTyBaHHS
MOBEPXHEBOI'0 IIapy HAaMOLIBIIOI yBarum 3aciAyroBy€ HACHYEHHS B TMOPOIIKOBUX
CepelloBHUIIaxX, Ied CMOoCi0 TEXHOJIOTTYHO MPOCTHH 1 HE BHUMAarae CremiaJbHOro
yCTaTKyBaHHS.

[IpoBeneHo AOCHIIPKEHHS BIUIMBY XapakTepy aKTHBaTOpiB Ha (opMyBaHHS
CTPYKTYpPH Ta BIACTUBOCTEHN MU y31i{HOrO TATAHOBOT'0, XPOMOBAHOI'0, CHIIILIIHOBAHOTO
mapy. OTpUMaHO pe3yabTaTh AOCIIKEHHS JOJATKOBHX MPHUCAJO0K 0 CYMIII, sKa
Hacu4uye, Ha (pa30BUM CKIIAJl, CTPYKTYPY Ta BIACTUBOCTI AM(PY31HHOr0 Mapy.

OcHOBHI J0CJIII>)KEHHS BUKOHaHI1 Ha ctaii 25J1 ta cipomy waByHi CH100. [Tporiec
IUQy31HOrO JIeryBaHHS IOBEPXHEBOrO IIapy MPOBOAWIM B  MOPOIIKOBUX
cepenopuiiax y wMydenbHuX mnedax. JludysiiiHe HAacHUCHHS 3JIHCHIOBAIH B
KOHTEeHHepax 3 MIaBKUMU 3aTBopaMu. Cymillli, sIKi HACHUYIOTb, BKITFOYAIN TPU OCHOBHI
KOMITOHEHTH: TOPOIIKOMOAIOHUI €JeMEeHT, SKUW Hacu4yBaB, B SKOCTI SIKOTO
BUKOPHUCTOBYBABCSI BIAMOBIAHUN (epocIuiaB; OKUC allfOMIHIFO Ta akTuBarop. s
yIIOCKOHAJIEHHS CKJIaqy CyMillli, $SKa HachU4ye, BHUKOPHCTOBYBABCS CHUMILIEKCHO-
rpaTyacTuii MeTOj IJIaHYBaHHA EKCIepuMeHTy. [Ipu oMy ISl KOXKHOTO THITY
HACUYEHHS 3a/JaBaJIUCSl MEX1 BapilOBaHHS YCIX KOMIIOHEHTIB CyMillll, B SKHUX
npoBoAMJIOCS HacuyeHHs. HacudueHHS BHKOHAjIocid B CyMillaX, CKJIaad SIKUX
BIANOBIJANIM IUIaHYy - MaTpuli. 3a pe3yibTaTaMu iX JOCHIDKEHHS OyayBajvcs
maTemaTu4Hi monenl. Ha miacraBl oTrpumaHux Mojeneil OyayBanuca Jlarpamu
«BJIACTUBICTH — CKJIJT CYMIIIIi», 0 B1IOOPaKaroTh 3aJICKHICTD JOCIIKYBAHOI O3HAKH
BiJI BMICTY €JICMEHTIB.

CrpykTypy Ta ¢azoBuii ckiaa audy3iiHOr0 JEroBaHOTO IMOBEPXHEBOTO APy
JNOCHIKYBAJIM 32 JIOMOMOTOI0  MIKPOCKOIIYHOTO,  JAIOPOMETPUYHOIO  Ta
PEHTIE€HOCTPYKTYPHOT'O aHATI3y.

Koposiitha crifikicTe auTux BHpoOiB B po3uuHi 10% cipyaHoi KHCIIOTH

BU3HA4YaJIOCA BaroBuM METOAOM I10 3MCHIIICHHIO MaCH.
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OKaJMMHOCTIMKICTh OLIHIOBAJIACH 10 30UIBIIEHHIO Macu JIMTUX BHUPOOIB B
IpOLIEC] BUTPUMKH B PI3HUX TEMIEPATYPHO-YACOBUX YMOBaX B aTMOC(epi MOBITPSI.

3a pe3ynbTaTamMul MPOBEACHUX JOCIIKEHb BCTAHOBJIEHO, IO EKCIDTyaTarliiHi
BJIACTUBOCTI JIMTHX BHUPOOIB 13 CIpOro 4aByHy (KOpo3iiiHa CTIMKICTh, KapOCTIUKICTH,
omip 3HOCY), MOXYThb OyTH cyrreBo mimBuiieHi (y 1,5...3 pasum) 3a paxyHOK
UG y31HHOr0 HACUYEHHS MOBEPXHEBOTO MIAPy OJHUM a00 JEKIJIbKOMa €JIeMEHTaMH 3
rpynu: Cr, Ti, Cd, Al, Mn, Si.

