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Huceprariitna poOoTa NpPUCBAYECHA MJOCIIKEHHIO BOJAHUX IUTPATHUX
CJIEKTPOJIT Ta eNeKTpodiTiB Ha ocHoBli HEP penmiHy nns enextpoocapkeHHs
HIKEJIEBUX Ta HIKEIb-BOIb(PAMOBUX IOKPHUTTIB, @ TaKOX €JIEKTPOXIMIYHHX,
MEXaHIYHUX, MPOTUKOPO3IMHUX Ta KaTATITUYHUX BJIACTUBOCTEH MOKPUTTIB,
OTpPUMaHUX 13 BIAMOBIAHUX enekTpoiiTiB. Ha ocHoBi [Y-cnekTpockomyHuX Ta
'HAMP pocmimkens moBemeHo (OpPMyBaHHS peliHy NpPH  IIPUTOTYBaHHI
CJIEKTPOJIITY Ha OCHOBI HU3BKOTEMIIEPATYPHOI €BTEKTUYHOI CYMIIIT XOJIH XJIOPULY
Ta Kapbamiay y MOJIIPHOMY CHiBBIIHOIIEHH] 1:2 M.

3niiicCHeH] TMOPIBHSJIBHI  JOCHIPKEHHSI  TPOLECIB  €JEKTPOOCAKEHHS
HIKEJICBUX Ta HIKEIb-BOJIH(PAMOBUX TOKPUTTIB 13 BOJHHMX IIUTPATHHUX
€JIEKTPOJITIB Ta enekTpoiiTiB Ha ocHoBl HEP - peniny. BcranoBneno, mo npu
MOJIIPHOMY CIIiBBIHOIIICHHI 10HIB HiKemo 10 Boibppamary 0,75 : 0,07 M y
BOJHOMY LIUTPATHOMY €JIEKTPOJIITI MpHU 30UIbIIEHHI TYCTHHH CTPyMY B IHTEpBajl
0,5...5 A/am? BMmicT Bomb(paMy y HiKeIeBOMY MOKPHMTTI 3MEHIIyeThCA Bim 16,3
Mmac.% 1o 6,14 mac.%. 3 ogHOrO GOKY CIIBOCAIDKEHHS BOJb(GpaMy y HIKEICBUI
CIJIaB CYIPOBOJIKYETHCSA JEMOSPHU3AIIEI0 KaTOJHOIO TMPOIECy, 3 IHIIONO0 OOKYy
BiIOYyBA€ThCS  MOAPIOHEHHS KPUCTATIYHOI CTPYKTypU TOKPUTTA. Po3mip
KPUCTAJIIYHOTO 3€pHA VISl €JIEKTPOOCAPKEHUX HIKEJIEBUX MOKPUTTIB TOBITMHOIO 20
MKM BapilO€Thbcsl B Meka 2...5 MKM, a JJid HiKeJIb-BOJb(PaMOBOIO CIUIABYy 13
BMiCTOM Bosbppamy 14 mac.% y mexax 0,5...2 MkMm. Y 1iJoMy BUXOIU 3a

CTPYMOM SIK HIKEJIIO, TaK 1 HIKeJIb BOJb(PPAMOBOTO CIUIaBY CTAHOBJISATH OJU3BKO 95



% 1 BIANOBIOAIOTH TAaKUM, IO JOCSTAIOThCS MPU KIACHYHOMY TallbBaHIYHOMY
HIKEJIIOBaHHI 3 €JICKTPOJIITY Y OTca.

[Ipu enekTpoocaKeHHI HIKEJIEBUX MOKPHUTTIB 3 EIEKTPOJITY Ha OCHOBI
peniHy OTpUMaHO HamiBOJIMCKYYl MOKPUTTS 3 BUXOJIOM 3a CTpyMoM 0sn3bKko 40 %,
TOBUIMHOIO 70 5 MKM. Y ILIJIOMY 3 €JIEKTPOJIITY Ha OCHOBI HU3bKOTEMIIEPATypPHOI
eBTEKTUYHOI CYMIIll EJIEKTPOOCAIKYEThCSI OLIbII TPYOOKPUCTANIYHI HIKEJIEBI
Oocald HIK 3 BOJHOTO IMTPATHOTO EJIEKTPOIITY. POo3Mip KpUCTalmiuHUX 3epeH
3pocTae Bia 5 A0 15 MKM npu BIANOBIAHIA TOBIIUHI HOKPUTTA 20 Mrm. Lukmiyuni
BOJIbTAMIIEPHI KpHUBI, OTPUMaHI B YHUCTOMY pPO3UYMHHHUKY Ha IUIATHHOBOMY
€JIEKTPO/Il, CBIIYATh MPO MOMJIMBICTH €IEKTPOXIMIYHOTO BITHOBJICHHS Ha KaTOJI
€BTEKTUYHOI CyMiIlll B 00JacTi MOTEHIIANIB €JIEKTPOOCaIKeHHsT Hikemto. Lle y
CBOIO Yepry Moke OyTH MPUYMHOIO BIJACYTHOCTI CIIBOCAQ/KEHHS BOJbdpamy y
CIUIaB Ta MAaJIOTO BUXOJy 3a CTPYMOM EJIEKTPOOCaKeHHs Hikemto. Ha ocHOBI
MNOTEHII0IMHAMIYHAX BOJIbTAMIIEPHUX BUMIPIOBaHb IMPU  EJIEKTPOOCAHKEHHI
HIKEJICBUX TOKPHUTTIB, JOBEACHO, 110 OCHOBHUM (aKTOpOM BIUIMBY Ha
MepeHanpyry BUAUJICHHS MeETaly € TemmepaTypa. BuspieHo, 1mo 3011bIICHHS
IIBUIKOCTI CKaHyBaHHS TIOTCHINANly HE NPHU3BOAUTH [0 BWHUKHEHHS YIiTKO
BUPAXKEHUX MAKCUMYMIB TPAaHHUYHOTO CTPYMy NPUTAMAaHHUX KOHTPOJIIOKOYIN
nudy3iiHii cTafll, 1 Moke OyTH MOB’s3aHe SK 13 MACKYIOUHUM BITMBOM MOOIYHOTO
mpoliecy BUIIJICHHS BOAHIO, TaK 1 HACIIIKOM MEPEBaXalouoro KOHTPOJIO CTafil
JMCOIIalli KOMIUIEKCHUX 10HIB Ha OCHOBI HiKedto. Bu3HaueHo, M0 BIJICYTHICTH
BUPAXEHOTO MAaKCUMyMYy TPAaHHYHOI TYCTUHU CTPYMY € IPUTaMaHHUM SK BOTHUM
IIUTPATHUM, TaK 1 €JICKTPOIITAM HIKETIOBAaHHS HAa OCHOBI1 PETiHY.

JlocmikeHo BIUTMB BBEACHHS JIETYIOUOTO KOMIIOHEHTa - BOJb(pamy,
CKJIaJy EJIEKTPOJITY Ta MPUPOJIN PO3UYMHHUKA HA (PI3MKO-MEXAaHIYHI BIACTUBOCTI
raJIbBaHIYHUX TOKPUTTIB Ha OCHOBI Hikemto. SEM-mgocmimkenns mopdororii
MOKPUTTIB HA OCHOBI1 HIKEJIO MOKa3aJiy, 0 3 BOJHUX E€JICKTPOJIITIB OCAIKYIOThCS
OUThbII MPIOHOKPUCTATIYHI TOKPUTTS HIXK 3 HEBOJHUX EJEKTPOJITIB Ha OCHOBI

HEP. Jlns mnokpuTTiB 31 CIUlaBy HIKeJIb-BOJb(paM, 3 BMICTOM BoOJb(ppamy



14,6 mac.%, eneKTpooCaKEHNX 3 BOJHOTO IIUTPATHOTO EJIEKTPOITY Ta HIKEIEBUX
MOKPUTTIB OCA/PKEHMX 3 €JeKTpodiTy Ha ocHOBI HEP MikpoTBepaicTs 3pocTae y
nBa pas3u, a moayib FOura 3poctae Ha 10...20 I'Tla y mopiBHSHHI 3 BiITOBITHUMUA
XapaKTEepUCTUKAMU I TaJIbBaHIYHUX HIKEJIEBUX MOKPUTTIB OCAKEHUX 3
eNeKTpoiTy Yorca. Ha 0CHOBI METO/IB MOBTOPHOTO Oararopa3zoBOTo ApsimaHHs Ta
Oe3nepepBHOrO  BIABIIOBaHHA Ta CKaHyBaHHsA 1HAEHTOpoM  bepkoBuua
BCTAHOBJICHO, 1[0 HIKEJIEBI Ta HIKEJIb-BOJb(PPAMOBI MOKPUTTS TAKOX BOJIOJIIOTH
M1JBUILIEHO0 3HOCOCTIMKICTIO 3 OIJISIAY Ha HAMMEHII OCUMJISLINHI 3HAYEHHS CUITU
TEPTs Ta MIUPHUHY KAaHABOK BJABIIOBAHHS 1HIACHTOpA. TakuM YHHOM BCTAHOBJICHO,
10 HaliMEHIIIa MIBUKICTh KOPO31i Ta HalO1JIbIlla MIKPOTBEP/IICTh CIIOCTEPITAETHCS
JUISL HIKEJIEBUX Ta  HIKEIb-BOJIb(PAMOBUX MOKPHUTTIB OTPUMAHHUX 3 BOJHOIO
LUTPATHOTO E€JIEKTPOIITY.

BcranoBiieHo, 110 HIKENEBl MOKPUTTS OTPUMAHI 3 €JIEKTPOJIITY Ha OCHOBI
HEP € xopo3iiiHO HecTa0lIbHUMU B XJIOPUAHOMY CepeoBHILI. BUCOKI MIBUIKOCTI
KOPO31MHOTO pYWHYBaHHS MOXYTh IOSICHIOBATUCH OCOOJIMBOCTSIMH KPHUCTaIIYHO1
CTPYKTYPH, HAsBHICTIO TPIIIMH Ta MPOAYKTIB PO3KJIAAY EJIEKTPOIITY Ha OCHOBI
HEP B noxputTi. [IpoBeaeH1 NmOpiBHJIbHI MPUCKOPEH]1 KOPO31iiHI BUIPOOYBaHHS
3aXMCHUX BIJIACTUBOCTEH Ta KOPO3IMHOI CTIMKOCTI TajbBaHIYHUX HIKEIEBUX
MOKPUTTIB B KaMepl OLITOBO-COJIbOBOrO TymaHy. ChopmysiboBaHI peKOMEHallli,
IO MPHU EJIEKTPOOCAIKEHHI BUCOKO KOPO3IMHOCTIMKUX HIKEJIEBUX MOKPUTTIB CIIIJ
YHHUKATH BBEJCHHS B €JIEKTPONIT CyJIb()OPOreHHUX T00ABOK, TAKUX SK CaXapHH.
[Ipore BianoBiAHI OMUCKYy4l CyJb(QOPOBMICHI TMOKPUTTA MOXYThb OyTH
BUKOPHWCTaHI SIK MAMIAP 3 METOO MIBUIIEHHS 3aXHCHUX BIACTHBOCTEH HIKEIEBUX
MOKPUTTIB B LIIOMY.

JlocmimkeHa eNeKTPOXiMiyHA AKTHBHICTh TOKPUTTIB Ha OCHOBI HIKEIIO.
[TokazaHo, 1m0 mepeHamnpyra BUAUICHHS BOJHIO 32 KAaTOAHOI TYCTHMHHU CTPyMY
5 MA/cM? Ha HIKEJIEBUX MOKPUTTSIX cTaHOBUTH Onu3bko 0,3 B. BBemenns 1o
ckiany nokputtsa 14,6 mac.% W mnpu3BOIUTH 10 3MEHILECHHS MEpeHanpyru

BUJIUICHHS BOJIHIO Maibke Ha 0,1 B y mopiBHsSHHSA 3 yncTUM HikeneMm. HaitmeHioro



MEePEHAIPYyTOI0 BUTIJICHHS BOJTHIO 1 BiJIITOBITHO HalBUIIUMU
CJICKTPOKATAIITUYHUMHU BJIACTUBOCTSAMU IIOJI0 BIAMOBITHOTO TPOIECY Cepel
JOCTIKYBAaHUX BOJIOAIIOTH MOKPHUTTS, OTpUMaHi 3 enekTpoiity Ha ocHoBl HEP.
I[TepeHanpyra BU/IJIEHHS BOAHIO HA HUX 34 KATOAHOI I'yCTUHU CTpyMy 5 MA/cm? He
nepesuinye 0,02 B. Ile, 30kpema, Moxe OyTH HacaigkoM (GpopMyBaHHS MOKPUTTIB
13 HAHOBMOPSAKOBAHOIO Ta BUCOKOPO3BUHYTOIO CTPYKTYPOIO TOBEPXHI.

Y poGoTi mnpoBeneH! MOPIBHSIIBHI JOCTIHKEHHS BIUIMBY KOPO31iHOL
¢G1HIIHOT 00pOOKM ONMCKYYMX BHMCOKO CIPKOBMICHHUX HIKEJIEBHUX OCaJIiB B
KOHLIEHTPOBAHIN OLTOBIA KHCIOTI Ta aACOpOIiiiHOI OOpOOKM B HACHYEHOMY
po3uuHi  cynbdiay HATPIl0O MaTOBUX 0€3CyJb()OPOBMICHUX TaIbBaHIYHUX
HIKEJIEBUX OCaJiB Ha iX EJEeKTPOXIMIYHY aKTHUBHICTb. Ha OCHOBI LHKIIYHOT
BOJIbTAMIIEPOMETPIi BCTAHOBJICHO, 110 30UIBIIEHHS TPUBAJIOCTI KOPO31HHOT
00OpoOKM OJIMCKYYUX HIKEJIEBUX OCAJlIB, 110 MICTATH CyJIb(yp, B KOHIIEHTPOBAHIMI
OLITOBI KHUCJOTI CHpUS€ MIJBUIIEHHIO IMOBEPXHEBOTO BMICTY Cyabpypy, IO,
CBOEI0 4YEprow, MPHU3BOAUTH JO 3pPOCTAHHS TYCTHMHM CTPyMy Ha IMKIIYHHX
BOJIbTAMIIEPHUX KPUBUX. AHAIOTTYHO, 00poOKa 0e3Ccynb()ypHUX HIKEIEBUX OCaIiB
y HAaCUYCHOMY PO34YHWHI CyJb(]iAy HATPiIO0 TAKOX CHpHsie 30UIBIICHHIO KaTOIHOI
ryctuHu ctpymy. OTxe, He3aJIeXHO Bij criocoOy oOpoOKH, YTBOPEHHS CyJb(imiB
HiKemo 4 aacopOuis cynbdypy (II) Ha moOBEpXxHI €NEeKTpOAHOrO MaTepianry
3a0e3nedye MiBUIICHHS WOTO EJIEeKTPOXIMIYHOI AaKTUBHOCTI. TakuM YHUHOM,
BIIEpIIE MOKAa3aHO, 110 B 000X BUIAJIKaX, SIK MPU KOPO3iiHINA 00poOIl OJIUCKYUnX
CyJIb()OPOBMICHUX HIKEJIEBUX OCAJIB B OITOBIM KUCIOTI, TaK 1 P aJcOpOIIiiHIi
00po06111 0e3cyIbPOPOBMICHUX HIKEIEBUX OCAA1B B HACHUEHOMY PO3UHHI CyJIb(diTy
HATPIIO BIIOYBAETHCS CTaOLIIZAIlS BETUYMHN KATOIHOI TYCTUHU CTpyMy micis 24
rOJIMH TpoBeACHHS 000X BUAIB 00poOku. [lokazano, mo cymbdian HIKEIo, sKi
YTBOPIOIOTBCS TiJ Yac KOPO3iiiHOI O0OpoOKM, € HaWOUIbIl CTIHKUMH Ta
e(pEKTUBHUMU JIs €ICKTPOBITHOBICHHS KUCHIO B TIOMIPHOJIY)KHOMY CEPEIOBHIIII.

Kniouosi cnoea: noxkputts, coating, Hikeslb, HiKeJb-BOJb()PAMOBHI CILIAB,

CIEKTPOOCAKCHHS, IuTpaTHUl enekTpoiit, HEP, xpucramiyHa cTpykTypa,



MIKpOTBEpAICTh, MoOAynb FOHra, cympoTuB 10 TepTs, KOpO3iliHA CTIHKICTb,
KoposiiiHa ¢iHiImHA 00poOKa, CyJb(iau HIKEII0, eJIeKTPOXiIMiYHA aKTUBHICTH,
OILITOBO-COJIbOBA 00poOKa, wet chemical treatment.
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ABSTRACT

Zabaluiev A. S. Electroforming of polyfunctional nickel coatings. —
Quialification work in the form of a manuscript.

Dissertation for the degree of Doctor of Philosophy in specialty 161 Chemical
Technologies and Engineering. — National Technical University of Ukraine "lgor
Sikorsky Kyiv Polytechnic Institute”, Ministry of Education and Science of
Ukraine, Kyiv, 2025.

The dissertation is devoted to the study of aqueous citrate electrolytes and
electrolytes based on a deep eutectic solvent (DES) reline for the electrodeposition
of nickel and nickel-tungsten coatings, as well as the electrochemical, mechanical,
anticorrosion, and catalytic properties of coatings obtained from the respective
electrolytes. Based on IR spectroscopic and 1H NMR studies, the formation of
reline during the preparation of the electrolyte based on a low-temperature eutectic
mixture of choline chloride and urea in a molar ratio of 1:2 M has been proven.

Comparative studies of the electrodeposition processes of nickel and nickel-
tungsten coatings from aqueous citrate electrolytes and electrolytes based on a
deep eutectic solvent (reline) were carried out. It was established that at a molar
ratio of nickel ions to tungstate of 0,75 : 0,07 M in the aqueous citrate electrolyte,
with an increase in current density in the range of 0,5...5 A/dm?, the tungsten
content in the nickel coating decreases from 16,3 wt.% to 6,14 wt.%. On the one
hand, the co-deposition of tungsten into the nickel alloy is accompanied by
depolarization of the cathodic process; on the other hand, it leads to the refinement
of the crystalline structure of the coating. The grain size for electrodeposited nickel
coatings with a thickness of 20 pm varies within 2...5 pm, and for nickel-tungsten
alloy with a tungsten content of 14 wt.% — within 0.5...2 um. In general, the
current efficiencies for both nickel and nickel-tungsten alloy are about 95%, which

corresponds to those achieved in a Watts nickel plating bath.



During electrodeposition of nickel coatings from the DES-based electrolyte,
semi-bright coatings with a current efficiency of about 40% and a thickness up to 5
um were obtained. In general, electrodeposition from the low-temperature eutectic
mixture-based electrolyte produces coarser-grained nickel deposits than from the
aqueous citrate electrolyte. The grain size increases from 5 to 15 pum at a coating
thickness of 20 um. Cyclic voltammetry curves obtained in the pure DES on a
platinum electrode indicate the possibility of electrochemical reduction of the
eutectic mixture at the cathode in the potential region of nickel electrodeposition.
This, in turn, may be the reason for the absence of tungsten co-deposition into the
alloy and the low current efficiency of nickel electrodeposition. Potentiodynamic
voltammetry measurements during nickel electrodeposition have shown that the
main factor influencing the metal deposition overpotential is temperature. It was
found that increasing the potential scan rate does not lead to the appearance of
well-defined limiting current maxima typical for a diffusion-controlled stage,
which may be associated both with the masking effect of the side hydrogen
evolution process and with the predominant control of the dissociation stage of
nickel-based complex ions. It was determined that the absence of a pronounced
limiting current density maximum is characteristic of both aqueous citrate and
reline-based nickel plating electrolytes.

The influence of the introduction of an alloying component (tungsten),
electrolyte composition, and solvent nature on the physical and mechanical
properties of nickel-based coatings was studied. SEM investigation of the
morphology of nickel-based coatings showed that finer-grained coatings are
deposited from aqueous electrolytes than from non-aqueous electrolytes based on
DES. For nickel-tungsten alloy coatings with a tungsten content of 14,6 wt.%
electrodeposited from aqueous citrate electrolyte, as well as for nickel coatings
deposited from a deep eutectic solvent DES-based electrolyte, the microhardness
increases twofold, and the Young’s modulus increases by 10-20 GPa compared to

the corresponding characteristics of electroplated nickel coatings deposited from



Watts electrolyte. Based on repeated scratch tests and continuous indentation and
scanning with a Berkovich indenter, it was established that both nickel and nickel-
tungsten coatings also exhibit enhanced wear resistance, as indicated by the lowest
oscillatory values of friction force and the narrowest indentation groove widths.
Thus, it was found that the lowest corrosion rate and the highest microhardness are
observed for nickel and nickel-tungsten coatings obtained from aqueous citrate
electrolyte.

It was established that nickel coatings obtained from the DES-based
electrolyte are corrosion-unstable in chloride environments. The high rates of
corrosion destruction can be explained by the peculiarities of the crystalline
structure, the presence of cracks, and the products of a DES decomposition in the
coating. Comparative accelerated corrosion tests of the protective properties and
corrosion resistance of electroplated nickel coatings were carried out in an acetic
salt spray chamber. Recommendations were formulated that, for the
electrodeposition of highly corrosion-resistant nickel coatings, the introduction of
sulfur-containing additives such as saccharin into the electrolyte should be
avoided. However, the corresponding bright sulfur-containing coatings can be used
as an underlayer to improve the overall protective properties of nickel coatings.

The electrochemical activity of nickel-based coatings was investigated. It was
shown that the hydrogen evolution overpotential at a cathodic current density of 5
mA/cm? on nickel coatings is about 0.3 V. The introduction of 14.6 wt.% W into
the coating leads to a decrease in the hydrogen evolution overpotential by almost
0.1 V compared to pure nickel. The lowest hydrogen evolution overpotential and,
accordingly, the highest electrocatalytic properties for this process among the
studied coatings are exhibited by those obtained from the DES-based electrolyte.
The hydrogen evolution overpotential on these coatings at a cathodic current
density of 5 mA/cm? does not exceed 0,02 V. This may be due, in particular, to the

formation of coatings with a nanostructured and highly developed surface.



The work includes comparative studies of the effect of corrosion finishing
treatment of bright, high-sulfur nickel deposits in concentrated acetic acid and
adsorption treatment in a saturated sodium sulfide solution of matte, sulfur-free
electroplated nickel deposits on their electrochemical activity. Based on cyclic
voltammetry, it was found that increasing the duration of corrosion treatment of
bright, sulfur-containing nickel deposits in concentrated acetic acid promotes an
increase in the surface sulfur content, which in turn leads to an increase in current
density on the cyclic voltammetry curves. Similarly, the treatment of sulfur-free
nickel deposits in a saturated sodium sulfide solution also promotes an increase in
cathodic current density. Thus, regardless of the treatment method, the formation
of nickel sulfides or the adsorption of sulfur(ll) on the surface of the electrode
material ensures an increase in its electrochemical activity. For the first time, it was
shown that in both cases - corrosion treatment of bright sulfur-containing nickel
deposits in acetic acid and adsorption treatment of sulfur-free nickel deposits in
saturated sodium sulfide solution - the cathodic current density stabilizes after 24
hours of both types of treatment. It was shown that nickel sulfides formed during
corrosion treatment are the most stable and effective for oxygen electroreduction in
moderately alkaline media.

Keywords:  electroplated  coating, nickel, nickel-tungsten alloy,
electrodeposition, citrate electrolyte, deep eutectic solvent, crystalline structure,
microhardness, Young’s modulus, friction resistance, corrosion resistance,

corrosion finishing treatment, nickel sulfides, electrochemical activity.
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BCTYII

OO0rpyHTYBaHHSI BUOOPY TEMH J10CJIi/I2KEHHSI

l'anpBaHiuHI  HIKEJIEBI  IMOKPHUTTS  MIMPOKO  BUKOPHUCTOBYIOTHCS Y
MIPOMUCIIOBOCTI K Y SIKOCT1 3aXHMCHO-JICKOPATUBHUX, TaK 1 JIJIs1 HAJaHHS MMOBEPXHI1
nerajeld NMEeBHUX (PYHKIIIOHAIBHUX BIIACTMBOCTEH. 30KpemMa, TBEpil HiKeJeBi
MOKPUTTS € K 3HOCOCTIMKMMHM, OJHAK 32 CBOIMH MEXaHIYHUMH BIIACTHBOCTSIMU
BCE OJHO MTOCTYITAIOTHCSI TBEPANM XPOMOBHM MOKPUTTSIM.

3 MeToro TMOKpamieHHS (PI3UKO-MEXaHIYHUX BJIACTUBOCTEH HIKEJIEBOTO
MOKPUTTS  JIeToBaHOTO  BojibppamoMm. Ile mpu3BOAWTE 10  MIABUIIEHHS
3HOCOCTIMKOCTI, >KapOCTIMKOCTI Ta KOPO3IWHOI CTIMKOCTI HIKEJIEBHX MOKPHUTTIB.
Binomo, mo mnokputts 3 35 w™ac.% Boibhpamy BOJOAIIOTH aHAIOTIYHOIO
MIKPOCTPYKTYpOIO Ta (hi3UKO-MEXaHIYHUMHU BJIACTUBOCTSIMU, 1110 1 TBEPAI XPOMOBI
nokpuTTs. OHAaK TpPU  1BOMY, EJIEKTPOOCAIKEHHSI HIKEIh-BOJIb(PPAMOBHX
MOKPUTTIB MOXXe OyTH OUIbII E€KOHOMIYHO BUTIAHUM Yepe3 BHILIMNA BHUXIJ 32
CTPYMOM Y MOPIBHSIHHI 3 MPOIIECOM TrajIbBaHIYHOTO XPOMYBAaHHS.

HoBiTHIM HampsiMOM B Cy4acHId TallbBaHOTEXHIIl € BUKOPUCTAHHS IS
HAHECEHHS TaJIbBaHIYHUX MOKPUTTIB 3 €1eKTpoJiTiB Ha ocHoBl HEP, 1o sBisA0TH
co00I0 TPOIYKT JIOHOPHO-AKIECNITOPHOI B3a€MOJIl, HAINpPHUKIAJA, COJCH aMiHIB
(XOmiH XJOpUIYy) 13 OpraHIiYHUMH KHUCJIOTaMH, OaraTOaTOMHUMHU CIHUPTaMH,
KapOaMiZoM Ta MOro MOXiJHUMH. 3a CBOIMHM BJIACTUBOCTsAMH BiamnoigHi HEP
HAaOMIDKEHI /0 10HHUX PIAWH, a EeJEKTPOJITH Ha iX OCHOBI € EKOJIOTIYHO
Oe3MeYHUMU Ta TAF0Th 3MOT'Y OTPUMYBATH ITOKPUTTS 13 HOBUMH BJIACTHBOCTSIMH.

Bigomo, 110 17151 eneKTpoocaKEHHS MOKPUTTIB 31 CIUIaBYy HIKeIb-MOJIO/IEH,
Kl XapaKTepU3yIOThCSA IMIJBUIIEHUMH TBEPJICTIO Ta KOPO3IMHOK CTIMKICTIO,
3aCTOCOBYIOTBCS EJEKTPOJITH, NMpuroroBaHi Ha ocHoBi HEP peminy — cymimn
XOJIH XJOpUIy Ta KapOamigy y MoJisipHoMy cmiBBigHomeHH1 1:2. Tlpote

MOXJIMBICTh OTPUMAHHS MOKPUTTIB CILJIaBY HIKEIb-BOJb(pPaM 3 €JICKTPOJITIB Ha
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ocHoBi BianmoBigHoro HEP € mano ommcanoro. anui moao aHTUGPHUKIIAHUX
BJIACTUBOCTEH  HIKEJb-BOJb(PPAMOBUX  MOKPUTTIB Ta  (hi3UKO-MEXaHIYHHUX
BJIACTMBOCTEH HIKEIEBUX MOKPHUTTIB, EJICKTPOOCATKEHUX 3 HEBOJIHUX PO3YHMHHUKIB
Ha ocHoB1 HEP € manouncnenumu.

Takum YuHOM, BaXXJIMBUM 3aBJIAHHSAM € MTPOBEJACHHS KOMIUIEKCY JIOCHII>KEHb
M0 BHU3HAYCHHIO (PI3UKO-XIMIYHHUX Ta MEXaHIYHMX BJIACTHBOCTEH TalbBaHIYHHX
MOKPUTTIB HA OCHOBI HIKEJIIO OTPUMAaHUX 3 BOJHHUX €JICKTPOJIITIB Ta 3 JICKTPOJIITIB
Ha ocHoBl HEP 1 3pobutn iX mnopiBHsipHUN aHami3. Lle, 30kpema, nae 3Mory
BCTAHOBUTH  TIEPCIICKTMBHI ~ HANpsSMKH  BIPOBADKEHHS Ta  MOXKIUBICTH
YIAOCKOHQJIEHHS  KJACHYHHUX  CJIEKTPOXIMIYHUX  TEXHOJOTIH  HaHECEHHs

rajbBaHIYHUX IMOKPUTTIB.

3B’9130K po00TH 3 HAYKOBUMH NMPOTrPaMaMu, IJIAHAMH, TEMAMU

PoGota BuKOHAHA 3TiIHO 3 HANPSIMKOM HAayKOBHMX JOCHIJDKEHb Kadeapu
TEXHOJIOT1i  €NEeKTPOXIMIYHMX  BUpPOOHMUTB  HallloHaJIbHOrO  TEXHIYHOTO
yHiBepcuTeTy VYKpaiHu «KHIiBChKMI TOJITEXHIYHUI 1HCTUTYT 1MeH1 Irops
CikopchbKOTO» Ta B paMKaX BHUKOHAHHS JIBOX MPOEKTIB HAYKOBUX POOIT MOJOJIUX
BUEHUMX 3a (iHaHCyBaHHSIM MIiHICTepCTBAa OCBITM 1 HayKd YKpaiHU:
«Enexrpoximiuamii 3D-npyK A MIBUAKICHOTO IPOTOTUITYBaHHS Ta BUPOOHUIITBA
iaT JApyKoBaHOro MOHTaxy» (Homep aepskpeectparii  0125U000705);
«CTBOpEHHsSI ~ CEJEeKTHMBHO  pEaKIliMHUX  METaTIYHUX Ta  KOMIIO3UTHHX
HaHOMATEPialiB 3 BUKOPUCTAHHIM €KOJIOTTYHUX 10HHUX P1IMH HOBOTO MOKOJIIHHS

(Homep aepxpeectparii 0121U100409).

Merta i 3aBJaHHA XOCTiKEeHHA

Meroto nmaHoi poOOTH € JOBEACHHS MOMJIMBOCTI EJIEKTPOOCAIKCHHS

oM yHKIIIOHATBHUX 32 CBOIM MPU3HAYEHHSIM TaJIbBAaHIYHUX IMOKPUTTIB HA OCHOBI
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HIKEJIIO 3 BOJHUX LUTPATHUX €IEKTPOIITIB Ta eneKTpoiTiB Ha ocHoBl HEP ioHHIX
PIJIMH HOBOT'O TIOKOJIIHHS.

3 MeTor0 peanizallii mocTaBIeHOi METH HEOOXiTHO OyJI0 BUPIIIMTH HACTYIHI
3aBJIaHHS:
- PO3pPOOUTH METOJUKY MPUrOTYBaHHS Ta KOHTpoJito yTBopeHHs HEP Ha ocHoBi
peniny;
- OIpaIoBaTH METOJMKH TNPUTOTYBaHHS Ta 3IIMCHUTH OOTPYHTYBAHHS CKJIATy
KOMILJIEKCHUX IUTPATHUX €JIEKTPOJIITIB Ta €IeKTPoiiTiB Ha ocHOBI HEP peniny;
- OOrpyHTyBaTd BHUOIp METOIIB KOHTPOJIIO XIMIYHOIO CKJIaJy TrajlbBaHIYHUX
MOKPUTTIB HA OCHOBI1 HIKEJIO;
- BIANpAIIOBaTH METOAMKY Ta TEXHOJIOTIYHI MapaMeTpH eJIeKTPOOCAIKEHHS
JTPpIOHOKPUCTATIYHUX J100pe 3YEIUIEHUX 3 OCHOBOIO TajbBaHIYHUX TOKPHUTTIB Ha
OCHOBI HIKEJIO,
- OOIpyHTYBaTH METOJUKH MOJSIPU3ALIAHUX BHUMIPIOBAHb MPHU JOCIIIKEHHI
MPOIIECIB  €JICKTPOOCAKECHHSI, KOPO31HHOI CTIMKOCTI TaJlbBaHIYHUX HIKEICBUX
MOKPUTTIB,;
- OOrpyHTYBAaTH METOJUKY Ta 3IIMCHUTH MPHUCKOPEHI KOPO3iiiHI BUIPOOYBaHHS 3
METOI0  OIIHIOBaHHS 3aXMCHUX BJIACTMBOCTEM Ta KOPO3IWHOI  CTIHKOCTI
raJibBaHIYHUX HIKEJIEBUX MMOKPHUTTIB;
- BHU3HAYUTH OCHOBHI (DI3UKO-MEXaHIYHI MapaMeTpu Ta IOKAa3HUKH, TakKi SK
MIKpPOTBEPAICT, Ta MoAyJb FOHra miis JOCHiIKyBaHUX HIKEJIEBUX TOKPHUTTIB,
OoOTpyHTYyBaTu BHUOIp METOJAMKUA OIIIHKM 3HOCOCTIMKOCTI Ta MIKPOTBEPIOCTI
raJbBaHIYHUX IMOKPHUTTIB Ha OCHOBI HIKEIIIO;
- JOCHIIUTA BIUIUB CTPYKTYpU TOBEpXHI Ta KOpO3iiHOI 00poOKH Ha
CJIIEKTPOXIMIYHY aKTHBHICTh €JICKTPOJHUX MaTepialiiB Ha OCHOBI HIKEJICBUX
MTOKPUTTIB.

OG’eKT AOCIHIPKEHb — CKJIaJAW PO3UYMHIB €JIEKTPOJITIB Ta 3aKOHOMIPHOCTI
CJIEKTPOOCA/KCHHST MO (DYHKIIIOHAIbHUX ~ HIKEJIEBUX TOKPUTTIB 3 BOJHUX

UTPATHUX €JIEKTPOJIITIB Ta eekTpoiTiB Ha ocHOBI HEP perniny.
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[Ipenmer pochikeHb — 3aJEXKHICTh (DI3UKO-MEXAHIYHMX Ta 3aXHUCHHUX
BJIACTUBOCTEH,  3HOCOCTIHKOCTI,  MIKPOTBEPAOCTi,  KOpPO3ilHOI  CTIHKOCTI,
eJIEKTPOXIMIYHOI MOBEAIHKY TabBaHIYHUX HIKEJIEBUX MOKPHUTTIB Ta EICKTPOIHHUX
MaTepiajliB Ha iX OCHOBI BIJ CKJaay eJEKTPOJIITy, PEXKUMY EJICKTPOJII3y Ta

3aBepIIaIbHOI (hIHIITHOT 0OPOOKH.

MeTtoau D0CTiKeHHA

JIoCDKEHHST €JEKTPOIITIB 3 MIATBEPKEHHSIM YTBOPEHHS BIJMOBIAHOL
cnonyku HEP mnposomunu metomamu ‘H  s1epHO-MAardiTHO-pe30HaHCHOT
cnektpockonii 3 BukopuctanHsiM Bruker MSL-300 SAMP-cnektpomerpa Ta
MeTOJI0OM 1H(pauyepBOHOI crieKTpockomii 3 BukopuctanHsaMm Bruker Tensor II 1Y-
CIEKTPOMETPA.

EnextpoocakeHHsI  TaJlbBaHIYHUX  TMOKPUTTIB 3MIIACHIOBAJIN B
raJlIbBAHOCTATUYHOMY PEXKHMI 13 3aCTOCYBAaHHSIM CTaOUTI30BAHOTO JpKepena
noctiiiHoro ctpymy b5-43A. Buxin 3a cTpyMOM TpOLECIB HIKEIIOBaHHS
BCTAHOBJIIOBAJIM TpaBIMETpUYHUM MeTooM (i3 3aCTOCYBaHHSIM EJICKTPOHHHUX
anamitnaEux BariB RADWAG AS 220.R2), 3BaxyBanHsaM 3 TouHicTio 110 r
3pa3KiB 3 HAHECEHUMU TTOKPUTTSIMHU.

Mopdororiro MOBepXHI 3pa3KiB  HIKEIEBUX IMOKPUTTIB JOCIITyBaIH
METO/IOM CKaHYIOUOl €JIEKTPOHHOI MIKpPOCKOMIl 13 3aCTOCYBaHHSIM MIKPOCKOMA
TESCAN VEGA 3, ocnamenomy EDX ananizaropom BRUKER QUANTAX EDS
JUTSl BUBHAYEHHS XIMIYHOTO CKJIaJy TTOBEPXHI.

XiMIYHAH ~ CKJIa  rajbBaHIYHHUX  HIKEJIEBUX  OCAaJIB  BHU3HA4YaJIHA
CHEProAUCTIePCIMHNM  peHTreHoduroopectieHTHUM  aHanmizom  (EJIPDA) 3
BUKopucTaHHsaM ekcnpec-ananizatopy EXPERT 3L IleHTpy MIKpOCKOMIYHHX
nociigxeHb «KIII im. Iropst CikopcbKoro.

JlocmiKeHHsT €JEKTPOJHUX TIPOIECiB TMPH  OCAHPKEHHI Ta KOPO31MHOI

CTIMKOCTI  HIKEJIEBUX  MOKPUTTIB  3IINCHIOBAIM  METOAAaMU  ITUKJIYHOI
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BOJIbTAMIIEPOMETPIi Ta JIHINHOI monspu3alii 3a JOMOMOroK  IHU(PPOBOTO
noteniiocrary VersaStat3 2 AMP ¢gipmu AMETEC 13 BcranoBienum Ha [IK
nporpamMHuM 3abe3neueHasM VersaStudio.

MikpomexaHiuyHl  BUIpPOOyBaHHS Ta BUIPOOYBAaHHS  3HOCOCTIMKOCTI
CJIEKTPOOCA/PKEHUX  HIKEJIEBUX  TOKPUTTIB  MeToAamMu  Oe3lepepBHOTO
BIABIIOBAaHHS 1 JpsANaHHs 1HIEHTOpoM bepkoBuua mpoBOAWMIHMCS  Ha
yYHIBEpCAJIbHOMY MIKpOTBepAoMipi-ckpeuTecTepi "Micron-gamma'.

[Ipuckopeni BUNpoOyBaHHs HA KOPO31HY CTIMKICTh Ta 3aXHUCHI BIACTHUBOCTI
€JIEKTPOOCAPKEHUX Ha CTaJeBYy OCHOBY HIKEJIEBUX MOKPUTTIB 3I1MCHIOBAIN Yy
KaMepl OITOBO-COJBOBOIO TyMaHy, KOPO3MBHICTh $IKOi HOPMYBAJId 3TITHO 31
cranaaptom [SO 9227:2012.

