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Kpusuux Jlinia Cepeiisna. Po3poOka mapameTpiB 3MIMHIOIOUNX TEXHOJIOTIH

TpyOHOTO IHCTPYMEHTY TUTS BUPOOHUIITBA rapsiaenpecoBaHuX 1
xonogHonedopmoBanux Tpyo. — KaamidikamiiiHa HaykoBa mpals Ha mpaBax
PYKOITHUCY.

Jlucepraltist Ha 3100yTTS HAyKOBOro CTyIeHs Joktopa ¢inocodii PhD 3a
cunemianpHicTiIO 132 - «Martepiano3HaBCTBO». - YKpaiHCBKMA  Jep>KaBHUN
YHIBEPCHUTETY HayKH 1 TexHoJsorii. — J{ainpo, 2023.

Jluceprailiro MPUCBSYEHO PO3POOIIl 3MIIHIOIOYUX TEXHOJIOTIH 1HCTPYMEHTY
JUTsl BAPOOHUIITBA rapsYenpecOBAHUX 1 XOJI0AHOAE(HOPMOBAHUX KOPO3IMHOCTIMKHUX
Tpy0. VYMOBHM mpaii IbOTO I1HCTPYMEHTY CKJIQJalOThCA 31 3HAKO3MIHHUX
HAaBaHTa)XCHb, BHCOKUX TEMIEpaTyp, IHTCHCUBHHMX IMHAMIYHUX HaBaHTaKEHb,
3HAQYHOTO 3HOCY B YMOBaX TEpPTS 1 BHUCOKOTO MUTOMOTO THCKY. JlOLUIBHICTB
MIJBUIIEHHS 3HOCOCTIMKOCTI TPYOHOTO 1HCTPYMEHTY OOyMOBJIEHa HEOOXiJTHICTIO
NIJBUILIEHHS HOro eKCIUTyaTallifHOi CTIMKOCTI 1 TOJIAra€e y BCTAHOBJIEHHI
3aKOHOMIPHOCTEH (pOpMyBaHHS CTPYKTYpH 1 BIACTUBOCTEN JOCIIIHOTO METay 3a
paxyHOK BUKOPUCTAHHS PO3POOJIEHUX palllOHATBHUX PEXUMIB TEPMIUHOI Ta XIMIKO-
TEPMIYHOI 0OpOOKHM; HAHECEHHS 3HOCOCTIMKMUX MOKPHUTTIB 1 MOKPUTTIB aMOPPHUX
CIUTaBiB Ha POOOYY MOBEPXHIO IHCTPYMEHTY.

OnHuM 13 OCHOBHUX HAaNpsIMKIB Cy4aCHOTO MaTepiaJIo3HABCTBA Ta TEPMIYHOI
OOpOoOKM € CTBOpPEHHS I1HCTPYMEHTaJIbHUX MarepiaiiB 3 OUIbII BUCOKUM
KOMITJIEKCOM BIJIACTUBOCTEH Ta PO3pOOKa HOBUX 3MIIHIOBAIBHUX MOKPHUTTIB IS
e(EKTUBHOTO 3aCTOCYBAHHS 1X JUIsI BATOTOBJICHHS IHCTPYMEHTY.

B poboti po3pobieHi crocoOu NPOBEACHHS 3MIIHIOIOYUX TEXHOJOTIN
00’€MHOT0 3arapTyBaHHs 3 0araTopa3oBUM BiJIIYCKOM 1 @30TyBaHHSM 1HCTPYMEHTY
Ta HAHECCHHSAM OararomapoBux BakyyMHO-ayroBux mokputtiB TIN, TiZrN, NbN,
TiZrN/NbN, TiN/CrN nHa a3otoBani mrtamiosi ctaiai 4X5SM®D1C, SX3B3MDC s
BUTOTOBJIEHHSI MAaTPUYHHMX KiJI€Ib, TOJIOK-OMPABOK TPYOONmpodiIpHUX TpeEciB, a

TaKOX POJIUKIB, OMOPHHMX IUIAaHOK 1 ompaBok crtaHiB XIITP mpu cyrreBOoMy



CKOPOYEHH1 Yacy OTpuMaHHs A1(y31iHUX 11apiB poO0YOi TOBIIMHHU.