BceranoBneHo, 10 piBeHb €KCIUTyaTallliHUX XapaKTepUCTUK JUTUX BUPOOIB 13
CIpOro 4aByHy, MIAAaHUX AUQPY31HHOMY JIETYBaHHIO IOBEPXHEBOIO  IIApy,
BU3HAYAETHCA CYKYMHICTIO MapaMmeTpiB HACHUYEHOro MIapy: TNIMOWHOIO, (a30BUM
CKJIQZIOM, XapaKTepOM pPO3MoALTy (a3, MOPUCTICTIO, @ TAKOXK CTPYKTYpOIO IIapy Ta
miamapy.

Cepen BignocHo poctymaux cojeii NH4Cl, NH4F, NaCl, NaF Ta iH., BXKHUBaHUX
B SIKOCT1 aKTHBATOpa, B CyMmimax sl Audy31iHOTO JIETYBaHHS MOBEPXHEBOTO IMIAPY
Ciporo 4aByHY, OUTBII SIKICHI IIapH 3a0€3Me4yI0Th HA0YTTSI BUCOKMX E€KCIUTyaTaIliiiHuX
BJIACTUBOCTEM, SIKI MOKHAa OTPUMATH MPHU JI030BAHOMY BBEJICHHI B HACHUYEHY CYMIII
coneit NH4Cl ta NH4F.

3a OTpMMaHUMH MAaTEMaTUYHHUMH MOJEISMH  TOOYJOBaHO Jiarpamu
«BJIACTUBICTH AU(Y31HMHOTO MIAPY — CKJIAJ] CYMIII», K1 JaI0Th MOKJIMBICTh BUSHAYUTH
ONTHUMAJIbHUM CKJaJ CyMIlll, $Ka Hacu4uye, /i1 OTPUMaHHS 3a/laHOrO PIBHS
BJIACTUBOCTEH Mn(y31HHOr0 mapy Ha CipoMy YaBYHI.

BceranoBneHo, 110 HailOUTbII BUCOKHUI PIBEHb €KCIUTyaTallHUX BJIACTUBOCTEN
JUTUX BUPOOIB 13 CIPOTO YaBYHY JOCSTAETHCA MICII XPOMYBAHHS Ta TUTAHYBaHHS B
cymimax 31 BmictoM 10...13% axrtuBaropiB, Ha ocHoBi NH;Cl abo NH4F. [lnsa
OTpUMaHHS OE3MOPUCTOrO CHIIIIHOBAHOTO IIapy B SKOCTI aKTHUBATOpa CIij
3actocoByBaTu cymim coied NH4Cl ta NH4F y mpomopuii 1:1 npu 3aransHomy ix
BMICTI B CyMIllll, ika Hacuuye, ~4% (1o maci).

BceranoBneno, mo npu AuQy31HHOMY TUTaHYBaHHI ONTHMAaJIbHAa KUIBKICTh

XJIOPUCTOTO KaAMIIO B CyMIII, siIka Hacuuye, ckianae 6...10%.
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[Ipn mudys3iiHOMY TUTaHYBaHHI BBEACHHS aJIOMIHIIO B PEAKLIMHY CyMIll y
kubkoCTl 8...10% 3abe3neuye OTpUMaHHS SIKICHOrO AU(dy31HHOro mapy, 1o Mae
cynutbanii  kapOimamii map (TiC), mopanbine 30UTHIICHHS BIJCOTKOBOTO BMICTY
QITIOMIHIIO B CyMIlll, SIKa HACHUYy€, MPU3BOJIUTH JO PO3YMHEHHS KapOigHOI 30HU B
nudy3iiHOMY HIapi.

[Ipu mudysiitHoMy XpoMyBaHH1 JOJATKOBE BBEICHHS B CYMIII, sIka HACHUYYE,
dbepoMapratifo Ta OKCHAY XpOMY Ma€ TO3UTUBHUN BIUIMB Ha CTPYKTYpy Ta
BJIACTUBOCT1 TU(QPY31HHOTO MIapy.

HasBhicTh (depomapraniuo B cyMilnl, $SKa Hacu4uye, HNIABUILYE BIAHOCHY
3HOCOCTINKICTh TU(PY31i1HOrO 1Iapy cTajl Ta YaBYHY MO BIIHOIIEHHIO 10 1U(]y31iHOrO
apy, OTPUMaHOro B CyMillll, IO HE MICTUTh (pepOMapraHio.

