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AnHortauis. Bemyn. OcHOBHI (aKkTOPH, IO 3HIKYIOTHh 3aXHCHI BIACTUBOCTI €IEKTPOKPHUCTATI30BAHUX MOKPHUTTIB,
— IIe YTBOPEHHA 00’ €MHUX Ne(eKTiB — IMOp, a TAKO)XK BUHUKHEHHS MIKpOTAlTbBaHIYHHX IMap Ha MeXKax 3epeH, ToOTo Ha
MOBEPXHEBUX Jle(eKTax KpHUCTadiuHOi OynoBu. CTBOPEHHS B €JIEKTPOIIOKPHUTTAX OE3MOPHUCTOT CTPYKTYpH, YHUKHEHHS
(opMyBaHHS B IIapax MeTaly/CIUIaBy MOBEPXHEBUX Je(EKTIB, a TAKOK MOMKIIUBICTh 3aMiHA XPOMOBHUX MOKPHUTTIB, 1110
OJIEP)KYIOTBCSI 3 TOKCHYHHX EJIEKTpPOJITIB, II0CTa€ aKTyalbHUM 3aBIaHHAM. Mamepianu ma memoouxa.
3ampornoHOBaHO BHKOPUCTOBYBaTHM SIK 3aXHMCHI IIapd Ha BHPOOaxX, MIO MiJBUIIYIOTh KOPO3iHHY CTIHKIiCTb,
eJleKTporokpuTTs cruiaBoM Ni—P. IlpoBeneHo peHTreHorpadiuyHe BU3HA4YeHHS (Da30BOTO CKIAAy €JIEKTPOXIMIYHHX
ocamiB Ni—P. JlocmimkeHO MOpP(]OIOTiI0 MOBEpXHI Ta KOpPO3ilHY CTIHKICTh MOKPHUTTIB. Pe3ynsmamu. JlocmimxeHo
3pa3Kd €JIEKTPOXIMIYHHMX TOKPHUTTIB YHCTUM HIKEJIEM Ta CIIaBOM Hikeslb — (ocop. YcTaHOBICHO, IO Yy Mporeci
(dopMyBaHHS TOKPHUTTIB HIKEJIEM i3 JoJaBaHHAIM iOHIB (ocdopy Mopdomoris MoBepxXHi NMPaKTHYHO HE Mae IIop,
BimOyBaeTbcss amopdizallisi ocafiB, 3a paXyHOK 4OTO TONIIMMIYIOTHCS 3aXHMCHI BIACTHBOCTI, a caMe — KOpo3iifHa
ctiiikicts. Haykoea nosusna. BectaHoBieHO (pakTopH, SKi BIDIMBAIOTH HA ITiABUIIEHHS KOPO31HHOI CTIIIKOCTI TOKPHUTTIB,
— BIICYTHICTh TIOPHUCTOI CTPYKTypH Ta (opMyBaHHS amopdHOro craHy. Bucnoexu. BupueHo BIIMB (akTopiB Ha
CTPYKTYpPY Ta BJIACTHBOCTI CJIIEKTPOXIMIYHHMX MOKPHUTTIB CIJIABOM Hikelb — (ocdop. YCTaHOBICHO, 10 M0JaBaHHS B
EJIEKTPOJIT HiKeNoBaHHs 10HIB (ochopy crpusie hopmyBaHHIO aMOp(GHOI CTPYKTYPHU y TMOKPUTTSAX, MPU IBOMY
YTBOPIOIOTHCS mapH criaBy Ni—P npaktudno 6e3 HasBHOCTI nmop. BuBueHo eeKT mifBUILEHHST KOPO3iitHOi CTIHKOCTI
€JIEKTPOXIMIYHOTO TIOKPUTTA CIIaBoM Hikenb — (ochop (Ha 30 %), 3a paxyHOK (opMyBaHHS aMOp(HOI CTPYKTYpH
3aTBEPALIOT METaJIeBO1 PiiMHH 13 3a1100iraHHsIM Npolecy KpHCTalli3allii i 4ac elneKTPOXiMIYHOTO 0Ca/KESHHS.

