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CYYACHI PO3POBKH B OTPUMAHHI TA 3ACTOCYBAHHI AHTU®PUKIIMHNAX
TA 3BAXUCHUX HOKPUTTIB 3 HITPUAY BOPY (h-BN TA c-BN)

Tlokpumms abpaszusHux 3eper Ol IHCMPYMEHMY 018 AIMA3HO-AOPA3UBHOI 0OPOOKU € OOHUM 3
BAJICIUBUX (haKmMopie 6NIUGY HA 3MIHY U020 GIACTMUBOCMEN Ma NiOGUWeHHs cmiukocmi. B cmammi
nepesasdicHa yeaza 3yNUHeHd HA CYYacHUX nyonikayisx, noe I3aHux i3 HaHeCeHHAM HA aOpa3usHi 3epHa came
nokpummie 3 nimpudy 6opy (h-BN ma c-BN). Jocrioxcenns sapoodsicenns BN 6 amomnomy macuima6i modice
Oymu KopucHum O0Jis NIAHYBAHHA eKcnepumenmie 3 eucomosnenns nuieox h-BN. Lepiesi abpaszusu peanizyeanu
HO8Y (DyHKYil0 HAO3Mawy8anus nid wac nonipysanws saeosaxu noxkpummio 3 h-BN, zanobicarouu nowrxoo-
JHCEHHAM | docsAearuu Hao2nadeHbKoi nosepxwi. Posenanyma makoosic misxcghasna 83a€mMo0is Mixc aimazom i
eexcazoHanbHum Himpuoom 6Oopa (hBN). Awnaniz npoceiuyiouoi enekmpoHHOi MIKPOCKONII 3 6UCOKOI0
PO30INLHOIO 30AMHICMIO NOKA3A8, WO MOHKI NAieKU KyOiuHo20 Himpudy bopy ckiadaromucs i3 cymiui ¢as c-
BN i t-BN, npuuomy c-BN ¢ Oominywouorw ¢hazow. Ilokazano, wo 3meHuienus nepiody mooyaayii €
epekmusHuUM CnOCOOOM NONINUIEHHA MEXAHIYHUX | mMpuboIOSivHUX elacmueocmeli 6a2amoulaposo2o
Komnozuyitinozo nokpumms cBN/NCD. To6mo, po3pobku y HanpsamKy CimeopenHts Ha ROGEPXHI WTihnopoukie
anmasnux 3epen nokpummie 3 nimpuoy 6opy (h-BN ma ¢-BN) € saxciueumu i akmyanonumu 0ns niosuwentist
EKCNIYAmayiiiHuX Xapakmepucmux aiMazHo20 Wiig)y8anbHO20 IHCMPYMEHmY.

Knrouosi cnosa: anmuppuxyitine i 3axucte nokpummsi, ROKPUmMms 3 HIMpuoy 0opy, Mexauiui i
MpubONOSIUHI 81ACMUBOCHI, AIMA3HI 3ePHA.

Beryn

JI1 nocsiTHEHHS rapHOi pi3ajIbHOI 3AaTHOCTI UTI(hyBAJIBHOTO IHCTPYMEHTY CJI1J] 3a0€311eUUTH
30UIBIIEHHS KUIBKOCTI PLKYYHX 3epeH (PO3BMHEHHS MiKpopenbedy MOBEpPXH1) y HITi(IOPOLIKIB
CUHTETUYHOTO anMmasy Ta/abo kyOiuHoro HiTpuay 6opy (cBN). Ilpu mpoMy BakiuBo, 1100 3epHA
aOpas3uBy He TIJbKHU JIOCTATHHO BHCTYIAJIM HAJ MOBEPXHEI0 poOOUYOro 1iapy iHCTpYMEHTY, a Iie i
nobpe yrpumyBanucs y 38 s311. 3epHa HTM wmatots pizHy Mopdosorito Ta, BIAMOBIAHO, Pi3HATHCA
3a MiIHICTIO. UMM 3epHa MIlHIII, THM TJIaJKIIIOI € X MOBEPXHs, 1 TOMY OUIBII BaXXJIMBUM CTa€
3aKpIIUIEHHS TaKoro 3epHa y 3B’s3mi. Tak, MilHII 3€pHa MNOTPeOyHOTh MILHINIOI 3B’S3KH,
HamnpuKiad, He TOJIMEepHOi, a MeTamiyHoi. PasoM 3 TUM, moJiMepHI 3B’S3KH € OUIbII
TEXHOJOTTYHUMHU. ToMy caMe JUIsl TaKUX BUIIAIKIB 13aCTOCOBYIOTH NOKpUTTS 3epeH HTM. Kpiwm Toro,
Cy4acHl TeXHOJIOTii abpa3uBHOI 0OpOOKM MaTepiasliB MOTPeOYIOTh BUKOPUCTaHHA B aOpa3uBHOMY
IHCTPYMEHTY OLIbII MIIHUX MOPOLIKIB 3 YHIKaJbHUMHU BIACTHUBOCTSMU TEPMOCTAOUIBHOCTI Ta
3HOCOCTIMKOCTI, crienugiqHor0 MOpdOJIori€ro 3epeH abpa3uBy 3 MiJABUILEHOI BEIHUYUHOI MUTOMOT
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MOBEPXHI, SIKa MOKpaIye mporec GopMyBaHHS 3aXUCHOTO TIOKPUTTS 3€PEH ISl KPAIIOTO YTPUMAaHHS
B 3B’SI31I1 Ta JIJIsl JOCSATHEHHS IT1IBUIIEHOT XIMIYHOT 1 TEpMIYHOT CTIHKOCTI.