Homa po3pobiiena cymimi, sika Hacu4aye, s TAdy31fHOTO THUTaHyBaHHS, IO
MICTHTh TIOPSA 3 OCHOBHMMH KommoHeHTamMu mpuoimsHo 7% CdCl,, 3abesmneuye
3HAYHE IMiIBUIIECHHS EKCIUTyaTal[liHUX BIACTUBOCTEW AUQY31HHUX MIApiB HA CIpoMy
YaByHIi Ta CTaJI.

Ha migcraBi npoBenenux nociimkeHb Ha TIpAT «bepasHCbki KHUBApKU» -
po3pobyieHa HOBa CyMIlll, sIKa HAacWuye, s AUQPY31IHHOTO THUTaHYBaHHS, IO
3a0e3neuye MiABUILIECHHS €KCIUTyaTallliHUX BIACTUBOCTEN AU(Y31MHUX IIAPIB JTUTUX
BUpPOOIB 13 CIpOro YaByHy Ta crajiil. BpaxoByroun mo3uTUBHI pe3yJbTaTu, OTPUMaHI IPH
JOCIIPKEHH] BIUIMBY TUTAHYBaHHS HAa KOPO31MHY CTIMKICTh JIMTHX BUPOOIB 31 CTalll Ta
CIpOro 4aByHY, MiATBEp/KeHUX akToM anpobauii Ha [IpAT «bepasHCbKI )KHUBapKu»
OYIKYIOTHCSI TaKi TEXHOJIOT1UHI Ta €KOHOMIYHI e(peKTH:

- MOKJIMBICTh BCTAHOBJICHHS JIMTUX BUPOOIB, Micist TU(y31iiHOTO TUTAaHYBaHHS,
Ha J[if04l HacocH 0e3 10J1aTKOBOi 00poOKH;

- 30UThIIIEHHS BTpHWYl TEPMIHY BUKOPHUCTAHHS JIUTUX BHUPOOIB HACOCIB [IJIs
nepekadyBaHHs 10% po3dnHy CipuyaHOi KUCIIOTH;

- OpPIEHTOBHO OTPUMAHO PIYHUM €KOHOMIUHUH edeKT, 1o ckiaaae 1,8 MIH rpH
3a pik (akt anpoodarii Big 26.03.2021p. onatok b).

OCHOBHI TIOJIO)KEHHSI pOOOTH BUKOPUCTOBYIOTHCS MPU BUKJIAIaHH1 HABYATIBLHUX

TUCUUIUTIH Ha Kadenpi «MamuH 1 TEXHOJIOrii JMBapHOro BUpoOHHUITBA» B HY
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«3amopi3bka moJiTexHika». Bumg Ta 00’em BHpoBaxkeHHs: BmiuB xapaktepy
aKTUBATOPIB HA (POPMYBaHHS CTPYKTYPH Ta BIACTHUBOCTEU AU(y31i{HOrO TUTAHOBOTO,
XPOMOBAHOTO CHJIIIIHOBAHOTO IMIAPy Ta BIUIMB JOJATKOBUX MPHUCAIOK Ha (ha30BHIA
CKJIaJl, CTPYKTYpY Ta BIIACTUBOCTI MU(Y31MHOT0 MOBEPXHEBOTO JIETOBAHOIO IIAPY
BUKOPHUCTAH1 JUIsl OHOBJIEHHS JICKIIIHHOTO Kypcy mucuuiiiin «Teopis MeTanypriitHux
nporeciBy, «JIluBapHi cmiaBu Ta I11aBKay, «Te€OpeTHYHI OCHOBU JIMBAPHOTO
BUPOOHUIITBAY JJIs1 37100yBaviB OCBITHM raiy3l 3HaHb 13 MexaHiuyHa 1HXEHEPI,
cnemianbHocTi 136 «Mertanypris» OCBITHBOI mporpamMu «JIuBapHe BHPOOHMIITBO
YOpPHHUX Ta KOJbOPOBUX MeETANIB 1 cIUiaBiB», creuianbHocTi 131 «lIpuknagna
MEXaHiKa», OCBITHbOI mnporpamu «OOnagHaHHS Ta TEXHOJOrIi JMBApHOIO
BupoOHuUIITBaY ([lomatok B).

KarouoBi ciaoBa: wmeramypris, maudysis, JeTyBaHHA, IIapH, AaKTUBATOPH,

00aBKH.

MEPEJIK OIIYBJIIKOBAHUX POBIT 3A TEMOIO JUCEPTAIIII

IIyo6aikanii B iHO3eMHUX BHIAHHAX
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steel and cast iron. International Journal of Engineering Research & Technology
(IJERT). 2021. Vol. 10 Issue 03. March. P. 711-714.