KaiouoBi ciioBa: ezexmponoxpumms; cniag; amop@ua cmpykmypa,; nopucmocms, KOpo3ilina cmiikicmo
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Abstract. Purpose of research. The main factors that reduce the protective properties of electrocrystallized
coatings are the formation of volumetric defects — pores, as well as the occurrence of microgalvanic couples at grain
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boundaries, that is, on surface defects of the crystalline structure. Creating a non-porous structure in electrocoatings,
eliminating the formation of surface defects in metal/alloy layers, as well as the possibility of replacing chromium
coatings, which are obtained from toxic electrolytes, are urgent tasks. Materials and methodology. In the work, it was
proposed to use electrocoatings with Ni—P alloy as protective layers on products that increase corrosion resistance.
An X-ray determination of the phase composition of Ni—P electrochemical deposits was carried out. The surface
morphology and corrosion resistance of coatings were studied. Results. Samples of electrochemical coatings of pure
nickel and nickel-phosphorus alloy were studied. It has been established that during the formation of nickel coatings
with the addition of phosphorus ions, the surface morphology has practically no pores, amorphization of deposits
occurs, due to which the protective properties, namely, corrosion resistance, are improved. Scientific novelty. Factors
have been identified that influence the increase in corrosion resistance of coatings — the absence of a porous structure
and the formation of an amorphous state. Conclusions. The influence on the structure and properties of electrochemical
coatings of a nickel-phosphorus alloy has been studied. It has been established that the addition of phosphorus ions to
the nickel plating electrolyte leads to the formation of an amorphous structure in the coatings, and layers of the Ni—P
alloy appear practically without the presence of pores. It has been established that the effect of increasing the corrosion
resistance of the electrochemical coating with a nickel-phosphorus alloy (by 30 %) is due to the formation of an
amorphous structure of the solidifying metal liquid while preventing the crystallization process during electrochemical
deposition.

Keywords: electrocoating; alloy; amorphous structure; porosity; corrosion resistance

Beryn. Enexrpoximiune ocamkeHHs (abo OcTaHHIM YacoM, 3 METO BIiAMOBH BiJ
€JIEKTPOOCAPKEHHS) METAJliB Ta CIJIABIB — O/IHA  BUCOKOTOKCHYHHMX €JIEKTPOJIITIB XPOMYBaHHS,
3 OCHOBHHUX TEXHOIOT1H OTpUMAaHHS BCE YACTIIC B TEXHII[l BUKOPHCTOBYIOTHCS

(GYHKIIOHABHUX ~ TMOKPUTTIB UL 3aXUCTy  EJIEKTPONOKpUTTs cruiaBoM Ni—P. JleryBanus
BUpOOIB, 1[0 TMpAIlOOTh B arpecMBHUX  Hikemto  ¢ochopoM, KpiM  TOJIMIICHHS

CepeI0BUINAX B pi3HUX raly3sx  MEXaHIYHIYHUX  BJIACTHBOCTEH, MAarHITHHX
MIPOMHCIIOBOCTI: MalMHOOYIyBaHHI,  XapaKTEPUCTHK 1 3HOCOCTIMKICTI, CIpHSE
SHepreTuili, OOOPOHHINM Ta PAaKETHO-KOCMIYHIM  MiJBUINEHHIO KOPO3iiHOI cTiliKOCTiI [3; 4].