Ili HOBI METOAWKH 3aMICTh ICHYIOUMX JO3BOJIATH CYTTEBO MiABUIIATU
MIIHICTh, 3HOCOCTIMKICTh, BHUTPHUBANICTh, OIp KPUXKOMY PYyWHYBaHHIO,
MOBEPXHEBY TBEPJICTh IHCTPYMEHTY.

XIMIKO-TepMIYHA OOpOOKa € OJHMM 3 HalOUIbIl €(PEKTUBHUX METO/IB
NIJBUILIEHHS JOBrOBIYHOCTI 1 HaaldHOCTI 1HCTpyMeHTiB. Lle, B mepury uepry,
BU3HAYAETHCS TUM, IO MPU XIMIKO-TEPMIUHIA OOpOOINl 3MIHIOETHCS XIMIUYHUN
CKJIaJ, CTPYKTYpa 1 BIIACTUBOCTI IOBEPXHEBUX ILIAPIB METANY, CAME THUX, B AKUX ITPH
eKCIUTyaTalii KOHIEHTPYIOTbCSI MaKCUMaJIbHI HaIpY>KEHHSI, 3apOKYIOThCS 1
PO3BUBAIOTHCS TPINIUHU, BIAOYBAIOTHCSA IIPOIIECH 3HOIIYBAaHHS 1 KOPO31HHOIO
po3TpicKkyBaHHA. Bukopucranas cydacHux BuIiB XTO 3Ha4YHO NPUCKOPIOE
nudy3iiiHI TpolecH, T03BOIsSE OTpUMATH TUQPY31HHUI AP PEeryIbOBAHOTO CKIIATy
1 HeoOX1HOi1 OyZOBH; XapaKTepU3YEThCS HE3HAUHUMH JAepopMalisiMud BUPOOIB 1
BUCOKMM KJIACOM YHCTOTH IIOBEPXHI, Ma€ BEJIMKY E€KOHOMIYHICTb, IiJIBUIILYE
Koe(]iIlieHT BUKOPHUCTAHHS €ICKTPOCHEPT1i, CKOPOUY€E BUTPATY HACHUYIOUHX Ta3iB;
BIJIMOBIa€ BUMOTaM 11010 3aXUCTY HABKOJHUIITHBOT'O CEPEIOBHUIIIA.

['onoBHI mepeBaru XiMiKO-TEpMIYHOT OOpPOOKHM TMOB'SI3aHI 3 MOKJIMBICTIO
e(EeKTUBHO 3MIHIOBATH BIACTUBOCTI MOBEPXHEBOTO IIAPy MIJISXOM BapilOBAHHS
XIMIYHOTO CKJaay, CTBOPEHHSM IPOTHO30BAHOTO TOENHAHHS BIIACTUBOCTEU
MOBEPXHI BUPOOY Ta CEPIICBUHMU.

ITpu po3pobui edpextuBHux TexHonorii XTO cranel cii BpaxoByBaTH SIK
HEOOXITHICTh 3a0e3MeueHHs 3aJJaHuX BIACTUBOCTEH MOBEPXHi, TaK 1 MOXJIUBICTh
€KOHOMI1 JJOPOTHUX 1 PIJIKICHUX JIETYIOUHUX €JIEeMEHTIB.