Iyoaikanii y HayKoBHX (pax0BUX BHAAHHAX Y KPaiHH

2. Kongpamona C.I'., Canpukin €.B., Haymuk B.B. Bruue cknany cymirii, 1o
Hacuuye, Ha (pOpMyBaHHS CTPYKTYpH Ta BIACTUBOCTEH MU(Y31MHOIO TUTAHOBAHOTO
mapy Ha cipomy 4YaByHIL. Hogi mamepianu i mexuonocii 6 memanypeii ma

mawunobyoysanni. 2019. Ne 2. C. 24-30.
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28. Ne 3. (322). C. 64— 72.
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5. Konapamosa C. I'., Canpukin €. B., Haymux B. B. Brus cknanay cymii,
sSKa Hacudye, Ha eKCIUIyaTalliiHi BJIACTUBOCTI JuU(]y31HHOrO MeTaai30BaHOTO
MOBEPXHEBOI'0 IIapy Ha CipoMy 4aByHI Ta ctam. Hoei mamepianu i mexnonocii 6
mawunobyoysanni-2020: marepianu XII mixH. HayK.-TexH. KoH}. (KuiB, 28-29 kBiT.
2020 p.). Kuis: HTYYVY «KIlII», 2020. C. 73 — 74.

6. Koungpamosa C.I'., Campukin €.B.,, Haymuk B.B. Po3spobxka
BHUCOKOE()EKTUBHOIO crnocol0y nu(y3iiiHe JeryBaHHs IMOBEPXHEBOrO IIapy JeTajiei
XIMIYHOTO YCTaTKyBaHHsS 3 CIpOro 4aByHy 1 ctam. Jlumeo. Memanypeia. 2020.:
Marepianu XVI MixH. Hayk.-ipakT. KoHG. (3amopixoksa, 8-10 Bep. 2020 p.).
Zanopixokst: DOIT Mokmanos B.B., 2020. C. 75 — 77.

7. Kondrashova S., Saprykin E., Naumyk V. Development of high effective
diffusion metallization method of cast iron and steal chemical equipment parts.
«Problems of corrosion and corrosion protection of materialsy Corrosion 2020: book
of abstract XV international conference (Lviv, 15-16 Oct. 2020 ), Lviv Karpenko
Physical-Mechanical Institute of NAS of Ukraine, 2020. P. 69.



SUMMARY

Kondrashova S.G. — Improving the processes of forming a surface corrosion-
resistant layer of cast products. Qualifying scientific work on the rights of the
manuscript.

Dissertation for the degree of Doctor of Philosophy (PhD) for specialty 136 —
Metallurgy. — National University "Zaporizhzhi Politechnic” of the Ministry of
Education and Science of Ukraine, Zaporizhzhya, 2021.

On the basis of development of technological processes of diffusion metallization
of a surface of products from gray cast iron and steel it is developed the highly effective
way of drawing qualitative protective layers on machine parts of the chemical
equipment that provides considerable increase of their operational resistance.

One of the most important tasks of the engineering industry at the present stage
Is to increase the reliability and durability of machine parts under high temperatures
and pressures, corrosive environments, variable loads and so on. Ensuring of the
necessary properties by creating new alloys by the volume alloying methods is not
always possible or impractical from an economic or technological point of view. In
addition, due to the deficiency of nickel, chromium, molybdenum and so on, the
production of corrosion-resistant and scale-resistant steels is less than 1% of the total
production. Therefore, in recent years, more and more attention has been paid to the
development of protective layers that provide steels and alloys with increased physical,
chemical and mechanical properties, which allows the task of replacing expensive high-
alloy chromium-nickel steels with cheaper carbon ones. This primarily applies to
coatings based on silicon, chromium, titanium, aluminium, which provide steels and
alloys with increased corrosion resistance, wear resistance, heat resistance.

The protection of the surface layer by diffusion alloying is not only effective, but
sometimes the only way to obtain the required properties of the product, because only

in this way the absolute integrity of the layer and the high concentration of alloying
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elements in the surface layer are provided, which is especially important for the
protection of products in aggressive environments.

Research of influence of character of activators is conducted on forming of
structure and properties of diffusive titanic, chroming silicified layer. Got results of
research of additional additives to mixture which satiates, on phase composition,
structure and properties of diffusive layer.