ramy3i. HaiOiapm momupeHuMH 3aXUCHUMU Mera  poOoru. I3  3actocyBaHHAM

MOKPUTTSIMA CTaJId XPOMOBI OCaJ M, a TAaKOXX  KOHIIEMIi eJIeKTPOXIMIYHOTO (ha30yTBOPEHHS
MOKPUTTS Ha OCHOBI CIUIAaBIB IHIMUX METAJTiB  METaJdiB  Ta  CIUIAaBIB  dYepe3  CTaJiio
MIATPYIH 3aili3a, a came: HIKeIb-KOOalbTOBI,  IMEPEOXOJIOHKEHOTO pigkoro crany [5; 6]
HiKeTb-PocOopHi Ta KOOANBT-ByTIeIEeBi [1]. OTPUMATH EJIEKTPOMOKPHUTTS cruraBoM Ni—P 3

OcHoBHMMHM (pakTOpamH, IO 3HMKYIOTH  aMOP(QHOI0 CTPYKTypoOro, W0 3a0e3Ne4uTh
3aXMCHI BJIACTMBOCTI €JEKTPOKPUCTATI30BAHUX  MIJBUIIEHY KOPO31MHY CTIHKICTb.

MOKPUTTIB, BUCTYNAIOTh YTBOPEHHS 00’ €MHHX BpaxoBytoun, 10 €JIEKTPOXiIMiuHe
neekTiB — TMop, a TakKoX BHUHUKHEHHS  (a30yTBOPEHHS CIUIaBY BiJIOyBa€ThCS depes3
MIKpOTQJIbBAaHIYHAX TMAp Ha MeXax 3€peH,  CTa/il0 MepeOXOJOKEHOT0 PIJKOro CTaHy,
TOOTO Ha MOBEPXHEBUX JAe(eKTaxX KPUCTAIIYHOI  Cig  3amolirtd  mpolecy  Kpucramizamil
OyZ0BH. METaJeBOi pPIIUHH, IO TBEPIi€, JETYBaHHSIM
CTBOpeHHS B CIIEKTPONIOKPUTTAX ~ HEMETAJIOM 3a HAJIIIBUAKOTO 3aTBEPAIHHS Ta
6e3mopucToi CTPYKTYDH, YHUKHEHHS ~ OJIEpKaTH CIUIaB 3 aMOP(HOI0 CTPYKTYpPOIO.
dbopmyBaHHs B mapax  Metany/ciuiaBy  [lpu mbomy yTBOpeHHS aMOp(HOI CTPYKTYpH B
MOBEPXHEBUX JIe(PEKTIB KpUCTaTiuHOI Oya0BH,  IpoOIeci €JIEKTPOOCAKEHHS CIUIaBY
a TaKoXX MOXJMBICTb 3aMiHM XPOMOBHX  BIJOYBaTHUMEThCS 3a PaxyHOK NPHUTHIYECHHS
MOKPUTTIB, IO OJEPXKYIOTHCS 3 TOKCHYHUX  3apOJKOYTBOPEHHS KpHUCTaTI9HOT dbazu
€JIEKTPOJIITIB, CTAJIO0 aKTyaJlbHUM 3aBJaHHSM.  BHACIHIJOK BXOJDKCHHS JO aTOMHHUX KIIACTEpiB
Hanpuknan, y TOKpUTTAX XpoMmy, WIO  MeTaly, IO TBEpJIi€, aTOMiB HEMETaIy.
HAHOCATHCSI HAa MEIWYHI IHCTPYMEHTH, Yepes Marepiasim  Ta MeTOAWM OCITiTKEHb.

HasBHICTh TIOP MOXJIMBE iCHyBaHHS Oakrtepii  Emekrpoximiuni mokputrs crutaBom  Ni-P
Ta BIPYCIB, SIKi HE TUHYTH MiJ Yyac CTepUIi3allii  OTpUMYBaJIH 13 pO3pobIEeHOTO HaMU
[2]. enekTpomity [7] Takoro  ckimamy, T/7:

cynbdamar Hikemo 250-300, xmopun HiKemTo
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25-30, 6opua xuciora 20-30, oprodochopHa
kucnora 40-55, rinodocdit Hatpito 5-10,
caxapu 0,5-1,5. OCHOBHUM MOCTAYaIbHUKOM
10HIB ocdopy 0 3pOCTaIOUOro Ocaay CIUIaBy
Ni—P 0yB rinodocdir Hatpiro.