Mera crarTi

CnpsimoBaHa 3MiHa MOBEPXHEBOTO APy adpa3uBHUX MATEpiajliB € OAHUM 3 YHHHUKIB 3MiHU
iX BIACTUBOCTEH Ta KCIUTyaTalliiHUX XapaKTepUCTHK. TOMy IIbOMY MOCTIHHO MPHUILISAETHCS yBara
JOCIIITHUKaMHU, OCOOJIMBO Yy HamNpsMKy HAHECCHHS Ha IOBEPXHIO 3€peH aOpa3uBiB PI3HHUX
(YyHKIIOHAILHUX TOKPHUTTIB: OKCUIHHX, KapOiTHUX, HITpUAHUX. B maHiii cTaTTi HaMH 3ynHHEHA
yBara Ha HaWHOBIIIMX Cy4YacHHX po3poOkax, a came 2023 poKy, B HaHECEHHI PI3HUX 3aXHUCHUX
MOKPUTTIB Ha TIOBEPXHIO alMa3iB Ta CYMyTHIX MarepiaiiB, AKi (OpMyIOThCS 3 HaAHO-, CyOMIiKpoO-
Ta MIKPOIIOPOIIKIB HITpUAY OOPY, B TOMY YHCIII KyOid4HOTO.

AHaJIi3 Cy4YacHHX J10C/IiIAKeHb

OcraHHI JOCTI/DKEHHS B IIpollecax ajaMa3HOi OOpOOKHM IOB’s3aHi 13 OCOOJMBOCTSIMHU
Mo udiKallii TOBepXHi aMa3iB JIsl CIIPSMOBAHOI 3MiHU iX BiactuBocteil [1]. JloBenena eexruBHa
3axucHa (mpotu okucieHHs) ais okcumiB (B20s3, TiO2 ta Al2Os3), a Takok KapOigiB Ipud MOIH-
(dikyBaHHI TIOBepXHI anMma3HuX 3epeH [2]. [l Hac Taki JOCHIIKCHHS € MIKaBUMHU 3 TOYKH 30PY
HAHECEHHs HITPUAHUX MOKPUTTIB Ha anma3 [3, 4]. Came ToMy B JlaHOMY OIJIsiIi OCHOBHA yBara
MpUJIJICHA BUKJIAICHHIO CydYaCHUX PO3POOOK, OB’ SI3aHUX 13 BKA3aHUMH BUIIIC MUTAHHSIMHU.

Bukian ocHOBHOro Martepiajy

[ToxpuTTst abpa3uBHUX 3epeH I IHCTPYMEHTY JUIsl aIMa3HO-a0pa3uBHOT 0OPOOKH € OJJHUM 3
BXUIMBHX (PAKTOPIB BIUIMBY Ha 3MiHY HOTO BIACTUBOCTEH Ta MiABUILEHHS cTiKOCT. B ganiif po6oTi
HaMH [IEPEBAXHO MPUAICHO YBary ImyOJiKamisM, OB’ sI3aHUM 13 HaHECEHHSM Ha aOpa3uBHI 3epHA
came 6op-HiTpuauux mokpuTTiB (N-BN ta c-BN), npruoMy My 3ymUHUIKCSA Ha CydacHUX pO3pOOKax
2023, oCKUIBbKH LI HAIIPSIMOK OCTAaHHIM 4aCOM € BXKJIMBHM 1 aKTYaJIbHUM.

AUte criovaTKy 3BepHEMO yBary Ha po3poOKy 3 CTBOPEHHSI HOBUX TiOpuaHuX cTpykTyp BN [5].
HanrBepai BN martepianu 3 peryjibOBaHMMH BJIACTHMBOCTSIMH MOXXYTh MAaTH TOTEHIIHHE
3aCTOCYBaHHS 3a €KCTpeMaJbHMX yMOB. BiciM HoBuX cTpykryp BN 3ampomnoHoBaHi HUIIXOM
nonimepu3anii Hanotpy60k BN (BNNT), BKIIFOUa04H ABi MOBHICTIO Sp>-TiOpHAN3aLiiiHI CTPYKTYpH
(tP14-BN i tP16-BN), 1Bi nosHicTio ribpuausarniitai ctpykrypu sp® (hP24-BN i hP48-BN) i wotupu
ribpuausaniitai  ctpykrypu  sp?/sp®  (mP44-BN, 0I28-BN, mP76-BN i mP84-BN). Bmepure
TIOBiZIOMIIAETLCA PO YOTHPH HAATBEpAi cTpykTypH sp2/sp® BN (B:N = 1:1). Crizx 3a3HauuTH, 10
mP76-BN i3 TBepaicTio 52,55 I'Tla € HaHTBEPAIIIO0 CTPYKTYPOIO CEPEN yCiX 3apeecTpoBaHmX SP/sp°
Fi6pI/I,[[HI/IX ctpyktyp BN (puc. 1). Kpim Toro, 0I28-BN, mP76-BN 1 mP84-BN nemoHCcTpyIOThH
BHCOKY B’SI3KICTh 10 pyHHyBaHHs. Lle mociimkeHHs po3kpuBae mexaHizm mnepexomxy BNNT min
BUCOKMM THCKOM 1 TEOPETHYHO MpeAcTaBise eQEeKTUBHUM LUIAX Ul OTPUMAaHHA ULUIIXOM
ribpumsanii sp?/sp® HoBux HaxTBepAMX anorpomis BN.

