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Since the quality of metal items, their physical and
mechanical properties are significantly affected by the
technology of their manufacture and treatment, use of a
broad spectrum of various coatings with tailored prope-
rties has become a cutting-edge field in metal processing,
chemical technology, catalysis and mechanical
engineering. Functional applications of coatings are much
determined by their physical, mechanical and chemical
properties, such as micro-geometry and surface cohesion
energy of the item.

Samples of 12X18HI10T steel (80 um foil) modified
with ions of nitrogen, chromium, aluminium and
molybdenum by ion implantation were studied.

The samples were treated in the vacuum chamber at
the pressure of about 10~ Pa ensured by the fore-vacuum
system (fore-vacuum pump with a controlled electric
valve) and the high-vacuum system (diffusion pump with
a vacuum lock and controlled electric valve) and the
temperature below 100°C. The doping dosage of the
samples under study was D= 510" cm™ Ion flux is
initiated in nitrogen plasma, which is why surface of a
component part gets modified with ions of nitrogen and
the target metal, forming also nitride compounds.

Optical study of micro-geometry of the samples
surface was conducted with a MUM-7 microscope. It was
shown that ion implantation of aluminium results in the
smoother geometry and more uniform surface (Fig. 1, b).
Chromium ion implantation also partially smoothes the
surface, but the roughness of the surface is higher that that
of aluminium (Fig. 1, c). Implantation of molybdenum
ions causes higher roughness of the surface (Fig. 1, d).

Cohesion analysis was carried out by scratching with a
I[IMT-3 device. The data obtained are adduced in Table 1.
The results show the implantation to drastically reduce
cohesion with the samples surface regardless of the
implanted ion type.
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Ilpugedeni pezynomamu 00cniodyicenua Mikpozeomempii
ma Koze3ii noeepxonv, MOOUPIKOGAHUX MemodomM [OHHOV
iMnaanmauii Xxpomy, anioMiniio, monivoeny ma azomy.

KiouoBi ciioBa — ioHHa iMIDIaHTalls, BaKyyM, MiKporeo-
MeTpisi, MOAM(IKOBaHUIA 11ap, KOre3is.

l. BcTtyn

Sk BimOMO, Ha SKICTh BHUpPOOIB 3HAYHOIO MipOIO
BIUIMBAa€ TEXHOJIOTIA iX oTpuMaHHI. 30Kpema, (i3HKO-
MeXaHiuHI XapaKTepUCTUKH JeTaneil 3 MeTajiB abo
CIUIaBiB 3aekaTh 0araTto B YoMy BiJ BULY iX (iHIIIHOT
00poOKH (XIMIKO-TepMiYHA, MEXaHIYHa, IUIa3MOBa 1 Tak
nmami). CydgacHi MaTepianu 3 yciM HaOOpOM HEOOXITHHX
eKCIUTyaTallifHUX Ta TEXHOJIOTIYHUX  BIACTHUBOCTEH
HEMOXXJIUBO OTPUMATH 0e3 MoJaTKoBOI 00poOku. Tomy
OCTaHHIM YacOM aKTyaJIbHUM HalpsIMOM B MeTanoo0po0-
i, XIMIYHIH TEXHOJOrii, KaTaji3i, MalIMHOOYIyBaHHI
CTaJI0 3aCTOCYBAHHS Ha JIETAISIX BEJIMKOI'O CIEKTPY Pi3HO-
MaHITHUX TIOKPUTTIB 3 Harlepe 3aJlaHIMH BJIACTUBOCTSIMH.
OyHKIioHANBPHE TPU3HAYEHHS! TOKPHUTTS 0araro B 4OMY
BU3HAYAETBCS (DI3MKO-MEXaHIYHUMHU 1 XIMIYHUMHU Xapakrep-
PHCTHKAaMU, TAKAMH SIK MIKPOT€OMETpisi Ta €Heprisi Koresii
MOBEPXHEBOI'O IIIapy BUPOOY.

YacTo BUKOPUCTOBYBAHUM MaTEPiaJioM B Pi3HUX Tajy-
351X ipomucioBocti € cranb 12X18H10T. Mo’ s3an0 1e 3
1l BHCOKOIO MIITHICTIO, TEIUIONPOBIAHICTIO, KOPO3iHHOI0
CTIMKICTIO y BEJIMKOMY Jiana3oHi cepenoBuil. Tomy, B
poboti Oynmu mociimkeni 3pasku i3 crami 12X18HI0T
(pompra 3aBroBmkM 80 MKM), MomudikoBaHi 10HaMu
a30Ty, XpOMY, aJIOMIiHII0 Ta MONIOAEHY 3a JOMOMOIOI0
10HHOT IMILTaHTAITi1.