HaykoBe 3HaueHHs poOOTH MOJISATa€E TAaKOX B OTPUMaHHI HOBUX PE3YJIbTATIB,
K1 PO3IIUPIOIOTH YSIBICHHS PO XapakTep CTPYKTYpOYTBOPEHHS B MaTepiai
MOBEPXHEBUX I11ap1B HAIBTEIIOCTIMKUX BTOPUHHOTBEPIIFOUHX ILITAMIIOBUX CTaJlel
4XSMD1C Ta 5X3B3MODC. B poOoTi 3amponoHOBaHE 10HHE a30TYyBaHHS
3arapTOBAHOTO Ta JBIYl BIAMYIIEHOTO METady TPYOHOro 1HCTPYMEHTY B ra3oBii
wa3Mi IyroBoro po3psay. B moBepxHeBomy miapi (OpMyeTbCS CTPYKTypa

TBEP/IOTO PO3UYHHY, B SIKiil 3HAX0AThCS HITpHaU Fe,.3N (e-dasa), FesN (y'-dasa) ta



ayCTEHIT, HacCM4YeHUH a3oToM. lle m03BoJIse MiAHATH piBE€Hb 3MIIIHEHHS MOBEPXHI
iHcTpymenty o Hu=8000 —12000 MIla Ta ekcruyarariiinoi criiikocti y 1,5 — 2
pasu. Taka komOiHOBaHa OOpoOOKa MPOBOAUTHCSA BIEpIIE [JIsI TPYOHOTO
iHCTpyMeHTy 1 3axunieHa mareHToM Ne 151611 «Cmoci® TepmiuHOi 00poOKH
BUPOOIB 3 JIETOBaHUX 1IHCTPYMEHTAIBHUX CTaJICiI.

B po6oTi Takok 3anmponoHOBaHO HAHECEHHS OJHOIIAPOBHX 1 OaraTonapoBuX
BakyyMHO-ayroBux MNOKputTTiB TiN, TiZrN, NbN, TiZrN/NbN, TiN/CrN Ha
JeroBaHi IITAMIIOBI CTajll 3 BUKOPHCTAHHSAM BaKyyMHO-IYTOBOTO pPO3PSIY
HU3BKOTO THCKY B €JIMHOMY TEXHOJIOTIYHOMY IMpOIIECI, 10 3HAYHO MIABHUIILYE
MEXaHIYH1 BJIACTUBOCTI, TBEPJICTh MOBEPXHI TPYOHOrO THCTPYMEHTY 3pOCTa€ 0
23000 + 25000 MIIa, mo mo3Bosisg€e 30UIBIIUTH pecypc ioro podbotu B 1,5 — 2,5
pasu.

B nuceprartiiiniit poO0TI 3apoONOHOBAHO MPOBEACHHS JIJIsl TPYOOIPECOBOTO
IHCTPYMEHTY KapOOHITpallii, KOJIM B IOBEPXHEBOMY IIapl YTBOPIOIOTHCS
KapOOHITpUH1 (pa3u, OUIBII IMIACTHYHI 1 MEHIN KPUXKI, HDK MPU a30TyBaHHI.
[Ipoiec Mae Oe33amepeyHi IepeBar B TOPIBHAHHI 3 IHIIMMHU IpoliecaMu
3MII[HEHHS TToBepxHI. [lepeBaroro 1aHoi TEXHOJOTIT € BUCOKA MIBUAKICTh TU(y3ii,
PIBHOMIPHICTh HAarpiBy 1 HACHMYEHHS B pO3IUIaBl COJieH, L0 MNPU3BOAUTH 0
30UTBIIEHHSI 3HOCOCTIMKOCTI 1 KOPO31MHOI CTIMKOCTI MOBEpPXHI, 3HWKEHHS
koedimieHTy Tepts B 1,5 — 5 pasiB, MIABUILYEThCS MPaIE3AaTHICTh IHCTPYMEHTY,
10 MPAITOE 3 IUKIIYHUMY HaBaHTAXKEHHSIMH, 32 PaXyHOK CTBOPEHHS CTHCKAIOUMX
HaIpyT Ha MOBEPXHI; Micyg KapOOHITpallii Ha TOBEPXHI THCTPYMEHTY (POPMYETHCS
3MIITHCHHUH Iap, IO CKJIAJIA€ThCS 3 JICKIILKOX 30H (BEpXHIH Imap SBISE COOOIO
TBEpAUN PO3UMH 3 BKJIIOYEHHSAMHU & - KapOoHiTpuny tuny Fe; (NC), mig sikum
po3tamoByeThcs 30Ha Y'- (azu Tuny Fes(NC), mig sikoro 3HaxoauThes audysiiiHa
30Ha (TeTrepoda3Huii map), gKa CKIaaeThCS 3 TBEPJOT0 PO3YMHY BYIJIEIIO 1 a30Ty
B 3a]i31 3 BKIIOYEHHAMH KapOOHITpUAHUX (a3, TBEPHICTh AKOI 3HAYHO BHIIA
TBEPIOCTI cepleBuHU. Taka 00poOka TpyOOIpecoBOro IHCTPYMEHTY MPOBOIUTHCSA
Briepire 1 3axumieHa mareHToM Ne 146692 «Cnoci06 XiMiKO-TepMiduHOiI 0O0pOoOKH