3aBIFKM KOMIUIEKCHOMY IMIAXOAY B JOCHIKEHHSX, W10 BKIIOYAIH
BUIIEBKA3aHl METOJM Ta METOAMKU BJAJIOCh BCTAHOBUTU IIUPOKUM CHEKTP
NOMI(PYHKIIOHAIBHUX BJIIACTUBOCTEH Ta BUOKPEMUTH IMEPCHEKTHBHI HaNpPSIMKU
3aCTOCYBaHHS PO3POOJCHUX HOBUX CIEKTPOXIMIYHHUX CHCTEM IS HAHECEHHS

raJibBaHIYHUX MMOKPUTTIB B LJIOMY.

HaykoBa HOBHM3HA OTPMMaHUX pPe3yJIbTATIB

[ToxazaHa MOXJIMBICTH OTPUMAaHHS MOKPUTTIB CIUIABOM HIKENIb-BOJIb(Ppam 13
BMicTOM ocTaHHbOTO 10...14 Mac.% 3 UUTPATHOTrO EIEKTPOJIITYy 3 BHUXOJOM 3a
ctpymoMm 90...96 %. Bmnepme cniBcTtaBieHo, IO I HIKEJIb-BOJIbGHPAMOBHUX
MOKPUTTIB 3 BMICTOM Bosb(ppamy 14,6 mac.%, eIeKTpOoOCaHKEHUX 3 BOJHOTO
HUTPATHOTO EJIEKTPOJITY Ta HIKEJIEBUX MOKPHUTTIB, OCAIKEHUX 3 €IEKTPOJITY Ha
ocHoBi HEP peniny, MikpoTBepaicTh € Oulbllle HIK y JBa pa3d BHUIIOK Y
MOPIBHSIHHI 3 HIKEJICBUM MOKPUTTIM, OCAJKEHUM 3 €JIEKTPOJIITY YOoTCa.

Brnepie mnokazaHa MOXJIMBICTh OTPUMaHHS HAMIBOJMCKYYMX HIKEIEBUX
MOKPUTTIB TIPU TOBIIUHI 10 5 MKM 3 enekTpoiity Ha ocHoBli HEP - peniny 6e3

JoaBaHHsI OJIMCKOYTBOPIOIOUUX JO0OABOK.
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Briepiiie BcTaHOBIIEHO, 110 MPU TOBLIUHI TOKPUTTS B 20 MKM, OTPUMAHOTO 13
enekTpoidity Ha ocHoBl HEP peniny, cymapHa mepenarpyra KaTOJAHOTO IPOLECY
BMIUIEHHS BOJHIO IIPH TYCTHUHI cTpymy 10 10 MA/cm?, He nepesuinye 0,05 B uepes
BHUCOKO PO3BUHYTY CTPYKTYPY MOBEPXHI HIKEJIIEBOTO MOKPUTT.

[TokazaHo, 10 BBEJIEHHS B CTPYKTYpY HIKeJleBUX MOKpHUTTIB 14,6 mac.%
BOJIb()paMy TPHU3BOAUTH IO 3MEHIICHHS TEPEHANpPYTd BUIIJICHHS BOJIHIO B
HEUTpaJIbHOMY pPO34MHI XJopuay Hatpito Ha 0,1 B, y MOpiBHSIHHI 3 HIKEJIEBUMHU
NOKPUTTSAMU 0e3 BoJib(ppaMy (HAHECEHHS BIJNOBIIHUX HIKEJIEBUX Ta HIKENb-
BOJIL()PAMOBUX MOKPUTTIB 3A1MCHIOBAIA B LIUTPATHOMY €JeKTpoJiiTi). IIpu npomy
BUSIBJICHO, 110 HIKEJIb-BOJb()PAMOBI MOKPUTTS € OUIBII APIOHOKPUCTATIYHUMH.

BcraHoBiieHO, 10 MpU KOPO3IMHMX BUIPOOYBAaHHSAX B KOHIEHTPOBAHIM
ONTOBIA  KHCIOTI, ympoaoBx 2...24 TOJ, TajdbBaHIYHUX  HIKEJIEBUX
CyJIb()OPOBMICHUX MOKPUTTIB, BiIOYBa€ThCA 30arayeHHs X MOBEPXHI Ha CyIbdyp
y BUIIISI1 aicopOOBaHOrO CylbPypy abo y BUIIISIAI YTBOPEHOTO CYJb(iIHOTO
mapy. Ilpu 1boMy BinOyBaeTbCs 3pPOCTAHHS EJIEKTPOXIMIYHOT AKTHBHCTI
JOCIIJIKYBAaHUX MOKPUTTIB, IO MPOSIBISETHCS Yy 30UIbIIEHHI KaTOAHOI T'yCTUHU
ctpymy y 6 — 10 pa3iB, npu HakJaJaHHI kaToaHoro noteHuiany -0,4 By 0,1 M

po3unHi KOH.

IIpakTUyHe 3HAYEHHS] OTPUMAHUX Pe3yJIbTATIB

OTpumaHi HayKOBiI pe3yJbTaTH JO3BOJISIOTh BIOCKOHAIMTH TEXHOJIOTIO
HAHECEHHS 3aXMCHO-JICKOPATUBHUX Ta 3HOCOCTIMKUX TajdbBaHIYHUX TOKPUTTIB, a
caMe 3ampoIlOHOBaHI Ta alpoOOBaH1 CKJIAIU ITUTPATHUX BOJHHUX €JIEKTPOIITIB JJIs
CJIEKTPOOCA/PKCHHSI TOKPUTTIB HIKEJIEM Ta HIKeIb-BOJb(PPaMOBUM CIIJIABOM
(ocTaHHi MarOTh MIABHUINEHY TBEPIICTh 1 3HOCOCTIHKICTD).

3anporoHOBAHO CIOCIO €JIEKTPOOCAIKEHHSI KOPO31MHOCTINKOTO HIKEJb-
BOJIL()PAMOBOTO TOKPHUTTS 13 BUCOKOIO 3aXHCHOIO 3/IaTHICTIO, IO SIBJITIOTH COOO0

JIBOIIIAPOBY CHUCTEMY 13 MIAMIAPOM 13 OJMCKY4YOTO HIKEII0 Ta BEPXHIM IIapoM
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HIKETb-BOJIb(pPAaMOBOrO0 MOKpUTTA. Ha OCHOBI MNPUCKOPEHHX  KOPO3IMHHUX
BUNPOOYBaHb METOJAOM «COJBOBOTO TyMaHy» IIOKa3aHO, IO TPUBAIICTb
eKCIIOHYBaHHS 3pa3KiB 13 TaKUM MOKPUTTAM JO TOYATKy MPOSIBY aKTUBHOTO
KOPO31MHOTO pyiHYBaHHS, Y YOTHPU pa3u MEPEBUIIY€E BIJIMOBIIHE 3HAYCHHS [JIS
KJIACHYHHUX MiJHO-HIKEJIEBUX IMOKPHUTTIB 13 BEPXHIM IIAPOM 3 OJIMCKYYOTO HIKEIIO.

KoposiitHa 06poOka OIuCKyUnX Cyab(pypOBMICHUX TaJIbBAaHIYHUX HIKEIEBUX
MOKPUTTIB B KOHIICHTPOBAHINA OIITOBIM KHCJIOTI Ta HAHECEHHS TOKPHUTTIB 3
eNeKTpodiTiB Ha ocHOBlI HEP MoxyTh OyTH BHMKOpHCTaHI [Jisi CTBOPEHHS
BHUCOKOE(DEKTUBHUX €JIEKTPOKATAII3aTOPIB Ta E€JIEKTPOAHUX MaTepiaiiB XIMIYHHX
JDKEpeN CTPyMy Ta €JIEKTPOIII3EPiB 10 OTPUMAHHIO BOJIHIO.

Pe3ynbraty mociikeHb BIPOBAIKEHI y HaBUaJbHUU mpouec Kadenpu
TEXHOJIOT1i eJIEKTPOXIMIYHUX BUPOOHUIITB HallioHanbHUN TEXHIYHUN YHIBEPCUTET
Vkpainn "KuiBcbkuit momitexHiyHUN 1HCTUTYT iMeHi Iropst Cikopcbkoro" mpu
BUKJIAJaHHI OCBITHBROTO KOMMOHEHTY «OCHOBM TIPOIIECIB OCaJKEHHS Ta
PO3YMHEHHS METalliB» B paMKaxX OCBITHBO-TIPOECiitHOI TporpamMu MepIIoro
OakaJlaBpChbKOTO PIBHSI BUIOI OCBITU creriaabHOocTl 161 XiMiuHiI TEXHOJOTII Ta

1HXEHepisl.

OcoOucTuii BHECOK 3100yBaya

AHani3 HayKOBO-T€XHIYHOI 1H(OpMallii, OCHOBHUN OOCST €KCIIEPUMEHTAIBHOI
poboTH, aHami3 CTPYKTYpHO-(a30BOTO CKjJady, IMPOBEICHHS KOPO3IMHUX
BUNIPOOYBaHb, 3HATTS MOJSPU3AMINHUX KPUBHUX, IOCIIIKEHHS 3HOCOCTINKOCTI,
BUMIPIOBAHHSA MIKPOTBEPAOCTI HIKEJIEBUX Ta HIKEIb-BOIb(PAMOBUX IOKPUTTIB
BUKOHAHO aBTOpoM ocobucto. [locTtaHoBka MeTu 1 (OpMyIIOBaHHS 3aBIaHb
JIOCITIJIKEHHS, OOrOBOPEHHS pe3yJIbTaTiB Ta BUCHOBKIB, MATOTOBKA MaTepialliB J0
nyOJiKaiii MpPOBOJMIUCH CIHUIBHO 3 HAYKOBHUM KEpPIBHHUKOM J.T.H., MHPOd

JlirroueBoro O.B. ta k.T.H., gou. Ymamnoscekum J1.1O.
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ABTOp BAOSuUHMI K.X.H., gon. buky M.B., x.T.H. mou. Kocoriny O.B. Ta
3aBiyBauy Kadeapu TEXHOJOTIi eJeKTPOXIMIYHMX BHUPOOHMUITB K.T.H., JOII.
bykery O.l. 3a miHHI mopagu Ta KOPHCHI 3ayBaK€HHS TpU BUKOHAHHI
JMCEePTaLIHOTO JOCIIIKSHHS.

ABTOp BHUCIOBJIIOE CBOIO TMOJSKY KOJEKTUBY KadeIpu TEXHOJOTi
eJIEKTPOXIMIYHUX BUPOOHHNTB HallioHaNIbHUN TEXHIYHMI YHIBEpCUTET YKpaiHU

"KuiBcbkuit mosiiTexHiYHUHN 1HCTUTYT iIMeH1 [ropst Cikopchkoro".

AnpoOauisi pe3yJIbTAaTIiB AUCEPTALIMHOI pO0OTH

OCHOBHI HayKOBI MOJIOKEHHS AUCEPTAIIHHOI poOOTH OyJiM MIpeACTaBIICHI Ta
00TrOBOPIOBAJIMCH HA TPHOX MIKHAPOJIHUX HAYKOBHX KOH(pepeHuisx (MikHapoaHa
HayKoBa KoH(pepeHitia «Matepianu st poOOTH B €KCTPEMaJIbHUX YMOBax — 11»,
2021, KwuiB; MixuapogHa HaykoBa KoHdepeHuis «Martepianu nmas poOOTH B
eKcTpeMaibHuX ymMoBax — 12», 2022, KuiB; V MikHapo/iHa HayKOBO-TIpaKTUYHA
koH(pepeHuis «lIpiopuTeTHi HampsMmu pPoO3BUTKY Hayku», 2023, [amOypr,
HimeuunHa).

HasBHUI1 akT BOPOBA/PKCHHS PE3yibTaTIiB POOOTH y HAaBYAIBHUN TMPOIEC
(UAOJATOK A), XiMiKO-TEXHOJOTTYHOTO (akyiabTeTy HarloHanbHUI TEXHIYHUUN
yHiBepcuTeT Ykpainu "KuiBChbKuMW MOMITEXHIYHMM 1HCTUTYT 1imeH1 Irops

Cikopcrkoro".

Hyoaikamii

3a pe3yibTaTaMu JOCIHIKEHb OIyOJIIKOBAHO 9 HAyKOBHUX Mpalb, y TOMY
yucii 4 cTaTTi y HayKOBUX (DaxOBHX BHJAHHAX YKpaiHH, | cTarTd y mepioguuHuX
HAyKOBOMY BHUJaHHI, MNPOIHJIEKCOBAHOMY B HAyKOBO METpUYHINA 0a3l JaHHX
SCOPUS (kBaptiibs Q4); 1 crarts y HAyKOBOMY BUJIaHHI 1HIIOT JAEpKaBU; 3 Te3H

JOTIOBIIeH B 301pHUKAaX MaTepiaiaiB MI>KHAPOJHUX HAYKOBUX KOH(EpEHIII .
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Ctpykrypa Ta 06cHAr aucepramii

Huceprariiiina poboTa BukianeHa Ha 148 cTopiHkax ApyKOBaHOTO TEKCTY,
CKJIaJIa€TbCsl 31 BCTYMy, IU'STH PO3JAUIIB, 3arajJlbHUX BHCHOBKIB, CITHMCKY
BUKOPHCTAaHUX JDKepenl Ta monatky. OOcCsSr OCHOBHOTO TEKCTY JucepTallii
cranoBuTh 105 cTOpiHOK ApyKOoBaHOro TekcTy. Pobora mae 7 Tabmuups ta 39

pucyHkiB. CIUCOK BUKOPUCTAHUX JIKEpes MICTUTh 142 HaliMeHyBaHHS.
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1. JITEPATYPHHMM OIJISI/T

1.1. AkrtyaabHi mnpo0jieMH B Tajly3i HaHECEHHSl TIaJbBAHIYHUX
NOKPUTTIB

HaneceHHs ranbBaHIYHUX MOKPUTTIB 3aCTOCOBYIOTHCSA Y 0aratbox ramy3six
IMPOMUCIIOBOCTI JIJIi  3aXUCTy JeTajedl BiJg Kopo3li Ta OTPUMaHHA HOBHUX
GyHKIIOHATFHUX BJIACTMBOCTEH: ITiIBUINIEHOT MOBEPXHEBOI CBITIIO BiAOMBaIO4YO0i
3IaTHOCT1, TBEPJOCTI, aHTU(GPHUKIIIHHUX BIACTUBOCTEH, 3HOCOCTIMKOCTI TOIIO. 3a
MEXaHIYHUMHU Ta JI€KOPATUBHUMHM BJIACTHUBOCTSIMHU, KOPO3IMHOIO CTIMKICTIO Ta
€KOHOMIYHOKO JIOLIJIBHICTIO TajdbBaHIYHI MOKPUTTS NEpeBepIIyoTh yci iHml. Ha
JAaHUM MOMEHT Taly3b rajJbBaHOTEXHIKHU JOBOJII J0Ope BHUBYCHA, a TaJibBaHIYHI
MIJMPUEMCTBA MPALIOIOTh 32 HE3MIHHMMHU TEXHOJIOTIYHUMHU pPErjiaMeHTaMU BiKe
KoTtpe  gecsatwiitta.  [Ipore,  3Baxkatoun  Ha  MepefoBl  TEHACHIIIT
pecypco-opi€EHTOBAHOI €KOHOMIKH BKJIMBUMH 3aBJIaHHSAMU € MiHIMIi3allisl BUTPAT
Ha BUPOOHMIITBA Ta PO3pOOKAa KOMIUIEKCY BHCOKOE(HEKTUBHUX METOIB
M1JBUIIEHHS KOPO31MHOI CTIMKOCTI rajibBaHIYHUX TIOKPUTTI Ta 3aXUCTY METaJy BiJ
Kopo3ii. ToMy HOBMM BHKJIMKOM CTaHAApTaM TallbBAHOTEXHIKH CTA€ 3MEHIIICHHS
TOBUIMHU TaJIbBAaHIYHUX MOKPUTTIB 31 30€pEKEHHSAM Ta MOXIJIMBUM M1JBULIEHHSIM
iX 3axucHUX Ta (YHKIIOHAIBPHUX BIAcTUBOCTeH. Jlana 3amaua morpelye
KOMIUIEKCHOTO TIIXOAy M0 il BUPIIIEHHSA. 30Kpema, YJIOCKOHAJIEHHSI CIOCO01B
MOTEPEIHbOT TMIATOTOBKM TOBEPXHI MeETajiB; OOIPYHTYBaHHS Ta ONTUMI3AIl]
PEXKHUMIB  €JEKTPOJII3Y; PO3POOKH CKIAIB EJIEKTPOJITIB 13  MIJBUILEHOIO
PO3CIIOBAILHOIO  3/IaTHICTIO; JIOCIIJKEHHS BIUIMBY OPTraHIYHUX TOBEPXHEBO
aKTUBHUX J00aBOK Ha KOPO31iiHY CTIMKICTh T'ajibBaHIYHUX MOKPUTTIB, CTPYKTYpPY
NOKPUTTS Ta pO3CIIOBAJbHY 3AAaTHICTh €JIEKTPOJITy; MiaAllp OpraHidHUX
MOBEPXHEBO AKTHBHUX J00ABOK MJisi E€JICKTPOOCAIHKCHHS HAHOCTPYKTYpPOBAHUX
HU3BKO TOPHUCTHX BUCOKO KOPO3IMHOCTIMKUX TaJbBAaHIYHUX TOKPHUTTIB; MiaOip

BHUCOKOE(DEKTUBHUX CIIOCOOIB 3aBEpIIaibHOT OOPOOKH rajJbBaHIYHUX OKPUTTIB.
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1.2 3axucHoO-AeKOPATHBHI HiKe/JleBi MOKPUTTH

1.2.1 MaroBi HiKkeJIeBI IOKPUTTHA

Jlis ocaJKeHHsI HIKEJIEBUX TMOKPUTTIB y BUPOOHUIITBI BUKOPHCTOBYIOTHCS
cyibdaTHi, XJOpHIHI, cyibhaMmaTtHi Ta ¢TopOopaTHi enekTpoith. Hahoimbin
PO3MOBCIOKEHUM € €JIEKTPOJIT YOTTCa, skuit ckimanaerbes 3 [1]: NiSO4 - 6H0 —
230-380 1/, NiCl, - 6H,O — 20-60 r/n, HsBOs — 30-40 r/n. Ilpu upomy pH
po34uHy cTaHOBUTH 1,5-4,5, Temnepatypa — 45-60°C, a muipHICTh cTpyMy — 3-11
A/nm?. Ocaau 3 IBOTO €JIEKTPOJIITY BUXOAATH JIPIOHOKPUCTAIIIYHUMH HaBITh 0€3
creriagbHuX 100aBOK. OCHOBHUMH HEJIOJIIKAMU TaKUX €JEKTPOJITIB € CXHIIbHICTh
710 YTBOPEHHS ACHAPUTIB 1 MITHUHT1B, BUCOKI BHYTPIIIHI HaNpPyXEHHS MOKPUTTIB 1
BHCOKA YYTJMBICTH JO JOMIIIOK 1 3a0pynHeHb. s 3amoOiraHHd MTITTUHTY B
CJIEKTPOJIT  JOJAIOTHCS  MOBEPXHEBO-aKTUBHI  PEUOBUHHU, SKI  3HUXKYIOTh
MOBEPXHEBUI HATAT, CIPHUSAIOYM LIBUJLIOMY BIJIBEACHHIO BOJHIO BlJ MOBEPXHI
karoxy. Jlo  Takux ~ pedyoBMH  HajexkaTh  Harpinmaypuwicyiabdar 1
HaTpiinaypwicyibdaranerar, KOHIIEHTpAIlld SKUX B €JIEKTPOIITaX HIKEITIOBaHHS
3a3Buvail craHoBuTh 0,5-1,0 ©/1 1 KOHTPOJIOETHCS MIISXOM BU3HAYCHHS
MOBEPXHEBOro HATATY [1].

JIns migBUIEHHS TBEPAOCTI 1 MEXaHIYHMX BJIACTUBOCTEM B €IEKTPOJITH
JIOJIAIOThCSL OpraHiuHl T00aBKM, IO MICTATH CipKy. lIpore, sikmo mo aetanen
BHUCYBAaIOThCS BHUCOKI BUMOTH MIOJI0 KOPO3IMHOI CTIMKOCTI, CIiJ YHHUKATH
BUKOPUCTAHHS CIPKOBMICHMX J00aBOK, OCKUIBKA BOHM 3HUXKYIOTh KOPO3IMHY
CTIUKICTh TOKPUTTA. KpiM TOTO, TOKPHUTTS, OTPUMAHI 3 EJIEKTPOJIITIB 13
CIPKOBMICHUMHM J00aBKaMH, HE PEKOMEHYEThCS MiIaBaTH O0KHUTY, OCKIJIBKH 11€
30UIbIIy€e X KpUXKICTh. JJIS 3MEHIEHHS HABOJHEHHS Ha KaTodi, L0 €
XapaKTEePHUM JJI TPOIECy HIKEIIOBaHHS, B €JIEKTPONIT JOJAI0Th caxapuH ado,
piauie, cynabdar kobansTy. OnTuManbHa KUIBKICTh caXxapuHy ckiiagae 6imu3bko 0,6
MOJIB/JI. XJIOPUIHI €JIEKTPOJIITH PIIKO BUKOPUCTOBYIOTHCS B €EKTpOodOpMyBaHH1

yepe3 BHUCOKI BHYTPIIIHI HaNpy>KEHHS OCajiB, OTpUMaHuX 3 Hux. [Ipore BoHuU
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MaloTh TIepeBary 4epe3 IMPOCTOTY NPUTOTYBaHHS, KOPUTYBAaHHS 1 KOHTPOIIIO
3aBJISIKM HEBEJIMKIM KIIbKOCTI KOMIIOHEHTIB [2].

PekoMeHg0oBaHMN CKIaM 1 PEXKUM ENEKTPOJI3y Uil TaKOTO EJIEKTPONITY
HactynHi: NiCl; - 6H,0 — 300 r/n, HsBOs; — 30 /i, pH — 5,4-5,8, T, °C — 40-70,
i, A/mmM?> — 3-11. Bucoka eneKTpOIpOBIIHICTE ILLOIO EJEKTPOJITY J03BOJISE
OpalioBaTH TPU HIDKYIM Hampysl, HDK B IHIIUX EJIEKTPOJIITaX, IO CYTTEBO
3MEHIIy€ BHUTpPATH €JEKTPOCHeprii 1 poOUTh Tmpolec eleKTpohopMyBaHHS
€KOHOMIYHO BUTIIHIIIMM. Takox 1el eIeKTPOoJIT MEHII CXUJIbHUN A0 YTBOPEHHS
NITUHTIB 1 JEHAPUTIB MOPIBHSAHO 3 cyibpartHuMu. Ocaau, OTpUMaHl 3 HBOTO,
MaroTh TBEPAiCTh O13bK0 350 Kkre/mMm? 3a Bikkepcom [2].

@TOpOOpaTHI ENEKTPOIITH JO3BOJISIOTH OTPUMYBATU JAPIOHOKPHUCTAIIIYHI
MOKPUTTS 3 BHCOKOIO IJIACTUYHICTIO 1 HU3BKUMH BHYTPIIIHIMU HAaNpyKCHHIMU
MOPIBHSHO 3 CYJb(aTHUMU €JIEKTPOJITaMU. AHOJIHI 1 KaTOJHI MPOIECH B TaKUX
enexkTpoiTax MarTh Maitxke 100% epekTUBHICTD, 1 1a€ MOXJIMBICTh MpaIOBATH
pu OUTBIIUX TYCTUHAX CTPYMY, HIX cylbdatHai. DTOpOOpaTHI €NEKTPOIITH MAIOTh
BHUCOKI OyQepHi BIacTUBOCTI, 3a0e3neuytoun ctabuibHicTh pH mig yac podotu 1
MIHIMAQJIbHY CXWJIBHICTh A0 YTBOPEHHS AeHAPUTIB. HenomnikoM Takux eIeKTpoJIITIB
€ 1X BHUINA BApTICTh MOPIBHSIHO 3 CyIb(ATHUMU 1 XJIOPUIHUMH EJIEKTPOJITAMHU,
IpoTe iX TMepeBard 4acTo KOMIEHCYIOTh IIi BUTpaTu. PekomeHmoBaHWM CKIaf i
PEKUM eeKTpoizy mansi propooparHoro enekrpoiity HacTymHi: Ni(BF4), — 300
r/n, HBF, — 4-35 r/n, H3BO3 — 30 r/n, pH — 2,0-3,5, T, °C — 40-80, ix, A/qm? — 4-
10 [1].

CynbhamMatHi eNeKTpoTiTH HAOYJIM 3HAYHOTO MOITUPEHHS OCTAaHHIM 4acoM B
EJICKTPOOCAKEHH1 HIKEIO JIJIs efekTpodopmyBaHHs. [le 3yMOBIEHO MOMKIMBICTIO
IPOBEJCHHS MpOLEeCy MPH BUCOKUX TYCTHHAX CTPyMy 1 OTPUMaHHS OCaaiB 3
HU3BKMMH BHYTPIIIHIMH HanpykeHHsMU. HikeneBi MOKpUTTS 13 cyiabhamaTHHX
€JIEKTPOJITIB MAIOTh JAPIOHOKPUCTAIIYHY CTPYKTYPY, CBITIIIINN KOJIp MOPIBHSHO
3 ocaJaMHM 3 IHIIUX CIEKTPOJITIB, € TJIaaKuMu, Ta enactuuyHuMH. CKian

cyJbaMaTHUX EJEKTPOJITIB MOAIOHUNA 10 Cylb(aTHUX, ajie 3aMiCTh Cyabdary



28

HIKEJII0 BUKOPUCTOBYETHCS Cyib(amaT Hikento. Po3unHHICTh cynbdamary BHILA,
HDK cylbdaTy, 10 JI03BOJISIE 3aCTOCOBYBAaTH  E€JEKTPOJITH 3  OLIBIIOIO
KOHIIeHTpalli€o cynbdpamary Hikemo (Bix 300 mo 650 1/m), 3abesmeuyroun
MO>KJIMBICTh OCA/I)KEHHS MPU BUCOKUX TYCTUHAX CTPyMY. 3 UMCTHUX CyJb(amMaTHUX
CJICKTPOJIITIB OCa/KYIOThCS MATOBI, BIJIHOCHO M'sSKi 1 IUIaCTU4YHI oOcaad 3
TBepaicTio 3a Bikkepcom HV 180-220. [Ipote, cynphaMaTHi €IEKTPOTITH MAIOTh
Jy’)K€ BHUCOKHM TMOBEPXHEBUN HATAT, IO MOXIJIMUBO MpPHU3BEIE 10 YTBOPEHHS
niTUHTIB. TOMYy BHUKOPUCTaHHSI TaKMX €JIEKTPOJIITIB 0e3 100aBOK, 110 3HUKYIOTh
MOBEPXHEBUI HATAT, HE AOUUIbHO. i1 3amoOiraHHs yTBOPEHHIO MITHUHTIB Yy
cyibamMaTHUIl  €IeKTPOJIT 3a3BUuYail  JIOJAIOTh  JAypuicylbdar HaTpiro.
PexoMeHI0BaHMI CKJIaJ CyJb(aMaTHOTO EJIEKTPOJITY 1 PEXKUM EIEKTPOi3y:
Nl(NHZSO3)2 : 4H20 — 340-360 F/JI, NlClz : 6H20 — 3,0-3,5 F/J], H3BOg — 30 -
35 r/n, Jlaypuncynedar narpiro — 0,1-1,0 r/n, caxapun — 0,01-0,1 r/n, pH — 3,0-
4,0, T, °C —55-60, ix, A/am? — 2,0-6,0, BiAHOIIEHHS TUTOLTi aHOA [0 TUTOI KaToaa
- 3:1[3].

1.2.2 baucky4i HikeJeBI HOKPUTTH

bmuzpko 80% BciX ONMCKYy4yMX HIKENEBUX MOKPUTTIB OTPUMYIOThH

Oe3nocepeIHbO Mij Yyac eaeKTpoizy. Taki MOKPUTTS 3aCTOCOBYIOTh Ha JETasX,
Kl HE TMOTpPeOyIoTh BHCOKOI KOpO31MHOI cTilikocTi. [lOopiBHSIHO 3 MaToBUM
HIKETFOBaHHSM, OJIMCKY4e HIKEIIOBaHHS Mae JiesiKi nepesaru: [3]

1) He moTpiOHa omepalliss MEXaHIYHOTO MOJIiPYBaHHS;

2) 3MEHIIIYEThCS BUTpaATa HIKEI0, OCKUIBKM NIPHU MEXaHIYHOMY IOJIIpYBaHHI
MaTOBOT'O TOKPUTTS 3HIMAETHCS OM3BKO 3 MKM TOKPHUTTS;

3) 3MEHIIIYETHCS YHUCI0 TEXHOJIOTTUHUX OIeparllii i CTBOPIOIOTHCS YMOBH IS
aBTOMAaTH3allli BCbOT0 TEXHOJIOTTYHOTO LIUKITY;

4) 301IIBIITY€ETHCS MIBUIAKICTh MPOIECY OCAKEHHS 3a PaXyHOK 3aCTOCYBaHHS

OUTBIII BUCOKHX TYCTHUH CTPYMY.
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OCHOBHMMHU HEJIOJIIKAMH OJMCKYYUX TMOKPUTTIB Y MOPIBHAHHI 3 MAaTOBUMH €
CUJIbHE HABOJIHCHHS, HASBHICTh BHYTPIIIHIX HANpyXeHb 1 OUIbIIA KUIBKICTh
JOMIIIIOK, SIK1 IOTIPIIYIOTh MEXaHIYH1 BIIaCTUBOCTI MOKPUTTIB.

brivuck TOKPUTTIB BUHUKAE 32 paxyHOK JIOJaBaHHA B  EJIEKTPOIIT
onuckoyTBOproBayiB. OAHUM 3 MepHIMX OJMCKOYTBOPIOBaYiB Oyjia HATpi€Ba CLIb
cynabhoBaHOTO HaTamiHy 1 BUKOPHUCTOBYBABCS B HACTYIIHOMY CKJIAJl 1 PEXHUMI
enexktpouizy: NiSOy - 7H,0 — 200-300 1/, HsBO3 — 25-30 r/n, NaCl — 3-15 1/n,
NaF — 4-6 r/n, mradprams — 2-4 r/a, popmania — 1-1,5 r/n, pH — 5,8-6,3, T, °C — 20-
30, ix, A/am? — 1-2. TIpu OJATKOBOMY IIEpEMINIyBaHHI EIEKTPOIITY, MOKHA
30LIBIINTU TYCTHHY cTpyMy 10 4-5 A/nm?. TIpoTe B TakMX MOKPUTTAX MPHUCYTHI
HEPIBHOMIPHICTh OJIUCKY Ta KPUXKICTh MOKPUTTIB [1].

bimckoyTBOpIOrOUl 100aBKM MOAUISIIOTH Ha clladki Ta cuibHI. KoMOiHaris
JIBOX THUIIB J00aBOK JI03BOJIIE OTPUMYBATH IJIACTUYHI MOKPUTTS 3 PIBHOMIPHUM
OcKkOoM. THIIOBUM NPHUKIAAOM € €JEKTPOJIT HACTYHMHOTO CKJIaay 1 pekuMy
enextpoumizy: NiSOy - 7TH20 — 260-300 r/1, NiCl; - 6H,0 — 40-60 /i1, H3BO3 — 30-
40 r/n, caxapun — 0,7-1,2 v/m, 6yturmion, mur/a (p-u 35%) — 0,7-1,75 v/n, ramimiza
—0,08-0,1 r/m, pH — 4,3-5,1, T, °C — 55-65, iy, A/mm? — 2-8, i,, A/qm? — 1-2,5.
JlonaBaHHs caxapyHy CWJIBHO 3HIDKY€ CTYMiHb HABOJAHEHHS HiKeJs, OyTHHIIIOMN 31
dTanumigoM 30UTbIIYIOTh PIBHOMIPHICTh OKPUTTS 1 301IbIIY€E poOOUMid Alana3oH
ryCTUH cTpyMy. Ocaau 3 TaKOro eIeKTPOJITy MatOTh IHTEHCUBHUN OJIMCK, BUCOKY
TBEPJICTh Ta TJIACTUYHICTS [ 1].

[Ipote, OUTBLIICTH OJIMCKOYTBOPIOIOYMX 100aBOK € cyibhocnomykamu. 11ia
4ac eJICKTPOOCAKEHHS YTBOPIOETHCS Cylb(damia Hikens. BMmicT cipku B ocamax
HEraTMBHO BIUIMBA€ HAa MEXaHIYHI 1 KOpO3iiHI BJIACTHBOCTI MOKpUTTIB. Ha
BJIACTUBOCTI HIKEJICBUX TMOKPUTTIB BIUIMBAE TaKOX PEXKHAM EJICKTPOJIII3Y.
301IbIICHHS TeMIepaTypu Ta TYCTHHH CTPyMy B 3a/laHUX MeXaxX 3MEHIIYe
BHYTPIIIHI HANIPY>KEHHS 1 301Ib1Iy€E OMCK MOKPUTTIB. ONTUMAIBHOIO BBAXKAETHCS
temriepatypy 50-60 °C. Bci enekTtpomitn TOTpeOyrOTh MEpEeMIlTyBaHHS,

0e3nepepBHOro (piILTPYBAHHS 1 CEIIEKTUBHOI OUnCTKH [4].
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3HOCOCTINKI TOKPUTTSI Ha OCHOBI HIKENIO 3aliMalOTh BAXKJIMBE MiCLE Yy
CydyacHIi Haylll Ta TEXHIIl 3aBJSIKA CBOIM BHHATKOBUM BIJIACTUBOCTSIM, TaKUM SIK
BHCOKa TBEPJIICTh, KOPO31HA CTIMKICTh Ta 3[aTHICTh BUTPUMYBATH EKCTPEMaJbHI
yMOBH eKcrutyaTattii. I{i MoKpHuTTs 3HaXO0IATh MIMPOKE 3aCTOCYBaHHS B aBialliliHIM,
aBTOMOO1IbHIM, HAQTOBIN, ra30Bii Ta OaraThbOX 1HIIMX rajay3sXx MPOMHUCIOBOCTI, 1
HAJIMHICTh Ta JOBrOBIYHICTH MaTepiajiiB € KPUTHYHO BakIuBUMHU. CyuacHi
METO/JM HAHECEHHS TOKPHUTTIB, TaKi SIK IJIa3MOBE HAMMJIECHHS, €JIEKTPOJITUYHE
OCa/DKCHHS Ta Jla3epHE HAIUIaBJICHHSA, JO3BOJISIIOTH CTBOPIOBATH TMOKPUTTS 3
KOHTPOJIbOBAaHUMH BIJIACTUBOCTSIMUA Ta BHUCOKOIO OJHOPIAHICTIO. Y LOMY OTIJISA[IL
OyJie pO3IJITHYTO OCHOBHI BHUJIM 3HOCOCTIMKHMX IOKPHUTTIB Ha OCHOBI HIKEIO, X
XapaKTePUCTHKU, METOIU HaHECeHHs Ta cdepu 3actocyBaHHSA. OcoOnmBa yBara
OPUALIAETECS OCTAHHIM JIOCSITHEHHSIM y PO3pOOIll HAaHOBMICHMX TMOKPUTTIB Ta
KOMIIO3UTHHMX MaTepiaiiB, U0 3HAYHO PO3IIUPIOIOTH MOKJIMBOCTI BUKOPHUCTAHHS

HIKEJIEBUX MMOKPUTTIB y HAMPI3ZHOMAHITHIIIMNX Tany3sX.

1.3. 3HococTiiiKi Ta aHTU(PPUKLIHHI IOKPUTTH

HaneceHHsT 3HOCOCTIMKUX MOKPUTTIB Ha poOOYl MOBEPXHI 1HCTPYMEHTIB €
epeKTUBHUM  3acO00M  TMIJABUIIEHHS iX MNPOAYKTUBHOCTI. EQeKTuBHICTH
IHCTPYMEHTY MOXKe OyTH 3MIHEHA 3a PaXyHOK 3MIHHM MEXaHIYHHX BIIACTUBOCTEH
MOKPUTTS, 110 BIUIMBA€ Ha MIIHICTh 3YEIUICHHS 3 IHCTPYMEHTOM 1 KOHTaKTHY
B3a€EMOJIII0 3 3arOTOBKOIO. BIacTUBOCTI MOKPUTTA 3ajexaTh Bia Horo ckiany. B
3araJbHOMY KOMIUIEKCI MIITHOCTI MartepiajiB, M0 3a0€3Me4yl0Th JIOBTOBIYHICTH
CTPOKY CITy>KOM AeTameil, Mo 3 HUX BUTOTOBIISIOTHCS, CJTiI BAOKPEMHUTH TBEPICTH,
3HOCOCTIMKICTh Ta aHTUQPIKIIHHICTE pobounmx moBepxoHb. IligBuineHa
MOBEPXHEBA TBEPIICTh XapaKTepU3y€e 3AATHICTh Marepiaay MPOTUCTOSTH
3aJIMIIKOBINA AeopMaliii Ipu il Ha HbOTO BIABIIOIOYMX, a00 yIApHUX 3YCUJIb 3

IICBHUM  IUTOMHM  HAaBaHTWXCHHSAM.  TBEPAICTh  METajiB,  OCaKCHHUX
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SIEKTPOTITUYHUM CIIOCOOOM, 3aBXKJIU BHIIE HIK TBEPIICTh BIAMOBIIHUX METANIB,
OTPUMAaHUX IHIIMMHU METOJIaMH, 30KpeMa, MeTalypriiaum [5].

Ha naymky gocmigaukiB [5], migBUIEHA TBEPAICTh  IMOSICHIOETHCS
BKJIIOYCHHSIM TMPU  €JEKTPOJI3l 10 CTPYKTYpH OCaay CTOPOHHIX YacCTOK
PI3HOMaHITHOI IPUPOIU (aTOMIB JIOMIIIOK, TTOBEPXHEBO-aKTUBHUX PEUOBUH), SIK1 €
MIEPEIIKOI00 Ha NMUIIXY PyXy AUCIoKarlii. Hampukiaza, mpu HaHEeCeHHI TOKPUTTIB
3 €JICKTPOJIITIB, SIKI MICTATh aMOHIMHI COJi, OJJTHOYACHO 3 METAJIOM OCA/KYIOThCS
KoJoinu. TBEpAICTh MMOKPUTTIB BUMIPIOETHCS METOJAOM CTaTUYHOTO BJIABIIFOBAHHS
aJMa3Hoi mipamigKu mij MaauMu HaBaHTaxkeHHsMu (Bix 0,02 mo 2 H), abo Tax
3BaHUM METOJIOM BHUMIPIOBAHHS MIKPOTBEPJOCTI 3a JOMOMOTOI0 CIEIIaTbHOTO
npunaay — Mikpotsepaomerpa [1TM-3.