[I. OcHOBHa 4YacTuHa

Cytb TexHoorii i0HHOI IMITTaHTaNii monsrae B 3a0e3-
neyeHHi OomMOapyBaHHS MyYKOM 10HIB HOBEpXHIi jaeTaii
3a JIONIOMOT'OI0 JDKEpEsa 10HIB 3 METOI0 iX BIPOBAPKEHHS
B NPUIIOBEPXHEBUH MIAp i CTBOPEHHSA MOAMU(IKOBAHOTO
niapy 3 BJIACTHBOCTSIMH, BiJMIHHHMHU Bill BJIACTHBOCTEHl
OCHOBHOT'O Marepiainy [1, 2].

O0poOka mpoBouiIacs y BaKyyMHiH Kamepi MpH THC-
Ky 6misbko 107 ITa, 3a6e3medyBaHOMY CHCTEMOIO TIOTEpEst-
HBOTO Bakyymy ((OpBakyyMHHII HACOC 3 KEpOBaHUM
ENIEKTPOKIIANIAHOM) 1 CHCTEMOIO TJIHMOOKOI'0 BaKyyMy
(mudysiitHnit Hacoc 3 BaKyyMHHM 3aTBOPOM 1 KEPOBAaHUM
eNIEKTPOKIIaNiaHoM) 1 TemrepaTypi Menme Hixx 100°C.
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OCKiJIbKM 1HTCHCHUBHICTh BIUIMBY Ha BJIACTUBOCTI Mait
OyTHBROro MOJHM(}IKOBAHOI'O MIAPY NP 10HHINH IMIUTaH-
Talii 3aJeKUTh Bix m03u jeryBands D [3] 1 € makcu-
ManbHOK mpH po3ax ommsbko 10'7-10" om?, To s
JIOCHI/DKEHHST OynM y34Ti 3pa3Ku 3 JI030I0 JIETYBaHHS
D=~ 510" em™. Tlporiec ininiamii i0HHOro MOTOKY BiaGY-
Ba€THCS B a30THIH IU1a3Mi, TOMY TOBEpXHS JI€Tali MOIH-
(ikyeTbCs 10HAMH a30Ty Ta LIBOBOTO METally, CTBOPIO-
I0YH TaKOX HITPHUIHI CIIOTYKH.

OnTuuHi TOCHiPKEHHST MIKpOreoMeTpii MOBEpXHi 3pa3-
KiB TIPOBOJIMJIMCSl 33 JIOOMOro Mikpockorry MUM-7.
Awnani3z mikpogororpadiii (30inbmenas B 1500 pasiB)
noBepxHi (puc. 1) moka3as, IO MiCJIsl 1I0HHOI IMITTAHTALI
AIIOMiHIIO penbed) MOBEpXHI 3IIIAKYETHCS 1 TOBEPX-
HeBHH mIap HaOyBae omHOpigHUN Xapakrep (puc. 1, 0).
IMmnanTanis i0HIB XpOMY 4aCTKOBO BUPIBHIOE MOBEPXHIO,
aje i1 MIOpCTKiCTh Oibllla HiXK y ajJroMiHilo (puc. 1, B).
[likaBa KapTHHa CIOCTEpITa€Thbcsl MPH BBEICHHI 10HIB
MoniOaeny (puc. 1, r). Ha ¢oni rmagkoro penbedy, B
JMAHOMY BHUIANKY, IyX€ TIOMITHI BEIHKI UMD —
rpeOiHIi 3 OUIBIINM 3HAUYEHHSIM BUCOTH HIX JI0 OOPOOKH.

W

Puc. 1. Cmpyxkmypa cmani 12X18H10T :
a — 00 ivnaanmayii, O — nicas imnaanmayii ionie azomy
ma aniominilo; @ — nicia iMnIanmayii ionie azomy ma Xpomy;
2 — nicns imnnanmayii ionie azomy ma moniooemny

JIs KiIbKICHOTO aHalizy MiKporeoMeTpii MOBEpXHi
Oynu mpoBeieHI BUMIpH BHCOT HEPIBHOCTEH 3a JOMO-
Mororo MikpoiHtepdepomerpy Jlinnika MUN-4. Pesynbratu
JIOCITI/IIB TIOKA3ay, 10 y HeoOpoOneHoi (oybrv 3HAUEHHS
BUCOT HepiBHocTel Oyno B mianasoni 0,32+0,64 MM, y
amominio — 0,25+0,32 mMxM, y xpomy — 0,31+0,36 MM, y
Momioaeny — 0,52-+0,87.