TpyOONPECOBOI0 IHCTPYMEHTY 3 IHCTPYMEHTAIBHOI CTaJI.



Ha mizgcraBi excriepuMeHTaIbHUX JTOCTIHKEHb B pOOOTI I0BEICHO AOILUIBHICTD
HAHECEHHS MOPOIIKY aMOp(HOTO CIUIaBy Ha OCHOBI 3ajli3a, HIKEII0, KPEMHIIO Ta
Oopy, IO J03BOJHIIO 3a0€3MEYUTH BUCOKY TBEPIICTh 1 3HOCOCTIHKICTh MOBEPXHI
MaTpUYHUX KiJ€Ib, POJIUKIB, OINOPHUX IUIaHOK. Taka 00poOka TpyOHOTO
IHCTPYMEHTY TNPOBOIUTHCS Brepiie 1 3axuieHa nateHToM Ne 148695 «Cmocib
3MIIIHEHHS TPYOOIIPECOBOT0 1IHCTPYMEHTY 3 IHCTPYMEHTAIBLHOI CTai.

B po60Ti 3anpornoHoBaHO BUKOPUCTATH JJIsI BATOTOBJIEHHS! ONIOPHUX TTAHOK
1 pomukiB craniB XIITP mms XomomHoi mMpokKaTKW OCOOJIMBOTOHKOCTIHHUX
Kopo3iiHoCTIKuX TpyO 3aMicTh cTaii 60C2XDA crans 4XSMO1C, sxa mae O11b11
BHUCOKI €KCIUTyaTalliifHi BJIACTHUBOCTI MICJs 3arapTyBaHHs 3 BIJIIYCKOM, 3
HactynHoo XTO (ioHHe a3oryBanHs B ma3mi JIB/IP 3 HaHeCeHHSIM 3HOCOCTINKHIX
MOKPUTTIB), IO MIABUILYE CTINKICTh pOOOTH IHCTPYMEHTY, 3MEHIITY€E MPOCTOI CTaHIB
XIITP, noB’si3aHUX 3 3aMIHOIO THCTPYMEHTY.

[IpoBeneHi peanibHI AOCIHIPKEHHST B BHPOOHHWYUX YMOBaxX 31 3MILHEHHS
TpyOOIIPECOBOTO THCTPYMEHTA (MaTPUUYHUX KUICIb 1 TOJIOK-OMPABOK) MPHU PI3HUX
TEMITEpaTypHUX PEKUMaX 3arapTyBaHHS 3 BUKOPUCTAHHSIM B SIKOCTI TapTyBaJIbHOTO
CepelloBHUIIA 3aMICTh Maciia - BOJIHOTO PO3UYMHY IMOJIIMEPHOTO cepenoBuiia Agua-
Quench 400, ske ycHmimiHO BUKOPHUCTOBYETHCS, SK 3aMIHIOBAY Macia s
3arapTyBaHHSl 1HCTPYMEHTIB. PO3IJsiHyTO BIUIMB TeMIEpaTypu 3arapTyBaHHS 1
BIJIMMYCKY Ha BJIACTMBOCTI 1HCTPYMEHTY 1 3alPOMOHOBAHO ONTHUMAIBHUI PEKUM
3arapTyBaHHs 3 OaraTOKpaTHUMHM BIJITYCKOM Ta a30TYBaHHSM JJIs1 3a0€3MeUYeHHS
HEOOX1THUX BJIACTUBOCTEU TPYOHOTO IHCTPYMEHTY.