3HOCOCTIHKICTh € OJHIEI0 3 BAXJIMBIIIMX XapaKTEPUCTHUK IMOKPUTTIB Ta
MPECTaBIIsie€ COOOI0 BJIACTUBICTH MaTepialy YMHHUTH OIIpP 3HOCY B MEBHUX YMOBAX
TepTs. 3HOIIYBAaHHS — 1€ MPOLEC pyHHYBaHHS 1 BIJOKPEMIIIOBaHHSA MaTtepiaiy Bijl
MOBEPXHI TBEPJIOTO Ty Ta (a00) HAKOMUYEHHS HOTO 3aJIMIIKOBOI Aedopmariii mpu
TEPTI, IO BUABIIAETHCA B MOCTYNOBIN 3MiHI po3MipiB 1 (a00) ¢popmu Tina. CTyniHb
3HOCOCTIMKOCTI TOBEPXHEBUX IIAPIB XapaKTEPUZYETHCA IIBHUJKICTIO 3HATTS
Matepiany mpu Oe3nepepBHOMY, a00 MEPIOJUYHOMY TEpTi B MEBHUX YMOBax 1
3QJICKUTH B1Jl (P13MKO-XIMIYHUX BJIACTUBOCTEW MapH, 110 TPEThCS, HASIBHOCTI, a00
BIJICYTHOCTI a0pa3uBHUX YaCTOK, OCOOJMBOCTEH poOounx a0 MACTHIILHUX PiJIvH,
SKIIO BOHM NPHUCYTHI B 30HI TepTA. UMCICHHUMH JOCIIKEHHSIMU MOKAa3aHO, 110
MOMIXK 3HOCOCTIMKICTIO Ta IHIIMMHU BJIACTUBOCTSIMU HE ICHY€ MpsAMOro 3B’s3Ky. Hi
OJlHa 3 MEXaHIYHMX XapaKTePUCTUK, IO B3sITA OKPEMO, HE MOXE CIIYKUTHU
HaJIHHUM KPUTEPIEM JJIsSI OI[IHKM 3HOCOCTIMKOCTI. [TOKpHUTTS, 110 MalOTh OJM3bKI
3HAYEHHS TBEPAOCTI, ajieé pI3HYy CTPYKTypy, YacTO MaroThb pI3HI 3HAUYEHHS
3HOCOCTIMKOCTI, a MIHIMQJIBHUNA 3HOC HE 3aBXXIM BIANOBIAA€ HANOUIBIIIN
TBEPJOCTI MOKPUTTA. BUnpoOyBaHHS MOKPUTTIB HA 3HOCOCTIMKICTD 3A1MCHIOETHCA

Ha mpuiaii, mo 3ade3nedye 3BOPOTHO-TIOCTYATBLHUN PyX 3pa3ka. 3HOCOCTIMKICTh
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MOKPUTTS BU3HAYAIOTh 32 YacCOM CTHUPAHHA 10 OrojieHHs OocHOBU. Ilpu Bucokiit
3HOCOCTIMKOCTI 3pa3ka BU3HAYalOTh BTpaTy Horo macu [6].

AHTUOPUKIINAHI BIACTHBOCTI XapaKTEPU3YIOThCA KOE(DILIEHTOM TepTs
MOMDK JIaHOK TIOBEPXHEI0 Marepialy TMOKPUTTS 1 SKHMOCh KOHTPTLIOM.
BukopucranHs TOKPHUTTIB, SKI BOJOAIIOTh AHTU(PHUKIIHHUMH BJIACTHBOCTSIMH,
0COOMMBO B PI3HUX BY3JaXx TEpPTSA, Ma€ BEIMKE 3HAUYCHHA 1 OOYMOBIJICHO
HACTYHUMHU TPUYUHAMH, 30KpeMa, TMpParHEeHHSM JO0 EKOHOMIi JOporux i
ne(IIUTHUX AHTUPPUKUIKHUX KOJBOPOBUX METaNiB 1 CIJIAaBIB TUIly O0alITIB 1
Opon3. OkpiM TOro, aHTU(PUKIIIIHI MOKPUTTS HE3aMIHHI B YMOBax CyXoro TepTs,
KOJIM T0/1aya MAcCTWJIBHUX PIAMH JI0 MOBEPXOHb, IO TPYThCS, 3 THUX, YW IHIIMX
IPUYMH HEMOXJIMBA. B 1pOMy BHNAJKy cCHELiadbHO NIAIOpaHi MOKPUTTA (3
OJIOB’STHUCTOM OpOH3H, 3 MOPUCTOrO XpPOMY, 3 TOJIMEpPIB, IO MICTATH IpadiT)
BUKOHYIOTb POJIb CYXHX MacThi [7].

XpOMOB1 TMOKPUTTA BiI3HAYAKOTHCA BHCOKOKO JKAPOCTIMKICTIO, 3HAYHOIO
tBepaictio  (mo 1000-1100 xrc/mMmm? 3a  bpiHemnem) 1 3HOCOCTIHMKICTIO,
NEPEeBEPIIYIOTh BHCOKOBYTJCIEBY CTalb. 3aBAJKA XPOMOBHM TOKPHUTTSIM
MEXaHIYHl BJIACTUBOCTI BUPOOIB 30UIbIIyIOTHCS B 5-10 pasziB. XpomMyBaHHSA
IIUPOKO 3aCTOCOBYEThCS B TMPOMHCIOBOCTI JJIS MIJBHUINEHHS TBEPIOCTI 1
3HOCOCTIMKOCTI TakuX BHUPOOIB, SIK 1HCTPYMEHTH, Bajd, UWJIHIAPH JBUTYHIB,
npykapcbki (popmu. OKpiM IIbOTO, XPOMOBI MOKPUTTS BUKOPUCTOBYIOTHCS IS
3aXHUCTY BIJ KOpO3ii 1 JEKOpaTUBHOI 00poOku neraneid. OAHAK €JIEKTPOJITUYHO
OCaHPKCHHUI XPOM € TIOPUCTUM 1 CXHUJIBHUM 0 PO3TPICKYBaHHS Yepe3 HaBOTHEHHS
MOBEPXHi, IO OOMEXYy€ MOro 3aXWMCHI BJIACTHUBOCTI, MpHU Oe3mocepeaHbOMY
HAHECeHHI Ha cTaimb. J[Js TOKpaieHHS SKOCTI TOKPUTTS BUKOPHUCTOBYIOTHCS
OaraTomapoBi MOKPHUTTS, IO BKIFOYAIOTH 1HIINI METajdd, Taki SK Miab, HIKEIb 1
xpoMm [7].

Hikenb 4acTo BUKOPUCTOBYETHCS ISl €JIEKTPOJITUYHOIO OCAKEHHS 4Yepe3
BHUCOKY KOPO3IMHY CTIMKICTh 1 XOpOIIl MEXaHIYHI XapaKTEPUCTHKHU, MPU IIHOMY

MPOIIEC HAHECEHHS € MPOCTIMKM 1 Oe3MeYHINMM TOPIBHAHO 3 XPOMYBaHHSIM.
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MexaHiuH1 BIACTUBOCTI HIKEIEBUX MOKPUTTIB MOXKYTh BapilOBATHCS B 3aJIEKHOCTI
BIJl CKJIaJy EJIEKTPOJITY 1 PEKHUMY OCAKCHHS, HANpPHUKIAJ, TBEPIICTb MOXKE
konuBatucs Big 140 no 600 krc/mMm?, Mexxa minHocTi — Bixg 35 mo 140 kre/mm2, a
BiIHOCHE BU0BX)eHHSI — Bi1 1,5 10 30% [3]. Kepyroun napamerpaMu ocaKeHHs,
MOXJIMBO OTPUMYBATH HIKEJICBl MOKPUTTS SIK M'SK1 1 IJIACTUYHI, TaK 1 TBEPAl 3
BHCOKOIO MIIIHICTIO, TpoTe Kpuxki. Hanpukiaz, B enexrponiti Yorca npu pH 1,5-
4,5 OTpUMYIOThCSI TIOKPUTTA 3 TBepAicTIO 3a Bikkepcom 140-160 krc/mMm?, Mexero
MimHOCTI 35,9 Kre/mMM? 1 BiZHOCHMM BHAOBXKEHHIM 5-8%. Ilpm pH 5,4-5,8
TBEPAICTh MOKPUTTSA 3011bLIyeTHCS A0 350-500 kre/mm?, mexka minHocTi — 110 107
Krc/MM?, a BIJHOCHE BUAOBXKEHHS — 10 30% [8]. BHyTpiliHi Hamnpy>KeHHs Y
HIKEJIEBUX MOKPUTTAX, OTPUMAHMX 13 CyJb(AaTHUX EJIEKTPOJITIB, 3MIHIOIOTHCS 31
30UTBIICHHSIM TOBIIMHHM TOKPUTTS, ajie CTaOUI3yIOThCSA Ha TMEBHOMY pIBHI.
Hampukinaz, 17 TOKPUTTIB 13 Cylab(haTHUX €JIEKTPOIITIB BHYTPIIIHI HAMPYKEHHS
3MEHIIYIOThCS 31 301IbIIeHHsIM TOBIMHM BiJ 10 10 30 MkM [9].

[ToxkpuTTS, MO CKJIAJAIOTBCSA 3 OJHOTO METaly, HE 3aBXIU BIJMOBIIAIOTH
yCIM BUMOTaM JI0 X XapaKTepUCTUK, TOMY CILJIaBU HAOYJIM 3HAYHOI MOMYJISIPHOCTI.
30KpeMa, HIKEIb-KOOATBTOBI TMOKPUTTS BUPIZHIIOTHCS BUCOKOK TBEPAICTIO 1
3HOCOCTIHKICTIO, 1[0 POOUTH iX HIMPOKO PO3MOBCIOUKEHUMHM JUJIsi BUTOTOBJICHHS
dbopmoyTBOprotounx aeranei npec-gopm. KpiMm Toro, 1mi cruiaBu MarOTh BHUCOKY
KOPO31iHY CTIMKICTb 1 € MAarHITOTBEpAUMU. TBEPAICTh TAKUX CIUIABIB 3AJICKUTH BiJl
BMICTY KOOajbTy: 31 30LIBIIEHHSM HOTr0 YacTKM TBEPHICTh TaKOX 3POCTAE.
Hanpuknazg, nokpurts 3 BMicToM kKobanbty 10-15 Mac.% maroTe MiKpOTBEPIICTb
400-440 xrc/mm?, a mpu BMicTI kKoOambTy 35% MIKpOTBepAicTh nocsirac 516
krc/Mm?. [loganbiie 301IbIIEHHS BMICTY KOOajabTy Maike HE BIUIMBAE Ha
IIIBUITICHHS MIKpOTBepAOCTi [8].

CmaBu  HiKeNrO 3 KoOaimbToM, 1o MicTath 10-15%  kobanbty,
BIJI3HAYAIOTHCS HU3bKMUMH BHYTPIIIHIMHU HAIMIPY>KEHHIMH 1 MOXYTh OYyTH OCaJ[KEH1
3a JIOMOMOIOI0 HIBUAKICHOTO OCAKEHHS 3 KOHLIEHTPOBAHOTO CYyJb(amMaTHOTO

enextpomiTy. L1 criyiaBu TBepiln 3a KOBaHUM HIKEJIb 1 MOXYTh €KCILTyaTyBaTHUCS
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npu Ttemrepartypax Bume 200°C, mo nepeBullye MeXy s €JIEeKTPOOCAKEHOTO
Hikemo. CIulaBu HIKEN0 1 KOOAJIbTy, OTPUMAaHI METOJOM eJIeKTpOPOpMyBaHHS,
BUKOPHUCTOBYIOTHCSI TIPU JIUTTI IIUHKY Ta CKJIAa MiJ TUCKOM. Y BHUPOOHUIITBI MpHU
MpeCcyBaHHI CKJIa Taki IIOKPUTTS 3aMiHIOIOTh MEXaHIYHI 1HCTPYMEHTH, IO
HiABUINY€E €PEKTUBHICTD 1 3HIKYE BUTpATH [7].

Jlisg 3aMiHE XpOMOBHUX TMOKPHUTTIB yBary MPUBEPHYJIH HIKENIEBl MOKPHUTTS,
JISTOBaHI 1HIIMMHU TYTOIUIABKMMHU METaJlaMH, TaKUMHU sIK BOJIb)paM 1 MOJIOJICH.
EnextpoocamkeHHs1 HiKeIb-BOJIb(paMy HE TUIBKA € €KOJIOTTYHO Oe3MeYHIIINM,
HIK XpOMYBaHHS, ajie i 3a0e3nevye NOKPUTTS 3 BUIIOK KOPO31MHOI CTIMKICTIO 1
3HOCOCTIMKICTIO MOPIBHSHO 3 rajbBaHIYHUMU HMOKPUTTSAMHU TBEPJIOTO XPOMYBaHHS
[11, 12]. 3 pO3BUTKOM MIKPOMEXAHIYHUX TEXHOJOIIA 3pOCTalOTh BHUMOTHU 0
(b13MKO-MEXaHIYHUX BIACTUBOCTEHN MOKPUTTIB. Y 1IbOMY KOHTEKCTI CIUIaBH HIKEIO
3 BOJb(pPAMOM CTaJU ONTHUMAJIBHUM BHOOPOM Uil MIKPOIPUCTPOIB 3aBISIKU
BHCOKIN »KapOCTIHKOCTI Ta cTabinpHIN cTpykTypi pu Temmepatypi 700 °C. Crinas
HIKeNIb-BOJb(paM, 30kpema Hikenb 3 15,8% Boabhpamy, € eheKTUBHUM
Oap’€pHUM MIAPOM I €JIEKTPUYHUX KOHTAKTIB, OCKUIBKM MAa€ BUCOKY KOPO31HHY
CTIHKICTb, 3HOCOCTIMKICTh 1 3MEHIIy€E YTBOPEHHS IHTEPMETANIAIB HA MEX1 MOJALTY
da3. TpaguiiitHuMu poliecaMu JISTYBaHHS OTPUMATH TaKWM CIUIAB CKJIAJIHO Yepes
3HAYHY PI3HUIIO B TeMIeparypax IuiaBieHHs (Hikemo Ty, = 1445°C 1 Bonbdppamy
Tun = 3410°C) Ta iX HHM3BKY PO3UMHHICTH. EJEKTPOOCA/KEHHS 3 TEBHHUX
CJICKTPOJIITIB € EKOHOMIYHHUM 1 3pYYHUM METOJOM, IO J03BOJISIE HAHOCUTH
OJIHOPI1/IHI OKPUTTA Ha JeTail pi3HuX npodumis [13].

CrmnaB Hikento 3 MONIOJEHOM TaKOX 3acilyroBy€ Ha yBary, Xoua HE Mae
TaKUX BHCOKMX MEXaHIYHUX BIIACTUBOCTEH, SIK BUIIE3TaJaHi CIJIaBH, aje
BIJI3HAYAETHCS ~ BHUCOKOK  KOPO3IHHOIO  CTIMKICTIO,  aHTU(DPUKITIHHUMUA
BJIACTUBOCTSIMU Ta 37aTHICTIO KaTali3yBaTH MPOIIEC BUIIJICHHS BOJHIO 3 JTY>KHHX
po3uuHiB. Yuctuii Momi0/ieH HEMOXKIIMBO €JIEKTPOOCAJUTH 3 BOJHOIO PO3YUHY,
aJjie JIETKO OCA/KYEThCS 3 1HIIUMHU METajaMH, 30KpeMa, 3 MeTajaMu IpyIu 3aii3a

(HiKeJb, KOOAJBT), UIIXOM 1HIYKOBAHOIO CIiBocakeHHs [14].
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1.3.1. EJIeKTpoOJIiTH VI 0CATKEHHS CIUIABY HIKeJIb-KO0AIbT

JIis  eNeKTPONIITUYHOTO OCAKEHHSI CIUIaBy HIKENIb-KOOAJIbT MOXYThb
BUKOPHUCTOBYBATHCS Cyib(aTHI, XJIOPUIHI, CyIbPaTXIOPUAHI, CylbhamarHi,
nipodocdatHi Ta amiakaTHI e€JIEKTpoJiTH. IIpore sl  eIEKTPOTITHYHOTO
(dbopMyBaHHS 3aCTOCOBYIOTh MEPEBAXKHO CyNb(aTHI Ta CyIb(aMaTHI EIEKTPOTITH.
Jlnst BUroTOBJIEHHST (DOPMOYTBOPIOIOUKX JeTaneil mpec-hopM BUKOPUCTOBYIOTHCS
CIICKTPONIITH HACTYMHOTO ckiamy (r/n) i pexumy enekrpomidy: NiSOs - 7H,0 —
200, CoSO,4 - 7TH,0 — 19, NaCl — 15, H3BO3; — 30, pH 5,6, Temnepatypa 20°C,
HIUTBHICTE cTpyMmy 1 A/nm?. Henmonikom cynb(haTHUX €JIEKTPOJITIB € MiJBUIIEHA
KPUXKICTh OTPUMaHUX ocadiB. HailOuiblmn nmpuaaTHUMHU ISl €1€KTPOJITUYHOTO
OCAJIPKEHHS CIJIaBY HIKEIb-KOOANIbT € CyJib(paMaTHI €1EKTPOJITH, OCKIIIBKHA OCaaH 3
[IUX EJICKTPOJIITIB MEHII KPUXKI 1 MOXKYTh MiAaBaTUCS PI3HUM BHJAM MEXaHIYHO1
0o0poOKu. [l oTpUMaHHS CIIaBY 3 BHUCOKOIO Mexero Ha po3puB (70 krc/mm? B
iHTepBani temneparyp Bim 200 mo 300°C) 1 O6e3 HarpiBaHHSI 3alpOIIOHOBAHO
HACTYITHUH CKJaJa eleKTpoity (I/1) i pexxum enekrpoocamkenns: Ni(NH2SOs); -
4H,0 — 380, Co(NH,S0s3), - 4H,0 — 25, H3BO3 — 30, 3mouyroua no6aeka — 0,4,
pH 4,0, remnepatypa 18-20°C, ryctuna ctpymy 2,5-8 A/am? [7].

3MiHa TeMmmeparypud Maike He BIUIMBA€ Ha CKJIaJ CIUIaBy, MpOTE
MIJBUIICHHS TEMIIEPATYPH J03BOJISE€ 30UIBIIMTH POO0OUy I'yCTUHY CTpyMmy. Y [15]
3anmponoHoBaHo HactymHui enexktpomt (r/m): Ni(NH2SOs); - 4H,0 — 430-440,
Co(NH,S03), - 4H,0 — 26-27, NiCl, - 6H,0 — 2-4, H3BO3; — 40, naypuincynbdar
Hatpito — 0,7-1,0, caxapun — 0,1, pH 3,5-3,8, temneparypa 55-60°C, ryctuna
CTpyMmy S5 A/nm?.

JIist oTprMaHHS OCajliB 3 MIHIMAJIbHUMHU BHYTPIIIHIMU HANPY>KEHHSIMHU, SIKI
30epiratloTb BUCOKY TBEPIICTh TICHs BIUIMBY MIABHUILNEHOI TEMIEpaTypH,
3allpOTIOHOBAHO  BHKOPUCTaHHS  BHUCOKOKOHIICHTPOBAHOTO  CyJIb(aMaTHOTO
enextpomity (r/i): Ni(NH2SO3), - 4H,0 — 600, Co(NH2SO3), - 4H,0 — 0,25-6,0,
NiCl, - 6H,O - 10, H3BOs; - 40, pH 4, Ttemneparypa 60°C,
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ryctuHa ctpymy 4  A/am? JIns  1poro  €1eKTPONITY  BUKOPUCTOBYIOTH
MepeMilllyBaHHsI CTUCHYTUM TIOBITPSAM 1 TMOCTiiiHE (QIIbTpyBaHHS dYepes

aKTUBOBaHe Byrius. [7, 15]

1.3.2. EjexkTpoJiTé MJIA OCAJAKEHHS NOKPHUTTIB 3i CIUIABY HiKeJIb-

BOJIbGpam

BaxxauBuUM HayKOBO-TEXHIYHUM 3aBJIaHHSIM € OCAKEHHS TIajbBaHIYHUX
NOKPUTTIB 13 TOJIMIUEHUMU  (PI3UKO-MEXAaHIYHUMHU  XapaKTEpPUCTHUKAaMU  Ta
KOpo3iiiHoto cTifkicTio. Lle, 30kpema, Moxke OyTH NOCATHYTO 3aBISKH MiAOOpY Ta
BBEJICHHIO Yy MeETajeBe MOKPHUTTSA IMEBHHUX JIETYIOUMX KOMIIOHEHTIB Ta 3MIHOIO
CKJIQJly €JICKTPOJIITY.

HaiiGinpmioro  TBEpAICTIO 1 3HOCOCTIMKICTIO cepel  (yHKIIOHAJIbHUX
rajbBaHIYHUX MMOKPUTTIB BOJIOAIIOTH XpOMOBI. OJHAK MPOLIEC €IEKTPOOCAIKEHHS
BIJIMOBITHAX TOKPUTTIB € Majl0 C€HEeproepeKTUBHUM. Y JEAKUX BHUIIAJKAX
3aMIHHUKaMH XPOMOBHX MOKPUTTIB MOXKYTh BUCTYHATH TBEP/1 HIKEJIEBI MOKPUTTH.
3 METOKW MIJBUILEHHA TBEPAOCTI Ta 3HOCOCTIMKOCTI Yy HIKEJIEBl IOKPUTTA
BBOJIAATBCS JIETYIOUl €JIEMEHTH, 30KpeMa, Takl sK BoJbppaMm 4u MoJioaeH. Y
pobotax [16, 17] moka3zaHo, IO TOKPUTTS 3 MAacOBOIO YacTKOIO BOJIbPpamy
30...35 % maroTh aHAJIOTIYHY MIKPOCTPYKTYPY Ta MOJIOHI (Pi3UKO-MEXaHIYHUMU
BJIACTUBOCTI, 110 1 TBEP/Il rajbBaHiuHI XpoMoBi MokputTs. llle omniero nmepeBaroro
CJIEKTPOOCA/PKEHHSI  HIKEJIb-BOJb()PAMOBUX TOKPUTTIB € OUIBIIMI BHXIJT 3a
CTPyMOM Y TMOPIBHSHHI 3 MPOLECOM €JIeKTPOOCaKeHHsT xpomy. lle poOuTh
HAHECEHHs caMe HiKeJb-BOIb(PaMOBUX MMOKPUTTIB OUIbII €HEeProe(eKTUBHUM.
[Ipu 1bOMy, HampUKIIa, €JIEKTPOOCAIKEHHS HIKeJIb-BOJb(PPaMOBUX MOKPHUTTIB,
MOKe OyTu OLUIBII EKOHOMIYHO BHUTIJIHUM uepe3 HabaraTo BHUILY CTPYMOBY
e(EeKTUBHICTh y TOPIBHSAHHI 3 MPOLIECOM TalbBaHIYHOTrO XpomyBaHHA (55...65

mac.% s Hikenb-BosibGpamy [16], mpotu 13...18 mac.% mis xpomy [7]).



37

VY poborti [18] omucano enekTpomiT Tumy YoTca IJis OTPUMAHHS CIUIaBY
HiKelb-BOJb(GpaM 13 TakuM ckiagoM (r/m): NiSO, - 6HO — 250,
NIC|2 : 6H20 - 21, HgBO:J, - 30, N8.2W04 : 2H20 - 4, pH 3,0, TeMIICparypa 40-
50°C, ryctuna ctpymy 0,5-1,0 A/am?. 3 1boro ei1eKTposiTy OyJau OTpUMaHi ocaau
3 BMICTOM BoJibPpamy 4%, siKi € TJIaJIKUMHU 1 100pe MiAJal0ThCs MOJipYyBaHHIO.
Koperyroun cknaa i yMOBU OCaQ/KEHHS, MOXKHA JOCATTH BMICTY BOJbhpamy B
nokputTi 10 20%.

CynbsdatHo-iuTpaTHAN eNeKTpOoiT MicTuTh Bigx 0,04M mo 0,4M Nay,WOs,,
0,4M NiSQ,, sk mKepena HWOHIB METally, KOMIUIEKCOYTBOptoBad y Burisiai 0,4M
NasCit 1 2,0M NH4OH. B 3anexxHocTi BiJ BMICTY BOJIb(hpaMaTy MOKHA IT1IBHIIUTH
poOouy ryctuHy ctpymy Bia 2,5 A/am* no 6,5 A/nm?, pH po3unny cranoButs 8,0
[19-21]. Byno BusBieHO, IO 30iIbIIEHHS KOHLEHTpamii HoHiB Ni%" i 3MeHIICHHS
xoHueHTpanii ¥WoHiB Cit* MOXyTh CHpHATH 30LIBIIEHHIO KATOAHOIO BUXOLY 3a
cTpyMoM. B gmeskux Bumagkax s KoperyBaHHis pH  enexTporiTy
BUKOPHUCTOBYETHCA aMiak. OCKUJIBKM aMiaK MOKE JISATH SK JIraH JIJIs1 KOMILJIEKCIB
HIKEJII0, MOXJIMBE €JIEKTPOOCAKCHHSI TUTIBOK HIKeNIb-BOJb(PpamMy 13 BMICTOM
Bosib(pamy 110 50 mac.% [22].

Takox Bimomuil cynbdamMaTHO-UMTpPATHUN  ejekTponit. 3MmiHa pH
€JIEKTPOJITY BIUIMBAE HAa BMICT BOJIb(PpaMy B CILIaBl, MIKPOTBEPHAICTH 1 PO3MIpP
kpucraniB. OntumanbHe 3HaueHHs pH Oyrno Busnauene sik 7,0. Ckmam 1 pexxum
CIIEKTPOIII3Y cylbdamaTrHo-nuTpaTHOro enekrpomrty (r/a) [23]: Ni(NH2SOs), -
4H,0 - 16,5, Na,WO, - 2H,0 — 30, NasCit — 90, remneparypa — 60 °C, ryctuna
ctpymy 5,0 A/mm?. pH enekTponiTy MOKe 3HaUYHO BIUTMBATH HA BMICT BOJb(pamy
y CILUIaBl, MIKPOTBEPAICTh MOKPUTTS, PO3MIpP KPHUCTAIIIB Ta BUXiJA 32 CTpyMOM. Y
CyJb(haTHO-IUTPATHUX eJIeKTpodiTax 30iabiieHHss pH 3 4 mo 7 mpu3BOIUTH [0
30UTBIIIEHHST BMICTY BOJIb(paMy 1 mokparieHHs: MikpoTBepaocTi. [Ipote moganbiie
30ubieHHs: pH 10 8, HaBnmaku, NPU3BOAUTH JO 3MEHUIEHHS BMICTY BOJb(pamy i
MOTIPIIIEHHS MIKPOTBEPAOCTI TMOKpUTTIB. HaiiBummii  BMicT Bodbdpamy 1

HaWOLIbIIIa MIKPOTBEPAICTh OyJIM TOCATHYTI Ipy 3Ha4YeHH1 pH 7.
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1.3.3. EJjekTpoJuiTn 1A OCAJAKEHHS IOKPHUTTIB 3i CIUIaBY HiKeJIb-

MOJIIOIeH

VY nocmimxenHi [24] Oyno po3po0ieHO Cyiab(haTHO-UUTPATHUN EIEKTPOJIIT
JUIS  OCa/DKEHHS BHUCOKOSKICHMX 3aXHCHUX TIOKPUTTIB HIKEIb-MOJIOACH, SKi
BIJI3HAYAIOTHCS OAHOPIAHICTIO, TTAAKICTIO, KOMIIAKTHICTIO 1 BUCOKOIO a/Ire31€10 10
OCHOBHU. Ili TOKPUTTA MarOTh JPIOHOKPUCTAIIYHY CTPYKTYPY 3 PO3MIPOM
kpuctaiiB Big 4 g0 10 HM, mpuyOoMy pO3MIp KpPHUCTAIIIB 3MEHIIYETHCS 31
30uIbIIEHHSM BMICTY Mo B cruaBi. Ckiiaj 3aiponoHOoBaHOro elnekTpodiTy: NiSOq
- 6H,0 — 0,3M, Na;MoO, — 0,01M, Nas;Ce¢Hs07 — 0,4M, pH 9,5, ryctuna ctpymy
2,5-3,5 A/nm2.

TBepaicts cmnaBy pocsrae npubauzno 8 I'Tla mpu BmicTI MoiOAeHY
om3bko  19%. 3MeHIIeHHs BMICTY MOJIOACHY NPHU3BOAUTH [0 3HUKCHHS
TBEPAOCTI. 3HOCOCTIMKICTh CIUIaBY HIKeJb-MOMi0/IeHy NpHOJU3HO BJIB1Yl MEHIIA
MOPIBHSHO 3 TOKPUTTSIMHU Xpomy. [IpoTe crmiaB Hikeab-MOJIOACH Mae Kparili
AHTUKOPO31iH1 BJIACTUBOCTI, HAaBITh MNPHU BHCOKMX HAIpPYKEHHIX Aedopmarlii
ocHoBu. IIpu Ttemneparypax Bume 200°C kopo3ziiiHa CTIHKICTh XPOMOBHUX
MOKPUTTIB 3HAYHO 3HUXKYETHCA, TOAI SK Yy CIUIABY HIKEIb-MOJIOJEH TaKuX
npoOJieM He BUHUKAE. /(7151 OTpUMaHHA CIUIaBy HIKEIb-MOJIOACH JJISl €JIEKTPOIIIZY
BOJM BUKOPUCTOBYETHCS HACTymHHMM enekTpomiT (r/m): NiSO, - 6H, O — 18,
Na;MoO, — 48, NasCit — 105, pH 9,5, ryctuna ctpymy 1,0-4,0 A/nm? [25].

VY upomy enektpoititi [25] mokputTs, oTpuMaHi mpu rycTuHi cTpymy 1,0
A/nM?, nobpe MmaxomsTh IJis KaTOMHOI peakilii eIeKTpoi3y BOAMU, a CIUIaB,
OTpUMaHUi TpHu TrycTuHi ctpymy 4,0 A/nm?, OLIbII NPUAATHUN [ aHOJHOI
peakiii oTpuMaHHs KHCHIO. Lle MoB's13aHO 31 3MIHOIO CTPYKTYPH MOKPHUTTS 4Yepe3
pi3HHIA BMICT MOJOAEHY, IO BITMBaE Ha KoedimieHTH a 1 b piBusuaa Tadens.
Takox Uisi OCaJKE€HHsI CIUIaBY HIKEJb-MOJI0/J€H BUKOPUCTOBYIOTH OOEpTOBUMA

CJIEKTPO/I, €ICKTPOIIT MPH IbOMY Ma€ HACTYIHUIN CKIIA;: NiSO, - 6H,0 —
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0,2M, Na;MoOQO, — 0,03M, NasCit — 0,95M, NH; — 0,28M, pH 9,9, T, °C 40, ix 150
MA/cM?, V 400 06/xB.

1.3.4. EneKTpoocazkeHHSI KOMIIO3UIIHUX MOKPHUTTIB HA OCHOBI HiKeJI10

Moaudikamiss TOBEpXHI TUIAXOM €JIEKTPOOCAKEHHS KOMITO3HITIHHIX
CJICKTPOXIMIYHUX MOKPHUTTIB METajJaMU y TOPIBHIHHI 31 3BUYAHUMU TTOKPUTTIMU
3a0e3neduye MIJBUIEHHS MEXAaHIYHUX 1 aHTH(PPUKUIAHUX BIACTUBOCTEH, & TaKOXK
KOpO31MHOT CTIMKOCTI. 3 METOK IIJIBUILIEHHS 3HOCOCTIMKOCTI Ta KOPO31HHOT
CTIMKOCTI 3a0€3MeuyeTbCs CIIBOCAIKEHHSI y CTPYKTYPY MOKPHUTTS JIUCHEPCHUX
yacToK, Takux sk: Al,Os [26, 27], TiO,[28], SiC [29, 30], ZrO, [31, 32], WC [33,
34]). ], SiO; [35] To110) y psAai METaJIeBUX KOMIIO3HUIIHHUX TOKPHUTTIB, y SKHX
METaJeBOI0 MATPHUIICI0 BHUCTYMAIOTh HIKEJIb, XpOM, KOOaIbT Ta CIUIaBU
BIIMOBIHUX MeETaliB. SIK MeTajeBa MaTpuls HIKEIb € HAWMOUIbII MiJAXOASIIUM
MaTepiajioM depe3 HOoro CyMICHICTh 3 OUTBIIICTIO 1HIITMX MaTepialiB JJIsl TOKPUTTS
[36].

Kap6in Boab(dpaMy AOCHTH 4aCTO BUKOPHCTOBYETHCSA Y SIKOCTI JUCHEPCHOI
¢dasu 1 XxapaKkTepu3yeThCs IMiABUIIICHOIO TBEPAICTIO, BUCOKOIO TEPMOCTAOUIBHICTIO 1
BHUCOKOIO JUCHEepCHICTIO. OTpUMaTH 130TPOMHE 3a BIACTUBOCTIMU KOMITO3UIIINHE
HNOKpUTTS Ha ocHOBI SiC 3a JOMOMOTroI0 MPOLECY E€IEKTPOOCaKEHHSI HEMPOCTe
3aBJaHHS, ajJ€ KOHTPOJIb 3MIHHUX TlapaMETpIB BHUPINIyE 10 MpodJieMy.
OCHOBHUMHM TEXHOJIOTIYHMMH TlapaMeTpaMd, M0 BIUIMBAIOTh HAa SAKICTh
KOMIO3UIIITHOTO TOKPUTTSA, € TOKa3HUK KHUCJIOTHOCTI PO3YMHY EJIEKTPOJITY,
TAPOAMHAMIYHUI PEXHUM, TEMIIepaTypa, CTPYMOBHI pexXuM Ta GopMa IMITYyJIbCy
ctpymy. Kap6ix Bombdpamy may’ke BaXKKO OCATUTH OKPEMO, OCKUIBKH HETPOBITHI
YaCTUHKHA KapOiay CTBOPIOIOTh TMEPEIIKOAW IS JOCATHEHHS IIUTBHOT MEXI
PO3MOILTY MeTan-KapOi mif Jyac eIeKTPOOCaKEHHs, ajle MOXYTh OyTH HaHECEHI
pa3oM 3 eJeMeHTaMu MepexiaHoi rpynu. EnexTpoocamkeHHs € OHUM 3 HaHOUIbII

TEXHOJIOTITYHO MOXJIMBUX 1 EKOHOMIYHO BHUTIJHHUX TEXHOJOTH BUPOOHMIITBA
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KOMIIO3UTIB 3 METajeBOI0 MaTpHIero. MeTol eneKTpOOCaJKEHHS IIUPOKO
BUKOPUCTOBYETHCS JJIE BUTOTOBJICHHS METAJICBUX MATPUUYHUX TOKPUTTIB
npoTsiroM Oaratbox aecATtwiiTh [37]. OcTaHHIM YacoM 3a JOIMOMOTOIO
IMITyJIbCHOTO CTPYMOBOTO pe&XUMY [27] Ta 3BOPOTHHO IMITYJIbCHOTO PEXKUMY
CJIEKTPOOCA/PKEHHSI TIPUJIUICHO BEJIUKY yBary Jjisi MOKPAUIEHHI0O MEXaHIYHUX,
TpUOOJIOTIYHUX Ta KOPO31MHUX BIIACTUBOCTEH TaKUX MOKPUTTIB [38].

VY pobori [39] 3pa3ok kpyriaoro aucka giamMmerpom 20 MM, BUTOTOBICHUH 31
CTaJll, BAKOPUCTOBYBABCS SIK KAaTOJ, a IJIaCTUHA 3 HEP>KaBilOYOi CTalll — SIK IPOTHU
enekrpon (anon). Karox oummnyBanm Ta 3HEKMPIOBAJIM alleTOHOM, MPOMHUBAJH
JIC10HI30BaHOIO0 BOJIOI0, TpaBwin y po3uuHi HoSO, mpu oOpoOiil yiabTpa3zBykoM
npotsiroM 10 xBuwiuH y, mo0 A00pe MPOMHUTH 3pa30K TMEpe] BBEACHHAM B
eJIEKTPOJIITUYHUNA po3unH. [lapameTpu enekTpoocaykeHHs Oyl HACTyIHUMHU:
KoHIeHTpauiss vacTuHoKk WC craHoBWia 5 1/11, TemmepaTypy €JIeKTpOdiTy
niaTpuMyBaiii Ha piBHI 55°C, pH po3unHy 1OBOAMIM 1O MOCTIMHOIO 3HAYEHHS 2,5
BiAnmoBigHUM noxaBaHHsaM po3unHiB 10% HCI a6o 3% NaOH. EnexkrpoocamkeHns
NpPOBOAMIM NPH TAaKUX yMoBax: TyctmHa crpymy: 0,04; 0,06; 0,1 A/cm?,
iMysibeHUM cTpyMm, pH: 2,5, pobounii uuki: 30%, yacrora: 100 I'u, Temneparypa
enektpomity: 55 °C, mBUAKICTH mnepemintyBaHHs: 250 00/XB, TOBIIMHA OcCaIy
npubmu3Ho: 115 Mxm. OTpumani TOKpUTTS Oynd PIBHOMIPHI 3 BHCOKHUMH
anre31HUMU BJIACTUBOCTSIMHU Ha BCIX 3pa3kax. Pe3ynbTar mokasye, 110 3HUKEHHS
pobouoro mukany a0 30% mnpu rycruni crpymy 0,04 A/cm? 3abesmeuye
MaKCHUMaJIbHE CIUIbHE OCaKeHHs KepaMiuHuX dYacTuHOK WC B MeTaneBii
MaTpHIl 3 HIKENI0. 3 TECTy Ha MIKPOTBEPICTh KOMITO3UTHOTO mOokputts Ni-WC
MO>XHa 3pOOUTH BHUCHOBOK, IO TBEPIICTh € (DYHKIIEI BKIIOYEHHS YaCTHHOK,
OCKiIbKM TpH TycTuHi cTpymy 0,04 A/cm? BinOynocs MakCUMalbHE 3aXOILUIEHHS
gactTuHOK WC (y cepennpomy 48,78 mac.%). MOPIBHSIHO 3 IHIIMMH TYCTHHAMU
ctpymy (to6to mpu 0,06 A/cm? - 30,55% WC ta 0,1 A/cm? - 17,64% WC).
OTpuMaHe cepeqHE 3HAUEHHS TBEPIOCTI ISl KOMIIO3UTHOTO TOKPHUTTS,

ocajkeHoro npu ryctuni crpymy 0,04 A/cm? Bussunoca 929,43 HV 3a
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BikkepcoM, 110 BUIIE 3a 3HAYEHHs TBEPAOCTI iHIIMX NOKpHTTiB (mpu 0,06 A/cm? —
843,43 HV 3a Bikkepcom i 0,1 A/cm? — 788,21 HV 3a Bikkepcom). Pesynbratu
CHEproJUCIEPCHOT PEHTIEHIBCHKOI CIEKTPOCKOMIi Ta PEHTICHOCTPYKTYpPHOTO
aHai3 MiATBEPIKYIOTh HasiBHICTH a3z WC B nokputTsax. HIBUIKICTE KOPO3ii [ist
KoMI103UTHOTO NMOKpUTTSA Ni-WC Oyina 4,1378 Mmm/pik, 1110 npuOiIn3Ho B 6 pasiB 1 2
pa3u MEHIlle, HDK IIBHJKICTh KOPO3ii OCHOBHOTO Matepiany (21,428 mm/pik) 1
NOKPUTTS 3 yucToro Hikemto (7,162 MM/pik) BianoBiaHO. OTXe, KOMMO3UTHI
nokpuTTs Ni-WC MaroTh BUIILYy KOPO31iHY CTIHKICTb, HIXK SIK MaTepial OCHOBH, TaK
1 3pa3KM 3 YUCTUM HIKEJIEM.