Basic researches are executed on steel and grey cast-iron. The process of the
diffusive alloying of superficial layer was conducted in powder-like environments in
muffle stoves. A diffusive satiation was carried out in containers with fusible breech-
blocks. Mixtures which satiate included three basic components: powdery element
which satiated, which a corresponding ferro-alloy was used as; oxide of aluminium and
activator. For the improvement of composition of mixture which satiates, the symplex-
latticed method of planning of experiment was used. Thus for each as a satiation the
limits of varying of all of the tools of mixture, a satiation was conducted in which, were
set. A satiation was executed in mixtures compositions of which answered a plan -
matrix. On results their research mathematical models were built. On the basis of the
got models diagrams were built «property is composition mixtures» which represent
dependence investigated sign from content of elements.

A structure and phase composition of the diffusive alloyed superficial layer was
investigated by means of microscopic, durometric and to the X-ray structural analysis.

Corrosive firmness of the poured wares in solution of 10% of sulphuric acid it
was determined by a gravimetric method on a degrowth.

Scale resistance was estimated on the increase of mass of the poured wares in the
process of self-control in different temperature-sentinel terms in the atmosphere of air.

According to the results of the researches, it is established that the operational
properties of gray cast iron parts (corrosion resistance, heat resistance, wear resistance)
can be increased (by 3...5 times) due to diffusion saturation of the surface layer by one
or more elements of the group: Cr, Ti, Cd, Al, Mn, Si.

It is established that the level of performance characteristics of gray cast iron

parts subjected to diffusion metallization is determined by the set of parameters of the
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saturated layer: depth, phase composition, nature of phase distribution, porosity, and
structure of the sublayer and layer.

Among the relatively available salts of NH,CIl, NH4F, NaCl, NaF, etc. used as
activator in mixtures for diffusion metallization of gray cast iron, high-quality layers
that provide the acquisition of high performance properties can be obtained by dosing
into a saturated mixture of NH4Cl, NH4F salts.

Based on the mathematical models obtained, the "diffusion property — mixture
composition” diagram are constructed, which allow to determine the optimal
composition of the saturating mixture to obtain a necessary level of diffusion coating
properties on gray cast iron.

It was found that the highest level of performance properties of gray cast iron
parts is achieved after titanium and chromium plating in mixtures of 10...13% of
activators containing NH4Cl or NH4F. To obtain a non-porous siliconized layer, a
mixture of NH4Cl and NH4F salts in a 1:1 ratio should be used as the activator, with a
total content of ~ 4% (by weight) of a saturating mixture.

It is established that during diffusion titanation the optimal amount of cadmium
chloride in the saturating mixture is 6...10%.

During diffusion titanation, the introduction of aluminum into the reaction
mixture in the amount of 8...10% provides a high-quality diffusion coating having a
solid carbide layer, a further increase in the percentage of aluminum in the saturating
mixture leads to the carbide zone resorption in the diffusion layer.

In diffusion chromium plating, additional introduction of ferromanganese and
chromium oxide into the saturating mixture has a positive effect on the structure and
properties of the diffusion layer.

The presence of ferromanganese in the saturating mixture increases the relative
wear resistance coefficient of the diffusion layer for steel by, for cast iron by relative to
the diffusion layer obtained in the mixture that does not contain ferromanganese.

The newly developed saturating mixture for diffusion titanation, which contains
with the main components approximately 7% CdCl,, provides a significant increase in

the performance properties of diffusion coatings on gray cast iron and low carbon steel.
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Based on the research conducted at PJSC Berdyansk Harvesters, a new saturating
mixture for diffusion titanium has been developed, which provides an increase in the
performance properties of diffusion layers of cast iron and steel products. Given the
positive results obtained in the study of the effect of titanium on the corrosion resistance
of cast steel and gray cast iron, confirmed by the act of testing at PJISC "Berdyansk
Harvesters" the following technological and economic effects are expected:

- possibility of installation of cast products, after diffusion titanation, on
operating pumps without additional processing;

- threefold increase in the service life of cast pump products for pumping 10%
sulfuric acid solution;

- the estimated annual economic effect is approximately UAH 1.8 million per
year (act of approbation dated March 26, 2021. Appendix B).

The main provisions of the work are used in teaching disciplines at the
Department of "Machines and technologies of foundry production” at NU
"Zaporizhzhya Polytechnic”. Type and scope of implementation: Influence of the
nature of activators on the formation of the structure and properties of the diffusion
titanium, chrome-plated silicon layer. Influence of additional additives on the phase
composition, structure and properties of the diffusion surface alloy layer. To update the
lecture course disciplines "Theory of metallurgical processes”, "Foundry alloys and
smelting”, "Theoretical foundations of foundry production” for students of education
13 Mechanical Engineering, specialty 136 "Metallurgy" educational program "Foundry
production of ferrous and nonferrous metals and alloys" , specialty 131 "Applied
Mechanics", educational program "Equipment and technologies of foundry production™
(Appendix B).
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