B po6oti moOynoBaHo MareMaTuyHy MOJENb PO3MOALTY MIKPOTBEPIOCTI
U y31MHOT 30HU B TOBEPXHEBUX IIApax IHCTPYMEHTY MICJHsl PI3HUX BUJIB XIMIKO-
TepMiYHOi 0OpOOKH, sIKa € HACIIIKOM aIUTUBHOTO HAKJIaJaHHS 3aKOHOMIPHOCTEN
KIHETUKHU TeMIEepaTypHHUX MOIIB, 1u(dy31iiHUX TOTOKIB Ta (Pa30BUX MEPETBOPEHD 1
BKa3ye Ha Te, 0 Au(y3iiiHe HACUYECHHS i€ 3 MOBEPXHI BUPOOY 3 YTBOPEHHSIM B
MOBEPXHEBOMY I11api (pa3 3 MaKCUMaIbLHOIO TBEPAICTIO.

Pesynbratu BnpoBamkeHHs Ha TOB «BO OCKAP» i1 «IIpAT Cenrpasic
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OaraTopa3oBUM BIJIITYCKOM Ta a30TyBaHHSAM, KapOOHITpallii TpyOHOTO IHCTPYMEHTY
1 HACTYIIHOTO HAHECEHHs MOKPUTTIB aMop(dHMX cruraBiB Ha ocHoBi Fe-C-Si-B i
sHococTiikux mokputTiB TiN, TiZrN, NbN, TiZrN/NbN nHa poOoui moBepxHi
IHCTPYMEHTY, O3BOJWJIM OTPUMATH 3HAYHUM E€KOHOMIYHUN e(eKT, 3a paxyHOK
3HIKEHHS BUTPAT Ha IHCTPYMEHT, CKOPOTUTHU HEAOIIKMA BUPOOHHIITBA,

3a paxyHOK 3MEHIICHHS KIJIBKOCTI MepeHala oK OOJaJHaHHS, B pe3yJbTaTi —
30UIBIIMTH TIPOAYKTUBHICTH Ipalll IPU MpecyBaHHI 1 mpokatii Ha ctaHax XIITP
KOPO31MHOCTINKUX TPYO, MPHU IIbOMY MIABUIIUTH CTIMKICTh IHCTpYyMeHTY B 1,5 -2,5
pasu.

Pesynbrat nucepTarliiHoi poOOTH BIPOBAIKEHI B OCBITHIM Tpoiiec
qucuuIuiiH - «OcHOBM  Teopil 1 MPAaKTUKH TEPMIYHOI OOpPOOKH MeETaiiBy,
«Oco0AMBOCTI TEXHOJOTTUHUX MPOIIECIB TEPMIUHOT OOPOOKH MeTaliBy, «[HxeHepis
MOBEPXHI METaJIOBUPOOIB» TUTSL CTYJICHTIB CHeniadbHOCTI 132
«Marepianosnasctso» HHI ITIIBT YIYHT.

Po3paxoBaHO €KOHOMIYHMI e(eKT BiJ BIPOBAKEHHS 3alpONOHOBAHUX
TEXHOJIOT1!, AKUW CTaHOBUTH 424,5 THC. TPH.
KittouoBi cioBa: iIHCTpyMEHTalIbH1 CTali, a30TOBaHUM I1ap, 10HHE a30TYBAaHHS,

KapOOHITpallisi, MAPTEHCUT, TOKPUTTS, 3HOCOCTINKICTh, MILIHICTh, MIKPOTBEPIICTh.
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SUMMARY

Lilia Kryvchyk Development of parameters of strengthening technologies of
pipe tools for the production of hot-pressed and cold-deformed pipes. - Qualifying
scientific work on manuscript rights.