VY poGoti [40] Oyno moka3zaHo, MO Taki MapameTpu, K TYCTUHA CTPyMY,
KOHIIEHTpaIlisl 4YacTHHOK, pH, KOHIIEHTpaIlisi MOBEPXHEBO-aKTUBHOI PEYOBHHH,
MIBUIKICTh TIEPEMINIyBaHHS Ta TeMIlepaTypa, BIUIMBAIOTh Ha BIACTUBOCTI
nokpuTTiB. [lokazaHo, 110 TyCTHHA CTPYMY MO3UTHUBHO BIUIMBAE HA 3HOCOCTIMKICTD
MOKPUTTIB, OCKIJIBKH 31 301JIbIIEHHSM I'YCTUHU CTPYMY 3MEHIIYETHCS PO3MIpP 3€pEH
HIKEJIEBOI MATPHIll, 110 3MIIHIOE TOKPUTTS Ta MiJBHILYE HOTO 3HOCOCTIHKICTh
[41]. TlomiOHi cmocTepeXeHHs 3pOoOMIM AOCHITHUKH, SIKI BHUBYAIM TOKPUTTS
Ni/Al,O3 [42]. TlomiOHMI BIUIMB HA 3HOCOCTIMKICTH IOKPUTTS Ma€ BIUIUB
KOHIICHTpAIlil YaCTHHOK, OCKUIBKH TIPH 301IbIIECHHI KOHIICHTpAIli YacTHHOK,
3BAXEHUX Y PO3YHMHI, 30UIBIIYETHCS 00’€M YaCTHUHOK, 110 BIPOBAIKYIOTHCA B
MOKPUTTS TIJ 4Yac OCA/DKEHHS, [0 NPU3BOAWTH JO IIJIBUIEHHS TBEPIOCTI
nokputTsl. [43,44]. YV [45,46] noka3zaHo, 110 31 30UIBIIEHHAM 00’€MY MOBEPXHEBO-
aKTUBHOI PEYOBHUHU 3OLIBIIYETHCA 1 J3€Ta-MOTEHLIA]l HAHOYACTHUHOK, IO
3armo0irae arjomepailii 4acTHMHOK T Yac TIPOIeCy eIeKTPOOCAIHKCHHS Ta
MOKpAIlye PO3MOJIJI YAaCTUHOK, IO IO3UTHUBHO BIUIMBAE HA 3HOCOCTIMKICTH
MOKPUTTS. BKITIOUEHHS HAHOYACTMHOK Y METAJIEBY MATPHUIlIO Ta PIBHOMIPHICTSH 1l
PO3MOAUTY € BUPIAIBHUMH JJI TOCATHEHHS SKICHOTO, 3HOCOCTIMKOTO MOKPUTTS
[47, 48]. Ilorane 3ueryieHHs MK KepaMiYHUMM YaCTHHKAMU Ta MaTpUIEI0 OyJo
BOXJIMBOIO MpobOsieMoro. OMHAK MIMHICTh 3B’SI3Ky YaCTHHKA-MATPHIIS MOXKE OyTH

MOKpaIlleHa IUIIXOM TEepMIYHOI OOpOOKM mMicas OcCaKeHHS. ICHYIOTh JuIle
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oOMeKeH1 AOCTIIKEHHS 1010 BIUIMBY TeMIepaTypH IS MOJETIIEHHS aKTUBAIlil
MEXaHI3MIB YIIIJIbHEHHS BcepeauHi mokputTs [49]. [IpoGnemu, siki BUHMKAIOTh
Opy  BHU3HAYEHHI BIAMOBIAHUX  TEMIEparyp TepMiuHOI  OOpoOKu  ams
HAHOKOMIIO3UTHUX TMOKPHUTTIB, 3aCHOBAHI HAa BIJIMIHHOCTSX MK BJIACTHBOCTSIMHU
KepaMiuYHUX YaCTHMHOK, METaJeBOi MaTpuill Ta OCHOBU. SKIIO Temmeparypa
TEepMiuHOI OOpOOKM 3aHAATO BUCOKA, MOXE BIOYTHCS IJIaBICHHS MaTpulll abo
OCHOBM, a SKIIO TeMIlepaTypa 3aHaJTO HU3bKa, YUIUIbHEHHS TMOKPUTTS HE
nocsiraetbest. Kyk 1 XaH mokasanu, o pekuM TEPMIYHOI OOpOOKH Ma€ 3HAYHUN
BIUIMB Ha TpuOoJIoTiuHl XapakTepucTuku MokputTiB Ni/TiO; [50]. OnnHak naHi
OOMEXYIOTbCS BIUIMBOM TEPMIYHOI OOpPOOKH Ha MIKPOCTPYKTYPY, TEPMIUHY
CTaOUIBbHICTH 1 TPUOOJIOTTYHY MOBEIIHKY IMOKPUTTIB HA OCHOBI HIKEIIO, 10 MICTATH
IHIIII TUIW apMyBaHHA. Y IIbOMY JOCHTIDKEHHI OYJIO OIIIHEHO B3a€EMO’SI30K MIXK
TEPMIYHOIO  OOpOOKOIO, MIJABUIICHOIO TEMIIEPaTypHOIO CTAOUIBHICTIO Ta
XapaKTepUCTHKaMU 3HOCY Tpu Koe3aHHI MOKpHUTTIB Ni/Al,O3. Mopdormorito
MOBEPXHI TMOKPUTTS, (pa30BHil aHami3 Ta TBEPAICTh TaKOX CHUCTEMATHUYHO
JOCIIKYBaJIM Ta TMOPIBHIOBAJIM 3 MOKPUTTAM 13 YHMCTOIO HIKENIO, SiKke Oyio
BUKOPUCTAHO y SIKOCTI €TAJIOHHOr0. BiIMIHHOCTI B 3HOCOCTIMKOCTI HArlJIaBIE€HUX
MOKPUTTIB, BUNPOOYBAaHWX TMPU  HABAHTAXEHHI, TOSCHIOBAJIM  BHCOKOIO
MJJACTUYHICTIO TIOKPUTTA 3 YHCTOro Hikemto. [Ipu AochipKeHHsIX, 30KpeMa
BiIOyBasiach IuIacTU4YHaA AedopMaliis y 30HI KOHTAKTYy, I €0 KOMOIHOBaHHX
HAaBAHTA)KEHb CTUCHEHHS Ta 3CyBy TpubOO €leMeHTa, TpUuOOeIeMeHTa
BUTOTOBJIEHOTO 3 TUIACTUYHOTO MaTepialy MOMIPHOT TBEPJIOCTI, TAKOTO K HIKEllb.
Benuka mmactuuHa gedopmariisi  3a3BUYail  BUKJIMKAE BEJIWKY IIBUAKICTH
3HONIYBaHHS, OCKUIBKM TIOBEpXHsSI 3HOIIYBaHHS Ma€ CXWIBHICTh CTaBaTH
IIIOPCTKOIO, @ 3aXHCHI MIapu TOBEPXHI JIETKO PyHHYIOThCS [46]. SIKIO MOpiBHATH
HNOKPUTTS 3 YMCTOTO HIKEII0 3 HAHOKOMIO3UTHUMM MOKPUTTAMHU, TO BUAHO, IO
nokputTs Ni/Al,O3 3a0e3neunsio Hailkpamly 3HOCOCTIHKICTh. HasiBHICTH TBepnoi
apMyrouoi (a3u B TUTACTHYHIM MATPUIll 3HIKYE TUTACTHYHICTh MATPUIll B 00acTi

KOHTAKTy, HE BUKJIMKAIO4YM KPUXKOCTI. KpiM 11b0T0, 301IBIIEHHS PO3MIPY YacCTOK
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Al;O3; migBuIye TBEpIiCTh MOKPUTTS Ta 3MEHIIY€E MIBUIKICTh 3HONTYBaHHS [S51].
BigmMiHHOCTI, $KI CIOCTEpIralOThCA MIDK UYHUCTHM HIKEJIEBUM TOKPUTTSAM 1
HAaHOKOMIIO3UTHUMHU TOKPUTTSAMHU, MOYKHA TOSCHUTH O1IbII BHCOKOIO TBEPIICTIO
HAHOKOMIIO3UTHHUX TOKPHUTTIB uepe3 MpucyTHICTh 4acTHHOK Al;Os. IlopiBHSHHSA
XapaKTePUCTUK 3HOCY IOKPUTTIB, MIATAHUX TepMiuHii oOpoOmi mpu 473 °K i1
673 °K, mokazano, mo rimMOuWHAa pyOI[iB 3HOUIYBaHHA HA TEPBUHHIA CTafil
HE3HAYHO 301IbIIKIACS I MOKPUTTIB, MiJAAaHUX TEPMIUHIM 0OpoOIl 10 BHIIOI
temriepaTypu. Kpim Toro, miBUAKICTh 3HOIIYBaHHS HA BTOPUHHIN CTaJlli 3pociia K
JUTSl TIOKPUTTS 3 YUCTOTO HiKemro, Tak 1 aisa mokpuTTs Ni/Al,O3. Xoda mBUAKICT
3HOITYBaHHS HAHOKOMIIO3UTHUX IOKPUTTIB HUXKYA, HDK y TMOKPUTTI 3 YUCTOTO
HIKEIIF0, 3arajbHa TEHJEHIlS TOJIATa€ B TOMY, IO JJII HAHOKOMITO3WTHHX
MOKPUTTIB MIBUIKICTh 3HOIIYBAaHHS 30UIBIIYETHCS 3 MIABUIICHHSM TeMIEpaTypu
00pOOKH.

VY nocmixenH1 [52] oniHIOBaBCA BIUIMB TEPMIYHOI OOpOOKM HA MEXaHIYHE
3HOUTYBaHHS MPU KOB3aHHI JJISI TMOKPUTTIB HIKENIO, a TAaKOX MOKPUTTIB HIKEIIO,
1o MicTaTh HaHoYacTUHKH AlyO3. JlocmimkeHo po3moain i BiICOTOK BOYIOBaHMX
YaCTUHOK B METaJIeBIl MaTpulll, & TaKOX MIKPOCTPYKTYpPY 1 MIKpPOTBEPJICTb
MOKPUTTS. PEHTreHOCTpYKTYypHHUI aHali3 MOKPUTTIB CBITYUTH MPO HASABHICTH
HEJIOCKOHAJIOT KPHUCTATIYHOI PENITKH B HaHeCeHMX NOKpHTTIX Ni/AlyOs.
HasBuicte HanouacTMHOK Al;O3 B MOKPHUTTI TakoXX, KWMOBIPHO, CHPHUYHHSIE
MIKpOHAIPY>KEHHS BCEPEIMHI MOKPUTTIB MICIS OcaJKeHHsA. TepmiuHa 0OpoOka
nokputTiB Ni/Al,O3 mpuszBena 10 3pocTaHHS IUQPPAKIIMHUX TIKIB 3a PaXyHOK
YTBOPEHHSI OUTBII CTAaOUIBHOT KPUCTATIYHOI CTPYKTYPH 3 OLITBIITUM PO3MIPOM 3€peH
Ipy BUIIIN Temneparypi TepMidyHOI 00poOku. BumiproBanHs epeKTUBHOCTI 3HOCY
BKa3ye, M0 SK HABAHTXKEHHs, TaK 1 TeMIepaTypa Bianaay CIpaBIsIM 3HAYHUUN
BIUIMB HAa INBUJKICTh 3HOIIYBAaHHA TOKPUTTIB. Pe3ynbratu mOKa3yloTh, IO
Ni/Al,O3 € HallOLIBIIT 3HOCOCTIMKUM TP HaBaHTaKeHHsAX MeHIne 25 H. Yactunku
Al,Os3, momani 1o mokputts Ni/Al,Oz, Oyiau OiIbII YyTIMBUMHU 10 IiATPUMKH

TepMiuHOi cTabimbHOCTI MOKpUTTS Ni/Al,O3. Hapemri, pesyiapTatu MOKa3yloTh,
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mo 4ucTi mokpuTTs Hikemo Ta Ni/AlOz Oinbm edexTHBHO 30epiraioTh CBOI
MEXaHI4HI BIAaCTUBOCTI Mpu Temreparypi Huwxkue 200 °C.

Xoda € JOCTaTHBO BEJIHMKA KUIBKICTH POOIT MPO METOIM MPSMOTO Ta
IMITYJIbCHOTO €JIEKTPOOCAIKEHHS ISl BUTOTOBJICHHS MOKPUTTIB HA OCHOBI HIKEJIIO,
OJIHaK Yy HMX MaJI0 OMHCAHO MPO CUCTEMATUYHUMN BIUIMB T'YCTUHU IMITYJIHCHOTO
CTpyMy Ha MIKPOCTPYKTYpPY, MIKPOTBEPIICTh Ta TPUOO JIOTIYHI BIACTHBOCTI
nokpuTiB Ni—TiN, oTpuMaHHUX 3a JOMOMOIOI0 IMITYJIBCHOTO €JIEKTPOOCAKEHHSI.
Hanpuknan, y [53] Oyno pocnimkeHo kommno3uiliiiai mokputtss Ni/TiN, oTpumani
3a JIOMIOMOTOI0 OCAQ/KEHHS 3a MOCTIHHOTO CTPyMy, IMIYJIbCHOTO CTPyMy Ta
IMITyJIbCHOTO CTPYMY 3 HaKJIaJlaHHAM YibTpa3ByKy. Bouu BusiBumu, mo Ni/TiN,
OTpMMaHI 3a JOINOMOTIOK YJIbTPAa3BYKOBOI TEXHOJIOTIi, MAarOTh HaWKpaIry
3HOCOCTIMKICTh cepell yCiX MOKpUTTiB. Uy Ta iH. [54] MOBiIOMIIM TIPO CUHTE3
Ni/TiN nuisxom oca/pkeHHS B IMITYJIbCHOMY PEXHUMI eleKkTposidy. Pesynbratu
nokaszaiy, 1o Ni/TiN Oynu HaGaraTo OLIBII CTIMKMMHU JO KOPO3ii, HI)K TOKPUTTS
Hikemo. Y poboti [55] nanouactunku TiN Oynu BHUKOpHUCTaHI SIK apMmyroda (aza
JUISl CIIUIBHOTO OCAJKEHHS 3 10HaMu Hikemto juisi oTpuManHs Ni/TiN. Takox Oyio
JOCIIIJKEHO BIUIMB TYCTUHU IMIIYJIBCHOTO CTPyMy Ha MIKPOCTPYKTYpY,
MIKpOTBEpAICTh, Ta 3HOcOCTiHKI BiaacTUBOCTI Ni/TiN. T'yCTMHM IMITyJIHCHOTO
CTpyMy BcTaHOBIIOBaaM Ha piBHi 20, 60 i 100 MA/cm?. Ckiaj eneKkTpoliTy Ta
ymoBH enekrpoocamkerns: NiSO4-6H20 (r/m) — 280, NiCl, (r/m) — 25, H3BOs3 (/)
— 20, TiN (r/n) — 6, uerunTpuMeTHIaMOH1i Opomiza (mr/i) — 60; rycTUHA CTPyMy—
20; 60; 100(MA/cM?); pobounii ukn (%) — 30; pH — 4.5; yac ocamxenns (xs) — 50,
TeMriepatypa enektpoiity — 46 °C. 3okpema BCTAHOBJICHO, IO 31 30UTBIICHHSIM
TYCTUHH IMIyIbCHOTO CTpyMy Bimmosimaomy 20, 60, 100 MA/cM? BMmicT
nucriepcHoi (a3u TiN 3pocrae 1 BiAMOBIIHO cTaHOBHTH 5,7 mac.%, 10,5 mac.%,
9,8 mac.%, npu 1OMY BIIMOBITHUMHU € 3HAYEHHS MIKPOTBEPAOCTI MOKPHUTTIB:
693,2 HV; 922,1 HV; 479,5 HV. 3HaueHHs] MiKpOTBEPAOCT1 € JOCUTh BUCOKUMH 1
MaKCUMYM CIIOCTEPIraeThcs U1l TOKPUTTIB, OTPUMAHUX IPHU TYCTHUHI CTPyMy

60 MA/cM?. Taki BHMCOKi 3HAa4eHHS MIiKpOTBEPAOCTI MOSCHIOIOTHCS BHCOKOIO
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nucnepcHicTio yactuHOK TiN 1 Bmictom TiN B [56]. BignoBigHa rycTuHa
IMITYJILCHOTO CTpyMy 3abe3mneuye GopMyBaHHS O1IbIIT KOMIIAKTHUX Ta OJTHOPIIHUX
nokputTiB. Kpim Toro, migBumenuid BMicT TiN Moxe Takox 3a0e3nedyBaTu
NIJBUILIEHY MIKPOTBEPIICTh MOKPUTTS 4Yepe3 BHUCOKY TBEPIICTb CaMHX
HaHoyacTUHOK TiN. Takoxx OyJi0 BCTaHOBJICHO, IO TMPU BIAMOBIIHOMY
30inbmenHs rycturd crpymy 20, 60, 100 MA/cm% IIBHAKICTE MEXaHIYHOTO
3HOIIYBaHHS TIOKPUTIB 3MiHIOBajgack BiamosigHo 1,45, 0,73 1 0,90 wmr/xs.
Koediuient tepta 3menmryBaBcsi BianosigHo 3 0,73 mo 0,41 npu 301ibIIEHHI
rycturu crpymy Bim 20 mo 60 mMA/cm? 3aramom, BMicT HaHodacTHHOK TiN Ta
MikpoTBepAicTh Ni-TiN  mOKpuTTiB OynuM  KIIOYOBUMH  (pakTopamu st
MOKpalleHHs KoediuienTa TepTs [57].

Sk mpaBumII0, 3HOCOCTIMKICTh MOKPUTTIB Ha OCHOBI HIKETIO MOB’S3aHA 3 iX
CTPYKTYpOIO, BMICTOM apMyIOUHMX YaCTUHOK Ta MIKpoTBepAicTio [58,59].
BignoBimHo YuM OUIBIIMM € BMICT JUCIEPrOBaHUX YACTUHOK 1 OuIblla
MIKPOTBEPAICTh, TUM MEHIIIUM € MEXaHIYHE 3HOIIyBaHHS MOKPUTTS. [ligBuIIeHHS
piIBHOMIpHI 1 KOMMAakTHOCTI MOKpUTTA Ni/TIN Takox cHpusie MNOTIMIIEHHIO

3HOCOCTIAKOCTI.

1.4. HikeJsieBi MOKPHUTTH Yy €JIEKTPOXiMiUHiH eHepreTuIli
1.4.1. 3acTocyBaHHsI MOKPHUTTIB HAa OCHOBI HIiKeJII0 B eJEeKTpoJIizepax

JJI51 OTPMMAHHS BOJIHIO

EnextpoxiMiuHe po3KJjaJaHHS BOJIW € JaBHO 3aCTOCOBYBaHMM 1 J00pe
BIJIPAIbOBAHUM METOJIOM OJICpXKAHHS BOJHIO, KM Mae psia 0e3CyMHIBHHUX
mepeBar Tepea IHIMMMH METOJaMH OJep)KaHHS BoaHIO. Jlo Takux mepeBar
BIJIHOCSAITHCS BHUCOKAa YHCTOTa OJIEPKYBAaHOTO BOJHIO, MPOCTOTA 1 HAAIMHICTH
TEXHOJIOTI{ 1 anapaTypH, JOCTYITHICTh CHPOBUHU (BOJIa), €KOJIOTTYHO HEITKIITUBUN

noOiyHui mpoaykT (kuceHb). OpHAK HUISXOM €JIEKTPOJI3y BOJU Yy CBITI
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OJIepKyI0Th Juiie 6au3bko 4% BonHto. [llnpoke 3acTocyBaHHS €1EKTPOXIMIUHOTO
METO/y BUPOOHMIITBA BOJAHIO CTPUMYIOTh CYTTEBI 3aTpaTH €JIEKTPOEHEPTii Ha Horo
3MIUCHEHHS, SIKI CKJIanatoTh 01151 70% BapTOCTI ofiepKyBaHOTro BoHO [60].

OMiuHI BTpaTH B CY4YacHHX €JEKTpoJIi3epax 3BEACHI 10 MIHIMAJIbHUX
3HaUYE€Hb 3a PAaXyHOK BJIOCKOHAJEHHS iX KOHCTPYKIIA Ta BUKOPUCTAHHS
MPOBITHUKIB 1 KOHTAaKTHUX MarepiaiiB, a TakKoX mgiadparM 1 eJIeKTpOJITIB 3
HU3BKUM OMIYHUM omnopoM. OpHaK B yMOBax pPEaIbHOTO €JIEKTPOJIi3y BOJHUX
PO3YMHIB BEJIMYMHA HAIPYTH HA €JIEKTPOJI3epl y ABA pa3u NEPEBUIILYE TEOPETUUHE
3HAYCHHS HANPYTH PO3KJIaJaHHs BOAW. HacTymHUM MIITXOM 3MEHIIICHHS HANPyTH
Ha KJIeMax eJICKTPOoJIi3epa, a BIAMOBIIHO 1 3aTpaT €JIEeKTPOEHEPTii MpU oJepKaHH1
BOJHIO €JIEKTPOJII30M BOJHHX PO3YMHIB € 3HWKCHHS IEpPEHANpPYr KaTOJHOTO Ta
aHOJHOTO TIporieciB [61].

Karogna Ta aHojHa mepeHanpyrd MNpU €IEKTPOJIi3l BOJU, a TaKOXK 3a
CTPYMOM QJIbTEPHATUBHUX AHOJHUX MPOAYKTIB B 3HAUHIA MIpl 3aJieKaTh BiJ
NPUPOAN BHUKOPUCTOBYBAHMX EIIEKTPOAHMX MaTepiamiB. HaliHmwkui 3HaYCHHS
MepeHanpyru KaToJHOTO BUALICHHS BOJHIO CIIOCTEPITa€ThCA HA IUIATHHI, OJHAK
MJaTHHA € KOLITOBHUM METAajoM 1 MO)Ke OyTH PEeKOMEHJOBaHa B SKOCTI Karoja
TITBKK Yy BHUKIIOYHMX Bumagkax. Cepen MOCTyMHUX MeETaliB, $SKI MOKHA
PEKOMEHAYBATH /i1 BUTOTOBJICHHSI KaTO/IB BOAHEBUX €JIEKTPOJII3EpiB, BIAHOCHO
HU3bKI 3HAUCHHS TIepEHAIPYTy BUIIJICHHS BOJAHIO MAlOTh CTaJIb Ta HiKelNb [61].

JIJist 3HWKEHHS KaTOJIHOI Ta aHOAHOI MEepeHAnpyr MpU OACpKaHHI BOJHIO
€JIEKTPOJII30M JIYKHOTO PO3YMHY OYyJIO BUMPOOYBAaHO PI3HOMAHITHI MIAXOIU [0
Moau(iKyBaHHS TOBEPXHI €JIEKTPOJIB, HaIMpaBlICHI Ha CTBOPECHHS OLUIbII
PO3BUHEHOI Ta TMOPYyBaTOi MOBEPXHI, a TAKOXX HAJIaHHS TOBEPXHI KaTaJlITUYHOI
aKTUBHOCTI Y BIJAMOBIHIA €NEKTpOAHIN peakiii. B ocTanHl AecaTUmTTS
3ampOIIOHOBAHI PI3HOMAaHITHI JABO- 1 0araTOKOMIIOHEHTHI OJIHO- 1 OaraTomaposi
MOBEPXHI KaTali3aTopiB KaTOJAHOTO BHUJIIJIEHHS BOJHIO 1 AHOJHOTO BUAUICHHS
KHCHIO 3 Jy>)KHUX po3uuHiB. Hampukman, mis momudikaiiii MOBEpXHI KaTOMIB

nepcrnekTuBHUME € peHeeBchbKi criaBu (Ni-Al-Mo, Ni-Mo-Ti-Al, Ni-Mo-Zn, Ni-
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Mo-Si-Al-O) Ta ckenmeTHi Karami3aTOpu Ha OCHOBI HIKENIO Ta WOTO CIUIABIB,
oJlepKaHl IJIa3MOBUM HamnuieHHsSM. EdekTuBHUM Aenonsipu3aTopoM aHOTHOTO
MPOIIeCy B JIY)KHUX PO3YMHAX € KOMIIO3UIlIHE HIKeJIeBE MOKPHUTTS, MO0 MICTHTh
He3HayHl KuibKocTli namamiro. CriaB HIKEIIO 3 MOJIOAEHOM — 4acTo
BUKOPUCTOBYETHCS K KaTalli3aTOp TMpHU €JIEKTPOi3l BOJIU, TOMY JO HBOTO
BUCYBAIOTHCS CHEIU(I4HI BUMOTH:

1. Benuka nutoma rioria noBepxHi;

2. Bucoka kopo3iifHa CTIHKICTB;

3. Bucoka enexTponpoBiIHICTb;

4. Hu3bka nepeHanpyra BUIUICHHS BOJIHIO;

5. Bucoka enekTpokaTaliTUYHA aKTUBHICTH;

6. TpuBana cTabUIbHICTh €NEKTPOXIMIYHHX MTapaMETPIB.

Ieif cruiaB yCIIIHO BijNOBimae 3a3HadeHMM BuUMoram. Moro koposiitHa
CTIMKICTh MOXe 3HU3UTHCS 110 20 mm/pik y po3uuni 1,0 M KOH, a koedimieHT
nepeHanpyra b crtaHoButh 120 mV, 1m0 CBIJYUTH NMPO HUZBKY TNEPEHANPYTY
BUJIUICHHS BOJIHIO. 3aBJSIKM BKJIIOUYCHHIO MOJIOJEHY MUTOMAa IUIONIA IMOBEPXHI
CIUIaBY 301JIBIIYETHCS, pOOJIAYM 1i MEHII TTIaJKOI0 MOPIBHSAHO 3 HikeneM [ 14].

B poGortax [62] BcTaHOBIEHO, IO KaTaJdiTHYHA aKTHBHICTh PI3HUX
€JIEKTPO/IIB B PEaKIIil KATOAHOIO BUAIJIEHHS BOJHIO CHJIBHO 3POCTA€ MTPU HAsIBHOCTI
Ha TIOBEPXHI EJICKTPOJIIB aJICOPOOBAHOIO KHCHIO, OKCHIIB ab0 Tiapokcumai. Ilpu
KaTOJHIM Toyisipu3anii TakuX eJEeKTPOJIB B PO3UMHI EJIEKTPOJITY MOXKE
B1JI0yBaTUCh BIJHOBJIEHHS MOBEPXHEBUX OKCHUIIB Ta TIIPOKCHAIB, B PE3yJIbTATI
YOT0 YTBOPIOETHCS JTyKEe PO3UMHEHA MMOBEPXHsI MPOAYKTIB BITHOBJIEHHS 3 BUCOKOIO
KaTaTITUYHO aKTUBHICTIO 10 BITHOIIEHHIO 10 PeaKIlii BUAUICHHS BOIHIO.

AHOIHE BUJIIJICHHS KUCHIO (DaKTHYHO 3aBXKIH BiIOYBAETHCS HA €IEKTPOAX,
MOBEPXHS AKUX CKIIAAEThCSA 3 OKCUMIIB. [Ipu oMy, HampUKIIal, OKCUAN HIKEIIO,
K1 3HAXOMSIThCS Ha TTOBEPXHI HIKEJIEBOTO aHOJA, IIOTh SIK XOPOIIl KaTajai3aTopu
aHOJIHOTO BHJIUICHHS KMCHIO 3 JIy>)KHUX po3uuHiB. B [63] moka3aHo, 110 HiKeleBi

aHOIHU OJIsA BI/II[iJ'ICHHSI KHCHIO 3 JIYJKHOT'O PO3YMHY MOXHA AKTUBYBATH HIJIAXOM
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OCaJDKEHHS Ha HUX OKCHJIB KOOambTy abo 3amiza, a CyMill IIUX ABOX OKCHIIB IIE
O1IBII aKTUBHA, HI’K OKPEMI OKCHUIH.

Haiibinpm mumpokoro 3acToCyBaHHsS, y SKOCTI KaTOJHUX MaTepiajiB
npoiiecy enektpoBigHoBieHHS KucHIO (EK) y manmuBHuMX enemeHTax, HaOyiu
MaTepiaii Ha OCHOBI1 IUIaTUHU [64]. 3 METOI MiJABUINCHHS EJIEKTPOXIMIYHOI
aKTUBHOCTI Ta OTPUMaHHS BHCOKOPO3BHUHEHOI TIOBEPXHI BUKOPHCTOBYIOTH,
30KpeMa, JUCIePCHUM rpadiT, a TaKOX BYIJICIIEBI HAHOCTPYKTYpOBaH1 MaTepiaiu
aKTUBOBAaHI IMJIaTUHOIO [65, 66]. BuKOpuCTaHHS MeTaliB IUJIATUHOBOI IPYNH SIK
€JIEKTPOJHUX MaTepianiB 0OYMOBJIEHO iX BHCOKOIO KaTaJIITUYHOI AKTUBHICTIO, a
TaKOX HaWMEHIIMM TEPEeHANPYTol0 eJNeKTPOAHUX TmpoueciB. OJHaK MeTalu
IUTATUHOBOI TPYNHU € JOCUTHh BUCOKOBAPTICHOIO CHPOBUHOIO, TOMY aKTyaJIbHOIO €
iXHs 3aMiHa Ha OUTBII JICIIEB], ajie He MEHIII e(PEeKTUBHI MaTepiau.

OcTaHHIM 4YacoM Yy JIOCHUTh 3HAYHOMY O0Cs31 poOIT aBTOpU NPHUIUISIOTH
yBary BHWBYCHHIO KATAIITHYHUX BJIACTUBOCTEH Ta CHHTE3y XaJbKOTCHITHHX
MartepianiB, 30kpeMa cyibGdiiB MeTamB Tpynu 3amiza [67-69]. IlokazaHo
BUKOPUCTaHHA JAHUX MaTepialliB SIK KaTali3aTOPIB €JIEKTPOBITHOBICHHS KHCHIO Ta
BOJIHIO, aHOJHOTO BHUJUICHHS KHCHIO Ta IX 3aCTOCYBaHHS ISl €JIEKTPOIHHX
MaTrepiaidiB TEpBUHHUX JDKEpeNn CTpymMy Ta mnaauBHUX enemeHtiB [70,71].
OcoOnuBHii iHTEpeC CTAaHOBIATH Cyiabdimu Hikemo Tumy NiS Ta NizSy. [ani
MaTepiaiy MarTh JOCHUTh BHCOKY €JIEKTPUYHY MPOBIAHICTH TOPIBHSIHHY 3
MNPOBITHICTIO YHUCTOrOo Hikeno [72,73]. IlpuyumHOIO BHCOKOI KaTadiTHUYHOI
aKTUBHOCTI JIaHUX CHOJIYK 0co0JuBO cTocoBHO EK, 3rigHo 3 [74], MOsSICHIOIOTHCS
BIJTUBOM CIPKH Ha JI€COPOII0 MPOAYKTY MPOIECY €ICKTPOBITHOBIECHHS KUCHIO —
OH-1oniB. EHepris 3B'I3Ky Mk HIKEJIEM 1 CIPKOIO € OUIBIIOI, HIK y HIKETO 3
KHCHEM, TOMY TMpOIeC JecOpOIlii TiAPOKCHIHHUX 10HIB TOJICTIIYETHCS, IO 1
npu3BoauTh A0 mnpuckopeHHs EK B HelTpambHOMY 1 Jy>KHOMY CEpEIOBHIII.
Bucoka enekTpuyHa MPOBIAHICTh, @ TAaKOX MOXKJIMBICTh Mepediry MIBUIKUX
OKHCHO-BIJJHOBHHMX TIPOIIECIB HA TOBEPXHI CyNb(iiB HIKEI0, 32 YMOBU BHUCOKOI

IMUTOMO] HJ'IOHIi HOBCpXHi, BU3HAYAIOTh BHCOKI 3HAYCHHS HCGBIIO€MHOCTi Ta
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3aCTOCYBaHHSA  JIaHUX  CIOJNYyK Yy  SKOCTI  €JNEKTPOJHUX  MaTepiajiB
CynepKoHeHcaTopiB [75, 76].

3 METOI0 OTPUMAaHHS €JIEKTPOAHUX MaTepialliB Ha OCHOBI CYJb(iiB HIKEIIO
4acTO 3aCTOCOBYEThCS XIMIUHHMM cuHTe3 [67, 75, 76]. OnHak, 1ikaBUM € TOH (akT,
no Yy poboTax TMPUCBIYEHUX BHUBUYCHHIO KOPO3IMHOI TMOBEIIHKH HIKEIIIO
JIOTIOBAHOTO CIPKOI0, BKa3y€ThCS MPO (POpMyBaHHS Ha TOBEpXHi mmapy 3 NizS; mpu
aHOJHIN 00pOOIIl B pO3BEICHIN cipuaHiil KUCJIOTI [77]. Y xomdi paHilie mpoBeaeHUX
JOCIIIJKEHb aBTOpaMH JaHOi poOOTH OyJjia MOKa3aHa MOXIIMBICTh (POPMyBaHHS
mapy 3 NizS; Ta cynpdigiB i3 OLIBIIMM BMICTOM CIpKH TpH E€KCITOHYBaHHI
raJlbBaHIYHUX HIKEJICBUX OCAJIIB 3 IMIJABUIIEHUM BMICTOM CIPKH B Iapax OIITOBOI

Kucyotu [78,79].

1.4.2. 3acTocyBanHs HikejgeBuX NOKPUTTIB y X/[C

XJIC, He Tak maBHO, OyJH JIelb HE €IUHUM JIKEPEIOM IOCTIHHOTO CTPYMY.
3a ocTaHHI 4Yacu 3’SIBUJIOCS Oarato pI3HOBUIIB TaKUX JKepel. 3MIHIOIOThCS
€JIEKTPOAM, Kl BUKOPUCTOBYIOTh, CKJIAJ 1 CTaH eJeKTpodiTiB. He mana uactka
XIMIYHUX JDKEpeT CTPYMY BHUKOPHCTOBYIOTH HIKEJIEBl1 €JIEKTPOJM: HIKEIb-KaJMii,
HIKEJIb-3aJ1130, HIKEJIb-BOJIHEB1 Ta HiKeJIb-MeTaaoriipuaHi [80].

PiznomanitTs XJIC BukiIMKaHo TuM, 10 koxkeH 3 BuIiB XJIC He Moxe
NOKPUTH Bcl noTpeOu. KoxkeH 3 BUJIIB Mae CBOI MepeBaru 1 HEJOJIIKHU MOPIBHSIHO 3
IHIIIAMH.

Hikxenb-kaamiesi Ta Hikenb-3ami3H1 X/[C moBruii yac 3aitmanu apyre Miciie B
CBITi ITiCJISl CBUHIIEBUX 32 HOLIMPEHICTIO. X MUTOMA eHeprisi NPaKTUYHO TaKa X, SK
y CBUHIIEBHX, 1 B 3aJICKHOCTI BiJ] TUITYy 1 YMOB €KCIUTyaTallil JIeXHUTh B iHTepBaji 20
- 35 Bt * rog/kr a6o 40 - 70 Breroa/n, aje BOHM MarOTh Habarato OIlIbIIMI
pecypc - 10 2000 HMKIIB «3apsa-po3psa», TaKOK BOHU MOXKYTb PO3PSIKATHUCS
BEJIUKUMH CTPYMaMH, 1110 3yMOBIIIO€ X BUKOPHCTAHHS B armapatypi, sika CII0KUBA€

BEJIUKY KUIBKICTh CTpyMy. TakoX HIKeIb-KaJMI€BI aKyMyJSTOPH MOXYTh MaTu



50

MOBHICTIO TE€PMETHYHY KOHCTPYKIIIO, sIKa HE BHUMarae Jaorimsgy. ko
MOPIBHIOBATH HIKeJIb-KaaMi€BI1 1 Hikelb-3ami3H1 XJIC, TO B HiIKeJIb-KaMIEBUX BHIIII
XapaKTePUCTHUKH, IPOTE B HIKEIb-3aMI3HUX HEMAE OPOTOro 1 TOKCHYHOTO KaaMito
B1JI SIKOTO CTaparoThes BiaxoauTu [80].

B npanuii yac BUKOpUCTaHHS HIKEIb-KaJIMIEBUX AaKyMYJATOPIB CHUIIBHO
oOMeKeHa 3 €KOJIOTITYHUX MIpKyBaHb, TOMY BOHU 3aCTOCOBYIOTHCSI TUTBKH TaM, J€
BUKOPUCTAHHS IHIIUX CHCTEM HEMOXJIHBO, a caMeé - B MPUCTPOSX, IO
XapaKTEPU3YIOTHCS BETUKUMU PO3PSTHUMH 1 3apsaHUME cTpyMamu [81].

OcoOsuBe Miclle cepell BTOPUHHUX JKEPENIl CTPYyMy 3ailMaloTh HIKEJb-
BOAHEBl. BoHM mnpencTaBisitoTh COOOI0 CBOEPIAHY KOMOIHAIIIO TPaAHUIIIHOTO
aKyMyJiIiTopa 1 HaJIuBHOrO ejeMeHTy. OcCoONuBICTh TakKUX aKyMyJSITOPIB —
MOTNEpEeMiHHE HAKOMHMYEHHS BOJHIO IIiJl THUCKOM, a IMOTIM HOro BUTpaTH Ta
3HIDKEHHSI TUCKY, a TaKOXX MEPETBOPEHHS TBEPAMX aKTUBHUX (ha3 Ha €IEKTPO/IL.
Taki akyMmyisiTopyu He MOTpeOyIOTh MPOCTOPOBOrO PO3AUICHHS BOJHIO Ta
CICKTPOAY, 3aBISIKA JOy)K€ TOBUIbHOI iX B3aemomii. B koHcTpykmii
BUKOPUCTOBYIOTBbCS OKCHJIHI HIKEJIEBI 13 3all€Y€HOI0 OCHOBOIO. B BOJIHEBHX
€JIEKTPOJ BBOASTHCS HEBEIWKI KIIBKOCTI IUIATMHOBOTO KartajizaTopa. [Hkomu
TaKOXX BUKOPHCTOBYIOThCS KaTalli3aTopH 13 GToporuiacty. EXeKTposiToM CiyKuTh
30% marpuuHmil po3uunH rigpokcuay kamiro KOH [82].