3 puc. 1 moxnuBo ysBuTH miana3zoH tBeppocteir h-BN ta c-BN, tomy nmani posrisiemo
myOJikalii 3 HaHeCeHHS IUTIBOK 3 LIUX MaTepialiB.

Tak, B ctarTi [6] nocnimKyBainu eHeprito yTBOpEeHHS Ta cTabiIbHICTh KinactepiB h-BN Ha 10
TUIAX TOBEPXOHb MepexigHUX MeTaniB. Pesymbratu cBigdarh, mo kiacrepu h-BN Ha pizHux
METAJIYHUX MiJKIaJKax MOXYTh 3a3HaTH Iepexojly 10 HaWOuIbll cTabuUIbHOI CTPYKTYypH NpHU
KPUTHYHOMY PO3MIpi, ajie BiH € pI3HUM JUII MeTalIYHUX IiAKiIagok. Hal6uibm cTabiabHl CTPYKTYpH
nns knactepis BN Ha mosepxmax Cu, Pd i Co 3MiHIOIOThCA Bin maHmoromomiGHoi 10 sp’-
CTUIBHUKOBOI IPH KPUTHUHOMY po3Mipi n =8, 7 1 8 BignosiaHO. [Ticist iporo CTUILHUKOBA CTPYKTYpa
CTae HAaWOUIbII E€HEepreTHYHO BUTIJHOIO 1 NMPOJOBXKYE POCTH, IMOKM HE TOKPHE BECh CyOCTpar.
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Hocnimxenns 3apomxenHs BN B aromHoMy Macmitabi Moxe OyTH KOPHUCHMM ISl TJIaHYBaHHSA
eKCIIEPUMEHTIB 3 BUTOTOBJICHHS 1U1iBOK h-BN [6].
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Puc. 1. Cxemamuune npedcmasnenns nozuyii Hogux Haomeepoux aromponie BN, ompumanux
wiiaxom nonimepuszayii nanompybok BN [5]

OTpuMmaTy MOBEPXHIO IJIABJICHOI'0 KPEMHE3eMy Ha aTOMapHOMY PiBHI 3 BUCOKOIO IIBUKICTIO
Bumanenas Matepiary (MRR) 3a momomororo XimiuyHO-mexaHiuHoro moiipyBanHs (CMP) e
CKJIaJTHUM 3aBJaHHsIM. J{71s1 BUpimeHHs 1iboro Oya po3po0ieHa HoBa cycnensis it CMP Ha ocHOBI
oJieaty Kajiro Ta JIei0HI30BaHOI BOJIU 3 BUKOpUCTAaHHAM abpa3uBy CeO2, MOKPUTOTO reKCaroHaIbHIM
HiTpuaom 6opy (h-BN), sikuii 3MeHIIye TepTs B 30H1 KOHTaKTy [7]. LlepieBi abpa3uBu peainizyBanu
HOBY (QyHKImif0o Ham3mamryBaHHS mig dac CMP 3aBasiku 1[bOMy TIOKPHTTIO, 3aro0irarodu
MOIIKO/HKEHHSM 1 JOCATal0YH HaArIaAeHbKOI MOBEpxHi (puc. 2).
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Puc. 2. Cxemamuune npedcmagnents Mexamizmy HA03Mauyy8aHusa 3a 00nomo2oiw h-BN nio yac
CMP nnasnenozo kpemmnesemy [7]
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JlocmikeHHs iATBEPAIIN, 10 TOBIIUHA MOMIKOpKeHoro mapy miciast CMP ctanoBUTS nuie
2,7 aM. MRR npu npomy cknagae 31,92 MM Ton ! mix wac CMP, a mopcrkicTs moBepxHi (Sa)
cranoBuTh 0,124 am micas CMP. Li pe3ynbTaTt yMOXKIUBIIOIOTh HOBI IIIXOIH 10 OTPUMAHHS JJIs
KPUXKOrO Marepiajly MOBEpXHI Ha aroMapHOMy Macmrtabi 3 BucokuM MRR 3a pgomomororo
CHHEPTiYHOTO eeKTy abpa3uBiB.