EnerpoocamxeHHs IPOBOIWIN y
rajlbBAaHOCTATHIHOMY pexuMi B
temneparypaomy intepsaii 20-80 °C, karoaHa
TYCTHHAa CTpyMy ImiepedyBaia B  Mexax
5-20 A/nm2. Hanecenus MTOKPUTTIB
3MIACHIOBAJIOCS 3a CTA0UIBHOI TeMIepaTypH y
tepmocTati Bb-4.

Jlnst  mocimpKeHHS
OJIepIKaHIX ocajiB BUKOPHCTOBYBAIIN
aBTOMATU30BAHUM Ta  KOMII IOTEPU30BAHUI
pentreHiBebkuii mudpakromerp JAPOH-2, mnsa
BUBYECHHSI MOp(oIorii moBepxHi — pacTpoBUi

¢dazoBoro  ckiagy

€JICKTPOHHUI MIKPOCKOIT POM-106U.
Koposiitay CTIHKICTh BU3HAYAIU
MOTEHLIOCTATUHYHUMU MeToJaMu 3a
BEJIMYMHOIO  KOpo3iiiHOro  ctpymy. Sk
KOPO31i1HOAaKTUBHOT'O cepeoBUILA

3acTocoByBaiH 3 % pO3UWH XJIOPUAY HATPIIO.

3pa3ku TOKPUTTIB YHUCTOTO HIKEIO Ta
CIJIaBY Hikenb—pochop OJIePKYBaJIH
OJTHOYACHO Yy JBOX TOCIHIJOBHO IiJKITFOUEHHX
KoMmipkax. [t ocakeHHsI YMCTOrO HIKEJIEBOTO
MOKPUTTSI ~ BUKOPUCTOBYBAJM  EJIEKTPOJIIT
TAaKOTO CKIIamy, I/1: cyilbhamar Hikemo 250—
300, xmopun Hikemro 25-30, GopHa KHCIIOTa
20-30, oprodochopHa kumcmora  40-55,
caxapus 0,5-1,5.

PesyabTatm Ta  oOroBopenHs. Y
pe3ysbTaTi BHKOHAHMX PEHTTCHOCTPYKTYPHHUX

JOCHTIIKEHb BUSIBUJIH, 11 (0] HIKEJIb,
€JICKTPOKPHUCTAII30BAaHUN B EIIEKTPOJITI 03
nonaBaHHs — rinodocdity  Harpiro,  Mae

KPUCTAJIUHY CTPYKTYpPYy 3 TPaHCIEHTPOBAHOIO
ky6iuHoto (I'IK) rparkoro. Tak, Ha pucyHnky 1,
a YITKO BUIHO, IO JUQPAKIIHHI MaKCUMyMH
(111), (200), (220), (311) Ta (222) HikemIO,
OTPUMAHOTO B €JEKTPOJITI Oe3 J0/1aBaHHS
ioHiB (ocdopy, BIANOBITAIOTH KPUCTATIUHIN
¢a3i 3 I'TIK rpartkoro.

JlomaBaHHS XK B €JIEKTPOIIT 10HIB pochopy
BUKIIMKae amop(izallito HiKeJIeBUX CIUIaBiB Yy
mporeci  IX  eneKTpoocapkeHHs.  Tak,
nudpakTorpaMa, HaBeJeHa Ha PUCYHKY 1, 0,
XapaKTEePU3YETHCS HASBHICTIO Tajio MiJ KyTaMu
20, Omuspkumu g0 45°, mo CcBIAYUTH TPO

BUHUKHEHHS B CIUIaBaX aMOpP(HOi CTPYKTYpH.
[Tpu [BOMY amopdizarrist CTPYKTypH
BiZIOyBa€THCS B JOCUTD [IUPOKOMY
tTemnepatypHoMmy inTepBam (Big 50 mo 80 °C),
10 BI/IMOBIIa€ MAacoOBi¥ KOHIIEHTpaIlii pochopy
Bix 6,1 1o 6,4 %.