BaxnuBuM  e1eMEHTOM  €JEKTPOXIMIYHOI  Tpymu  METajl-BOJHEBUX
aKyMyJISITOPIB € cenapaTtop. BiH moBuHeH MaTu nieBHY Oy(epHICTb 151 yTPUMaHHS
MEBHOTO 00’€MY €JIEKTPONITY 1 OyTH XIMIYHMM Oap’€poM AJis 10HIB METaliB, IO
TudyHIYIOTh 0 HETaTMBHOTO eleKTpody. Haigactime iX BHUTOTOBISAIOTH 13
opraHiyHux ToiMepiB. Hikenb-BOJHEBI aKyMyJISTOPU XapaKTEpU3YIOThCS TYXKe
BEJIMKUMH KIJTBKOCTAMHU HHKIIB, mo gocsararotb 20000 mpu 85% edekTuBHOCTI.
Cepenniit cTpok ciy>)xOu — 5 poKiB, ajie TP NMEBHUX yYMOBaX EKCIUTyaTallli BiH
Moxe gocsrata 15 poki. [Iutoma eneprist konuBaetbes Bix 40 no 60 Br*rog/kr.
Hikenp-BonHeBUH akyMynsTop OyB CTBOpPEHHUH $K anbTepHaTHBA HIKEJb -

Ka,Z[MiGZBOMy, 1O BUKOPUCTOBYETHCA OJIs1 CHCPronoCTad4aHH:A KOCMIYHUX anapaTiB.
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Bucoka nuToMa eHepris, BeJMKAa TPHUBAIICTh MAii, KOHTPOJIbOBAHICTH PIBHS
3apSDKEHOCTI — Takl SKOCTI 3a0e3Meunsid iX BHCOKY TMOIYJISIpHICTh. Benmki
MEPCIIEKTUBH HIKEJIb-BOJAHEB] aKyMYJISITOPH MalOTh y cepl enekTpomMoOitiB [82].

OCHOBHHMM HEJIOJIIKOM HIKEJIb-BOJHEBUX AKYMYJISITOPIB € BUCOKE 3HAYEHHS
camopo3pany, sike iHoal gocarae 50% emHOCTI 3a A00y. 3HAYEHHS CaMOpO3psLy
IpOMOpPIIiHHE TUCKY BOAHIO B KOHCTPYKIi. CaMopo3psia 3MEHIIyeTbCS 31
3HWKEHHSAM TeMmIiieparypu. HacTylmHUM KpPOKOM Yy pPO3BHUTKY JXKEpesl >KUBJICHHS
CTaJIO0 CTBOPEHHS HIKEIbMETAJOTIAPUIHOT aKyMyJSTOpHOI OaTtapei Brepiie
3amareHToBaHoi Bimwtom y 1975 p. Ilpore mpommuciioBe BHPOOHHMITBO JTaHUX
BTOPUHHUX XIMIYHHX JKEPENl CTPyMY CTaJl0 MOKJIMBUM IIICJI CTBOPEHHS CIUIABY
La-Ni-Co, sikuii 103BOJIIB 0OOOPOTHO aJicOpOyBaTH BOJCHBL HpOTIrom Oumbiie 100
HUKIIB  "3apan-po3psa”. EnekTpoxiMidHa cuUCTEMa CKIAJA€TbCsl 3 OKCHUIHO-
HIKEJIEBOTO KaToJla, aHOJIa, 110 3a3BUYail sIBJIslE COOOIO CILIaB JEKIJIbKOX METaJiB
Ta JIy’>KHOTO eJICKTpoJIiTy [82].

OcHOBHMM  MarepiajoM, 10 BH3HAYa€  XapPaKTEPUCTHUKUA  HIKEIb-
METAJIOTIAPUIHOTO aKyMYJISITOpa, € CIJIaB METaliB, 10 3AaTHUM abcopOyBaTH B
1000 paziB OinbIIMi 00’€M BOJHIO, HIDK MOr0 BiIacHUM. 3a3BUYail CIJIlaBU METAJIIB
CKJIa/IaloThes 3 MeTally A, KU €K30TEepMIUHO MOIIMHAE BOJIEHB, Ta MeTaly B, 1o
YTBOPIOE TIIPUAM 3 TOTJIMHAHHAM TEIUIOTH (€HIOTepMiuHMiA mporec). B
3aJIeKHOCTI BiJl CKJIaAy CIUIaBIB iX pO3NisitoTh HA HacTymnHl Tunu: AB, ABj, ABs,
AoB. Tlpu 3apsai Ta po3psanal  HIKEIb-METaJIOTIAPUIHOTO  aKyMyJsiTOpa
BIJIOYBA€EThCS PO3IIUPEHHS Ta CTUCHEHHS Ha 15-25% KpuCTaniyHOi peurTkua
CIJIaBIB "yepe3 abcopOIiro Ta AecopOIiiro BoaHI0 [83].

J11s HiKeThb-METaJOTIAPUIHIX aKyMYJISITOPIB HE pEKOMEHAYIOTh TPOBOIUTH
3apsA] TP TOCTIWHIA HAampy3i, OCKIIBKA 1€ MOXE MPU3BECTH JO TEIJIOBOTO
BUxoay 3 jany. lle mo’si3aHO 3 TUM, IO B KIHII 3apsyKEHHS BiOyBaeTbCs
NIJBUILIEHHS 3apsSAHOrO0 CTPYMY, SKH MPOMOPIIWHUN PIZHUII MK HaNpyroro
CJICKTPOKMBIICHHS Ta HAIpPYrol akyMyJsiTOpa, a Halpyra akyMmyJsTopa B KiHII

3apsAy 3HIKYEThCS 4Yepe3 MIABUIIEHHS TEeMIepaTypu CHCTEeMH. Y BHUIAJKY
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KOPOTKOTO 3aMHUKaHHS B OJHOMY 3 aKyMyJsTopiB OaTapei BinOyBaTHMETHCS

nojayva MiBUIIEHOT0 CTPYMY Ha 1HII aKyMmyJsaTopu [83].

1.5. Bukopucranus ejiektpoJitiB Ha ocHoBi HEP s HaneceHHs1
rajbBaHIiYHUX MOKPUTTIB
1.5.1. EnexkTpocagkeHHsI HiKeJleBUX IOKPHUTTIB 3 €JIEKTPOJIITIB HA OCHOBI

HEP

P03BUTOK HOBITHIX MaTepialiB 1 TEXHOJIOT1H HAHECEHHS TOKPUTTIB € OJTHUM
3 BHUpIMAIBHUX (DAKTOPIB y MPOrpeci CydyacHOi MPOMHUCIOBOCTI. B KOHTEKCTI
NIJBUIIEHHS €()EKTUBHOCTI 1 €KOJIOTIYHOCTI BUPOOHUYMX IPOLECIB, OCOOJIUBY
yBary IMpHUBEPTAE 3aCTOCYBaHHA eleKTpouiTiB Ha ocHOBI HEP nnsi HaHeceHHs
HIKEJIEBUX MOKPUTTIB 1 HE TUIbKU. HikelneBl MOKPUTTS MalOTh BaKJIMBE 3HAUCHHS
st OaraThOX  IHAYCTplaJbHUX cep 3aBASKA CBOIM  aHTUKOPO3IMHUM
BJIACTUBOCTSIM, MIITHOCTI Ta 3HOCOCTIMKOCTI. TpaauiiifHO  HIKEeTIOBaHHS
3MIACHIOETBCS 33 JIONOMOIOK0 BOAHMX €JEKTPOJITIB, SIKI MOXYTh BKJIIOYATH
TOKCHYHI Ta IIKIJIJTMB1 KOMIIOHEHTH, TaKi K Ba)KKi METaJIM Ta LIaHIAW. 3 OTJISIIy Ha
Cy4acHI €KOJIOT14HI BUMOTH Ta MIParHeHHd /10 "3eleHuX" BUPOOHUYHMX TEXHOJIOTIH,
NOIIyK  Oe3neyHux Ta  e(EeKTUBHUX  aJIbTEPHATUB  CTa€  MPIOPUTETOM.
Buxopucranuss HEP BigkpuBae HOBI TOpU30HTH B 00JIaCTI €IEKTPOIITHYHHUX
NOKpUTTIB. LI pO3UMHHUKHN MarOTh psJl TEepeBar nepej TPAAUIiiHUMUA BOAHUMU
CUCTEMaMHU, BKJIIOYAIOYM HUXKYY TEMIIepaTypy IUIaBJICHHS, XIMIYHY CTaOUIbHICTB,
HU3BKY JeTKiCTh Ta iHmi. L{i XapakTepucTuku poOIATH iX i1€aTbHUMU IS
CTBOPEHHSI €KOJIOTIYHO YHCTUX Ta EHEeProe(eKTUBHUX NPOLECIB HAHECEHHS
nokputTiB [84, 85].

IIpr BHKOpHICTaHHI ATIOMIHIEBHX JCTajeii YacTHUM HEIOJIKOM € IIoraHa
CTIMKICTh O KOPO3li B arpeCMBHUX CEPeIOBUIIAX, 1 3 Li€] MPUUMHU HA TTOBEPXHIO
netani  HeoOXigHO HaHecTH 3axucHui map. OpHow 3  mpobiieM mpu

eJIEKTPOOCAIKEHH] Ha aJIOMIHIEBI CIUIABU € X peakiiiiHa 3[JaTHICTh 3 BOJAOIO, IO
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BUKJIMKA€E IMACHBAIII0 TIOBEPXHI, M0 3amolirae aaresii 3aXMCHOTO Imapy. 3 1€l
MPUYUHA PO3YMHHU HA BOJHIA OCHOBI HE MOXXYTh BUKOPHCTOBYBATH 0O€3 HAJIECKHOI
norepeHbpoi 00pooku [84, 85].

Y poboti [84] poznmsuyro HEP Ha ocHOBI cyMmimielt XOJiH-XJIOpUAY 3
JIOHOpPaMU BOJIHEBOTO 3B’A3KY, TAKMMHU, K KapOaMiJl, €TUJICHTIIIKOJb Ta MaJIOHOBA
KHCIIOTa Yy MOJISIPHOMY CHiBBiAHOMmIEHH] 1:2. B €NEeKTpOIT TaKoXX BXOJWIN
6e3Boan1 Hikenesi coii 0,5 M NiCly ta 0.7 M NiSOas. ITicns cipob npurotyBaHHs
BUSIBUWIOCS, 10 PO3YMHHICTh HIKEJIEBUX COJIEd B €BTEKTHYHIA CyMillll 3amaia
(ocobnmBO cynbdary Hikenwo). XJIOpUJ HIKEII PO3YMHSBCS 3HAYHO Kpaile, aje
Py BUKOPUCTAHHI IMOCTYNOBO YTBOPIOBAB OCaau coyieid. [[is BUpIIEHHS LUX
3a7a4 OyJio JOJaHO ETWJICHJIaMiH, SIKMH BUPILIMB MPOOJEMU 3 PO3YHUHHICTTIO.
Takox eTwieHAlaMiH TOKpallMB SKICTh €JEKTpoocakeHHs. OcalKeHHs
IPOBOAMIIOCA TIpU TIycTHHI ctpyMy 10 MA/nM? Ta mpu Temmepatypi 80°C. Y
pe3yibTaTi BUKOPUCTAHHS JAHOTO €JEKTPOJITY OyJI0 OTPUMAHO NOKPUTTS 3
BHUCOKOIO aJre3i€l0 HaBiTh MPU BHUCOKUX IIUIBHOCTSAX CTpyMmy. I[lokputts y
NOPIBHSAHHI 3 HIKEJIEBUMH TOKPUTTSIMU 3 KJIACMYHHUX BOJHHUX EJIEKTPOJITIB
XapaKTepHU3yBajIocs OLIBIIOK MIKPOTBEPIICTIO Ta OLIBIIMM MOJYJIEM MPY>KHOCTI.
OxkpiM TOTO, TIOKPUTTS BUSBUIUCS HE MOPUCTHUMH, IO MO3UTHBHO BILIMBAE Ha
KOPO31MHY CTIMKICTh 1 pOOUTH iX MPUIATHUMU JIJIS1 OIAJIBIIOTO HAHECEHHS 1HIINX
MOKPUTTIB BXKE 31 CTAH/IapPTHUX BOJHUX PO3YHHIB.

3 TOYKH 3opy otpumanHs MetanmiB HEP aGo 1oHHI piguHu €
MEePCIIEKTUBHUMU [IJIs1 €JIEKTPOOCAPKEHHSI METaJliB, CILJIaBiB 1 HAIIBIPOBIIHUKIB
yepe3 iX MUPOKUI Jiana3oH MOTEHIIIAIB eeKTpoXiMiuHoi cTabinbHOCTI [85,86].
binburicte HEP € exoioriyHo 4ucTi, BOHM BBaXKalOThCS JTOOPOIO alIbTEPHATHBOIO
JUTS TIPOTIECIB JIe BUKOPUCTOBYIOTHCS €IEKTPOITH 3 TOKCHYHUMHA KOMITOHCHTaMH,
TakuMH, K miadiau [87]. Xoda eneKTpoOCaKeHHS cepli METalleBUX IMOKPHUTTIB
OyJIO TIPOJIEMOHCTPOBAHO B €JIEKTPOJIITAX HA OCHOBI CTIMKUX /10 MOBITPSI Ta BOAU
HEP [88-93], mpobmemu Taki, SIK BC€ X J€sIKa TOKCHUYHICTh, JOCTYIHICTh

KOMITOHEHTIB Ta BapTICThb MOXYTh OOMEXHUTH iX NPAKTUYHE BUKOPUCTaHHS [94,
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95]. Cepist uncTo MeTaneBUX MOKPUTTIB, 3 TAKMX METANIIB, SIK HIKEJb, LIMHK, XPOM 1
MiJib OyJIM €JIeKTpOJIeNIoHOBaH1 3 enekTpoiiTiB Ha ocHoBl HEP [96—-101]. 3okpema
y [101], Oyno mokazaHO, IO HAHOKPHUCTAJI4HI MOKPUTTS HIKEIIO 13 CEepeAHIM
MOKa3HUKOM PO3MIPOM 3epeH OJIM3bKO 6 HM Oyl €IeKTPOOCAKEHHS 3 PO3UUHY
XJIOPUY HIKEJIO B €JICKTPOJIITI HA OCHOBI XOJIH-XJIOPUIY Ta €TUJICHIJIIKOJIIO MPpHU
KiMHaTHIA TemmepaTypi. [Ipu 1boMy 3 TaKOTo X €JIEKTPOJITY, aje MpU BUCOKIN
temriepatypi Omu3pko 90 °C Oynau OTpUMaHi HIKEJIEBI MOKPUTTS 13 BHCOKO
PO3BUHYTOIO CTPYKYpOIO, MOAIOHI 0 YTBOPEHHS MIKPOPO3MIPHUX «KBITIBY, 13
cynepriipodpooHumu BiactuBocTsMu [97]. Tomy enektpositi Ha ocHoBi HEP €
NEPCIIEKTUBHUM CEPEIOBUIIEM Ui €IEKTPOOCAPKEHHS METalliB 3 KEPOBAaHUMMU
MIKPOCTPYKTYPOIO MOBEPXHI Ta (PYHKI[IOHATIbBHUMH BIACTUBOCTAMU. Enextpostitu
Ha ocHOBlI HEP Takox MOXyTh OyTH BUKOPHCTaH1 JJii OTPUMAHHS TOKPUTTIB

crmaBamu [100,101].

1.5.2. EjexkTpocamxkeHHs] MOKPUTTIB 3i CILUIaBiB Ha OCHOBI HiKesl0 3

eJieKTpoJIiTiB Ha ocHoBi HEP

CruiaBu HIKEJIIO 3 OJIOBOM 3aCTOCOBYIOTH y pajioenekTpoHimi. [Tokputrrs
IMMHU CIUIABaMHU  BIAPI3HAIOTHCS, 30KpPEMa BHCOKOIO KOPO31MHOK CTIMKICTIO.
Hikenp-onoB'ssHI ~ CrlaBU, K TPaBUJIO, E€JIEKTPOOCAKYIOTbCSI 3  BOJHHUX
€JIEKTPOJITIB, IO MICTATH xyopua / ¢prop ado cnonyku nipodocdaris. IlepeBaroro
CJIEKTPOXIMIYHOTO OCA)KEHHSI € MOXJIMBICTh OTPUMAHHS CTEXIOMETPUYHOUX
CIOABIB  HIKENb-0JIOBO 31 CKJIagoM mpubamsHo 65/35 wmac.% (aTtomue
criBBigHomeHHs 1: 1) [102]. BianoBigHo A0 TepMoAMHaAMIUHOI (ha30BOI Jiarpamu,
iHTepMeTamiiHa (a3a 3 aTOMHHM CIHIBBIIHOIICHHSAM Hikento 10 onoBa (1: 1) He
MOXe ~ OyTm  OTpUMaHO  mipoMeTranypriiHum  cmocobom  [103,104].
EnexTpoocakeHHs CIIJIaBIB Ha OCHOBI Sn 3 BOJHMX EJIEKTPOIITIB OOMEKYETHCS
okucieHHAM Sn?* 1o Sn** y ranpBamiumiii Banmi. OKUCIEHHS NBOBAICHTHHUX IO

YOTUPUBAJICHTHUX BHJIIB OJOBa MOXXHA MIHIMI3yBaTH B HEBOJHHMX EJIEKTPOJIITAX
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[105,106]. Buxopucrtanus enektpodiTiB Ha ocHoBi HEP) € mepcnexktuBHOIO
IbTEPHATUBOIO KJIACMYHOMY IIPOLIECY OCA/KEHHSIM CIUIaBIB Ha OCHOBI OJIOBA 3
BoaHux po3unHiB. HEP cknanaiorbes 3 OlHapHUX €BTEKTHUYHUX CyMIIlIeH, e
OJIHUM KOMITOHEHTOM € CUJIb YETBEPTUHHOI'O aMOHIIO, TaKa K XOJIH XJIopun (2-
TIPOKCUETUI-TPUMETHIT aMOHIM XJIOPHJI), a 1HIIMM KOMIIOHEHTOM € MOJIEKYJ
JIOHOPU BOJHIO, Takl K aMigu, ciupTH abo kapoonosi kucinotu [107,108]. HEP 3a
CBO€I0 OyJ0BOIO HAOIMKAIOTHCS O 10HHUX PIIWH a00 PO3TOIB 1 MAIOTh IITMPOKE
«BIKHO» MOTEHLIANIB €JIEKTPOXIMIYHOI CTAOLIBHOCTI, BUCOKY B’SI3KICTh 1 HU3BKY
JIETIOUICTh, J00pe O10JIOTIYHO pO3KIaAaloThCsl 1 MIAJISATA0Th BTOPUHHIN
nepepo61i. EnekTpooca/keHHS 0J0Ba Ta OJOB’SIHO-IIMHKOBUX CIUIABIB 3
esiekTpoutiTiB Ha ocHOBI HEP onucani B po6orax [109, 110, 111]. 3okpema, Oymo
JOCITIKYBAaHO ~ €JIGKTPOOCA/KEHHSI ~ HIKEJIb-OJIOB'SHUX  CIUIaBiB I JI€I0
MOCTIHHOTO CTPYMY B €JIeKTpoJiiTax Ha ocHOBI pizHuX TumB HEP Ha ocHOBI
XOJIIHY XJIOpHUIy, a caMe: KapOaMily Ta XOJIIHY XJOpPHUJ; XOJIH XJIOpUAY Ta
etwieHraikono [112,113]. Otpumani Metaniydi ocagu Oy KOMIAKTHUMHU 1 MaJIH

rapHy ajaresito J0 MiJHOi OCHOBH.

CmiaBu HiKeIb—KOOAJbT IIMPOKO BUKOPUCTOBYBAIMCH SK I[IHHI TEXHIYHI
MaTrepiaiy B IMPOMHCIOBOCTI 4Yepe3 iX BHUCOKY MIIHICTh, BUCOKY KOPO3IMHY
CTIMKICTh, TEIUIOMPOBIMHICT Ta EJIIEKTPOKATANITUYHY akKTUBHICTH [114-119].
Cepen pi3HMX METOJIB iX OTpUMAaHHS CJ1J BIJ3HAYUTH came €JIEKTPOOCAKCHHS
[116-121] nanmii METOX € MPOCTUM Ta €KOHOMIUYHHUM 3 TOYKH 30pY OTPUMAaHHS,
caMe, TMOKPHUTTIB 31 CIUJIaBy HiKelb—KOoOanbT 0€3 3acTOCyBaHHS BHCOKO1
TeMrepaTypu 1 THUCKy. binblr TOro, MIKpPOCTPYKTYpH 1  BIIACTHUBOCTI
eJIEKTPOOCA)KEHOTO METally MOXHa JIETKO 3MIHIOBAaTH, MPU 3MiHI TaKHUX
nmapaMeTpi eJeKTPOOCaKCHHS, SK: KaTOIHA TMOJIApU3allisi, TYCTHHAa CTPYMY,
napameTpy IMIYJbCYy TPH HECTAI[IOHAPHOMY PEKUMI €JIEKTPOOCAKEHHS, CKIIaJ
CIIEKTPOITITY Ta Temrieparypa [116,119,122]. JUIs  eNeKTpOOCaKCHHS

HIKEJIEBUX MOKPHUTTIB Ta MOKPUTTIB CIUIABOM HIKEJIb-MOJIIOJIEH 3aCTOCOBYIOThCS
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SJIEKTPOJIITH, MpuroToBani Ha ocHOBI HEP — cywminn xomiaxnopuay Ta xapbamimzy
y MoJisipHOMY criBBiiHomeHH1 1:2 M [123]. Cnix BiA3HAuYUTH, IO JOCUTH OaraTto
JiTepatypHux  poOit, Ta 3o0kpema [84, 124, 126] npuCBAYY€ETHCA
CJIICKTPOOCA/PKCHHIO TaJbBaHIYHUX HIKEIb-BOJIb()PAMOBUX IOKPHUTTIB caMme 3
BOJHUX PO3YMHIB. JlaHI TIPO €JIEeKTPOOCAKCHHsI BIAMOBIIHUX ITOKPUTTIB 3

HEBOJHUX eNeKTpotiTiB Ha ocHOBI HEP € noBoi Masno uncenpHUIMMU.

BucHOBKH /10 J1iTEpaTypHOIO OIJISIAY

Ha ocHOBI mpoBeneHOro aHami3y JITEpaTypHUX JKEpesl IMOKa3aHo, IO
rajbBaHI4Hl  TOKPUTTSI HAa  OCHOBI  HIKEJIO  BOJOAIIOTh  YHCEIbHUMHU
NOMI(PYHKIIOHAIBHUMHU ~ BJIACTUBOCTSIMU. Yepe3 BUCOKY 3HOCOCTIHKICTH Ta
TBEPIICTh HIKEJEBl TOKPUTTS BHUKOPUCTOBYIOTHCS [IJISi HAJaHHS TOBEPXHSIM
neTtanel aHTU(PPUKLUIHHUX BIACTUBOCTEN. 30KpEMa, EIEKTPOOCAKEHHS HIKEIIO Ta
HIKEJIb-KOOAJhTOBUX CILJIaBIB BUKOPUCTOBYIOTHCS TIPU CTBOpPEHHI TMpechopm st
HITaMIyBaHHS IUIACTMAcC, PO3IUIABIB CKJIa 1 JIETKMX Ta KOJIbOPOBUX METAJiB. 3
METOI0 JTOJATKOBOTO MOKpPAIIEHHS (P13MKO-MEXAHIYHUX BJIACTUBOCTEH MOKPHUTTIB
3aCTOCOBYIOTh €JICKTPOOCAPKEHHS HIKEJICBUX CILJIaBiB, a TaKOXX KOMITO3HUITIHHUX
noKpUTTiB. CHiBOCaJ)KEHHsS BOJIbPpaMmy 3 HIKEJIEM Ta JOCSATHEHHS BMICTY
MepIIoro y criasi Ha piBHI 35 mac.% Jae 3MOry OTpUMYyBaTH MOKPHUTTS, SK1 3a
CBOEI0 KPHUCTAJTIYHOI CTPYKTYpPOIO, MIKPOTBEPAICTIO, 3HOCOCTIMKICTIO MOXYTh
BUCTYNMAaTH 3aMiHHUKaMH XpomoBux. [IpoTe akTyalbHUM 3aBOaHHSIM €
MBUIIEHHS CTPYMOBOiI €()EKTUBHOCTI Ta JOCHIPKEHHS MOMJIMBOCTI OTPUMAaHHS
BUCOKOMIIIHMX Ta 3HOCOCTIMKHMX ITOKPUTTIB Ha OCHOBI HIKEJIEBOTO CIUIABY 13
MEHIITUM BMICTOM BOJIb(Gpamy.

OTpumaHi €IeKTPOOCAHKEHHSIM MaTepiaju Ta MOKPUTTS Ha OCHOBI HIKEJIO
HIMPOKO 3aCTOCOBYIOTHCA Y Taly3sIX BHUPOOHMIITBA XIMIYHUX JIKEpesl CTPyMy Ta

OTPUMAaHHS €JIEKTPOJHUX MaTepiaiiB AJis €JICKTPOIIi3y BOJIH.
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HoBuM HampsiMoM y cydYacHIWi TajJbBaHOTEXHIIl € EJIEKTPOOCAHKCHHS
MOKPUTTIB 3 eJIeKTpodiTiB Ha ocHOBI HEP a0 10HHUX piMH HOBOTO MOKOJIIHHS,
IO SBISIOTH COOOI0 PO3TONMM CyMillleld Ha OCHOBI XOJIIH XJOpUAY Ta TaKHX
CIIOJIYKY, SIK €THJICHIJIIKOJIb, KapOamij Ta pi3HI OpraHiuyHi KuclIoTH. Taki
CJIEKTPOJITH JI03BOJISIIOTh OTPUMYBATH YHIKaJIbHI 32 BJIACTUBOCTAMM IMOKPHUTTS.
AKTyalnbHUM 32 JaHUM HAOpsSIMOM € TOCIIPKEHHS 00 BIOCKOHAJCHHS CKIIAay
CJICKTPOITY Ta MiZ00PY E€KOJOTIYHO Oe3MeYHOro CKJaay, 1o JaBaB OW 3MOTy
OTPUMYBATH TOKPUTTS 13 HAWIIHMPIIAM CIIEKTPOM BJIACTHUBOCTEH 1 3aCTOCYBaHb.
TakoX MaJOYMCICHUMHU € JaHHI I0J0 aHTU(PPUKIIAHUX BIACTUBOCTEH HIKEIb-
BOJIbPAMOBUX TOKPUTTIB Ta (PI3UKO-MEXaHIYHUX BIIACTUBOCTEH HIKEJIEBUX

MOKPUTTIB, €JIEKTPOOCAI)KEHUX 3 HEBOJHUX PO3YMHHUKIB HAa ocHOBI HEP.
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2. METOJAUKA EKCHEPUMEHTAJIbHUX TOCJ/IL’KEHDb

JLiist

2.1. IIpuroryBaHHsi pO34YHHIB €JIEKTPOJIITIB TA METOANKA

€JIEKTPOOCA/’>KEHHSI OKPUTTIB HA OCHOBI HiKeJII0

IPUTOTYBaHHS

CICKTPOIITY

HIKEJIIOBAHHS

PCAKTHBU MApPOK «X.9.» abo «4.4.a.» Ta JUCTUJIbOBAHA BOJA.

BHUKOPHUCTOBYBAJINCA

Ckianyd eneKkTpOoITIB Ta YMOBHU MPOIIECIB €IEKTPOOCAKEHHSI HABEICHI Y

tabmui 2.1.

Tabmuis 2.1 — Ckiaj eJIeKTPOJIITIB Ta YMOBHU €JIEKTPOOCAHKEHHS FraIbBaHIYHUX

MOKPUTTIB HA OCHOBI1 HIKEJTIO

) [HuTpaTHuii Enextpomit
Enextpomit . .
. . €JIEKTPOJIIT : HIKEJIIOBaHHS Ha
Omm3bpkumii 3a | LlutparHmii Enextpomit .
. I ) ocHoBl HEP 3
CKJIAJIOM JI0 | €JIEKTPOJIIT HIKEJIIOBAaHHS Ha
. . OCa>KEHHS ) IOaBaHHIM
€JICKTPOJITY HIKEIFOBAHHS X ocHos1l HEP
Ni-W BOJIb(pamarty
Yorrca ) )
MTOKPUTTIB HATPIIO
OcHOBHI KOMIIOHEHTH (M)
NiSO4'7H20—
NISO47H20 NISO47H20 0,75; ; )
09 _0,75; NasWO, | NiCly6H,0 — N'C'é ??_20 -
NiCl,-6H,O |NasCit —0,5; 0,07; 0,75; C.H O N 05
-01;  INHCI-07; | NaCit-05; | CeHsO--05 | \ '\l o'
HsBO;— 0,6 Na;B,0;—0,1 | NH,Cl —0,7; 2T
Na48207 — 0,1
Po3unnuuk
PO3TOM XOJTiH- pPO3TON XOJIiH-
XJIOPHUTY Ta XJIOPUIY Ta
JTUCTUIHOBAHAIMCTHIILOBAHA | JUCTUIIBOBAHA | KapOaMinay y KapOamiay y
BOJA BOJA BOJZa MOJISPHOMY MOJISIPHOMY
CHIBBIIHOIIEHH] | CITIBBIIHOIIEHHI
1:2 1:2
Pexxum enexTpoumsy
pH4...4)5; pH®6,5...8,5; | pH6,5...8,5; pH~7; pH~7;
t=50+£3°C; t=50£3 °C; | t=50=3 °C; t=75+3 °C; t=75+3 °C;
i=1A/m? |i=1A/am? i=1A/am? i=1A/am? i=1A/mm?
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EnexkTpoocamkeHHs HIKEIEBUX Ta HIKeIb BOJb(PAMOBHX MOKPHUTTIB
MPOBOJMIN 3 BOJHOIO IIMTPATHOTO €JIEKTPOJIITY, BMICT OCHOBHMX KOMIIOHEHTIB
SKOro OyB aHAJIOTIYHUM JI0 TpUBEACHOTO y [84]. JIoAaTKOBO €IEKTPOIIIT MICTUB 10
50 r/n xjopuay amoHI0O Ta TeTpabopary HaTpito. BoaHeBuil TOKa3HHUK
enexkTpomity g0 piBHaS pH 6,5...8,5 moBoawiM TiapokcuaoM amoHit. Jls
MOPIBHSHHS BJIACTUBOCTEH TAaKOXK OTPUMYBAIIM HIKEJIEBI MOKPUTTS 3 €JIEKTPOIITY
Yorca. Temneparypa npu enekrpoocajxenHi ckiagana S50 °C. Takox
€JIEKTPOOCAPKEHHSI HIKEJIEBUX IMOKPUTTIB MPOBOAMIN 13 €JIEKTPOJITY HAa OCHOBI
HU3BKOTEMIIEPATYPHOI EBTEKTUYHOI CyMIIIl XOJIH XJOpUAy Ta KapOaMiay Yy
MOJISIpHOMY criBBiAHOmIEHH] 1:2. IlpuroTyBaHHS €NEKTPOJITY 31MCHIOBAIU
HACTYITHUM 4YWHOM. XOJIH XJopua Ta KapOamin npu Temmneparypi 80 °C
HiIrpiBaiM Ha BOASHIA OaHl 10 yTBOpeHHs postomy. [licis doro B posTon
Beogmian  NiCly'6H,O Ta snumonny kucnoty (CeHsO7) 'y  momsipHOoMy
cuiBBigHomeHHi 0,75 :0,5M. 3a pomomororw iH(pauepBOHOI CHEKTPOCKOMIT
OTpUMaHy CyMIIll aHaJII3yBaJIM HA YTBOPEHHS BIJMOBIHOT €BTEKTUYHOT CIIOJIYKHU. 3
METOI JOCIHIPKEHHS MOXJIMBOCTI €JICKTPOOCA/PKCHHSI HIKEJIEBUX TMOKPUTTIB
JeTOBaHUX BOJb()paMOM B OTPUMAHUN EINEKTPOTIT JOJATKOBO BBOJIWIU
BoJb(pamat Hatpito. [Ipu 11bOMy 0CATATIOCH HACTYITHE MOJISIPHE CITIBBITHOIIICHHS
kommoHeHTiB NiCly-6H,0 : CsHsO7 : Na;WO,4 = 0,75:0,5:0,07 M.  JlocmixyBaHa
temneparypa  craHoBmina 80°C. 3 MeTow  TOpIBHAHHS  IIPOIIECIB
€JIEKTPOOCAIPKEHHSI HIKEJIEBUX MOKPUTTIB B €JIEKTPOJIITAX HA BOJHINA OCHOBI Ta Ha
ocHoBl HEP MosipHi KOHIEHTpaIlil Ta MOJISIpHI CIIBBIAHOLIEHHS COJEH HIKEIo Ta
BOJIb(ppamy OyJii OJTHAKOBUMHU.

Enextpooca/pkeHHsT TOKPUTTIB Ta HIiKeNeBoi (GoJbrd MPOBOAUIU  3a
NOCTIHHOT TYCTHHM CTPyMy Y CTaHJApTHIM JBOEJEKTPOAHIA KOMIpHi 13
BUKOPUCTAHHSAM JDKEpelia TOCTiHOro crpymy Mapku b5-43A. TanpBaniuHi
MOKPUTTS €JIEKTPOOCAIKyBaJIu Ha MPAMOKYTHI MEXaHIYHO IMOJIPOBaHI 3pa3Ku 13
MigHoi Qomeru mapku MO Ta crameBoi ctpiukum wmapku 08 km. Ilepen

CICKTPOOCAIKCHHAM 3pa3Ku MEXaHIYHO SHECKHPIOBAJIN KpI/ICTaJIi‘lHI/IM



62

KapOOHATOM Kajito, MICHS YOro akTUBYBaIU Yy 3 % pO34YMHI TiAPOXIOPUAHOL
kucioTu. HikeneBy (onbry enekTpoocaKyBajil Ha €JEKTPOIU 3 HepKaBIIOYOi
ctrani mapku 12X18HI10T, saxy nepes e1eKTpoocaKeHHSIM (HOJIbIH 3HEKUPIOBAIIH
BIJICHCHKUM BaltHOM Ta MPOMHUBAJIU TUCTUIHLOBAHOIO BOJIOI0. 3 METOI0 BU3HAUCHHS
BUXOJy 3a CTPyYMOM J0 Ta TICIS €JEKTPOOCAKEHHS 3pa3Ku 3BaKyBajlu Ha
eJICKTPOHHMX aHamiTHYHUX Barax RADWAG AS 220.R2 3 tounmictio 1:10* .
EnexTpoxiMiuyHUNA €KBIBAJICHT Y BUIIAJKY CIUIaBIB PO3PAaxOBYBaIU 3 YMOBH BMICTY
BoJb(ppamy B crutasi 10 20 Mac.%, npu [[bOMYy HOT0 3HAUYEHHSI Maii’ke CTAaHOBUTH
1,1 r/(A'ron) 1 maiike HE BIPIZHAETHCS BiJl BIAMOBIIHOI BEIUYUHU JJI1 YUCTOTO
HIKEJIIO.

Jns  pochipkeHHAM  (PI3MKO MEXaHIYHUX XapaKTepUCTUK Ta OIIHIKU
3HOCOCTIMKOCTI Ha MPSIMOKYTHI 3pa3Ku 13 CTajeBoi cCTpiukd Mapku 08kn
CJIEKTPOOCA/KYBAIIM TaJbBaHIYHI HIKEJIEBl TOKPUTTS TOBIIMHOW 40 MKM.
ToBiMHa cTaneBoi cTpiuku ckiagana 0,5 M.

JlocmipkeHHsT eJEeKTPOXIMIYHUX BIIACTUBOCTEH TaKOX MPOBOJIUIIOCH Ha
eJIEKTpoAax 3 EJIEKTPOOCAKEHOI HiKeNeBOoi (osibru TOBIIMHOK 50 MKM Ta
TUTAHOBO1 (DOJIBIM BKPUTOI HIKEIEBUM MOKPUTTAM TOBUIMHOKO 10 Mkm. Ilpu
CTBOPEHHI €JIEKTPO/IiB Ha TUTAHOBI! OCHOBI MOKHA BUJIJIMUTH TPU OCHOBHI €TaIlH:
1 — miaroTroBKa MOBEPXHI €IEKTPOAa; 2 — ENeKTPOOCAIKEHHS TalbBaHIYHUX
HIKEJIEBUX MOKPUTTIB; 3 — KOpo3iitHa 00poOka. IligroroBka moBepxHi TUTAHOBOTO
enekTpoaa 3 (onsru mapku BT1 mossdrana y 3HEXHpIOBaHHI MMacTO0 KapOOHATy
KaJIio 3 MOJANBIIMM TPABICHHAM B po3urHi, mo mictus 40 r/aqm® xnopumy HaTpiro
ta 100 r/nm® cynbgaraoi kucnory, 3a Temneparypu 80°C 10 aKTUBHOTO BHIIJICHHS
BoAHto. Ilicns mporo Ha TUTAHOBY (HOJIBIY €JIEKTPOOCAKYBAIM HIKEIEBl
noKpuTTs. ba3oBuid Ckiaja €JIEKTPOJITY HIKETIOBAHHS JUIsl OTPUMAaHHS MaTOBHX
MOKPUTTIB Ta (POJBIM BIANOBiAaB HaBeAeHOMY y Tabmuui 2.1 1 OyB OJIM3bKUM 3a
CKJIaJIOM JIO EJIEKTPOJITY YoTca. 3 METOK OTPUMAaHHS OJUCKYy4YHMX HIKEIEBUX

MOKPUTTIB y BIAMOBIAHUMN €IEKTPOIIT BBOAWIH 3...6 I/7 caxapuHy.
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Enextponu 3 6mmcky4oi HikeneBoi (OJIbI'M Ta TUTAHOBOI (DOJILI'M BKPHUTOI
OJIMCKYYUM HIKEJIEBUM TOKPUTTSIM €KCIIOHYBaJIM B 3aKpUTUX EKCHUKaTopax
€MHICTIO 2 J1 KOHIICHTPOBaHii oLTOBIM KucaoTi 3a Temnepatypu 18°C. TpuBamicth
KOpO31iHOT 00pOoOKH B KOHIICHTPOBAHINA OIITOBIM KHCJIOTI BapitoBajach B MEXax
2...240 roxa. Ilicms kopo3iiHUX BUMPOOYBaHb PO3UYMHHI MPOAYKTH KOPO3ii
3MHUBAJIM TUCTUIILOBAHOIO BOJIOI0, @ OTPUMAaHI €JIEKTPOIA 00EPEKHO MPOCYIITyBaTIH
TeIUIMM oBIiTpsiM [87, 126, 127].