B po6ori [8] po3rasiHyTa BKe iHIIA MibK(a3zHa B3aEMOJIIS MK aJIMa3oM 1 FeKcaroHaJIbHUM
HiTpugom Oopa (hBN). Cnabka BaH-nep-BaanscoBa (vdW) B3aemonis mixk hBN i1 anmazom 3
BOJIHEBUMH KiHIleBUMU Tpyrnamu (H-anmmas) 3abe3neuye OCHOBY Ui BBEICHHS KyTa 3aKpydyBaHHs
SK HOBOI CTENeHi CBOOOAM I MOJIYJIAIIi BIACTUBOCTEH TerepocTpyKTyp (puc. 3). PesynbraTtn
3aCBIYIIIM, IO JIOAATKOBI BiJIBHI OpOiTali, SIKi yTBOPIOIOTHCS BHACIIIOK CIIOHTAHHOI peakcarlii
hBN npu 6inbmiii gedopmariii, BUKIMKaHO CKPYYyBaHHSIM, MOXYTb MOCHIUTH VAW -3B’S30K MiXk
hBN i H-ammazom, 1o Oyze cupusiTi IEpeHoCy 3apsiay Ha MEXi po3iTy, TAM CaMUM ITOCTa0Is09n
MOBEPXHEBE PO3CISTHHS JJOMIIIOK 1 301IBIIYI0YH HAKOTIMYCHHS AIPOK Ha moBepxHi H-anmasa.

o peui, Byraenesi Touku (CD), cBoro poay HaHomatepiaiu Ha OCHOBI BYTJICIO, IIIHPOKO
BUKOPHCTOBYBAJIUCS SK BHCOKOS(EKTHBHI MacTwibHI mnpucanku [9]. HemonmaBHi mociikeHHs
MOKa3yH0Th, 1110 JICTYBaHHS IMOBEPXHI reTepoaToMaMu, 0COOIMBO JICKUTbKOMA T'eTepOaTOMaMu, MOXKE
3HaYHO MIABHINUTH iXHI TpuOONOTiuyHi XapakTepuctuku. [Ipmuomy BcranoBieHo [9], 1m0
tpubonoriuna noseainka N,B,P-CD e kpamoro, Hixk y N,B-CD Ta P-CD 3a ieHTHYHUX yMOB
BUNIPOOYBaHHS, JNEMOHCTPYIOUM 0araTroaTOMHHMH CHUHEpriyHWi edekT 3MarryBaHHS. BiaminHi
Tpubosoriuni xapakrepuctuku N,B,P-CD nosiCHIOIOTBCS iX CHIPHUSTIMBOIO TUTIBKOYTBOPIOBAIBLHOIO
3IATHICTIO Ta €()eKTOM HAaHO3MAIIICHHS Ha PI3HUX CTAJisX TEPTS.
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Puc. 3. Hayxosi npunyunu 3acmocysanus ciabkoi an-oep-6aanvcogoi (vdW) ezaemodii misic
2excaconanbHum Himpuoom 6opa (hBN) i atmazom 3 6oonesumu kinyesumu epynamvu (H-amasz) [8]

3aKIIOYHUMU Y HAIlOMYy HEBEIMKOMY OISl € JABl IMyOsikaiii, IpUCBSYEH! 3aXHCHUM
MOKPHUTTSM i3 3aCTOCYBaHHAM KyOiduHOTO HiTpuay 6opy (c-BN).

B crarri [10] posrmsimanuicss TOHKI IUTIBKM TypOocTpaThyHoro HiTpumgy 6opy (t-BN) 1
KyOiuHOro Hitpumy ©Oopy (C-BN), BuporieHi Ha B-leroBaHoMy MOJIKPUCTAIIYHOMY Ta
MOHOKPHUCTAIIYHOMY ajiMa3i. AHali3 MpOCBIYYIOYOi €JEeKTPOHHOI MIKPOCKOMIi 3 BHCOKOIO
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PO3IIBLHOO 3/IATHICTIO MTOKA3aB, 110 TOHKI IUTIBKK KyOI4YHOTO HITPULy 00PY CKIATAIOTHCS 13 CyMilIT
¢a3 c-BN i t-BN, mpuuomy c-BN € nominytouoro ¢aszoro. Lli BUCHOBKH Aai0Th I[IHHY iH(OpMAIito
npo xapaktepuctuku c-BN 1 anmaszHux iHTepdelciB 1 MalOTh BAXXJIMBE 3HAYCHHS IS YIIPABIIHHS
TEMIIepaTypolo MpH iX 3aCTOCYBaHHI.