Ni
(111

Ni
(200)

Ni
Ni (311)Ni
(220) (222)

InTeHCHBHICTE (IMIV/C)

a

30 50 70 90 110
Cu-Ky, 26 (rpanm)

Puc. 1. Jugppakmoepamu nokpummis Hikenem (a)
ma cniagom Hikenv — pocgop (6), o0epocanux
3a memnepamypu earexkmponimy 50 °C
ma 2ycmunu cmpymy 10 A/om?

Sk CBIIYaThH naui €JIEKTPOHHO-
MIKpPOCKOIIYHOTO aHadi3y OJIepKaHUX 3Pa3KiB,
MOBEPXHsI HIKEJIEBUX CIUIaBIB 3 aMOpP(HOIO
CTPYKTYPOIO XapaKTepU3y€eThCs 011
3TIAJUKEHUM  penbeoM  TOPIBHAHHO 3
MOBEPXHEIO HIKENI0, KU Mae KpHUCTaIIyHy
cTpyktypy (puc. 2). Kpim Toro, amopdHni
HiKeJIeBl MOKPHUTTS MAaIOTh 3HAYHO MEHILE IOp
MOPIBHAHO 3 KPUCTAIIYHUMH  HIKEIEBUMU
HOKPUTTSAMHU.

OpepxaHl eKCIEpUMEHTaIbHI pe3ylbTaTh
IIJTKOM Y3TOJKYIOTBCSL 3 JTaHUMHU poOoTu [8],
BUKOHAHOL HaMH paHiie, B AK1HI
iJIECIPSIMOBAHO OJICPXKYBaJIH
€JICKTPOOCAKEH] METaJIW/CIUIaBH Yy BHTJISII
da3z 3 aMOpPHOIO CTPYKTYypOIO 3aTBEpALIOl
METaJeBOl PIAMHM 13 3aMo0IraHHSAM TIPOLECy
KpHUCTati3alii.

JocmimkeHHs IIBUIKOCTI KOpo3ii
OTPUMAaHUX TOKPHUTITIB Yy B3a€MO3B’SI3Ky 3 iX
CTPYKTYpoio (pucC.3) J03BONHIIO BHSIBUTH
epeKT MiABHIICHHS KOpO3iiHOI  cTiiiKocTi
MOKPUTTIB 3a pPaxyHOK (OpMyBaHHS B HHX
amopdHoi crpykrypu. [Ipu oMy KoposiiiHa
CTIWKICTh MOKPUTTA amMopdHUM cruiaBoM Ni—P
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3poctae Ha 30 % TMOPIBHSHO 3 AHAIOTIYHUM  IMOKAa3HHUKOM YHUCTOTO HIKEJIEBOTO MOKPUTTS.

¥

25.00kV__ x500 WD=14.9mm 25.00kV  x1.00k

WD=14.3mm 25.00kV  x1.00k

Puc. 2. Enexmponnomixpockoniune 300pasicents Mopghono2ii nogepxmi Hikenesux nokpummis (a, 6) ma nokpummis
cnaasom Ni—P (8, 2), o0epacanux 3a memnepamyp enekmponimy 20 °C (a, 6), 60 °C (8, 2),
i aycmunu cmpymy 15 A/0M?, (a, 6 — x500, 6, 2 — x1000)