Pe3ysnbpraTi qOCHiHKEHHS [TOKa3aiH, 10 Mpu 00poOI
3paska i3 crami 12X18HIOT ionamu azory i Xpomy 3
D=510" cm? BigOyBaecThcsi 3MEHIICHHS iamasoHy
BHCOT HEpIBHOCTEH OLNBII HiK Ha TMOPSIOK (3IiIa/iKy-
BaHHS MiKpopenbedy), a30Ty Ta alloMiHi0 — B 3 pasu, a
NpY IMIDIaHTaNii B MiJKIAAKY 1OHIB a30Ty 1 MONiOneHy

BiIOYBA€THCS SIBHE 3MIIIICHHSA MaKCUMYMIB i MiHIMyMiB B
OlITBIITYy CTOPOHY TPH MaiiKe PiBHIN Pi3HUIII.

BigminHicTe B Mipi epo3il HMOBEpXHi, 3aJIe)KHO BiJ
PI3HUX IMIDIaHTATIB (XpoMy i MOJiOeHy), MOXKHA TOsIC-
HHUTU PI3HOI0 MIBHIKICTIO PO3MMIIOBAHHS, IOB’S3aHOIO
CKOpiIll 32 BCE 3 MACOIO Ta PO3MipaMH IIIbOBUX 10HIB.

OueBUIHO, IO IMIUIAHTAIlSl HE JIMIIE MiHS€E MIKpO-
TEOMETPII0 ITOBEPXHi, ajie 1 BIUIMBAE Ha CHEPreTHYHHMH
CTaH, 30UTBIIYIOYH KiJBbKICTh Pi3HUX AE(EKTIB B ITiKIA-
ui. Tomy B 1iii poOOTi mpoBenu OIIHKY CHIM Koresil
(cuin B3a€MOIIT MiXK aTOMaMH Ta MOJIEKYJIaMH yCepenuHi
MOH(DiKOBaHOTO 1Iapy).

AHani3 Kxoresil NpPOBOIWIM METOAOM JpSIaHHSA 32
nonomororo npunany [IMT-3. Orpumani naHi npuBeeHi
B TaOm. 1.

Tabnuysa 1
Ouinka cuin koresii MoaM¢iKoBaHOr0 MOBEPXHEBOr0
apy, Npyu HaBaHTa:KeHHi Ha iHeHTOp, piBHOMY 5T

3pasok Ocrosa OcHoBa + | OcuoBa + | OcHoBa +
P N,+Al | N,+Cr | N+ Mo
BeJ‘II/I'.-I"I/IHa CHIH| e 6.98 698 5o
koresii, ['Tla

Pesynapraty moOKasamM, W0 IMIDIAHTALisl CHIIBHO
3HIKYE CHILY 3UCIUICHHS B MOBEPXHi 3pa3KiB HE3AJIKHO Bil
THITYy BOPOBA/PKEHUX 10HIB. B CBOO 4epry 1ie CBiTYUTH IPO
Te, 1m0 00poOKa 3a JaHMM METOIOM HEep)KaBilo4oi cTaii
TIPU3BOUTS JI0 30LIBIICHHS il TUTACTHYHOCTI Ta 3arodirae ii
TEPMIYHOMY PYHHYBaHHIO BHACIIJIOK JIAMKOCTI Ta JIOKAJb-
HHX TIeperpiBiB.

BucHoBok

TakuM YMHOM, HE JMBITYMCH HA T€, IO METOJ iOHHOI
IMITIaHTAIii IIMPOKO 3aCTOCOBYETHCS B MAIIIMHO OYyBaHHI
1 Meranmyprii Uil OTPUMaHHS 3MIIHIOIOYUX, TBEPIMX 1
3HOCOCTIMKMX IIOBEPXOHb Ha IHCTPYMEHTAX, JETasIX
MallvH, BiH OE3yMOBHO BIUIMBAE Ha (Pi3UKO-MeXaHiuHi i
XiMIYHI BJIACTUBOCTI TBEpAMX TUI. TOMy MOXHa BBa)KaTH
HEpPCIICKTUBHUM TAaKOK BHBUCHHS KATATITUIHMX, TEIUIO-
¢i3MYHMX 1 KOpO3ifHUX BIACTHBOCTEW IOBEPXOHb, MOJIH-
(hikOBaHUX 3a JOIMOMOrOI0 10HHOI IMIUIAHTALil 3 METO
LIMPOKOTro 1X 3aCTOCYBaHHS B XiMiuHiH, (apMaleBTUUHIH,
Xap4oBii 1 IHIIMX TaTy3sIX IIPOMHCIOBOCTI.
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