B po6orti [11] 6araromapose kommno3wuiiiitHe mokputtss cBN/NCD (kyOiunuit HiTpua 6opy Ta
HAHOKPUCTATIYHUNA anma3) 3 mepiogamu Moxymnii 1 mxm, 1,5 Mxm Ta 3 MKkM Oyno HaHeceHO 3a
JOTIOMOTOI0  JTIHIHHOTO 1OHHOTO JDKEpena paaio4acTOTHOIO MAarHeTPOHHOTO PpO3NWJICHHS Ta
MIKpOXBHJILOBOTO  IJIA3MOXIMIYHOTO  oca/pkeHHss 3 mapoBoi  ¢asu  (MPCVD)  Ha
BOJIb()paMOKOOATbTOBMX TBepaux ciuiaBax (YG6) 1 kpeMHiEBUX MigKiIaakax. BeraHoBieHo, mo i3
3MEHILEHHSM NEepioJiB MOAYJIALIT MIOPCTKICTh MOBEPXHI OaraToapoBUX KOMITIO3UIIIMHUX MTOKPUTTIB
cBN/NCD masa TeHIeHII10 10 MiABHUIICHHS, ajle MEXaHIYH1 BJaCTHBOCTI 3HAYHO moinmmiaucs. [lpu
3MEHILICHHI MePi0 Ty MOIYJIAMIT 10 1 MKM 3aJIMIIKOBI HAPYKEHHS KOMITO3HLIIHHOTO TOKPUTTS MOXKYTb
OyTH 3HIKEHI, a TPINMHOCTIMKICTD MiABUITYEThCsI. BunpoOyBaHHs Ha TEpTs 1 3HOC 3aCBiTUMIIH, 1110
3HOCOCTIHKICTh OararomapoBoro Kommo3umiiHoro mokputtst cBN/NCD moB’s3aHa 3 3aTUIIKOBHMHA
HaNpy>KEHHSIMH 1 B’S3KICTIO pyiHyBaHHsI, Koe(ilieHT TepTs 30epirae crabinpHicTs Otg 0,12-0,15, a
IIBUJIKICTh 3HOCY 3HAYHO 3HWKAETHCS 13 3MEHIICHHSM Tepiogy moxyisiii (puc. 4). Tum camum, B
po6ori [11] mokazaHo, 10 3MEHILIEHHS MEPioAy MOAYJALIl € ePeKTUBHUM CIOCOOOM MOMIMIICHHS
MEXaHIYHHX 1 TPUOOJIOTTYHUX BJIACTHBOCTEH 0araTomapoBoro KOMIo3uiiiHoro mokputtst cBN/NCD.

5.8 20
5.6} 118
g 54l 116 —
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5 46 p
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3 42 3
9 =
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Modulation periods (pum)

Puc. 4. Mexaniuni xapakmepucmuxu ma 3H0COCMIUKICMb 6A2amouapo8020 KOMNOZUYIUHO20
noxkpumms cBN/NCD npu piznux nepiooax mooynayii [11]

BucHoBku

AHaUti3 JiTepaTypHUX JJaHUX CBITYHUTH PO €PEKTUBHY [0 came OOp-HITpHIHUX TMOKPHUTTIB (h-

BN ta c-BN). Tak, nocnimkenns [5] po3kpuae mexanizMm nepexoxy BNNT mijg BUCOKUM THCKOM 1

TEOPETUYHO TIPEACTABIAC eeKTMBHUH IUIAX IS OTPUMAHHS IUIAXOM Tibpummsanii sp?/sp® HOBHX

HanTBepaux anorpomniB BN. Jlocnmimkenns 3apomkeHHs BN B aromHoMy Macmtabi mMoxe OyTu

KOPHUCHUM JUIsl TUIAaHYBaHHS EKCIIEPUMEHTIB 3 BUrotoeieHHs ruiiBok h-BN [6]. LlepieBi aOpaszuBu
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peanizyBaid HOBY (DYHKIIFO Haa3MalllyBaHHs IIiJ] Yac MOJIpYBaHHS 3aBaskud TOKpUTTIO 3 h-BN,
3aro0Irarouy MOIIKOKSHHSM 1 IOCSATalouM HaArIaeHbKol moBepxHi [7]. B pobori [8] posrisHyTa Bxke
iHIma MixdQasHa B3aEMOJIiS MK aliMa3oM 1 rekcaroHambHUM HiTpugoM 6opa (hBN). Crnabka Ban-mep-
BaanbcoBa (vdW) B3aemomist mibk hBN 1 anma3om 3 BogHeBMMH KiHIeBuMH rpynamu (H-ammaz)
3abe3neuye OCHOBY JUIS MOJAYJISMIi BIACTHBOCTEH OTPUMAHMX TeTepocTpykTyp [8]. Amnamis
MIPOCBIYYIOYOi €JIEKTPOHHOI MIKPOCKOITIi 3 BUCOKOIO PO3AUILHOIO 37aTHICTIO Moka3aB [10], mo ToHKI
IUIIBKK KyOiuHOTO HiTpuay Oopy ckmamarorbes i3 cymimi (a3 c-BN i t-BN, mpuuomy c-BN €
JIoMiHyrouor0 ¢azor. B poboti [11] mokazaHo, 1m0 3MEHIIEHHS MEPioAy MOIYJAIIl € eheKTUBHUM
CIOCOOOM TIOJIMIIICHHS! MEXaHIYHUX 1 TPHOOJIOTIYHUX BIACTUBOCTEH 0araTorapoBoro KOMIO3UIIIHOTO
okputTsi cBN/NCD. To0T0, po3po0KH y HanmpsIMKy CTBOPEHHS Ha IMTOBEPXHI MUTI(DITOPOIIKIB alIMa3HUX
3epeH NOKpUTTiB 3 Hitpuay 6opy (h-BN Tta ¢c-BN) € BakiMBUMH 1 aKTyalbHUMH JUIS ITiABUIICHHS
eKCIUTyaTallitHIX XapaKTEPUCTUK aJIMAa3HOTO NUTI(DYBAIBHOTO IHCTPYMEHTY.