Dissertation for obtaining the scientific degree of Doctor of Philosophy PhD
in specialty 132 - "Materials Science". - Ukrainian State University of Science and
Technology. - Dnipro, 2023.

The dissertation is devoted to the development of tool strengthening
technologies for the production of hot-pressed and cold-formed corrosion-resistant
pipes. The working conditions of this tool consist of variable loads, high
temperatures, intensive dynamic loads, significant wear in conditions of friction and
high specific pressure. The expediency of increasing the wear resistance of the pipe
tool is due to the need to increase its operational stability and consists in establishing
the regularities of the formation of the structure and properties of the experimental
metal due to the use of developed rational modes of thermal and chemical-thermal
treatment; application of wear-resistant coatings and amorphous alloys on the
working surface of the tool.

In the work, the methods of carrying out strengthening technologies of
volumetric hardening with repeated tempering and nitriding of the tool and
application of multilayer vacuum-arc coatings TiN, TiZrN, NbN, TiZrN/NbN,
TiN/CrN on nitrided stamp steels X40CrMoV5-1-1, 30WCrV17-2 for the
production of matrix rings, needles are developed - mandrels of pipe-profile presses,
as well as rollers, support bars and mandrels of KPTR machines with a significant
reduction in the time of obtaining diffusion layers of the working thickness.

These new methods, instead of the existing ones, will allow to significantly
increase the strength, wear resistance, durability, resistance to brittle destruction,
surface hardness of the tool.

Chemical-thermal treatment is one of the most effective methods of increasing
the durability and reliability of tools. This is primarily determined by the fact that



the chemical composition, structure, and properties of the surface layers of the metal
change during HRT, precisely those in which the maximum stresses are concentrated
during operation, cracks originate and develop, wear and corrosion cracking
processes occur..

The use of modern types of HTO significantly accelerates diffusion processes,
allows you to obtain a diffusion layer of adjustable composition and required
structure; it is characterized by minor deformations of products and a high class of
surface cleanliness, has great economy, increases the coefficient of electricity use,
reduces the consumption of saturating gases; meets the requirements for
environmental protection.

One of the main directions of modern materials science and heat treatment is
the creation of tool materials with a higher complex of properties and the
development of new strengthening coatings for their effective use in the manufacture
of tools.

The main advantages of HTO are related to the ability to effectively change
the properties of the surface layer by varying the chemical composition, creating a
predictable combination of properties of the surface of the product and the core.

In the development of effective technologies of HTO of steels, one should
take into account both the need to ensure the given surface properties and the
possibility of saving expensive and rare alloying elements.

The scientific value of the work also lies in obtaining new results that expand
the understanding of the nature of structure formation in the material of the surface
layers of semi-heat-resistant secondary hardening stamping steels X40CrMoV5-1-1
and 30WCrVv17-2.

Due to ionic nitriding of the hardened and twice tempered metal of the tube
tool in the gas plasma of the arc discharge, a solid solution structure is formed in the
surface layer, in which there are nitrides Fe,.sN (e-phase), FesN ((y’-phase) and
austenite saturated with nitrogen. This allows to raise the level of strengthening of
the surface of the tool to H=8000 —12000 MPa and operational stability by 1,5 -2

times. Such combined treatment is carried out for the first time for a pipe tool and is



protected by patent No. 151611 "Method of heat treatment of products made of
alloyed tool steels".

The paper also shows that the application of single-layer and multi-layer
vacuum-arc coatings TiN, TiZrN, NbN, TiZrN/NbN, TiN/CrN on alloyed stamp
steels using a low-pressure vacuum-arc discharge in a single technological process
significantly increases the mechanical and tribological properties of the surface pipe
tool up to 23000-25000 MPa, which will increase its service life by 1,5 -2,5 times.