Takoxx y poOOTI IOCHIAyBadu €JIEKTPOXIMIYHI BJIACTUBOCTI €JIEKTPOJIIB
OTPUMYBaHUX 13 €JIEKTPOXIMIYHO C(OPMOBAHOI MaTOBOI HiKeNIeBOI (OJbru
ToBiMHOIO 50 MkM. BiamoimHy HikeneBy QoJbry mijjnaBaid o0poOIl B
HAaCMYEHOMY pO34uHI cynb(iay HaTpito npoTsaroM 2...72 rox. Ilicis oOpoOku

3pa3Ku PCTCIIbHO IIPOMHUBAJIN.

2.2. Xapaxkrepusauis Ta miarsepa:xenus yrsopeauss HEP

IIpu pocmikenHi  enekTpotiiTiB Ha ocHoBl HEP  BaxmuBum €
MiTBEPKCHHS] YTBOPECHHSI BIAMOBITHOI CTIIOMYKH, IIJITXOM BHSIBICHHS YTBOPCHHS
BIIMOBIAHOTO  THUMYy XIMIYHMX 3B’S3KiB. 3 1€ METOW y  pobOoTi
BuKopucToByBanacs SIMP cnexrpockomis. 'H SIMP crnekrporpaMu OTpUMaHO 3a
nomomororo (Bruker MSL-300), 300paxenHs sxoi qis mociimkyBanoi HEP na

OCHOBI XOJIIH-XJIOPUAY Ta KapOamigay MpuBEIeHO Ha PUCYHKY 2.1.
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Pucynok 2.1 — 306paxenns *H IMP cnekrpansuuii ananiz HEP Ha ocHOBi X01iH-

XJIOpUJy Ta CEYOBUHA y MOJISIPHOMY CITIBBIIHOIIEHHI 1:2 M

3 OTpUMaHUX CHEKTPiB, NMPUBEACHUX HAa PUCYHKY 2.1 MOXHa 3poOuUTH
HACTYMHUX BHUCHOBKIB. CHekTporpama TMoka3ye KiJdbka OCHOBHHMX IIIKIB,
pO3TaIIOBaHMX y Alana3oHl BiA 2 10 5 ppm, [Kl BIANOBIIAIOTh TPOTOHAM PI3HHUX
rpyn y cucremi. Lli mikm, xapaktepHi mis ckiamoBux HEP, 30kpema XoiiH
xJjopuay Ta kapbaminy. Takox € MKW, K1 XapakTepHI BOJHEBOMY 3B S3KY, SIKI
11eHTUIKYIOThCS Y 3B’ 13Ky 13 yTBopeHHsIM HEP. Y1Bopennss HEP 6a3yetncs Ha
B3a€EMO/IISIX MK KapOaMiJIoM Ta XOJiH-XxJopuaoM. Li B3aemomii 3MiIy0Th XiMIYH1
3cyBU NpoToHiB kapOaminy (N-H) y Oik Ouibiioro ppm yepes ctabiibHI BOJHEBI
3B’s13kM. OCHOBHUU I1HTEHCUBHUU MK Yy paiioni 3.2-3.5 ppm mnoB'si3aHuii 13
metuiabHuMU (-CH3) Ta metrnienoBumu (-CHz-) rpymnamu XomiHy, po3TaiioBaHUMU
no0aM3y YeTBEepTUHHOTO a30Ty. Lleil curHam Takok MOKe BKIIIOYATH BHECOK
OPOTOHIB BiJl METUJICHOBHX TPYIl Yy CTPYKTYpl XOJiH-XJopuay. Tak, TiKH B
niama3oHi 3.1-3.2 ppm, BipOrigHO HajekaTh 0 TPUMETUII-aMOHIMHOTO KaTiOHY
XOJIIH-XJIOPUAY. [HTEHCHBHICTH BIJIMOBIJIa€ CIIBBIJHOMICEHHIO TPbOX METHIIBHUX
poToHiB MeTHiIbHOI rpymu (-N-(CHs)s). Curnan B paiioni 3.4—-3.6 ppm, BiporigHO
HaJIeKUTh METUJIEHOBUM (MeTmieHoBa rpyna (-CHz-) mpoTtoHnam 61151 aToma a3o0Ty

xomHu-xyopuny. lllupokmii curnan y miamasoni 4.5-5.5 ppm mnpuTaMaHHUN
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TAPOKCUIIBHOMY TPOTOHY XoJiH-xJopuay. Illupoki curHanu mikiB B JAiama3oHi
5.5-6.5 ppm 3a3Buyail xapaktepHi npoToHam NHa, sKi MOXyTb 3CyBaTHCS
3aJIe’HO Bija B3aemoii 3 xopua-ionoMm (Cl7) Ta BOZHEBOTO 3B'S3KY 3 MOJICKYJIOIO
xominy. Curnan B niamazoni 4.5-5.5 ppm xapaktepuuit mnporonam CH
(xapOaminnuii ckenet) ceyoBuHu. B3aemonis Mixk NHz (cewoBunn) 1 Cl™ (xsopuuy)
CTBOPIOE CHUJIbHI BOJHEBI 3B’SI3KH, SIKI MOXKYTh CHPHSIOTH 3MIMICHHIO XIMIYHHUX
3cyBiB NH: npoToHiB y criekTpi. 3miieHHs npotoHiB y 'H JAMP criekTpi Bkazye Ha
YTBOPEHHSI KOOPJAMHALIMHUX B3a€EMOJIA MK XOJIH-XJIOPUJIOM 1 CEYOBMHOIO, a
TakoXK miaTBepkye crtadbinbHicTh HEP. Bucoka B'askicte HEP BrmBae Ha
IIUPUHY CUTHAJIIB, OCOOJIMBO JIJIsl aMiHOTPYI cedoBUHU [127].

YtBopeny HEP nocmimxyBaHO TakoXK 3a JONOMOIOK 1H(ppaduepBOHOL
cnekTpockomnii 3 BukopuctanuaMm Bruker Tensor 1I, cnekrporpama mpencraBieHa

Ha PUCYHKY 2.2.
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=
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Pucynok 2.2 — IY-cnekTpockoniyHe niaTBepaxkeHns yreopenns HEP na

OCHOBI XOJIIH-XJIOpHUY Ta KapOaminy

[IpuBenena ©Ha pucynky 2.2 I[Y-cmektporpama TakoX MIATBEPIAKYE

yrBopeHHs: HEP 3aBasiku BogHeBUM 3B’s3KaM MDK KOMIIOHEHTaMU CHCTEMHU
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(xapOamig-xomniH-xjopuaoM). Lle BunHo 3 xapakrepuux mikiB st rpyn O-H, N-H 1
C=0, a Takox 31 3MIIIEHHS iX YacCTOT, 110 CBIIYUTH MPO crenudiuyHi B3aeMOIi y
HEP. [lIupoxi cMyru y BUCOKOYACTOTHIM 00JacTi CBIAYATh MPO CKIATHY MEPEKY
BOJHEBUX 3B’S3KIB y cucTeMi, 1m0 € xapaktepuum st HEP. InTencuBHIiCTh cMyT
st C=0 1 N-H nemoHCTpye cTaOUIbHICTh 3B’SI3KIB 'y €BTEKTUYHIA CHUCTEMI.
[Mupoka cmyra B gianazoni 3300-3500 cM ™' BiAMOBiAA€ BAJICHTHUM KOJMBAHHSIM
aminorpyn (N-H). Lls mmpoka cMmyra CBITYUTH PO HASBHICTh BOJIHEBUX 3B’ SI3KIB Y
cuctemi. Cmyra B o6macti 3200-3400 cm™ (3 nepexputrsm 3i cmyroro N-H) Takox
BKa3ye Ha BajieHTH1 kKoiuBaHHA O-H rpynu xoniHy, ski 0€pyTh y4acTb Y BOJHEBHX
3B s13kax. Hewemuki miku B oOsacti 2800-3000 cM™! BIiAIIOBIZAIOTH BaJE€HTHUM
konuBaHHsIM C-H y metunenoBux (-CHz-) 1 metmnsHux (-CHs) rpymax xosmiHy.
Cmyra B mianazoni 1650-1700 cm' BiamoBigae BajJeHTHUM KOJHUBAHHAM
kap6oHinsHoi rpymu (C=0) y kap6amizi. [i 3cyB BKasye Ha B3a€MOJIIO 3 XJIOPHI-
10HOM 1 BojHeBUMHU 3B’ si3kamu. Cmyru B aiamazoni 1300-1600 cMm ™' BiAmoBigat0Th
nedopmarliiiuM 1 BaJieHTHUM KoJuBaHHSIM C-N 3B s3KiB, XapaKTEepHHX IS
ce4oBUHU Ta XoaiHy. Cmyra B ob6sacti 400-600 cM ™' MoKe BIJIMOBIAATH acouiarii

XJIOpH/I-10HA 3 iHIMMH KoMmroHeHTamu HEP [128].

2.3. Meroauka pgociizKeHHs MopgoJiorii Ta CKJIaay rajbBaHIYHUX

ocaaiB

Mopdororiro MOBEepXHI 3pa3KiB HIKEICBUX MOKPUTTIB, BUKOHAHO Ha
mikpockori TESCAN VEGA 3 [129], ocnamienomy EDX ananizaropom BRUKER
QUANTAX EDS nns Bu3Hau€HHs XIMIYHOTO ckjiagy (pucyHok 2.3). OcHOBHI
XapaKTepUCTUKU JAHOTO MIKPOCKONA € HACTYNMHUMHU. J[>KepeloM eNeKTPOHIB €
TepMoeMiciiHui BosibPpamoBuil katoa. Po3ainbHa 3natHicts 3 HM npu 30 keB,
nerektop SE 8 um nipu 3 keB, nerektop SE 3.5 uMm npu 30 keB, nerektop BSE.
36inbmenns 6e3nepepsHe Bix 2 g0 1 000 000 pasiB. BayTpimmHiil giameTp kamepu

230 mM. [lianazon enepriii enexktponHoro myuka Big 200 eB g0 30 keB. Ctpym
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nydka Big 1 mA 10 2 MKA 3 Oe3nepepBHUM pETyIOBaHHAM. MakcUManbHe MoJe
ormsany 7.7 mm 3a WD = 10 mm, Oinbmie 50 MM 3a makcumanbHoro WD. Yac
BuTpuMku: 20 HC - 10 MC Ha MIKCeNb, PErYIIOEThCS CXiTdacTo abo Oe3mepepBHO.
Bapiantu ckanyBaHHs: MOBHUM KaJp, BUALUIEHA 001acTh, CKAHYBaHHS 110 JIIHII Ta Y

TOYILII.

Pucynok 2.3 — 30BHIIIHIN BUTJISA CKAaHYIO YOTO €JIEKTPOHHOTO MIKPOCKOITY

TESCAN VEGA 3

Bwmict cynbdhypy B OJHMCKy4YMX HIKEIEBHX OCajaX BH3HAyYadud TaKOX 3a
JIOTIOMOTOI) ~ €HEPTrOJUCIEPCIHOTO  PEHTICHO(MDIIOOPECIIEHTHOTO — aHAN3y 3
BUKOpUCTaHHAM ekcripec-aHanizatopy EXPERT 3L 1ueHTpy MiKpOCKOMIYHHUX
nociimxkenb KIII im. Iropst Cikopcekoro. (pucyHok 2.4). OCHOBHI METPOJIOT14UHI
XapaKTEPUCTHKH BIAMOBIIHOTO aHami3aropa € HacTynHumH [130]:

* OJTHOYACHE BU3HAYEHHS €JeMeHTIB MarHito 12Mg no ypany 92U (omiist Bif

Hatpito 11Na) 3a onun BuMip. OuiHka BMICTY ByTaelio 6C y CTalsix Ta YaByHax;
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* IlanazoH BUMIiproBaHUX BMicTiB enemMeHTiB — Bif 0.005 no 100%;
* MEXI1 BUSIBJICHHS eJeMeHTIB Bia 1-10 ppm;

* TUIOBHI yac BuMipy 2-30 c.

Pucynox 2.4 — 30BHINTHIN BATIISAA €HEPTOIUCIIEPCIHOTO

penTrenoduroopeciieHTHoro excnpec-anamizatopy EXPERT 3L

2.4 Metoauka noJsipu3aliiHuX BUMipIOBaHb

JlocmikeHHsT  €JIEKTPOHUX TIPOIIECIB TMPH  OCAHPKEHHI Ta KOPO31MHOI
CTIMKOCTI HIKEJIEBUX TMOKPUTTIB 3IIHCHEHO METOJIOM BOJIbTaMIIEpOMETPli 3
JHIAHOIO PO3TOPTKOIO MOTEHITIATY, IIBUIKICTH SIKOT BapitoBaiach B Mmexax 1...100
MB/c. BignoBigHi BUMiprOBaHHS TIPOBOIWIKCS 3a JOIMIOMOTOKI IH(POBOTO
noteHuiocrary VersaStat3 2 AMP, skuil migkiaoydand g0 KOMIT HOTEpY 13

BCTaHOBJICHUM TPOrpaMHuM 3a0e3neucHusM VersaStudio (pucyHok 2.5).
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Pucynox 2.5 — lludposwuit norenmiocrat VersaStat3 2 AMP

JlocmiKeHHsT eJIeKTPOXIMIYHOT aKTHMBHOCTI EJIEKTPOJIHUX MaTepialiiB Ha
OCHOBI HIKETI0 Ta CTaOUIBHOCTI enekTponiTiB Ha ocHoBi HEP mpoBommmm i3
3aCTOCYBAaHHSM ITUKIIYHMX BOJBTAMIICPHUX BHMIpPIOBaHb TIPH  IIBUIKOCTI
posroptku moTeHIiany 10 mB/c. 3 1i€l0 MeTOI0 3acTOCOBYBaIM KOMITAKTHHMA

udposuii moternmiocrar PGSTATS00N (pucyHok 2.6).

Pucynok 2.6 — Komnaktauii nugposuii norenunioctat PGSTATS00N



70

BonsTamriepHi BEUMIpIOBaHHS OTPUMYBAIM 3 BUKOPUCTAHHSM CTaHIAPTHOL
TpuenekTpoaHoi koMipu [lpu IocCHiHKEHH! EJIEKTPOIHUX TPOIECiB poOOUuM
CJIEKTPOJIOM CIIyT'yBaB HIKEICBUN IWIHAPUIHUNA CcTprkeHb (mapku HO)
3amnpecoBaHui y Te(JIOH, a JOTIOMI>XKHUM, BIATOBITHO IIJIACTHHA 3 €JICKTPOJITHYHOI
HikeneBoi Gonpru (Mapku HO). JlocmimkeHHsS €IeKTPOXIMIYHOI CTaOUILHOCTI
enektpoiity Ha ocHoBi HEP mpoBoaumu 13 3acTocyBaHHSM Y SIKOCTI pOOOYOroO 1
JIOTIOMI>)KHOTO JIBOX TUTATMHOBHX €NEeKTPOoaiB. [Ipu 3HATTI nmojsipu3aliiHuX KpUBUX
y BOAHOMY €JEKTpOJIITI, HACHYEHUW XJIOP-CPIOHHMI €NEeKTpOJ MOPIBHAHHSA
IPUEIHYBABCS B E€JIEKTPUYHE KOJIO Yepe3 MPOMIKHI €MHOCTI 3 €JIEKTPOJITOM Ta

karisip ['edepa, sK 1€ ToKa3aHo Ha PUCYHKY 2.7.
7
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Pucynox 2.7 — Cxema 1a00paTopHOi yCTAaHOBKHU ISl BOJIbTAMITIEPHUX
BuMiptoBanb: PE — pobounii enextpon; EIl — enekrpoa nopiBusuuS; JIE —
JOTIOMIXKHUM €JIEKTPOJT; 1 — MOTEHIIOCTaT; 2 — eNEeKTPOJITUYHUN KITHOY 13

karuisipom ['ebepa; 3 — BUMiproBasibHa KOMipKa; 4 — TPOMIXKHI €EMHOCTI; 5 —

COJIOBI MICTKH; 6 — EMHICTB 3 €JI€KTPOJIOM MOPIBHIHHS

[Tpu 3HATTI MONSPHU3ANIAHAX KPUBUX y HEBOJHOMY €JIEKTPOJITI Ha OCHOBI
HEP, uepe3 maity npoBiJHICTh CEpEOBUINA, €JIEKTPOAOM MOPIBHSIHHS CIIyTryBaja
cpibHa JpoTHMHA, SKy B MOJINPOMIJIEHOBOMY Kamiaspi pO3TallIOBYBaJU

oesnocepeIHb0 B JOCHIAHIA Komipii (muB. pucyHok 2.8). IloTeHmian cpioHOI
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JPOTHUHH  JOJAaTKOBO BHUMIPIOBAIM BIJHOCHO HACHMYEHOTO  XJIOP-CPiOHOTO
eJIEKTPOa MOPIBHSHHSL.
Y nmaniii poOOTI BCi €JNEKTPOAHI TOTEHIIAJIM HAaBEICHI B IIKATl BiJHOCHO

HACHYEHOTO XJIOP-CPIOHOTO EJIEKTPOIa.

4t wee £f7
| I/ I ;}

Pucynok 2.8 — CxemMa 1a60paTopHO1 YCTAaHOBKH JIJIs1 3HATTS MOJSIPU3AIIHHUAX
KpuBHX y enekTponitax Ha ocHoBl HEP: PE — po6ounii enexktpon; EIl — enextpon
nopiBHsHHS; JIE — nomoMi>kHuii enexktpo; 1 — moTeHIiocTar; 2 — BUMipIOBaJIbHA

KOMIpKa

2.5 Meroanka BU3HAYeHHA (Pi3MKO-MeXaHIYHUX BJIACTHBOCTEH Ta

3HOCOCTIHKOCTI HIKeJIeBUX MOKPHUTTIB

MikpoMexaHiyH1 BUNPOOYBAHHS E€JIEKTPOOCAIKEHUX HIKEIEBUX MOKPUTTIB
MPOBOJMIINCS HA YHIBEPCAIBHOMY MIKPOTBEpAOMipi-ckpeuTecTepi "Micron-
gamma" [131] meTtomamu Oe3nepepBHOTO BIABIIOBAHHS 1 JPSIMAHHS 1HACHTOPOM.
"Micron-gamma"  CKIamaeTbcss 3 JBOKOPJMHATHOTO  MOTOPHU30BAHOTO
NPEAMETHOTO  CTOJYy, M0 TMepeMimaeTbes 31  mBuakicTio 20  MKM/C,
€JIEKTPOMArHiTHOTO HAaBaHTa)XKyBada iHAECHTOpPA 3 MaKCHUMAalbHUM 3yCHIUISM, IO
po3BuBaeThbes, S H 1 mardymkiB HOPMAaJbHOTO 1 TaHIEHIIAJIBHOTO IEPEMIIICHb

iH,Z[CHTOpa 3 HAHOMCTPHUYIHHUM OO3BOJIOM.
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[TpuniunoBa  OJoK-cxema  MIKpOTBepIoMipa-ckpeurectepa "Micron-

gamma" npuBeJIcHa Ha PUCYHKY 2.9.

1 — 4

%\ SRR

Pucynok 2.9 — bnok-cxema npunazny: 1 — IBOKOOpAMHATHUHN CTLI, 2 — 3pa30K,
3 — iHACHTOP, 4 — MLy, 5 — MJIOCKI NPYKUHU, 6 — TATYUK BEPTUKATIBLHUX
nepeMileHb, 7 — KOPIyC HaBaHTa)XXyBaya, 8 — eJIEKTPOMAarHiTHUI HaBaHTaXyBad,
9 — mirok, 10 — maTuMk TaHTEeHIIATEHUX Tiepemimens, 11 — [ATL, 12 — AIIII,

13 — mikpomporecop, 14 — komm’rotep [131].

[Tpunun poOOTH BIAMOBITHOTO MIKPOTBEPJIOMipa 3TiIHO PUCYHKY 2.9
nonsrae B HacTynmHoMmy. IlITok 9 3 iHgeHTOpOoM 3 1 1ryn 4 3aKpiruieHi 10 KOPIycy
0JI0Ka HaBaHTaXKEHHS 7 3a JOMOMOIOI0 IJIACKUX MPYXKHUH 5, sK1 3a0€3MeUyI0Th 1X
MIEPEMIIIICHHS] BUKJIIOYHO Y BEPTUKAIBHOMY HampsiMky B mexax 0,5 mM. Ilix wac
MOCTYIIOBOTO OITyCKaHHS KOPIYCYy HaBaHTaXyBaua 7 iHAeHTOp 3 Ta myn 4
BCTAHOBJIIOIOTBCSL Ha TOBEpXHIO 3paska 2. Ilicmsa 3amycky mporpaMHOTO
3a0e3nedeHHs] Ta BHOOPY BIAMOBIAHOTO HABAaHTAXEHHS 1 MIBUAKOCTI HOTO
NPUKIAJAaHHS  1HACHTOP HABAaHTAXYEThCA  OE3KOHTAKTHO 3a  JIONIOMOTOIO
CJICKTPOMArHITHOTO HaBaHTaXyBaua &, SKUH KepyeThCs MHUQPPO-aHATIOTOBUM

neperBoproBaueM (IIAII) 11. ¥V mporeci HaBaHTakeHHS 1HAEHTOpa 3 (IKCYEThCSA
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rMOuHa WOTOo BTHCKAHHS BIAHOCHO Inymna 4, sSKUW 3aJHUINAETbCS B KOHTAaKTI 3
NnoBepXHew 3pa3zka 2. Peecrparfiss TIMOMHU 3IIHCHIOETHCS JATUUKOM MAaJIUX
nepeMinieHs 6 uepe3 aHanoro-mmdposuil nepersoproBay (ALT) 12. Kopmyc
JaTyuka 6 IpUKPIIIEHUH 10 1ryna 4, a #oro gxip (pyxomMa yacTuHa) — 0 IIToKa 9
3 1HAEeHTOpoM 3. 3aBISKH I[bOMY JaTYUK 6 IOCTIHHO BUMIPIOE TEpPEMIIICHHS
mToka 9 3 iHAeHTOpOM 3 BiAHOCHO mryma 4, TOOTO BITHOCHO MOBEPXHI 3pa3ka.
Mikpomnporiecop 13 Bignosizae 3a kepyBanHs ALIII, IIAII, aBoKoOpAMHATHUM
IPEIMETHUM CTOJIOM |, a TakoX 3a (OpMyBaHHS IMPOTOKOIIB OOMIHY JaHHMH 3
KOMIT t0TepoM. Bukopucranss myna (AudepeHIiaibHOro METOAY BHUMIPIOBAHHS)
JIO3BOJISIE CYTTEBO 3MEHIIUTH BIUIUB BiOpaIliid 1 >)KOPCTKOCTI KOHCTPYKIIII MpUiIamLy
Ha pE3yJbTaTH BHUMIPIOBaHb, OCKIJIBKM BHU3HAYAETHCA caMme TIMOMHA BTHUCKAHHS
IHAEHTOpA BIIHOCHO IMOBEPXHI, @ HE MPOTUHU MPEIMETHOTO CTOJNYy YM CTIMKH
npunagy. Y pexuMmi CckaHyBaHHS Jatyuk 10 peecTpye TaHIeHLIaJdbHI
nepeminieHHs iHaeHtopa 3. i1 OpUIUIBHOrO MO3MIIIOHYBAaHHS IHJIEHTOpPA Ta
aHami3y BIJOUTKIB BHKOPUCTOBYEThCS BOYMOBaHMM NHUQPPOBUN MIKPOCKOI 3
po3auIBEHOO 3AaTHICTIO 5 Mp [131].

[Ipu mpoBeneHi BIANOBIAHUX JOCHKEHb 3pa3Ku 13  MOKPUTTAM
pPO3TAIIOBYBAJIUCh Ta (DIKCYBAJIMCh 3a JOMOMOIOI0 JBOCTOPOHHBOTO CKOTYY Ha

MJIACTHHI 3 HEPXKaBIKOYO1 CTall, sSIK 1€ MOKa3aHo Ha pucyHkKy 2.10.
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Pucynok 2.10 — ®oto300paskeHHsT pO3MIIIEHUX SISl BUIPOOYBaHb 3pa3KiB

CTaJIeBO1 CTpiLIKI/I 13 CICKTPOOCATKCHUMHU HIKEJICBUMH IMOKPUTTAMHU

MikpomexaHi4HI XapaKTEPUCTUKH, TaKl K MIKpOTBEpAiCTh 1 Moayib FOHra,
BU3HAYAJIMCA METOJIOM BJABIIOBaHHS 1HJAeHTOpa bepkoBuya 3a MOCTIHHOT
mBUAKOCTI HaBaHTaxkeHHs B 0,05 cH/c 3 aBTOMarnuHOIO peecTparli€ero
HAaBaHTAKCHHA HaA IHACHTOpP Ta TJIMOWHW #Woro BAaBioBaHHA. [lpu mbomy
MakcuMaibHe HaBaHTakeHHs ckianaino 30 cH. Lli moka3HukKM BUMIpIOBaJKCS Ha
OCHOBI BHM3HAy€HHS TBEPIOCTI Ta MOAYJIS TMPYKHOCTI 3a Jiarpamamu
BJIaBIIIOBaHHS, skl 0a3yroTbesa Ha metoni Omiepa-®apa [133] mpuitHsTOrO SIK
mixHapomaauii ctarmapt (ISO/FDIS 14577-1: 2002). Jlns KOXHOTO 3pa3ka
MOKPUTTSI 1HAEHTYBAaHHS MPOBOAWIM Bl 6 10 9 pa3iB. Pe3ynbraTu 1HIEHTYBaHHS
OTIPAIbOBYBAJIMCA Ta ycepeaHtoBaucs. MakpohoTo300paxxeHHsI TOBEPXHI 3pa3Ka

3 HIKEJICBUM MOKPUTTSIM 13 BITOUTKAMU 1HJEHTOpa IPUBEIeHa Ha pUCYHKY 2.11.
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Pucynox 2.11 — ®orTo300pa’keHHsS MOBEPXHI HIKEJIEBOTO IMOKPUTTS 13

IHJEHTYBaHHAMU

Hanani ouiHoBamuM TreoMeTpuYHI NapaMmeTpu BiAOWUTKIB I1HAEHTOpa Ta
JiarpaM  BIaBIIOBaHHS  iHAeHTOpa. (CxeMarnuHi 300paKeHHS  JiarpaMu
IHJICHTYBaHHS Ta 300pa)K€HHS SIK HEBITHOBJIEHOI'O, TaK 1 BIJIHOBJIICHOTO BiJIOMTKIB
MpejCTaBiieHl Ha pUcyHKy 2.12. V it cxemi h mo3Hauae MakcumanbHy TJIUOUHY
BJIABJIIOBaHHS, Ny — TTHOMHY BiIHOBJIEHOTO BigOMTKa, he — IMOMHY KOHTAKTY, hs —
3MIIIEHHS KOHTAaKTHOI TOBEPXHI B TIPOIECi BIABIIOBaHHS, he — TIPYXKHE
BIJIHOBJICHHSI BiAOWTKAa, a 2 o — po3Mip BiAOMTKA HA TMOBEPXHI MICIsA 3HATTA
HaBaHTaXeHHA. KpiM Toro, KyTu o 1 o1 BioOpakaroTh BiJIMOBITHO KYT MiX BICCIO

Ta FPaHHIO MiJl YaCc HAaBAaHTAXKECHHS 1 MICJIs HOTO 3HATTS.
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Pucynok 2.12 — CxemMatuuHe 300pak€HHS BAABIIOBAHHA 1HIEHTOpPA Ta JlarpaMa

iHgenTyBanHs [132].

3rijgHo 31 CXeMOIO BiJIOMTKA, IITMOMHA KOHTAKTy BU3HAYA€ThCs K he = h — h,
ne he — BiamoBijlae 3MIMIEHHIO KOHTAKTHOI TOBEPXHI MiJ 4Yac BTUCKAaHHS abo
NpY>KHOMY BiJIHOBJICHHIO BiZIOWTKa B TOo4Ili I = a. 3a3Bu4aii he = h — g(P/S), ne S =
dP/dh — xoHTaKTHa KOPCTKICTh, IKa BU3HAYAETHCS IMiJ1 Yac JiHIHHOT anmpoKkcuMartii
npubau3Ho 30 % KpuBOI pO3BAHTAXKEHHSI, TOUMHAIOUM BiJl P a0o Ak mMoxigaHy 10
KPUBOI PO3BAHTAKEHHS B Toulll h; &€ — KOeQILIEHT, AKUI 3aJeXKUTh Bl (opMu
npodinto iHgeHTopa. Jns mipamin Bikkepca 1 bepkoBrua BUKOPUCTOBYETHCS € =
0,75. 3a rmMOMHOI0 KOHTAKTy he po3paxoBY€ThCS 3HAUEHHS MPOEKIli KOHTaKTHOT

mnomi: A = 24,5h?. BinoBiHO MiKpOTBEPiCTh BU3HAYAETLCA 32 (POPMYJIOLO:

_P_ P
A 245h%
A MOJyJIb IPYHOCTI BIJIOBIAHO:
Y
E, =

2B VA
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BIJIMOBITHO TIOTIPABOYHUI KoedilieHT ais iHaeHTopa bepkouya f = 1,034.
Takox mpoBoauiacs MOPIBHsUIBHA OIlIHKA CIPOTHBY J0 MEXaHIYHOIO
3HOITYBaHHS 3pa3KiB 3 HIKEJICBUMHU TOKPUTTSIMH METOJaMU Oe3MepepBHOTO
BJIABJIIOBAaHHSI Ta CKaHyBaHHSA I1HJEHTOpOM Ha mnpuiaal "Micron-gamma', 3a
nornomororo iHaeHTOopa bepkoBuua [131]. Pexxumu ckaHyBaHHS: BEIMYHMHA
HaBaHTaKeHHA Ha iHmeHTtop — 0,2 Tta 0,5 cH; mBuakicts HaBanTaxeHnus — 0,05
cH/c; mBuakicte ckanyBanHs — 40 Mxm/c. JloBxuHa Tpacu Oau3bko 1 MM.
@DaKTUYHO CYNPOTUB JIO MEXAHIYHOTO 3HOIICHHS a00 3HOCOCTIMKICTh MOXHA
OIOCEPEIKOBAHO OLIIHUTH Ha OCHOBI MOPIBHAHHS IIMPUHU Tpacu ad0 KaHaBKH, SIKY
3aJIMIIIA€ HA MOBEPXHI METaTy Micis cebe 1HAeHTop. YnM BYyK4YOI0 € KaHaBKa, TUM

BUIIIOIO € BIJMOBITHO 3HOCOCTIUKICTh MOKPUTTSL.

2.6 OniHka KOpO3iiHOI CTIHKOCTI 3pa3KiB i3 HiKeJIeBUMH MOKPUTTAMHA

Kopo3iiini BunpoOyBaHHS 3pa3KiB 3 €JIEKTPOOCATKEHUMHU HIKEIEBUMHU
NOKPUTTSAMHU 3A1MCHIOBAJIM Y KaMepl OLTOBO-COJBOBOTO TyMaHy 3riAHO 31
cranaaprom ISO 9227:2012. Kamepa Oysia BUTOTOBJEHA 3 MOJIOPONUIEHY 1
po3zaineHa Ha 11 yactuHu. HuxHs yactuHa mictiia rpudiusHo 10-15 1 pododoro
po34nHYy. 3aHYpEHHS €JICKTPUIHOTO HarpiBada B pO3UMH JO3BOJIIIO MiATPUMYBATH
temriepatypy 30 °C B kamepi mig vac BumpoOyBaHb. KoHTposb TemrepaTypu
npoBoguBcst 3 TouHicTio  +0,1°C. CrBOpeHHS  «COJIBOBOTO  TyMaHy»
pealti3oByBaid 3a JIOMOMOT'OI0 yJIBTPa3ByKoBOro reneparopy tymany (1 ITapl'-
24/20). V BepxHiii yaCTHHI KaMepu BCTAHOBIIIOBAJIM BHMIpPIOBAY TEMIICPATYPH,
po3MWIIOBadY  Ta  JOCHIAHI  3pa3ku, 3adikCOBaHI  KpilJIeHHSM abo B
MOJIINMPOIUICHOBUX JomiKkaX. Kopo3iiHO aKTUBHHI PO3YMH PO3IMUIIIOBABCS Yepe3
PO3MPUCKYBaY HACOCOM.

Kopo3uBHicTh KaMepu OILIHIOBAJIM Ta HOPMYBAaJIM BIAMOBIAHO 1O BHMOT
cragmapty ISO 9227:2012 3 BuxopucTaHHSIM cTajleBux 3paskiB. Ilepen

BUIMPOOYBAHHSIM 3pa3Kd 3HEXKHUPIOBAJIM, MPOMUBANHM, CYIIWIA Ha TOBITPI,
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3BaXKYBAJIM 1 IOMIIIAJIA B KaMepy JUIsl TECTyBaHHS, € 3polryBain pozunHoM NaCl
(50r/m) Ta 6 MJ/7 OLITOBOT KUCITIOTH.

Pesynomamu excnepumenmanviux 0ocniodicenb 0aH020 po30iny HABEOEHO 8
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3. EJIEKTPOOCA/’KEHHSA 'AJIbBBAHIYHUX I[TIOKPUTTIB HA
OCHOBI HIKEJIO TA JOCJILIKEHHS IX ®I3UKO-MEXAHIYHUX
BJIACTUBOCTEM
3.1. EaexkTpoocaj:keHHsI HiKeJIeBHX Ta  HiKeJlb-BOJIb(paMoOBUX

NMOKPUTTIB 3 HUTPATHUX €JEKTPOJITIB HA BOJHI OCHOBI

[Ipn 13 enexTpoocaKeHH1 HIKEIEeBUX MOKPUTTIB 3 BOJHOTO IUTPATHOTO
€JIEKTPOJIITY OylI0 BCTAHOBJIEHO, HIO 3a T'YCTHHH CTpyMy 1 A/mm? oTpuMyeThes
MaToB€ MOKpUTTI. Mop@osoris MOBEpXHI TaKOro MOKPUTTS MpPUBEICHA Ha
pucynky 3.1 a. SK BHIHO 3 1LbOTO PHUCYHKY, IOKPUTTS € JOCHUTH
KPYIHOKPUCTAIIYHUM, Ma€ C(HEpONITUYHY CTPYKTYpY 13 CEPEIHIM pO3MIpOM
KPUCTAIIYHOTO 3epHa 2...3 MKM. BBeleHHS B €IeKTpOJIT BoJb(ppamaTy HaATpiio
crpusie 3MEHIIeHHIO po3Mmipy (1o 0,5...2 MKM) Ta 3MiHI (OPMHU KPHUCTAIIYHUX
3epeH A0 OUIbII BUPAXKEHO1 IipamMigaibHOI (pUCYHOK 3.1 0).

OTpumani KaToAHI MOJSApHU3aIiiHI KpUB1 y 0a30BOMY PO3YMHI Ta y PO3UUHI
13 momaBanHsaM Na,WOQO, mpuBeneHi Ha puCyHKY 3.2 1 CBiq4aTh Mpo HacTymnHe. B
IUTPATHOMY €JIEKTPOJIITI HIKEIIOBaHHS O€3 J10JjlaBaHHS BOJIb()paMary HATPIirO
rpaHUYHA TYCTHHA CTPYMYy €JIEKTPOOCA/KEHHS HIKEII0 BIAMOBIAA€ BEIWYMHI
Omu3bko 3,5 A/mm?. BBeleHHS B €NEKTPONIT BOJb(pPaMaTy CIPHUSC IIHIIE
HE3HAaYHOMY 3MEHIICHHIO HAaXWIy NOJSpHU3aLifiHOI KpUBOi, IO CBITYUTH IPO
MOXJIMBY 3MiHYy MEXaHi3My, aje€ y TOM k€ 4ac Ipo MPOJAOBKEHHS CIIBOCAIKCHHS
HIKEJI0 1 BoJb(dpaMy y cruiaB. Y LUIOMY MOJSIpU3AIlisl €1eKTPOOCAIKEHHS HIKETh
BOJIL()PAMOBOTO CIUIABY € MEHIIOK HIK YHMCTO HIKEI0, IO Y3TOJKYEThCS 3
naHuMu poOiT [84, 124, 125] i moxe OyTH MOsSCHEHE MEHIIMMHU, Y TOPIBHSIHHI 3
YUCTUM HIKEJIEM EHEpPreTUYHHMU BHUTpaTaMH Ha TMpPOLEC pPO3pALy CIUIBHUX
Ol IepHUX KOMILJIEKCIB HIKE0 Ta BoJdb(paMy. Y €JIEeKTPOJITI 3a PEaAKIIEI0 MOXKE

yYTBOPIOBATHCH KOMILICKC [124]:

[(Ni)Cit)] + [(HWO.)(Cit)]* = [(Ni)(HWO.)(Cit)]> + Cit> . (3.1)
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VY mporeci eneKTpooCcaKEHHs HIKeTb—BOIb(PAMOBOT0 MOKPUTTS Hepedirae
HACTYyIHA KaTO/IHA PeaKIIis:

[(Ni)(HWO,)(Cit)]> + 8¢ + 3H,0 = NiW + 7O0H" + Cit®. (3.2)

e

o
-

SEM HV: 20.0 kV WD: 16.31 mm | MIRA3 TESCAN SEM HV: 20:0 kV WD: 16.46 mrﬁ || MIRA3 TESCAN|
View field: 50.0 pm Det: SE View field: 50.0 pm Det: SE 10 pm
SEM MAG: 7.58 kx SEM MAG: 7.58 kx

a 0
Pucynox 3.1 — SEM-300paxeHHst TOBEpXOHb TaJIbBAHIYHUX HIKEJIEBHX (a) Ta

HiKeTb-BOJb(pamMoBHX (0) MOKPUTTIB TOBIIMHOIO 20 MKM €IeKTOOCaHKEHUX 3

[UTPATHOTO €JIEKTPOIIITY

6 —
4 -
=
ol
~
f.. y=-10,803x-8,79
2 .
y=-14,389x- 12,999
O ! T T T 1
-0,4 -0,6 08 gg -1 1,2 1,4

Pucynok 3.2 — KatoH1 nmonsipu3aiiiitii KpuBl eJIeKTpoocaKeHHs Hikemto (1)

Ta HIKEJIb-BOJIB(PAMOBOTO CIUIaBY (2) 13 UTPATHOTO €IEKTPOIITY
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B xomi mochimkeHp CKIaay HIKEIb BOJB(PPAMOBUX TOKPHUTTIB METOIOM
EJIP®A Oyno BCTAaHOBJIEHO HACTyMHE. Y CBDKOINPUTOTOBAHOMY IUTPATHOMY
po3umHi enektpoiity pH ckimamae 7,2. 3a BIANOBIAHIX YMOB €IEKTPOOCAIIKYETHCS
cipe, KOMIIAKTHE, MPOTE HAMpY>KEHE IMOKPUTTSA, L0 Mae€ TpimuHU. Bwmict
BOJIb()pamMy y TakoMy MOKPHUTTI cTaHOBUTH 23 mac.%. [Ipu 30unbemenni pH no 8,5
BMICT BOJIb()pamMy y CILIaBi 3HIKYEThCS 10 16,3 mac.% (pucyHok 3.3), a TpiluHA

y HOKPHUTTI 3HUKAIOTb.