V.1. Lavrinenko?, G.A. Petasyuk?, V.G. Poltoratskyi', V.V. Skryabin?,
V.Yu. Solod?, L.A. Prots®

V. N. Bakul Institute for Superhard Materials of National Academy of Sciences of Ukraine
Dniprovsk State Technical University,Ukraine
$Uzhgorod National University, Ukraine

MODERN DEVELOPMENTS IN THE PRODUCTION AND APPLICATION OF ANTI-FRICTION
AND PROTECTIVE COATINGS FROM BORON NITRIDE (h-BN AND c-BN)

The coating of abrasive grains for a tool for diamond-abrasive processing is one of the important
factors influencing the change in its properties and increasing its stability. The article focuses mainly on
modern publications related to the application of boron nitride (h-BN and ¢c-BN) coatings on abrasive grains.
The study of BN nucleation at the atomic scale can be useful for planning experiments on the production of h-
BN films. Cerium abrasives have implemented a new function of superlubrication during polishing thanks to
h-BN coating, preventing damage and achieving an ultra-smooth surface. The interfacial interaction between
diamond and hexagonal boron nitride (hBN) is also considered. High-resolution transmission electron
microscopy analysis showed that cubic boron nitride thin films consist of a mixture of c-BN and t-BN phases,
with ¢-BN being the dominant phase. It is shown that reducing the modulation period is an effective way to
improve the mechanical and tribological properties of the cBN/NCD multilayer composite coating. That is,
developments in the direction of creating boron nitride coatings (h-BN and c-BN) on the surface of grinding
powders of diamond grains are important and relevant for improving the operational characteristics of
diamond grinding tools.

Key words: anti-friction and protective coating, boron nitride coating, mechanical and tribological
properties, diamond grains.

Jliteparypa

1. Lavrinenko V., Poltoratskiy V., Bochechka O., Solod V., Ostroverkh Ye., Fedorovich V.
Surfase modification of synthetic grinding powders diamond with heat-resistant oxides and
chlorides liquid phase application method. Cutting&Tools in Technological System, 2022,
Edition 97. p. 39-58.

2. Sun Y., Zhang C., Wu J., Meng Q., Liu B., Gao K., He L. Enhancement of oxidation
resistance via titanium boron carbide coatings on diamond particles. Diamond and Related
Materials. 2019.Vol. 92. P. 74-80.

3. Qi Z,Shen W, Li R,, Sun X,, Li L., Wang Q., Wu G., Liang K. AIN/diamond interface
nanoengineering for reducing thermal boundary resistance by molecular dynamics
simulations. Applied Surface Science. 2023. Vol. 615, N 1. 1564109.

241


https://www.sciencedirect.com/science/article/abs/pii/S0925963518307453#!
https://www.sciencedirect.com/science/article/abs/pii/S0925963518307453#!
https://www.sciencedirect.com/science/article/abs/pii/S0925963518307453#!
https://www.sciencedirect.com/science/article/abs/pii/S0925963518307453#!
https://www.sciencedirect.com/science/article/abs/pii/S0925963518307453#!
https://www.sciencedirect.com/science/article/abs/pii/S0925963518307453#!
https://www.sciencedirect.com/science/article/abs/pii/S0925963518307453#!
https://www.sciencedirect.com/journal/diamond-and-related-materials
https://www.sciencedirect.com/journal/diamond-and-related-materials
https://www.sciencedirect.com/journal/diamond-and-related-materials/vol/92/suppl/C
https://www.sciencedirect.com/journal/applied-surface-science
https://www.sciencedirect.com/journal/applied-surface-science/vol/615/suppl/C

Bunyck 27. IHCTPYMEHTAJIPHE MATEPIAJIO3HABCTBO
http:/altis-ism.org.ua

10.

11.