0,3 4ac iX eJICKTPOOCAPKEHHSI MOXHA TIOSICHUTH Ha
OCHOBI KOHIIETIIiT €JIEKTPOXIMIYHOT'O
] (da3oyTBOpeHHsT MeTalliB Ta CIUIaBIB uepes3
Ni N|<|5_P CTa 110 MEPEOXO0JIOIXKEHOTO PIKOTO CTaHy.
0.23 Crpagni, SIKIIIO MPUAHSTH, 10
. ($ha30yTBOPEHHS €JIEKTPOOCAIKYBaHUX CIIJIaBIB
aNM(I:)-plt::)b. BiIOyBa€eThCS UIIXOM BUHUKHEHHS
0.16 MePEOXOJIOHKEHOT Pi/IKOi (a3u 1 MOJATBIIOTO il
3aTBEpiHHS, TO BXO/UKCHHS JO KiacTepiB
aTOMIB MeTajly, 10 TepeOyBalTh y PIIKOMY
CTaHi, AaTroMiB  HeMeTaly, IO 3Ha4YHO
BIJIPI3HSIOTBCST BiJ HHUX 3a PO3MIpoM, OymyTh
MPUTHIYYBAaTH 3apOJKOYTBOPEHHS TiJ 4ac
dbopMyBaHHS KpUCTaIidHOI CTPyKTypu. | B
pe3ynbTaTi Takoro 3amo0iraHHs —TpoIlecy
KpHUCTami3aiii MeTajaeBoi PiAuHHU, IO TBEP/IIE,
3a HAAMIBUJIKOTO €JIEKTPOXIMIYHOTO YTBOPEHHS
Puc. 3. Illsuoxicme kopo3ii Hikenesux noKpummis aToMiB CQopMyeThCs aMOpdHa CTPYKTYpa, sika
i3 PI3HOIO0 CIMPYKMYPOIO HC MaTuMEC JaJIbHBOI'O MMOpsAAKY B
po3TalryBaHHI aTOMIB.

o
N
T

LLIBnAKICTb KOPOS3IT, MKM/pIK
o
—

3pasku 3 NOKPUTTAMU

@®opmyBaHHS aMOp(pHOi CTPYKTYpH B
HIKEJIEBUX CIUIaBax, JeroBaHux Qgocdopom, mis
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OTtxe, HIJIECTIPSIMOBAHE olepKaHHS  JOJABaHHS B EJEKTPOJIT HIKEIIOBAHHS 10HIB

amopHoi CTPYKTypHU B HikeneBux  (Gocdopy BuKIHMKaE (opmyBaHHS amopdHOT
CJIIEKTPOMOKPUTTSX [HUIAXOM JIETYBaHHSA 1X  CTPYKTYpH Yy  TOKPUTTSX, TPH  [bOMY
bochopom TUIS NPUTHIYEHHS] ~ yTBOPIOIOThCA Imapu cruiaBy Ni—P mpaktudno
3apOJKOYTBOPEHHS IIiJ Yac €JICKTPOOCAHKEHHST  0€3 HasBHOCTI TOP.

— L€ OJMH 13 TEepCHEeKTHBHUX HAaNpsMKiB 2. YcTaHOBIEHO  €(eKT  MiABHUILICHHA
OJIep’)KaHHSA  TOKPUTTIB 13  MIJBHUIIEHOK  KOPO31MHOi  CTIMKOCTI  €JIEKTPOXIMIYHOIO
KOpPO31HHOIO CTIMKICTIO. HOKPHTTS CIUTAaBOM Hikenb — Gocdop (Ha 30 %)

3a paxyHOK (GopMyBaHHS aMOP(HOI CTPYyKTypH
3aTBEPALIOT METaJIEBO1 PIAMHY 13 3aM00ITaHHIM

1. BuBueHo BIUMB (HakTOpiB HAa CTPYKTYPY  mpomecy KpHCTali3allii.
Ta BIJIACTHBOCTI EJEKTPOXIMIYHHUX TOKPHUTTIB

CIUIaBOM Hikedb — ¢Gocdop. YCTaHOBICHO, IO
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