The thesis shows the effectiveness of carbonitriding for a pipe press tool,
when carbonitride phases are formed in the surface layer, which are more plastic and
less brittle than during nitriding. The process has indisputable advantages in
comparison with other surface strengthening processes. The advantage of this
technology is the high speed of diffusion, uniformity of heating and saturation in
molten salts, which leads to increased wear resistance and corrosion resistance of
the surface, a reduction in the coefficient of friction by 1,5 — 5 times, and increased
performance a tool that works with cyclic loads due to the creation of compressive
stresses on the surface; after carbonitriding, a hardened layer consisting of several
zones is formed on the surface of the tool (the upper layer is a solid solution with
inclusions of € - carbonitride of the Fe3(NC) type, under which there is a zone of the
v" - phase of the Fe4(NC) type, under which there is a diffusion zone (heterophase
layer), which consists of a solid solution of carbon and nitrogen in iron with
inclusions of carbonitride phases, the hardness of which is much higher than the
hardness of the core

This treatment of a pipe press tool is carried out for the first time and is
protected by patent No. 146692 "Method of chemical and thermal treatment of a
pipe press tool made of tool steel”.

On the basis of experimental studies, the feasibility of applying an amorphous
alloy powder based on iron, nickel, silicon, and boron was proven in the work, which
made it possible to ensure high hardness and wear resistance of the surface of matrix
rings, rollers, and support bars. This treatment of a pipe tool is carried out for the
first time and is protected by patent No. 148695 "Method of strengthening a pipe



press tool from tool steel".

In the work, it is proposed to use X40CrMoV5-1-1 steel instead of
60S2KHFA steel for the manufacture of support bars and rollers of XIITP mills for
cold rolling of especially thin-walled corrosion-resistant pipes, which has higher
operational properties after tempering with tempering and subsequent HTO (ionic
nitriding in the plasma of DDR with the application of wear-resistant coatings) and
stability in work, reduces the idle state of KPTR, associated with the replacement of
the tool.

Real research was carried out in production conditions on the strengthening
of pipe press tools (matrix rings and needle mandrels) at different temperature
regimes of hardening using as a hardening medium instead of oil an aqueous solution
of the polymer medium Aqua-Quench 400, which is successfully used as an oil
substitute for hardening tools. The effect of tempering and tempering temperature
on the properties of the tool is considered and the optimal mode of tempering with
multiple tempering and nitriding to ensure the required properties of the pipe tool is
proposed.

In the work, a mathematical model of the distribution of the microhardness of
the diffusion zone in the surface layers of the tool after various types of chemical
and thermal processing is built, which is a consequence of the additive
superimposition of the laws of the kinetics of temperature fields, diffusion flows,
and phase transformations and indicates that diffusion saturation proceeds from the
surface of the product with the formation in the surface layer of phases with
maximum hardness.

The results of the implementation at "VO OSKAR" LLC and "PJSC Centravis
Production Ukraine™ of the technologies of volume hardening of the tool with
repeated tempering and nitriding, carbonitridation of the pipe tool and the
subsequent deposition of coatings of amorphous alloys based on Fe-C-Si-B and
wear-resistant TiN coatings, TiZrN, NbN, TiZrN/NbN on the working surfaces of
the tool, made it possible to obtain a significant economic effect by reducing tool

costs, reduce production defects by reducing the number of equipment adjustments,



and increase labor productivity during pressing and rolling on KPTR mills of
corrosion-resistant pipes, while stability of the instrument increased by 1,5 — 2,5
times.

The results of the dissertation work are implemented in the educational
process of the disciplines "Fundamentals of theory and practice of heat treatment of
metals”, "Peculiarities of technological processes of heat treatment of metals",
"Engineering of the surface of metal products” for students of the specialty 132
"Materials Science" of the National Institute of Physics and Technology of USUNT.

The economic effect of the introduction of the proposed technologies was
calculated, which amounts to UAH 424.5 thousand.

Key words: tool steels, nitrided layer, ion nitriding, carbonitridation,

martensite, coating, wear resistance, strength, microhardness.