Wang Y., Zhou B., Ma G., Zhi J., Yuan C., Sun H.,, Ma Y., Gao J., Wang Y., Yu S. Effect
of bias-enhanced nucleation on the microstructure and thermal boundary resistance of
GaN/SiNy/diamond multilayer composites. Materials Characterization. 2023. Vol. 201.
112985.
LiuY., XuD.,Wang Y., Hu K., Yao Z. Superhard BN allotropes with tunable hybridization
sp?/sp® ratios by compressed nanotubes. Diamond and Related Materials. 2023. Vol. 139.
110313.
Zhu H., Chen C., Niu J., Zhao R. Revealing the nucleation mechanism of CVD-prepared
hexagonal boron nitride on transition metal surfaces: A study from DFT calculations.
Diamond and Related Materials. 2023. Vol. 140, Part A. 110402.
Liu J., Zhang Z., Shi C., Ren Z., Feng J., Zhou H., Liu Z., Meng F., Zhao S. Novel green
chemical mechanical polishing of fused silica through designing synergistic CeO2/h-BN
abrasives with lubricity. Applied Surface Science. 2023. Vol. 637. 157978.
Wang B., Ning J., Zhang J., Zhang C., Wang D., Hao Y. Twist angle modulated electronic
properties and band alignments of hydrogen-terminated diamond (111)/hexagonal boron
nitride heterostructures. Applied Surface Science. 2023. VVol. 614. 156245.
ZhuW., Tan Y., Tang W., Li Y., Tang Y. Late-model N, B, and P-co-doped carbon dots as
additives for friction-reduction and anti-wear. Diamond and Related Materials. 2023. Vol.
139. 110315.
Guzman E., Kargar F., Patel A., Vishwakarma S., Wright D., Wilson R. B., Smith D. J.,
Nemanich R. J., Balandin A. A. Optical and acoustic phonons in turbostratic and cubic
boron nitride thin films on diamond substrates. Diamond and Related Materials. 2023. Vol.
140, Part A.110452.
Tian S., Xu F., Ma Z., Zhou Q., Zhao Y., Li Z., Wang D., Zeng G., Zuo D. Effect of the
modulation periods on the mechanical and tribological properties of cBN/NCD multilayer
composite coating / Diamond and Related Materials. 2023. Vol. 132. 109628.

Haoiviwna 22.02.24

References

1.

Lavrinenko, V., Poltoratskiy, V., Bochechka, O., et al. (2022). Surfase modification of
synthetic grinding powders diamond with heat-resistant oxides and chlorides liquid phase
application method. Cutting&Tools in Technological System, Edition 97. p. 39-58.

Sun Y., Zhang C., Wu J., et al. (2019). Enhancement of oxidation resistance via titanium
boron carbide coatings on diamond particles. Diamond and Related Materials, 92, 74-80.
Qi Z., Shen W, Li R., Sun X., et al. (2023). AIN/diamond interface nanoengineering for
reducing thermal boundary resistance by molecular dynamics simulations. Applied Surface
Science, 615, 1564109.

Wang Y., Zhou B., Ma G., Zhi J., et al. (2023). Effect of bias-enhanced nucleation on the
microstructure and thermal boundary resistance of GaN/SiNyx/diamond multilayer
composites. Materials Characterization, 201, 112985.

LiuY., XuD.,Wang Y., Hu K., & Yao Z. (2023) Zhen Yao.Superhard BN allotropes with
tunable hybridization sp?/sp® ratios by compressed nanotubes. Diamond and Related
Materials, 139, 110313.

Zhu H., Chen C., Niu J., & Zhao R. (2023). Revealing the nucleation mechanism of CVD-
prepared hexagonal boron nitride on transition metal surfaces: A study from DFT
calculations. Diamond and Related Materials, 140, Part A, 110402.

Liu J., Zhang Z., Shi C., et al. (2023). Novel green chemical mechanical polishing of fused

242


https://www.sciencedirect.com/journal/materials-characterization
https://www.sciencedirect.com/journal/materials-characterization/vol/201/suppl/C
https://www.sciencedirect.com/journal/diamond-and-related-materials
https://www.sciencedirect.com/journal/diamond-and-related-materials/vol/139/suppl/C
https://www.sciencedirect.com/journal/diamond-and-related-materials
https://www.sciencedirect.com/journal/diamond-and-related-materials/vol/140/part/PA
https://www.sciencedirect.com/journal/applied-surface-science
https://www.sciencedirect.com/journal/applied-surface-science/vol/637/suppl/C
https://www.sciencedirect.com/journal/applied-surface-science
https://www.sciencedirect.com/journal/applied-surface-science/vol/614/suppl/C
https://www.sciencedirect.com/journal/diamond-and-related-materials
https://www.sciencedirect.com/journal/diamond-and-related-materials/vol/139/suppl/C
https://www.sciencedirect.com/journal/diamond-and-related-materials/vol/139/suppl/C
https://www.sciencedirect.com/journal/diamond-and-related-materials
https://www.sciencedirect.com/journal/diamond-and-related-materials/vol/140/part/PA
https://www.sciencedirect.com/journal/diamond-and-related-materials/vol/140/part/PA
https://www.sciencedirect.com/journal/diamond-and-related-materials
https://www.sciencedirect.com/journal/diamond-and-related-materials/vol/132/suppl/C
https://www.sciencedirect.com/journal/diamond-and-related-materials
https://www.sciencedirect.com/journal/diamond-and-related-materials/vol/92/suppl/C
https://www.sciencedirect.com/journal/applied-surface-science
https://www.sciencedirect.com/journal/applied-surface-science
https://www.sciencedirect.com/journal/applied-surface-science/vol/615/suppl/C
https://www.sciencedirect.com/journal/materials-characterization
https://www.sciencedirect.com/journal/materials-characterization/vol/201/suppl/C
https://www.sciencedirect.com/journal/diamond-and-related-materials
https://www.sciencedirect.com/journal/diamond-and-related-materials
https://www.sciencedirect.com/journal/diamond-and-related-materials/vol/139/suppl/C
https://www.sciencedirect.com/journal/diamond-and-related-materials
https://www.sciencedirect.com/journal/diamond-and-related-materials/vol/140/part/PA

PO3/IJI 3. PO3POBKA I BIIPOBAIPKEHHA OBJIAJHAHHA [ IHCTPYMEHTY, OCHAILIJEHOI' O TBEPJJUMH
CIVIABAMMU, B PI3HUX 'AJIY3AX IPOMUCJIOBOCTI

silica through designing synergistic CeO./h-BN abrasives with lubricity. Applied Surface
Science, 637, 157978.