25

pW, %

10 |

7,2
pH

Pucynox 3.3 — Britu pH Ha BMICT Bosib(paMy y criaBi,
€JIEKTPOOCAIIKEHOMY 3 IUTPATHO-aMI1aKaTHOTO €JIEKTPOJIITY, TycTuHa cTpymy 0,5

A/nm?, Temnepatypa 50 °C.

Sk mokazanu JOCHIKEHHS, 30LIbIICHHS] TeMIIEpaTypHu €JIeKTPOOCAIKEHHSI

Bil 19 mo 70 °C mae exkcTpeMyM BMICHUM BIUIMB Ha BMICT BOJIb()pamy B CIUIaB1

(pucynok 3.4). HaitOutbuii BMICT BiAMOBIIHOTO KoMIOHEHTa (65u3bKk0 14 Mac.%),

32 yYMOBHM €IICKTPOOCAKEHHS IPH IIOCTiMHiM rycturi ctpymy 1 A/om?,
nocsiraetbed 3a Temreparypu S0 °C.

Takox 0yJI0 BCTAHOBIIEHO, IO 31 30UIbIIEHHSIM POO0OYOi TYCTUHU CTPYMY BIJ

0,5 1o 5 A/nm?, BMicT Bob(paMmy y CIuIaBi 3MeHIIyeThes Big 16,3 mac.% mo 6,14

mac.% (pucyHnok 3.5). 3o0kpeMa, pu TycTuHi ctpymy 1 A/am?2, BMiCT Bob(ppamy y

CIUIaBl CTAHOBUTH OJMM3bKO 14 mac.%, 110 TakoX Y3TOIKYETHCS 13 PE3yJbTaTOM
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EDX anamizy eneMeHTHOrO CKIaJay IIOBEpPXHI TMOKPUTTS 3pOOJICHOMY MpHU

JOCITIIKEHHT MOP(OJIOTii KATOJTHUX OCA/IIB.

25

15 +

pW, %

19

T,°C

70

Pucynok 3.4 — BrnnuB Temmneparypu €JIEKTpONITY Ha BMICT Bolbdpamy y

CI'IJ'IaBi, CICKTPOOCAIZKCHOMY 3 LII/ITpaTHO-aMiaKTHOFO eJ'IeKTpOJ'IiTy, I'yCThHAa

crpymy 1 A/mm?, pH 8,5

25

20

15 -

pW, %

10 -

1

i, Alam®

5

Pucynox 3.5 — I'icrorpama 3aiexHOCT1 BMICTY BOJIb(PpaMy y HIKEICBOMY

CIUIaB1, €JICKTPOOCAKEHOMY 3 IIUTPATHOTO EJIEKTPOIITY, BiJ TYCTUHU CTPyMY



85

Slkmo posrsmaty inTepBan ryctun  crpymy 0,5...3,5 A/am% 1o umm
OTBIIOI € TYCTHMHA CTPyMy, TUM MEHIIOI € PIZHUIL MDK TOJSIpH3alisiMu
eJIEKTPOOCAIKEHHS HIKEIb-BOJIb(PPaMOBOTO CIUIaBY Ta YUCTOTO HIKENIO (PUCYHOK
3.2). Kpim 115010 31 30UIBIIEHHSM T'yCTHHHU CTPYMY BMICT BOJb(paMy y CILIaBi
3MEHIIYEThCS (pUCYHOK 3.5). TakuM YMHOM, MK XOJIOM TOJISIPU3ALIHHUX KPUBHUX
1 BMICTOM BoOJib(ppamMy y CIIIaBl € y3TO/DKEHHA, SKE BKa3ye€ Ha MEpepo3IOJii
KaTOJHOTO MPOIECY Ha KOPUCTh OLIBII MEPEBAKHOIO €NEKTPOOCAKEHHS HIKEIIO
npy 30UTBLIEHHI TYCTUHU CTPyMy. 3arajoM OyJ0 BCTaHOBJEHO, IO BHUXIJT 3a
CTPYMOM SIK UYHCTOTO HIKENII0, TaK 1 HIKEIb-BOJb()PAMOBHUX CIUIABIB Yy
JIOCITIIKYBAaHOMY LIUTPATHOMY €JIEKTPOJIITaX BapitoeThecsi B Mexka 93...95 %.

3 MeToro OuTbll TAMOOKOTO BHBYEHHS KAaTOAHOTO IMIPOLIECY, Y BOJHHUX
pO3YMHAX EJIEKTPOIITIB TAaKOXK OyJIM MPOBENEHI TOCHIKEHHS IO BU3HAYEHHIO
BIUTMBY TEMIIEpaTypy Ha MOJSpU3AIIiHI XapaKTEPUCTUKU HIKEIEBOTO €JIEKTPO/Ia.
Sk 1 o4UIKyBaJIOCH 31 30LIBIIEHHSM TEMIEPATYPH KaTOJHA MOJSPU3ALIs Ta HAXUIN
KAaTOJHUX KPHUBUX 3MEHIIYIOThCS (PUCYHOK 3.6). 3 OTpUMaHUX MOISPHU3AIIAHUX
KPUBHX BHUIHO, IO 30UIBIIEHHS TEMIIEpaTypyd OYIKYBAaHO NPHU3BOAUTH [0
3pOCTaHHsS CTPyMy Ha NOJSIpU3aLIMHUX KPUBUX 1 BIAMOBIAHO JI0 3MEHIICHHS
nepeHanpyru KarogHoro BUIUICHHS MeTany. [Ipu 3HSATTI KaTOOHUX KPUBHUX OYIIO
MOMIUEHO, 1[0 OCaJy HIKEJII0 OTpUMaHi Ha Katoil mpu Temmeparypi 19 °C Oynu
HAIpPY>KEHUMH, TPICKAJIKUCH 1 BIAIIApOBYBAIUCS Bia moBepxHi karoga. [lpu 70 °C
ocaau Oylu TpPyOOKpUCTAIIYHUMHM 1 TeMHUMU. HalOinpln sKicHI CBITI 1
JIpIOHOKPUCTANIIYHI OCaJM HIKEJII Ta HIKEIb-BOJIH(PAMOBOIO CIUJIaBy OyiH
orpuMani mpu Temmeparypi 50 °C, ToMy i BOJHHMX PO3YHHIB IOJATBIIAM

JOCIIKEHHSIM IT1/1/IaBajIv HIKEJIEB1 OCaJu, OTPUMaH1 caMe 3a TaKoi TeMIepaTypH.
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Pucynoxk 3.6 — KatoHi MoTeH10iMHaMI4H1 TTOJIsIpU3alliiiHi KpUBi
SJIEKTPOOCAKCHHSI HIKETI0 (@) Ta HIKeJIb—BOJIh(PaMOBOTO CIUIaBy (0) oTpuMaHi
MIpH pI3HUX TeMIepaTypax, MBUAKICTb CKaHyBaHHs noTeHiany 1 MB/c,

temriepatypa, °C: 1 —19; 2 -50; 3 - 70.
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Pucynox 3.7 — Katoani moTeHIiognHaMI9H1 TOJISIPU3AIITHI KPUBI
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€JIEKTPOOCAPKEHHSI HIKENIO (@) Ta HIKeJIb—BOJIb(PaMOBOTro CIuIaBy (0) Mpu pi3HId

IIBUIKOCTI PO3TOPTKHU MOTeHIany 3a TeMiepatypu 50 °C, MBUIKICTh PO3TOPTKU

noteniiany, mB/c: 1 —1; 2 - 20; 3-50; 4 — 100
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3 METOI BCTAHOBJEHHS KOHTPOJIOKOUOI CTajli KaTOIHOTO MPOIIECY
CJICKTPOOCAPKCHHS HIKEJIO0 y JOCHIKYBaHUX PO34YMHAX OYyJM OTpMMaHi KaToJHI
MNOTEHIIOAMHAMIYHI KpUBI TpH PI3HIA MIBUIAKOCTI PO3TOPTKH MOTEHIIATY
(pucyHok 3.7). Sk BUAHO 13 BIAMOBIJHOTO PUCYHKY, 31 301IBIICHHSM IIBHIKOCTI
PO3rOPTKM HaXWJl KAaTOJHOI KpUBOi 30UIbIIyeThcs. OHAK HA MOJISPU3ALIMHUX
KPUBUX SIK JJIS1 OCQ/KEHHS HIKEIo, TaK 1 JUIsl HIKEeIb-BOJIb(PpPaMOBOro CIIaBy, B
HUTPATHUX E€JIEKTPOJITaX YITKO BUPAKEHOTO IPAHUYHOIO CTPYMY 13 MAKCUMYMOM
He criocTepiraeThes. [IpuunHOI0 OTO MOXKE OyTH IHTEHCUBHE BUJIIJICHHS BOJIHIO
B 00acTi moTeHIiamB, Bl eMHImux 3a -1,0 B, mo BigOyBaeTbca napaneiabHo 13
CJIEKTPOOCA/PKEHHSIM HIKEJII0 Ta HiKellb BOJIh(PaMOBOro CruiaBy. TakuMm UYHUHOM,
OTpUMaHi pe3yJbTaTH CBIIYATh MPO TE, IO HE MOXHA OJTHO3HAYHO CTBEPKYBAaTU
PO TMEPEeBaXHY CTAJII0 JOCTABKA KOMIUIEKCHUX 10HIB HIKEIIO JI0 TOBEpPXHI
KaToja. biumbll BIPOTiHO, MO caMme iX mojaiblia aacopOIlis Ta JUcOIiarlis
KOMILJIEKCHHMX 10HIB, SIKI YTBOPIOIOTHCA 3a peakiieto (3.1), BU3HAYAIOTh 3arajibHy
MIBUKICTh KaTojHOTO Tpotiecy (3.2). Takox 3 pucyHkiB 3.6 Ta 3.7 BUIHO, IO
3HAUYCHHS KaTOAHUX TYCTHH CTPyMy Ha KpPHUBHX OCA/DKEHHS CIUIaBY HIKEIhb-
BOJIb()paM € BUIIUMHU HIK JUJISl €JIEKTPOOCAKEHHS YHCTOrO HIKENI0. 3 OJHOTrO
00Ky, 11€ OB’ S3aHO 3 0COOJIMBOCTSIMU MPOLIECY CIIIIABOYTBOPEHHS. 3 1HIIIOTO OOKY,
B1IoMO [133], m0 HiKenb-BOJb(PPaMOBI CIUIABH € OLIbII KaTaTITUYHO aKTUBHUMU
1010 MPOIEeCY BUAUICHHS BOJHIO. BiamoBimHO, 11el MOOIYHMM IpoIec Ha CIUIaBi
nepebirae OUIbII IHTEHCUBHO, OCOOJIMBO B 00JIaCTi BUCOKMX 3HAY€Hb KATOJHOTO

MOTEHITIAITY.

3.2. EjaexkTpoocajkeHHsl HiKeJeBHMX INOKPHUTTIB 3 e€JIEKTPOJIITIB Ha

ocuoBi HEP

3 METOI0 eJEKTPOOCAKCHHSI HIKENI0, HIKEJIb-MOJIIOICHOBUX Ta KOOAJbT-
MOJTIO/IEHOBUX CIUIaBiB y po0OoTi [134] OyIi0 3amponoHOBaHO €IEKTPOJIIT HA OCHOBI

HU3BKOTEMIIEPATypHOT E€BTEKTUYHOI CYMIIl XOJiH XJIOpuay 1 KapOamimy i3
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MOJISIPHUM CITIBBIHOMICHHSM 1:2. 3amporoHOBAaHO BUKOPHWCTAHHS BIAMOBIIHOI
CyMilll JUisl TPUTOTYBaHHS EJIEKTPOJITIB OCAJKEHHS HIKEJIEBUX Ta HIKEIb-
BOJIb()paMOBUX MOKPUTTIB. 3 METOIO MOPIBHIHHS 13 TPOIIECOM €IEKTPOOCAIKEHHS
HIKEJIEBUX MOKPUTTIB 13 BOJHOTO LIUTPATHOTO E€JIEKTPOJITY, MOJISIPHI KOHIIEHTpAIli
Ta CIIBBIAHOIIEHHS 10HIB HIKEIIO Ta BOJibPpamy y enekTpouiti Ha ocHoBl HEP
MaJji Ty caMy BEJIMYUHY.

VY xox1 npoBeeHUX JOCIIIXKEHb OyI0 BCTAHOBJIEHO, IO OJIMCKYUl HiKeJeBi
IIOKPUTTS MOKYTh OyTH OTPMMaHi IPH I'yCTHHI cTpyMy 1 A/mm? mpu HeEBeuKik

(1o 5 MxM) TOBIIMHI (PUCYHOK 3.8).

4
i

MIRA3 TESCAN

Pucynok 3.8 — ®oto 300paxkeHHs (a) Ta SEM-300pakeHHs TOBEPXHI 3pa3ka

OJIMCKYYOTr0 HIKEJIEBOTO MOKPUTTSI (0), TOBIIMHA TOKPUTTS 4 MKM

Sk cBimuath gaHi SEM-nociimxkens (pucyHok 3.8 0) MOKPUTTS Mae Majio
BUpaXXeHY CHEpONITUYHY CTPYKTYPY, OJHAK KPIM IOTO Y HbOMY € TpimuHu. Crif
BII3HAYUTH, 110 BUXiJ 32 CTPYMOM HIKEIIO Y JOCIHIPKYBAHOMY EJICKTPOJIITI HE
nepeBuiye 50%. OCHOBHUM TOOIYHUM KaTOJHUM IPOLIECOM, OKPIM BHUIIICHHS

BOJHIO, MOXe OyTH eJeKTpoBigHOBIeHHA KommnoHeHTtiB HEP — ocHoBu
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enekTpomity. Ilpu 30inbmieHH] TOBMMHUA TOKPUTTS a0 20 MKM BigOyBaeTbCs
CJIEKTPOOCA/KEHHSI CIpUX TPYyOOKpUCTANIYHUX TOKPUTTIB, SEM-300pakeHHs
MOBEPXHI AKUX MPUBEICHO Ha PUCYHKY 3.9. 301IbIICHHS PO3MIpY KPUCTATIIHHUX
3€peH Ta iX MEePEeBAKHUI PICT y HANPSIMKY NEPIEHIUKYISIPHOMY 10 OCHOBU MOKE
CBIIYUTU TPO HASIBHICTHh TUDY3IMHUX OOMEXKEHb Yy MPOIECI EIEKTPOXIMIYHOT
KpUCTali3alii ocaay MeTany, sIKi 3yMOBIIOIOTHCS OLIBIIOI0, y TOPIBHAHHI 3

BOJITHUM PO3YHMHOM, B’SI3KICTIO HEBOJHOTO €ICKTPOIITY.

s
o N
.

SEMHV:20.0kV  WD:16.01mm | i MIRAZ TESCAN  SEM HV: 20.0 kV WD: 16.44 mm

View field: 50.0 pm Det: SE View field: 50.0 pm Det: SE
SEM MAG: 7.58 kx SEM MAG: 7.58 kx

Pucynox 3.9 - SEM-300paxeHHs1 TOBEPXHI raibBaHIYHUX HIKEJIEBUX
MOKPUTTIB TOBHIMHOIO 20 MKM, €JIEKTPOOCaPKeHUX 3 0a30BOTO (a) Ta 3
enexkTpouiTy Ha ocHoBl HEP 13 nonaBanHsiM Bosibppamaty HaTpito (0), ryCcTHHA

ctpymy 1 A/mm?
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Pucynok 3.10 — [Tonsipu3aniiini KpuBi €JIEKTPOOCAIKEHHS HIKEIO B
enekTpoiitax Ha ocHoBl HEP: 1 - 6Ga3oBuii enektpoiti; 2 — npu BBeaeHH1 20 1/

N a2W04

Sk cBiAYaTh NaHi MOJSPU3ALIMHUX BUMIpIOBaHb (pucyHOK 3.10) piBHOBaXkHI
MOTEHIIAJIA HIKEJIEBOTO €JIEKTPOJa, B JOCHIIKYBAHOMY €JIEKTPOJIITI 3HAYHO
3CyHyTI B mo3utuBHHil Oik. lle sikpa3 miATBEpIKYyE MOXIUBICTH Mepeodiry
napajiebHOTO MPOIECY eNEeKTPOXiMIYHOTO BigHOBIEeHHS KomroHeHTiB HEP, sxuit
TaKOXX HaBEJACHO HAa UUKIIYHINA BojbTamieporpami (pucyHok 3.11). 3 mpsimoro
X0y IIUKJITYHOT BoJIbTaMIieporpamMmu (pucyHok 3.11), 3HATOT B €BTEKTUYHIN CyMiIlli
XOJIIH XJIOpUAY Ta KapOamiay Ha IJIaTHHOBOMY €JIEKTPOJI BHUJHO, IO KAaTOIHUN
npoliec MOYMHAEThCS NMPUOIU3HO 3a moteHuiany + 0,65 B, a rpanuunuii ctpym
MepINoi XBWJII TPUITAJIa€ HA 3HAYEHHS TOTEHINATIB, IO BIAMOBIJAIOTH MOYATKY

KaTOJIHOTO MPOIIECY €JIEKTPOBIIHOBJICHHS HIKEIO 3 KpuBOi 1 Ha pucyHky 3.10.
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0,2 1 I,mA

E,B

-0,2 4

-0,3 A

Pucynoxk 3.11 — [Huxiuna BonasTammneporpama (1), 3usita B
HU3BKOTEMIIEPATYPHIN €BTEKTHYHIM CyMIII XOJIH XJIOpUy 3 kKapbamigom 1:2 M
Ta MO3HaYeHa MITPUX-ITYHKTUPHOIO JIiHI€I0 (2) BeIMYnHA O€3CTPYMOBOIO

MOTEHI[IaTy B €JIEKTPOJIITI HiKeIIOBaHHA Ha ocHOBI HEP
-25

-20

O !
1,3 0,8 0,3
E, B
Pucynok 3.12 — KaToaH1 noTeHII0{MHaMIYH1 TOJISIpU3aIiiiHI KpUBI
EJIEKTPOOCAIKEHHSI HIKEII0 3 eNlekTpotiTy Ha ocHoBl HEP 3a Temmniepatypu 75 °C,

IIBUJIKICTh CKaHyBaHHS noTeHIiany, MmB/c: 1 —1; 2 — 20; 3—50; 4 — 100
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[Tpu mociimkeHH1 KaTOAHUX MPOLECIB y enekTpoiiTax Ha ocHoBl HEP Oyio
BUSIBJICHO HacTymHe. OcaPKeHHs HIKEIIO 3 BIJMOBIAHOTO €JIEKTPOJITY MPOBOIUIH
3a remmnepatypu 75 °C. OTpumani npu pi3HIi MIBUAKOCTI CKaHYBaHHS MOTEHLIATY
MOJIIpU3aIliiiHl KpUBI MpUBEACHI Ha pUCYHKY 3.12. SIk BuUIHO 3 BIJAMOBIIHOTO
PUCYHKY Ha MOJIApU3AIllMHMX KpUBUX B 1HTepBaii moteHmiaiis -0,5...-0,75 B
CTHIOCTEPIraeThCsl YITKO BUPAKEHWNA TPAHUYHUI CTPYyM MEpIIOi XBUJIl KaTOIHOTO
npoliecy, KUl 3pocTae 31 30UIbIIEHHSIM MIBUAKOCTI po3ropTku. [Ipote 3a ymoBu
HalMEHIIO1 BUIKOCTI po3ropTku 1 MB/c, sika BIANOBIAAE CTAllOHAPHUM yMOBaM
€JIEKTPOOCAKCHHS, BIIMOBIAHA XBUJISL Maibke He criocTepiraeThes. Lle Bka3zye Ha
TE, 10 caMeé MEepUIOYeproBUM MOKe Bi0yBaTtuch mneperBopeHHs camoro HEP.
TakuM 4YMHOM, y JaHOMY BHWIIQJKy, AHAJOTIYHO SIK 1 JUIS BOJHOTO PO3YHHY,
KOHTpPOJIb KAaTOJHOTO Impouecy He € audysiiHuM. Xoda uepe3 MiJBULICHY
B’SI3KICTh €NEeKTpoiTy Ha ocHoBi HEP pyxomicTh KaTioHIB MeTany € Habararto
HIKYOK0 HIK Y BOAHOMY PO3YMHI. Y JaHOMY BUMAJKY 10HH HIKEIIO TE€X MOXKYTh
JIOCUTH MIITHO 3B’S3YBaTHCh Y KOMIUIEKCHI crnoidyku KomroHeHTamu HEP,
BIIMOBIHO pyHHAaIls sSKUX ab0 aucollialisi KOMIUIEKCY, TaKk caMO MOXe OyTu
NepeBaXKaroyoro Mo110HO 10 BOAHUX LUTPATHUX €JIEKTPOIIITIB.

BBegeHHss B JOCHITKyBaHUN EJEKTPOJIIT HIKEIIOBaHHS BOJbdpamary
HATPIl0 MPU3BOJUTH JO E€JIEKTPOOCAKEHHS TMOKPUTTA 13 Jemo Oulbll
IrpyOOKPUCTAIIIYHOIO CTPYKTYpOIo (pucyHok 3.9 6). Buxia 3a ctpyMoM npu iboMy
cTaHOBUTH 65%. OpHak XiJ MOJSpU3AIliiHOT KPUBOI Mail’ke HE 3MIHIOETHCS
(pucynok 3.10, kpuBa 2), TOMYy 1 JOCHIJIKEHHS BIUIMBY IIBUAKOCTI PO3TOPTKU Ha
X171 KaTOJTHUX KPUBUX Yy BIATIOBITHOMY €JIEKTPOJIITI HE MPOBOIMIOCH.

BusHaueHHs1 €JIEMEHTHOIO CKJaay TIOKpPUTTIB, 30KpeMa, mnpu SEM-
JIOCITIJIKEHH] TIOKa3aJiy, 10 BBEACHHS B enekTpoiT Ha ocHoBI HEP Bonbdpamary
HATPIl0O HE NPHU3BOAWTH JO CHIBOCA/KEHHS Bodbppamy y cmuaB. lle Takox
Y3TrOKY€EThCS 13 BIACYTHICTIO Y 3MiHI XOAY MOJAPU3AIINHOI KPHUBOI KaTOIHOTO
nporiecy (pucyHok 3.10). OtpumaHuii pe3yiabTaT MOXKE CBIIYWTH MPO HACTYITHE.

HEP Ha ocHOBI cywmil XOJiH XJOopuay Ta KapOamimay, BHCTYMAaE B €JIEKTPOJITI
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JUILE y POl pO3YMHHHKA 1 HE € KOMIUIECOYTBOpIOBadYeM, SIKUM O 3abe3meuyBaB
YTBOPEHHS O1s7IpHOT0 KOMIUIEKCY HIKENI0 ¥ Bob(dpamMy 3a peakiieto (3.1). Amxke
3 pe3ynbTariB JAoCHiKeHb [84] 13 eNeKTpOoOCaKEHHS HIKeIb-BOJIb()PaMOBHX
CILJIaBIB 13 BOJHHUX €JICKTPOJIITIB BIJIOMO, 1110 YMOBOIO CITIBOCQ/PKCHHS BOJIb(paMy
y CIIaB € YTBOPEHHs OisiIepHUX CHIJIbHUX KOMIUIEKCIB HIKEIIO Ta BOJb(pamar
i0HIB. OCHOBHUM JIITaHJIOM JJIs TaKMX KOMILICKCIB, Y JAHOMY BHUITQJIKY, € CaMme
nuTpat ioH. ToOTO BIJICYTHICTH CIIBOCAIKEHHS BOJIb(paMy Yy CILJIaB MOXe OyTH
3yMOBJIEHUM CaM€ MajuM BMICTOM LHMTPAT 10HIB (JIMMOHHOI KHCJIOTH), IIO €
HEJIOCTaTHIM [IJI1 YTBOPEHHS BIAMOBIAHUX OisiiepHUX KomruiekciB. Ille oaniero
MPUYHUHOIO BIJICYTHOCTI CHIBOCA/KEHHSI BOJIbPpaMy y CILIaB MOKe OyTH mepedir

MOOIYHOTO MPOIIECY EJIEKTPOBIAHOBICHHSI OpPTraHIYHUX CIOJYK — KOMIIOHCHTIB

HEP.

3.3. ®i3uKo-MexXaHiYHi BJACTUBOCTI MOKPUTTIB HA OCHOBI HIKeJII0

Sk Oyno mnokazaHO Yy TMOMEPENHIX MIAPO3alIaX JaHoi poOOTH mpu
€JIEKTPOOCA/KEHHI HIKEJIEBUX MOKPUTTIB 3 BOJHMX LMTPATHUX EJEKTPOJIITIB 32
ryctuHu crpymy 1 A/nm? 6yB HOCATHYTHI BMICT Boab(dpaMy B CILIaBi Giu3bko 14
Mmac.%. B enexrpomitax Ha ocHOoBlI HEP, 13 BMICTOM coJieil HIKEIO Ta BoJbppamy
SK Yy BIAMNOBITHOMY BOJHOMY IIMTPATHOMY €JIEKTPOJITI, CIIBOCAKEHHS
BoJIb(PppamMy y criaB He OyJo mocsirHyTo. B 000X BHmagkax BBeAEeHHS BOJIb(ppaMar
10HIB Yy €JIEKTPOJIT MPU3BOJIUTH JO YTBOPEHHS OUIbII JIPIOHOKPHUCTAIIYHOI
CTPYKTYpH TOKPUTTS. 30KpeMa, NIl BOJHUX EJICKTPOJITIB, OCAIKEHHS OLIbII
JIpIOHOKPUCTATIYHUX MOKPUTTIB CIUIABOM HIKEJIb—BOJIb(paMy CYIpPOBOIKYETHCS
MEHIIIOI0 TIEPEHANPYTOI0 €IEKTPOOCAKEHHS HIXK JUISl YACTO HIKEJIEBUX TTOKPHUTTIB.
[le TOSICHIOETHCS MEHIIIOI0 €HEPri€l0 aKTHBAIlli YTBOPEHHS BIAMOBITHOI OLIBIIT
HIUIbHO YINAKOBAaHOI Ta APIOHOKPUCTATIIYHOI CTPYKTYpH CIUIAaBY, Y MOPIBHSAHHI 3
guctuM Hikenem [135, 136]. 3mina ckiagy Ta BIAMOBITHUX MapameTpiB MPOIECy

CJIEKTPOOCAPKeHHsT OyJe B 3HAuyHIA Mipl BIUIMBAaTU Ha (HI3UKO-MEXaHIYHI
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XapaKTepUCTUKU TOKPUTTIB. ToMy y naHOMy pO3IiIl HaBEeNEHI JOCIIIKEHHS
BIUIUBY CKJIQy €JIEKTPOJIITY Ha OCHOBHI (Di3MKO-MEXaHIYHI XapaKTePUCTHKU
TaJIbBaHIYHUX  TOKPUTTIB.  BCTaHOBNEHHS  BIAMOBIIHUX  XapaKTEPUCTHK
3MIIACHIOBAIM 3a JIOIOMOTOI0 YHIBEPCAIBHOTO MIKPOTBEpAOMIipa-CKpeuTecTepa
"Micron-gamma". Ilpu mpoBeaeHI BIAMOBIAHUX JOCTIUKEHb 3pa3Kd i3
MOKPUTTSAMU TOBIIMHOK 20 MKM pO3TalmIOBYBadUCh Ta (IKCYBAIHCH 3a
JIOTIOMOTOI0  IBOCTOPOHHBOTO CKOTYY Ha IUIACTHHI 3 HEP)KaBilOYOi CTalll.
JlocnmipKeHHsAM  MIJUISITAIA - ISATh  BHUJIB  3pa3KiB MOKPUTTIB, OTPUMAHUX 3
€JIEKTPOJITIB, CKJIAJ SKUX HaBeleHo y Tabmumi 2.1. YV SKOCTI €TaJOHHOTO
BUKOPHCTOBYBAJIOCHh HIKENIEBE MOKPUTTS, OTPUMAHE 3 EJEKTPOJITY CKIIAJ SKOTO
OyB OJIU3BKUM JI0 €JIEKTPOJIITY YOTCa.

Ha mnepmoMy eram jgochmipkeHb 3/1HCHIOBaach (ikcamis —jiarpam
BJIaBJIFOBaHHS 1HJIGHTOpa bepkoBruua Ta ixX ycepenHeHHs. BiamoBimHi aiarpamu
BJIaBJIIOBAHHS 1HJICHTOpA (1HJAECHTYBaHH: ) Mpe/ICTaBIeH] Ha pucyHkax 3.13 ta 3.14.
OCHOBHUM OIIIHOYHUM TapaMeTPOM, MPU MEPBUHHOMY JOCIIHKEHH] BIIMOBITHUX
JiarpaM, BUCTyIaja TJIMOWHA BJABIIIOBAHHS 1HAEHTOpA, SIKAa IS BIJIMOBIIHUX
MOKPUTTIB HaBeneHa y Tabmuii 3.1.

3 nmaHux TpuBEACHUX Ha pUCYHKIB 3.13 Ta 3.14 MoxHa 3poOWMTH HACTYIHI
BUCHOBKHU. UM OLIBIIOI0 € MIKPOTBEPIICTh MOKPUTTS, TUM BiANOBITHO MEHILOO €
rmiOuHa  BIABIIOBaHHS  IHACHTOpPAa MpPU  JOCSITHEHHI  MAaKCHMAJbHOTO
HAaBAHTA)KEHHA. TakUM YWMHOM HIKEJIEeBl MOKPUTTS, OTPUMAHI 3 ILIUTPATHOIO
KOMILJIEKCHUX €JIEKTPOJITIB € OUIbII TBEPAUMH, HDK OTPUMaHI 3 EJIEKTPOJITY
Yorca (pucynox 3.13, Tabmuus 3.1). BpaBmroBanHs y cmiaB Bosibppamy
3abe3reuye OCAKCHHS HaWOUIbII TBEPAUX TMOKPUTTIB CEpeld  BIAMOBIIHHUX
nocmmkyBanux (pucyHok 3.13 kpua 3, tabmuis 3.1). TIokpuTTs HikeneMm,
oTpuMaHi 3 enektpoinity Ha ocHoBi HEP Tex waroTe m0BOJi  BHCOKY
MIKpOTBepAICTh (pucyHok 3.14 xpuBa 1, Tabnuis 3.1), MOpiBHSHY 3 HIKEJIEBUMHU

MOKPUTTSIMU OTPUMAHUMH 3 BOJTHOTO IUTPATHOTO €IIEKTPOIIITY.
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Pucynox 3.13 — Jliarpamu BiaBitoBaHHA iHJIeHTOpa bepkoBuya 1j1s 3pa3kiB
HIKEJIEBUX MOKPUTTIB: | — OCAIPKEHOT0 3 EJIEKTPOIITy YOTca; 2 — 0CaaKEHOTO
[UTPATHOTO €JIEKTPOJIITY HIKEIIIOBAHHS; 3 — OTPUMAHOTO 3 IIUTPATHOTO

€JIEKTPOJITY JIJISl OCAJKEHHS CILJIaBY HIKEIb-BOJIb(ppam.
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Pucynox 3.14 — Jliarpamu BiaBiroBaHHA iHIeHTOpa bepkoBuya 1j1s 3paskiB

HIKEJIEBUX MOKPUTTIB: 1 — 0CaKEHOT0 3 €JIEKTPOJITY HIKETIOBAHHS Ha OCHOBI
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HEP; 2 — ocamxenoro 3 enekTpoity HikemtoBaHHs Ha ocHOB1 HEP 3 nonaBannsm

BOJIb(pamaTy HaTpito
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Tabmuis 3.1 — OuiHOBaHHS MIKPOTBEPAOCTI AOCTIIKYBAaHUX HIKETIEBUX

MTOKPHUTTIB

['mubuna BraBIOBaHHSA 1HACHTOPA NpU HaBaHTaxkeHH1 30 cH, MM

Hikenese Hikenese [ToxputTs Hikenesi Hikenesi
MOKPUTTS  |TMOKPUTTS  |cruiaBoM  Ni-W, | MOKpUTTS, TIOKPUTT,
oTpuMaHe 3 |oTpuMane 3 [(Bmict W 14,6 |oTpumaHi 3 |OTpUMaHi 3

€JIEKTPOJIITY | IUTPATHOTO |Mac.%) OTpUMaHE |€IEKTPONITY | EJIEKTPOITY Ha

Yorca EICKTPOITY |3 LIUTPATHOIO |HA ocHoBl [ocHoBi HEP 3
EJIEKTPOJITY HEP JOABaHHIM
Na,WO,
1,67 1,56 1,35 1,48 5,31

Brenennst B enexkrponit Ha ocHoBl HEP Bonbdpamary Hartpiro, Xxouya 1 He
IPU3BOJIUTH /10 BKJIIOUYEHHS B CTPYKTYpPY HOKPUTTS BOJb(ppamy, NpOTE CHpHUSE
OTPUMAHHIO OUIbII KPUXKUX 1 MEXaHIYHO HE CTaOUIbHMX MOKPUTTIB, SKI
PYWHYIOTBCS MPHU BIANOBIAHMX JOociikeHHsX. [Ipo me Takox cBITUUTH (popma
KpUBOi 2 Ha pUCYHKY 3.14, ne mposiBISIEThCA 3HAYHA BEJIMYMHA BIABIIOBAHHS
IHAEHTOpa Ta IUIATO, AKE BIANOBIJAE HaBaHTaXeHHIO y 22 cH, mio nor’s3aHa 13
pYWHYBaHHSIM TMOKPUTTA TiJ JI€I0 HAKJIAJEHOTO MEXaHIYHOTO HaBaHTAXKEHHS
BIAMOBIAHOT BenuuuHM. Ha OCHOB1 jJiarpamM BJaBIIOBaHHS, 3a METOJHMKOIO
HABEJICHOIO Yy PO3ALI 2, OyJiM OTpUMaH1 3HaYEHHSI MIKPOTBEPJIOCTI Ta PO3PAXOBaHI
moayni FOHra mms ranapbBaHIYHUX HIKEJIEBUX TMOKPUTTIB, SIKI TPECTaBICHI Y
tabmui 3.2.

OTtpumani 3MiHH (PI3UKO-MEXaHIYHUX BJIACTUBOCTEW MOXKYTh OyTH OB’ A3aH1
13 BIIMIHHICTIO KPUCTAJIYHOI CTPYKTYypH, a came, 3 IHUTPATHUX EJICKTPOIITIB
OCAJKYIOThCSA TOKPUTTSA 3 OUIbII JPIOHOKPUCTATIYHOIO 1 HIUIBHO YHNAKOBAHOIO

CTPYKTYpOIO METAJIEBOTO OCaIy HIXK 3 €JIEKTPOJITYy YoTca.
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Tabmuis 3.2 — OcHOBHI (13UKO-MEXaHIuHI XapaKTEPUCTUKU TaJbBaHIYHUX

MOKPUTTIB HA OCHOBI HIKEJIO

Hikenese Hikenese mo- | Hikenb-Bosb- | Hikenese mo- HikeneBe mokpurTs,

HOKPUTTS KpPUTTA, OTpU- | paMoOBe IIO- | KPUTTA, OTPU- (OTPUMAHE 3 €JIEKTPOJIITY Ha
OTpHUMaHe 3 MaHe 3 KpUTTA, OTpU- | MaHe 3 enek- |ocHoBl HEP 3 nonaBanHsam
EJIEKTPOIIITY LUTPATHOTO MaHe 3 TPOJIITY Ha BOJIb(hpamaTy HaTpito

Yorca EIIEKTPOIIITY LIUTPATHOTO ocaoBi HEP
CJIEKTPOJIITY

HM, |G,ITla | HM, |G,ITla | HM, [G,ITla| HM, G, HM, I'Tla G, ITla
I'Tla I'Tla I'ma I'Tla I'Tla

3,6 170 6 180 8 180 7 150 |Bcra"oBuru |BcranoButu

HE BJIAJIOCh | HE BJIAJIOCH

JlonaTtkoBe yIIIIbHEHHA Ta (OPMYyBaHHA 1€ OUIBIIT APIOHOKPUCTATIYHOI
CTPYKTYpH TOKPHUTTS JOCSTAETHCS 3a PaXyHOK BBEACHHSA BoJib(ppaMy (pHCYHOK
3.1) B CTPYKTypy HIKEJIEBOTO TMOKPUTTA, IO TaKOX CIPHUAE JTOJATKOBOMY
MIJBUIICHHIO MIKpOTBepaocTi. B enekTpoiiti HikemoBaHHs Ha ocHoBi HEP
OuIbllIa TBEPAICTh MOKPUTTS MOXE OYyTHM MOSICHEHA BKIIIOUEHHSM B CTPYKTYD
MOKPUTTS MOJIEKYJl OpPraHIYHMX pPEUYOBUH — KOMIIOHEHTIB PO3YMHHHMKA 1, 3a
pPaxyHOK LIbOT0, BUAO3MIHOIO KPUCTAIIYHOI CTPYKTYPH 3 YTBOPEHHSM JTUCIOKALIIN.
BBeneHnHst B enekTpoiiT HikentoBaHHS Ha ocHoBli HEP Bonbdpamaty Hatpito
MPU3BOJUTH IO OCAJKEHHS KPUXKHUX MMOKPUTTIB, MIKPOTBEPAICTh Ta MOTysb FOHra
JUTSL SIKUX BCTAHOBUTH HE BAJIOCH.