8. Wang B., Ning J., Zhang J., et al. (2023). Twist angle modulated electronic properties and
band alignments of hydrogen-terminated diamond (111)/hexagonal boron nitride
heterostructures. Applied Surface Science, 614, 156245.

9. 9. ZhuW., TanY., Tang W., et al. (2023). Late-model N, B, and P-co-doped carbon dots
as additives for friction-reduction and anti-wear. Diamond and Related Materials, 139,
110315.

10. Guzman E., Kargar F., Patel A., et al. (2023). Optical and acoustic phonons in turbostratic
and cubic boron nitride thin films on diamond substrates. Diamond and Related Materials,
140, Part A, 110452.

11. Tian S., Xu F., Ma Z., et al. (2023). Effect of the modulation periods on the mechanical
and tribological properties of cBN/NCD multilayer composite coating. Diamond and
Related Materials, 132, 109628.

YJIK 620.22:621.921 DOI: 10.33839/2708-731X-24-1-243-251
B. I. Ky, 1-p ¢i3.-mar. vayk, B. I'. Kyaun4, kann. texs. Hayk, Jl. b. Boiorosa

Inemumym naomeepoux mamepianis im. B. M. baxyna HAH Yxpainu,
eyn. Aemosasoocwka, 2, 04074, m. Kuis, e-mail: vkushch56@gmail.com

MPOTHO3YBAHHS HIIJIBHOCTI YITAKOBKH BIHAPHOI CYMIIII
NOJIANCHEPCHUX MOPOUIKIB TYI'OIIVIABKHUX CITIOJIYK

Poszeunymo meopemuunuil nioxio 00 NPoSHO3Y8AHHS MAKCUMAILHOI WINbHOCMI YNAKOBKU O0OHO- |
0BOKOMNOHEHMHUX CyMiuel NoNiOUCNEePCHUX NOPOWIKIG, KU 6A3YEMbCA HA NPAMOMY KOMN TOMEpHOMY
excnepumenmi i 3a0e3neuye adekeamme 6paxye8aHHs CMAMUCIMUYHUX NAPAMEMPIE PeanbHux NOPOUKOGUX
cucmenm. IIpunyunosolo nepeeazoro HUCENbHO20 ANOPUMMY Memoody € U020 WEUOKoOis, wo 3abesneyye
onepamugHe nPoeedeHHs NAPAMEMPUYHO20 AHANIZY 3 MEMOI0 GUOOPY ONMUMATLHUX, 3 MOYKU 30PY WITLbHOCTI
VNAKOBKU, KOMNOHeHmie cymiwi [ ix 06’emuozo emicmy. Ha niomeepoxcenHs npaye30amuocmi i
00CMOGIpHOCMI  PO3GUHYMO20 MeMOo0y HABEOEHO pPe3VIbmamu NOPIGHAHHA 3 OO0CHIOHUMU  OAHUMU.
Hocniodceno eénaue npumamanHoi peanbHUM NOPOWKAM NONIOUCNEPCHOCMI HA WiNbHICMb YNAKOBKU mMa
NOKA3AHO, WO pPAYiOHANbHULL 8UOIp CKLady cymiui 0038015€ CHOpMysamu MemooOM WNIKEPHO20 UMM
Kepamiuny 3a20moeKy 3 nopucmicmio nopsoxy 25%.

Knrouoei cnosa: nonioucnepcruii nopowiox, OiHapHa cymiud, WilbHICMb YHAKOBKU, MeopemuiHa
MOOeb, KOMA HTOmepHe MOOe8AHH S

Beryn

[TopomikoBi cucTEMH Ta CyCHEH31i Ha IX OCHOBI HIMPOKO BHKOPUCTOBYIOTH B CYYacHHMX
MIPOMHCIIOBUX TEXHOJIOTIIX BUPOOHMIITBA MAaTepialiiB KOHCTPYKLIHHOIO, 1HCTPYMEHTAIBHOTO Ta
HIIOTO NMPU3HAYECHHS. THUIIOBUM IPEICTABHUKOM TaKUX TEXHOJIOTIN € NUTIKEpHE JUTTS MiJl THCKOM,
K€ € e(EeKTUBHUM CIIOCOOOM BHUTOTOBJICHHS 3aroTOBOK BETUKOTabapUTHUX BHPOOIB CKIaIHOL
dhopmu 3 6e3okcuaHOl Kepamiku. [ToBHA pearnizaliis MOTEHITaTy i€l TEXHOIOTT MOXIJIMBA 32 YMOBH
PO3YMIHHS 3aKOHOMIPHOCTEHl BIUIMBY CTPYKTYpHHX @apaMeTpiB IIIiKepa 1 TEXHOJOTIYHUX
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