OrriHKa 31aTHOCTI TaIbBAHIYHUX MOKPUTTIB MIOJ0 CIPOTUBY 10 MEXaHIYHOTO
TEepPTS  3AIMCHIOBAJIACh  METOJIOM  TOBTOPHOTO  0araropa3oBOTO  JIpsiTaHHS
iHaeHTopom bepkoBuya. [lpu oTpuMaHHI IUKIIYHUX 3QJIEKHOCTEH 3MIHU CHIIH
TEpTS y 4aci BUKOPUCTOBYBABCSA 1HICHTOD 13 pajiilycoM 3akpyrieHHs 30 MKM, sIKUM
3MIACHIOBAIOCH 2  3BOPOTHO-TIOCTYNallbHI ~ KOJNMBaHHA B  CeKyHay. Yac
BunpoOyBanHs 100 c. PesynapTatu NpoBeIeHMX ITOCHIIKEHb MPEACTaBICHI Ha

pucyHky 3.15.
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Pucynox 3.15 — Jliarpama 3aJie)KHOCTI 3MIHM B Yaci CWJIM TEpPTS MpHU
IUKIIIYHOMY HaBaHTAXXEHHI JJIs1 CTAJIEBUX 3Pa3KiB 13 rajJbBaHIYHUMU TOKPUTTIMHU:
a) HIKEIEBOTO, EJEKTPOOCA/HKEHOTO0 3 eNeKTpoyiTy YoTca; 0) HIKEIeBOro,
€JIEKTPOOCAPKEHOTO0 3 IIUTPATHOTO E€JEKTPOJIITY HIKEIIOBAHHSA;, B) HIKEIb-
BoJb(ppamoBoro (14 mac.% Bonbdpamy), eneKTpoocaaKEeHOTO 3 IUTPATHOTO

CJICKTPOJITY HIKEIIOBAHHS; T) HIKEJIEBOTO, EIEKTPOOCAKEHOTO 3 €JEKTPOJIITY Ha
ocHoBi HEP
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AHani3yrouu JaHi HaBeAeHl B Ta0nuii 3.2 Ta Ha pUCYHKY 3.15 MOXHA NpUTH
JI0 HACTYIHUX BHUCHOBKIB. [[1s mOCHIPKyBaHMX 3pa3KiB 13 TMOKPUTTAMH. YUM
OUTBIINM € 3HAYEHHS MIKPOTBEPOCTI, TUM MEHIINUX 3HaUYeHb HaOyBae cuja TepTs
Ha aiarpamax. BiamoBigHO HalMEHIIT 3HAYEHHS CHUIM TE€PTS CIOCTEPIrarOThCs st
HIKEJIb-BOJb(PAMOBUX  MOKPUTTIB  (OCAIKEHUX 3  BOJHOTO  IIUTPATHOTO
€JIEKTPOJIITY) Ta MOKPUTTIB HIKEJIEM OTPUMAaHUX 3 €JeKTpoiiTy Ha ocHoBi HEP
(pucyHok 3.15 B, 1).

Takox TpOBOJEHAa TMOPIBHSUIBHA OLIHKA CIPOTHBY JO MEXaHIYHOTO
3HOLIYBaHHS 3pa3KiB 3 HIKEJIEBUMU MOKPUTTSIMU METOJaMU Oe3NepepBHOTO
BJABJIIOBAaHHS Ta CKAaHyBaHHS I1HAEGHTOpPOM Ha npuiaal "Micron-gamma", 3a
JIONIOMOTOI0  1HJIeHTOpa  bepkoBuva. PexumMu  ckaHyBaHHS:  BEJIMYMHA
HaBaHTakeHHs Ha 1HJIeHTOp 20 Ta 50 cH; mBuakicTe HaBaHTaxkeHHs 5 cH/c;
MIBUAKICTh ckaHyBaHHsA 40 mxm/c. JloBxkuHa Tpacu Oim3bko 1 MM. DakTHUHO
CYNPOTHUB O MEXAHIYHOT'O 3HOIIEHHS a00 3HOCOCTINKICTh MOYKHA OIIOCEPEIKOBAHO
OIIIHUTH HA OCHOBI MOPIBHAHHS IIMPUHU Tpacu ab0 KaHABKH, SKy 3aJMINA€ HA
MOBEPXHI MeTaly 1HACHTOP. UMM BY)KUOIO € KaHaBKa, TUM BHUIIOK € BIANOBIAHO
3HOCOCTIMKICTh OKPUTTS. BinnoBinHi MikpodoTorpadii KaHaBOK MicCIsl 1HAEHTOpa
bepkoBuua mpuBeneHi Ha pucyHky 3.16, a ycepenHeHl 3HaUY€HHS iX TOBIIUHU Y
tabmui 3.3.

Ax BugHO 3 pucyHKy 3.16 Ta Tabnuii 3.3 HaliMeHIIAa MIUPUHA KAHABOK SKY
3QJIUIIA€ 1HJCHTOP, 110 OCOOJMBO TIOMITHO Tipu HaBaHTaxkeHHI 20 cH,
CIIOCTEPITaEThCS AJI HIKEIb-BOJIb(MPAMOBUX MOKPUTTIB (OCAIKEHUX 3 BOIHOTO
IIUTPATHOTO EJIEKTPOJITY) Ta MOKPUTTIB HIKEIEM OTPUMAHUX 3 E€JICKTPOJITYy Ha
ocHoBi HEP. 3 ornsany Ha BuIleHaBeAECHI pe3yJbTaTH MIKPOMEXAHIYHUX Ta
TPUOOJOTIYHUX JOCTIPKEHbh MOXHA CTBEP/DKYBATH, IO BIAMOBIAHI 3pa3Ku
MOKPUTTIB TaKOX BOJIOAIIOTh HAWOUIBIIO MIKPOTBEPIICTIO 1 3HOCOCTIHKICTIO

cepel IHIIMX TOCTIHKYBaHUX.
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Pucynox 3.16 — ®oTo300pakeHHs] KaHaBOK 0€3MEPEPBHOTO B/IaBIIIOBAHHS 1
CKaHyBaHHs iHAeHTOpa bepkoBuya Jij1s cTajneBUX 3pa3KiB 13 TAIbBAHIYHUMU
MOKPUTTSAMU (3711Ba O1IBIII TOHKI KaHABKY - HaBaHTakeHHs 20 cH, cipaBa OubIn
ITMPOKa OJHA KaHaBKa - BIANMOBIIHO HaBaHTaxxeHHs 50 cH): a) HikeneBoro,
€JIEKTPOOCAIKEHOT0 3 €JIEKTPOJIITY YoTca; 0) HIKeJIeBOro, €JIEKTPOOCAKEHOTO 3
LUTPATHOTO €JEKTPOIITY HIKEIIOBaHHS; B) HiKeIb-BoJb(pamonoro (14 mac.%
Bonbdpamy), enekTpoocapKeHOTO 3 IUTPATHOTO EIEKTPOIITY HIKETIOBAHHS, T)

HIKEJIEBOTO, EJIEKTPOOCAIHKEHOTO 3 EIEKTPOIiTYy Ha ocHOBI HEP
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Tabmuus 3.3 — JlochKeHHS TOKPHUTTIB METOJOM  Oe3mepepBHOTO

BIAABJIIOBAHHSA Tda CKaHYBAHHSA iHI[GHTOpOM BCpKOBI/I‘{a

. . Hixens-
Hikenese Hikenese .
BOJIb()pamMoOBe Hikxenese mokpurts,
MIOKPUTTS MIOKPUTTS,
MOKPUTTS, OTpHUMaHE 3
OTpHUMaHE 3 OTpHUMaHe 3 .
' OTpHUMaHe 3 €JIEKTPOJIITY Ha
EIEKTPOIIITY IUATPAT-HOTO .
_ UUTPATHOTO ocHos1 HEP
Yorca EIEKTPOIIITY .
EJIEKTPOJIITY

[IlupuHa KaHaBKK BIPOBAHKEHH 1HACHTOPA MPY BIINOBIIHOMY HaBaHTaXEHH1, MM

20 rc 50 rc 20 rc 50 rc 20 rc 50 rc 20 rc 50 rc

0,12+0, | 0,18+0, | 0,08+0, | 0,13+0, | 0,05+0, 0,06+0,0
0,1+0,02 0,1+0,02
02 03 02 03 01 1

BucnoBku 10 po3aiay 3

BcranoBiieHo, 10 €JIeKTPOOCaKEHHST HIKEJIEBUX Ta HIKeNb-BOJIb()PaMOBUX
MOKPUTTIB 13 BOAHOTO IIUTPATHOIO €JIEKTPOIIITY BiIOYBAETHCSA 3 BUCOKMM BUXOJI0M
3a ctpymoM 93...95 %. Ilpu 1mpomy, 31 30UIBIIEHHSM TYCTUHH CTPYMY BMICT
BOJIL(pPaMy y CIUIABI 3MEHIIYETLCA. 3a IycTHHH cTpyMy | A/nm? Ta Temmeparypu
50 °C Oymu oTpumaHl JIpiIOHOKPUCTANIYHI MOKPUTTSA 13 BMICTOM BOJb(hpamy
omu3bko 14 mac.%.

[Ipu enexTpoocaKeHHI HIKEJIEBUX TOKPHUTTIB 3 €JIEKTPOJITIB Ha OCHOBI
HU3BKOTEMIIEPATYPHOI EBTEKTHUYHOI CYMIllll XOJIH XJOpUAy Ta KapOamimy, 3
BMICTOM COJIe HIKETI0 Ta BOJb(hpamMy BIAMOBIIUM AOCTIHKYBAaHUM BOJHUM
HUTPATHUM  €JEKTPOJIiITaM, BCTAHOBJEHO HacTynHe. OTpUMyBaHi HIKeJIEBI
MOKPUTTS BOJIOMIIFOTh OLIBII TPYOOKPHUCTAIIYHOK CTPYKTYpOIO HIK Taki, IO
OTpUMaHi 3 BOJAHUX eneKkTpomiTiB. CriBocapkKeHHST BOJIb(PpaMy y TMOKPUTTS HE
BIJIOYBA€ETHCS, a BUXIJ 32 CTPYMOM HIKEIIO 3MIHIOEThCS B Mexkax 40...65 %. Lle

MOXKeE OyTu 3YMOBJIEHE HEJO0CTaTHIM BMICTOM J0JIaTKOBOTO
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KOMITJIEKCOYTBOPIOBava — muTapar ioHiB. Kpim 1150T0, Ha OCHOBI ITUKJIIYHOT BOJIBT-
aMIepoMeTpli MoKa3aHa MOKJIMBICTb €JIEKTPOBIIHOBICHHS KommnoHeHTiB HEP.
[Momanpmm  gocmipkeHHA OyIyTh CHOpSMOBaHI Ha BJOCKOHAJIEGHHS CKIAAy
enekTpouiTiB Ha ocHOBI HEP 3 MeTor0 JoCsSTHEHHS CIIBOCAIKEHHS 1 TT1BUILICHHS
BMICTY BOJIb()paMy B HIKEJIEBUX MOKPUTTSX.

BcranoBieHo, 1m0 CKiIaA  €NEKTPONITY B 3HAYHIA Mipi BIUIMBAaE Ha
MIKpOMEXaHI4Hl Ta aHTU(GPHUKIIIHHI BJIACTUBOCTI TajlbBaHIYHUX IMOKPHUTTIB Ha
OCHOBI HiKeJ0. BaBinoBaHHs B CTPYKTYpYy MOKpUTTA BoJb(ppamy (14 mac.%) Ta
BUKOpPUCTaHHA eyekTpodiTy Ha ocHoBi HEP chopusie wmaibke aBokpaTHOMY
MIJBUIIEHHIO MIKPOTBEPJIOCTI TajJbBaHIYHOTO HIKEJIIEBOTO IMOKPUTTS, IO TaKOX
CYIPOBOJIKYETHCA TMIJBUIICHHSIM 3HOCOCTIMKOCTI. Ile Moke OyTH MOSICHEHO
BUJIO3MIHOIO MOP(OJIOTIi Ta KPUCTATIYHOI CTPYKTYPH TOKPUTTS Yepe3 BKIIOYCHHS
B CTPYKTYpY Jieryrodoro kommnoHeHTa (W) a0o opraHiyHUX MOJIEKYJl Yy BHMaay

HEBOJIHOTO €JIEKTpoJiiTy Ha ocHOBI HEP.

Pesynomamu excnepumenmanvhux 00cniodcenb 0ano020 po30iny, Ha8eoeHo 8
HACMYNHUX NYONIKAYIAX:
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MEXaHIYHI BJIACTMBOCTI TAJbBAaHIYHUX MOKPUTTIB HA OCHOBI HIKeNtO, 1exHiuHi

nayku ma mexnonoeii, Ne3 (33), 2023, C.170-179 https://doi.org/10.25140/2411-
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4. TOCJILIKEHHS KOPO3IMHOI CTIMKOCTI TA 3AXUCHHX

BJIACTUBOCTEM T'AJIBBAHIYHUX ITOKPUTTIB HA OCHOBI
HIKEJIIO

4.1. BusHayeHHsI KOPO3iHHOI Ta e€JEKTPOXIMIYHOI AKTHBHOCTI

rajbBaHIiYHUX MOKPUTTIB HA OCHOBI MOJIsIpU3alliiiHUX BUMIPIOBAHb

BignoBigHi  gOCHiDKEHHS  MPOBOAMJIM 13 3aCTOCYBaHHSIM  3pa3KiB
raJbBaHIYHUX MOKPHUTTIB HIKEJIEM TOBIIMHOK 20 MKM HaHECEHHX Ha CTaJIEBY
ocHOBY. Kopo3iiiHUM AOCIIJKEHHSIM MiAJSIraid 3pa3kyd TaJibBaHIYHUX HIKEJIEBUX
Ta HIKEIb-BOJIbPPAMOBUX TOKPUTTIB OTPUMAHUX 3 BOJAHUX IIUTPATHHUX
CJIEKTPOJIITIB Ta enekTpoiTiB Ha ocHOBI HEP. Ha ocHOBI 3HATHX KaTOAHUX Ta
AHOJHUX TNOJAPU3ALINHUX KPUBUX B KOPO3IMHOMY CEpEeIOBMILI 31HCHEHA
noOysioBa  KOpPO3IMHUX  JiarpaM y  HamiBaorapuMiuHUX  KOOpJAUHATax
(mepenarnpyra — 1ecATKOBUI Jiorapudm BiA rycTUHHU cTpyMmy). KatoaHi Ta aHoAHI
KpHUB1 Ha JOCIIKYBaHUX 3pa3kax 3HIMaIU y 3,5 % po34uHi XJIOPHUIY HATpPIo 3a
temrepatypu 18 °C. HIBUAKICTh CKaHyBaHHS NOTEHLIaly ctraHoBuia 2 mB/c. Jlns
3HATTSA TOJSIPU3ALIMHAX KPUBUX 3aCTOCOBYBAIM CTAaHIAPTHY TPHUEICKTPOIAHY
KOMIPKY, TaKy * SK 1 TP JOCIKEHHI KaTOIHOTO MPOIECY €ICKTPOOCaIHKCHHS
HIKEJIEBUX MOKPUTTIB. JIOMOMI)KHUM €JEKTPOJOM CIyryBaja MJaTUHOBA IJIACTUHA
mwiomero 1 cM? y AKOCTI eNeKTpoja MOPIBHAHHS BMKOPUCTOBYBAIM HACHYEHHM
xjopcpiOHuid. OTpuMaHi NoJaspu3aliiHi KpUBI MpeACTaBieHl Ha pucyHKax 4.1 Ta
4.2.

3 pucyHkiB 4.1 ta 4.2 BUIHO, IO JJIA HIKETIO Ta HIKEIb-BOIb(PAMOBOTO
CIUIaBY CIIOCTEPIraeThCsi 00JaCTh aKTUBHOTO PO3YMHEHHS MPH 3HAYEHH1 aHOMHOI
nepeHarpyru no +0,3 B, mpu Ouibll BUCOKHMX 3HAUEHHSX IEpeHANpyru
CIIOCTEPIraeThCsl MOYATOK MEPEeXOJy MeTaly B MACUBHMM CTaH, SIK JUJIS YHCTOTO
HIKeNI0, Tak 1 s crjaBy. [[ns 3pa3kiB HIKENEBUX MOKPHUTTIB, OTPUMAHHUX 3
eJeKTpoiTy Ha ocHOBI HEP cTpymMu aHOHOTO pO3UYMHEHHS € HA0arato BUIIUMHU.

3 METOIO0 MOPIBHIHHS 3HAYEHHS IMIBUAKOCTI KOPO3ii, BU3HAYEHI Ha OCHOBI PUCYHKIB
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4.1 ta 4.2, B Tabmumi 4.1 mpexacraBieHl KOPO3iiHI XapaKTEpPUCTUKH, a came,
Ig(lcorr), lcorr, Ecorr-
1,5 4
0,5 -
1
s
<
S-05 - 2
2
-1,5 -
'2,5 T T T 1
-0,6 -0,4 0 0,2 0,4
E, B
Pucynox 4.1 — Tlonspuzamiiini kpuBi 1js HikenaeBoro (1) Ta Hikesb-

BOJIb(PaMOBOr0 (2) MOKPUTTIB OTPUMAHUX 3 BOJAHHUX LUTPATHUX €JIEKTPOJIITIB

2,5

1,5

0,5

Ig(i),[ mA/cm?]

-0,5

-0,8 -0,6

-0,4 -0,2 0 0,2

E,B

Pucynox 4.2 — TIlonspuzauiiiHi KpuBi [ HikenaeBoro (1) Ta Hikesb-

BOJIb(PpaMOBOTO (2) MOKPUTTIB OTPUMAHUX 3 €JIEKTPOJIiTIB Ha ocHOBI HEP
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Tabmu 4.1 — KoposiliHi XapaKTepUCTUKHU MOKPUTTIB HA OCHOBI HIKEJIO

l'anbBaniuni  Hikenesi | [lokputts Hikenesi TTOKPHUTTS,
MOKPUTTS, OTpUMaHi 3 | ctutaBoM  Ni- | OTpUMaHi 3
BOJTHUX €JICKTPOJIITIB W, (Bmict W | enekTpoJliTy Ha OCHOBI
14,6 mac.%) HEP
Ig(icorr), [MA/CMZ] ‘0,65 '1 0,8
icorr, MzAx/CM2 0,22 0,1 6,3
Ecorr, B -0,31 -0,24 -0,37

3 Tabmuii 4.1 BUAHO, IO HaMMEHIA MBUIKICTH KOPO3ii OYIKyBaHO
CIIOCTEPITAEThCS ISl HIKETh-BOJIb(PPAMOBUX IMOKPUTTIB. Jlemo, mpote mOoCUTh
HE3HAUYHO BHIIOI0 € IBUJKICTh KOPO3ii HIKEIEBUX MOKPUTTIB OTPUMAHHX 13
BOJHOTO IIUTPATHOTO €JIEKTPOJIITY. [IOKpUTTSI OTpUMaH1 3 €JEKTPOJITY Ha OCHOBI
HEP € xopo3iiiHO HEecTaOUIbHUMHM B XJIOPUJIHOMY CEpelOBHINI. Takl BHCOKI
MIBUAKOCTI  KOPO3IMHOTO pyHHYBaHHSA, MOXKYTb, 30KpeMa IOSCHIOBATHUCH
0COOJIMBOCTSIMU KpUCTAITYHOL CTPYKTypH OKPUTTA, HasIBHICTIO
KPYIMHOKPHUCTAIIYHUX 3€peH Ta TpimuH. KpiM 1IbOT0 HU3BKHUI BUXIJ 32 CTPYMOM
(6mu3bko 60 %) BUKIIIOYAE BKIIIOYEHHS J0 CKJIAAy MOKPUTTS MPOAYKTIB pO3KIaay
enekTpomity Ha ocHoBli HEP, ski MOXyTh NpUIIBUAIIYBATA KOPO3liHE
pyiinyBanHs. [Ipo me Takox cBig4aTh, HaBeAeHl y TaOnuii 4.1, 3Ha4YeHHS
MOTEHII1aJIIB KOPO3ii.

EnexTpoxiMiuHy aKTHBHICTH IOJIO MPOIECY BUIIJICHHS BOJHIO OIIHIOBAJIU
Ha OCHOBI aHaNI3y KaTOJHUX MOJSPHU3AIIAHUX KPUBUX, OTpUMaHux B y 3,5 %
PO34MHI XJIOPUIY HATPIIO Ta MOOYIOBAHUX Y KOOpJIMHATAX NEpeHanpyra — ryCTUHa
cTpyMy (pucyHOK 4.3).

3 ornsay Ha JaHli, NPUBEIEHI Ha PUCYHKY 4.3 MOXKHa KOHCTAaTyBaTH, IO
BBEJICHHS JI0 CKJIay MOKpUTTA 14 mac.% Bonbppamy NpU3BOIUTH 10 3MEHILIEHHS
nepeHanpyru BUIUICHHS BOAHIO Maibke Ha 0,1 B y OpIBHSHHS 3 UUCTUM HIKEJIEM.
[le y3romkyerbcsi 3 JOaHUMHU HaBeAeHUMU Y [134] 1 TOSCHIOETHCS TOSIBOIO
KAaTaJITMYHO AaKTUBHUX IICHTPIB 3aBASKA BKIIOYEHHIO BOJbppamMy B CILIaB.
HaiiMeHIIor0 TmepeHanpyro0 BHIUICHHS BOJHIO 1 BIIMOBIIHO HAWBUIIIUMU

CIEKTPOKATAIITUIHUMHU BJIACTUBOCTSIMU IIOJI0 BIJTMIOBIIHOIO TIPOIIECY Cepen
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JOCTII)KyBaHUX BOJOIIOTH MOKPUTTS, OTPUMaHI 3 eNeKTpoiiTy Ha ocHoBI HEP —
TIepeHanpyra BHAUICHHS BOJHIO 34 KAaTOXHOI T'yCTMHH CTpymMy 5 MA/cM? He
nepepuirye 0,02 B. Ile y mepmry dYepry moB’si3aHe 13 BHCOKOPO3BHUHYTOIO
CTPYKTYPOIO OBEPXHI MOKPUTTIB, OTPUMAHMX 3 €JICKTPOJIiTIB Ha ocHOBI HEP.

TakuMm 4yWHOM, aHANI3YIOUM MPOBEACHUN KOMIUIEKC JOCHIHKEHb MOYKHA
AT HACTYITHUX BUCHOBKIB, IO MOKPHUTTS HIKEJIEM, OCA/PKCHHUX 3 €JICKTPOJITIB
Ha ocHoBl HEP, xapakrepusyroTbCcsi NIJBUIIEHOI TBEPIICTIO Ta BHUCOKOIO
€JIEKTPOXIMIYHOK AKTHBHICTIO IIOAO MPOLIECY KaTOJHOTO BHJIJIEHHS BOJHIO B
HeUTpaslbHOMY cepenoBuill. IIpore iX HH3bKAa KOpO3iHA CTIMKICTH OOMEXY€
BUKOPHUCTAHHS TaKUX MOKPUTTIB Y SKOCTI 3aXMCHO-1EKOPATUBHUX.

HikeneBi Ta HiKeIb-BOJIb(PPAMOBI MOKPUTTS, OTPUMAHI 3 BOJHUX LUTPATHUX
CJICKTPOIIITIB, € BUCOKO KOPO3IMHOCTIMKUMH, 3HOCOCTIMKUMH 1 MalOTh MiABUIICHY
TBEPAICTh. BiAMOBIAHI MOKPUTTS MOXKYTh OYTH BUKOPUCTAHI Y SIKOCTI 3aXHCHHX,
3aXMCHO-IEKOPAaTUBHUX Ta 3HOCOCTIMKHX. CaMe 1l MOKpUTTS Oyiu oOpaHl A
BU3HAUEHHS iX 3aXMCHUX BJIACTUBOCTEH B YMOBax MPUCKOPEHUX KOPO3IMHUX

BUNPOOYBAHb.

-20

(0] T T T T T

-0,3 -0,25 -0,2 -0,15 -0,1 -0,05 0
n B

Pucynok 4.3 - Katonni nonsipuszaniiini kpusi: 3,5 % po3unH XJI0pUAy
HATPIIO JUIs MOKPUTTIB: 1 — HIKETIEBUX, OTPUMAHUX 3 ITUTPATHOTO EJICKTPOITY; 2 —
HiKkeb-BoJb(pamoBux(14,6 Mmac.% W), oTpuMaHUX 3 MUTPATHOTO EICKTPOIITY; 3 -
HIKeJIeBHX, 3 eJeKTpoiTy Ha ocHOBI HEP; 4 — HikeneBux, 3 €J1eKTPOITY Ha OCHOBI

HEP 3 nonasauusm Na,WOQO,
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4.2. Bu3HayeHHs 3aXMCHHX BJIACTHBOCTell Ta KOpO3iiiHOI cTiiikoCTI

NOKPUTTIB HA OCHOBI HiKeJII0 B KaMepi OIITOBO-COJILOBOI0 TYMAHY

Amnpobariii 3aXUCHUX BJIACTUBOCTEH IMMiJJaBalv 3pa3Kd 3 TajdbBaHIYHUMU

HIKEJICBUMH IMOKPUTTAMH, OTPUMAHHUMHU 3 ,ZIOCJIi,ZI)KYBaHI/IX BOJHHUX HOHUTPATHUX

eJIEKTPOJIITIB. BiAMOBIIHI MOKPUTTS HAHOCHIIN O€3MOCepeTHO Ha OCHOBY 31 cTaii

08w, @ TakoX 3IIWCHIOBAIM EJICKTPOOCAKCHHS JBOIIAPOBUX  HIKEICBUX

MOKPUTTIB 3 BUKOPUCTAHHSM MiAMIAPIB 3 M1Jl, OJMCKY4Oro Ta MaTOBOI'O HIKEINIO.

ToBiIMHA TOCTIIKYBAaHUX MOKPUTTIB cTaHOBWIA 9 MKM. CKIIald €JIEKTPOJIITIB Ta

PEXKUMU €JIEKTPOII3y HaBeeH1 y Ta0uil 4.2.

Tabmuus 4.2 — Ckiiaiy eJIeKTPOJIITIB Ta PEKUMHU €JIEKTPOOCAPKEHHSI ITOKPUTTIB

Ne .
Cxuaz eJexkTposIiTy YMOBH €JeKTPOOCaHKEHHS
MOKPHTTS
NiSO,4-7H,0 280 r/n ['yctuna ctpymy 2 A/nm?
1 NiCl,-7H,0 60 r/n Temmneparypa 50 °C
H;BO3 40 r/n ToBIIMHA TOKPUTTS 9 MKM.
Caxapus 5 /i
CuSO4-5H,0 90 r/n ['ycrtuna ctpymy 1 A/mm?
K4P207-5H20 360 r/n Temnepatypa 30 °C
NHiNO; 20 r/n ToBuwMHA MOKPUTTS 6 MKM
2 NiSQO,4-7H0 280 r/n 9
NiCl: TH,O 60 rl Cyernma crpywy 2 Al
HsBOs 40 r/x PaLYP
ToBUIMHA MOKPUTTS 3 MKM
Caxapus 5 /1
NiSO,4-7H,0 280 r/n I'ycruna ctpymy 1 A/nm?
NiCl,-7H,0 60 r/n Temmneparypa 50 °C
H3BO3 40 r/n ToBmIMHA TOKPUTTS 6 MKM
3 NiSO4-7H20 280 r/n Cvermia crovary 1 A/md
NiCl,-7H,0 60 /7 TZMHG - pZ 53 . s
HsBOs 40 r/x Patyp
ToBHIMHA MTOKPUTTS 3 MKM
CaxapuH 5 /1
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[TponoBxkenus Tadbmmii 4.2

NiSO4‘7H20 280 r/n

I'yctuna ctpymy 1 A/nm?

NiCl,-7H,0 60 r/i Temmneparypa 50 °C
H3BO3 40 r/n ToBmmHa MOKPUTTS 6 MKM
NiSO,4-7H,0 150 r/n [Cycruna ctpymy 0,5 A/mm?
NH4Cl1 30 r/n Temneparypa 50 °C
Na;WO4 40 1/n pH 8,2

NazCit 160 r/n ToBumHa MTOKPUTTS 3 MKM
NasB>0-; 30 r/n

NiSO4-7H,0 280 r/n
NIC|27H20 60 F/JI

['ycrtuna ctpymy 1 A/mm?
Temneparypa 50 °C

H3BO3 40 r/n ToBIIMHA TOKPUTTS 9 MKM
NISO,-7H0 150 r/n ['ycruna crpymy 2 A/mm?
NH,CI 30 r/n Temnepatypa 50 °C
NasCit 160 r/x ToBmKMHA TOKPUTTS 9 MKM
NasB,O; 30 r/n

NiSO4-7H20 150 r/n Tycrima crpymy 0.5 A/ny
NH.C1 30 r/n Temneparypa 50 °C
Na;WOs4 40 r/m ToBmIKMHA TOKPUTTS 9 MKM
NazCit 160 r/n

NasB,O; 30 r/n

NiSO4-7H20 280 r/n
NIC|27H20 60 F/J'I
H3BOg 40 F/J'I
CaxapuH 5 /1

['yctuna ctpymy 2 A/mm?
Temneparypa 50 °C
ToBUIMHA MOKPUTTS 3 MKM

NISO47H20 150 F/J'I
NH4Cl 30 r/n
Na,WO, 40 r/n
NasCit 160 r/n
N&4BzO7 30 t/n

[ycruna ctpymy 0,5 A/mm?
Temnepatypa 50 °C
ToBUIMHA MOKPUTTS 3 MKM

3 METOI BHU3HAUCHHS 3aXHCHUX BIIACTUBOCTEH HIKEIEBUX Ta HIKEIb—
BOJIb)PAMOBUX TaJIbBaHIYHUX TMOKPUTTIB 3aCTOCOBYBAJIM KaMmepy OLTOBO-
cojiboBoro Tymany. CTBOpIOBaHl y BIONOBIOHIA KaMepl >KOPCTKI YMOBH
eKCIUTyaTarii, 30KpeMa, YyMOBH TPOMIYHOTO BOJOr0 KIIMaTy. 3pa3ku 3
BI/IMOBITHUMHU TTOKPUTTAMH €KCIIOHYBAJIM Y BIAMOBIIHIN Kamepi NpoTsArom 24 roj.
dorodikcalis 3MIHM TOBEPXHI 3pa3KiB MPOBOAMWIACH KOXHI JBI TOJIMHHU.

Pe3ynbTaTu KOpo3iiiHUX BUIIPOOYyBaHb HaBe/IeH1 y Ta0auisx 4.3 ta 4.4.
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Tabmuns 4.3 — 3pa3ku 3 HIKEJIEBUMHU Ta HIKEIb—BOJIb(PAMOBUMHU MOKPUTTAMU Mij
9Jac KOPO31iHMX BUMPOOYBaHb B KaMepi OIITOBO-COJIHLOBOTO TYMaHYy

Yac exc-

MOHYBaH
HSl, TOJ

Ne mokpuTTs 3rigHO TabMI 4.2

o

3

ey

R e L S R s
B Maiai v

[ORSSRIRCS |

73 -

10

12

24
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Tabmuns 4.4 — 3pa3ku 3 HIKEJIEBUMHU Ta HIKEIb—BOJIb(PAMOBUMHU MOKPUTTAMU MiJ
9Jac KOPO31iHMX BUMPOOYBaHb B KaMepi OIITOBO-COJIHLOBOTO TYMaHYy

Yac exc-

Ne mokpuTTs 3rigHO TabMI 4.2
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3a Tabnuismu 4.3 Ta 4.4, ne 3pa3ku HIKEJIEBUX MOKPUTTIB, Y SKUX BEPXHIM
a00 OCHOBHUM IIIApOM BHCTyHaJI0 OJUCKy4Y€ HIKEJIEBE MOKPUTTS BKPUBAJIKCH
BOJIOTUMH TIPOAYKTaMH KOPO3ii 3eIEHOT0 KOJbOPY 4epe3 2 TOAUHU BUIIPOOYBaHb,
yepe3 TaKui ke MPUOIU3HO Yac MPOSBISIINCH CIIIM KOPOo3li cTaneBoi ocHOBH. Lle
IOB’S3aHO 13 AaKTUBYIOUMM BIUIMBOM CYJIb(Qypy B CTPYKTypl HOKPUTTS IIO
BIJTHOIIICHHIO JI0 KOPO3IHHOTO PO3YMHEHHS OCTaHHBOTO, JPKEepeIoM cyiabdypy B
MOKPUTTI BIAMOBIIHO BHUCTymae caxapuH [78; 127]. Tlpum nmociimkeHH1
OJIHOIIAPOBUX MAaTOBHX HIKEJIEBHX Ta HIKEIb-BOJIb(PAMOBUX MOKPUTTIB 3€JIE€HOTO
KOJIbOPY HIKEIb-BMICHUX MPOAYKTIB KOpO3li HE CIOCTEPIragoch, NpoTe pyAi
OPOAYKTH KOpO3ii CTajleBOi OCHOBU MpPOSBISINCH BXKE uepe3 2 TOJUHU
BUNPOOYBaHb. L{e BIAMOBIAHO BKa3yBalo Ha MOPYBAaTICTh a00 HASIBHICTH TPILIUH Y
HNOKpUTTAX. Halikpamymy 3axMCHUMM  BJACTUBOCTSIMU  BOJIOJIIOTH  HIKEJb
BOJIL()PAMOBI TTOKPHUTTS €IEKTPOOCAPKEHI Ha Mifmmap 13 MaTtoBoro (6 roJuH 10
aKTUBHOTO TPOSBY MPOAYKTIB KOpO3li OCHOBHM) Ta Oymckydoro ( 8 roamH a0
aKTUBHOTO TIPOSIBY MPOAYKTIB KOpPO31i OCHOBU). B ocTaHHbOMY BHUMAAKy MiAmiap i3
OMUCKYYOro KOPO3i1HO AaKTUBHOTO HIKEII0 MOXKE CTBOPIOBATH JOJATKOBUI
AHOJIHUW 3aXHUCT, MM CaMUM IMIJIBHUIIYIOYM 3aXHMCHI BJIACTUBOCTI Ta KOPO31HHY

CTIHKICTh BEPXHBOTO APy 1 MOKPUTTS B IILIIOMY.

BucHoBok 10 po3ainy 4

BcranoBiieHo, 110 HIKEJEB1 MOKPUTTS, OTPUMAaHI 3 [IUTPATHOTO €JIEKTPOIITY
Ha BOJIHIA OCHOBI, 3 BMiCTOM BoJb(pamy 14 mac.%, MaloTh HalBUILY KOPO3iiHY
CTIMKICTb. 3 METOI0 OTPUMAHHS HIKEJIEBUX MOKPUTTIB 13 BUCOKHUMH 3aXUCHUMH
BJIACTUBOCTSIMU  CIIJT BHUKOPUCTOBYBAaTH  €JEKTPOOCAKEHHS  JIBOLIAPOBHX
MOKPUTTIB. Y SAKOCTI MiAIIapy ajisi 3a0e3MeueHHs J0JaTKOBOTO MPOTEKTOPHOTO
3aXUCTY MOXXE OyTH BUKOpPUCTaHE OJIMCKyYe HIKEJIEBE MOKPUTTA. | ambBaHIuHI

HIKEJIeBl TIOKPUTTS, OTpUMaHi 3 eleKTpodiTiB Ha ocHOBI HEP, BonoairoTh BHCOKO
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PO3BUHYTOIO0 CTPYKTYPOIO TIOBEPXHI 1 TPOSBISIIOTE 3HAYHY EICKTPOXIMIUHY
aKTHUBHICTB 1100 MPOIIECY KATOAHOTO BUALICHHS BOJIHIO.

Pesynomamu excnepumenmanbhux 00cniodcenb 0ano20 po3oiny, Ha8eoeHo 8
HACMYNHUX NYONIKAYIAX:

Cmammi y Haykogux haxosux eUOaHHAX YKpainu:

1. 3abanyeB A.C., Ymanoscekuii JI.}O., Bacumwses I'.C., JlintoueBa O.B.,
Bopo6itora B.l. EnexkrpoxiMiuHi, MeXaHI4HI Ta KaTaJiTU4YHI BJIACTUBOCTI
rajbBaHIYHUX TOKPUTTIB HA OCHOBI Hikento, Buewi 3anucku THY imeni B.I.
Beprnaocvroeo. Cepis: Texniuni Hayku, Tom Ne 36 (75) Ne 1, 2025, C.155-163.
https://doi.org/10.32782/2663-5941/2025.1.1/23. ®axoBe BumanHs, Ykpaina. ISSN

2663-5941. Ocobucmuii eunecox 3000ysaua: NpoBedeHHsT eKCNePUMEHMAIbHUX
0ociodicenb, 002080PEHH OMPUMAHUX Pe3Yabmamis, 0OopMIeHHS pe3)ibmamie
ma HAnucAanHsi cmammi.

2. Uschapovskyi D.Yu., Zabaluyev A.S., Vorobyova V.1, Vasiliev G.S.,
Thorzhevsky D. P. The influence of electrolyte composition on the corrosion
resistance of nickel-based metal-resistive coatings. Visnyk of Kherson National
Technical University. Vol. Nel (92), 2025, P.249-256.
https://doi.org/10.35546/kntu2078-4481.2025.1.1.33. . ®axoBe BuAaHHs, YKpaiHa.

ISSN 2078-4481.. Ocobucmuii 8HecOoK  3000ysaua: npoBeoeHHs
eKCNePUMEHMANIbHUX — 00CHI0JNCEHb, 002080PEHHs OMPUMAHUX — Pe3yabmamis,
0hOPMAEHHS pe3yTbmamis ma HanuUCaHHs CMmammi.

Teszu oonosgioei.:

3. Ymanoscekwuii J1.10., Bacunwes I'.C., byker O.1., Peasko P.M., 3ab6asyen
A.C., Kypouenko T.O. JlochimxeHHsT KOPO31HHOI CTIMKOCTI TajJbBaHIYHUX
HIKEJICBUX TMOKPUTTIB METOJOM TOJIAPU3AI[IHHOTO OMopy B TMapax Ta
KOHIIGHTPOBAHIN  OUTOBIA KHUCIOTI. Mamepianu  MidcHaApOOHOI  HAYKOBOT
KoH@epenyii «Mamepianu ona pobomu 6 excmpemanvHux ymosax — 11», 23 — 24

rpynas, KwuiB, 2021, C.56-59. Ocobucmuii enecox 3000y8aua:. npogedernHs
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eKCNEePUMEHMANbHUX OO0CHIONHCEHb, 00POOKA HAYKOBUX pe3Ylbmamis, HANUCaHHs i

NOOAHHA me3 00NosioI.



116

5. JOCJIIKEHHSI EJTEKTPOXIMIYHOI AKTUBHOCTI
EJEKTPOJHUX MATEPIAJIIB HA OCHOBI HIKEJIIO, OTPUMAHUX
KOPO3INHOIO OBPOBKOIO

B monepennix poborax [78, 127], a TakoX B X011 MPOBEASHUX KOPO3IMHUX
BUIIPOOYBaHb TalbBaHIYHUX HIKEJIEBUX MOKPHUTTIB MPHUBEACHUX B po3aiil 4 Oyna
BUSBJIEHa BHCOKA KOpO3l1MHA aKTUBHICTh OJMCKYYHX HIKEICBUX IMOKPHUTTIB,
OTPUMaHUX B EJIEKTPOJITaX 3 JIOJaBaHHSIM caxapuHy. 30Kpema B poOoTi [127]
OyJI0 MOKa3zaHo, 10 MpU KOPO3iiiHIA 00poOIll B KOHIIEHTPOBAHIM OITOBIM KUCIIOTI
OJIMCKYUYUX TaJIbBaHIYHUX HIKEJIEBUX OCaJIiB B1I0yBa€ThCs POpMyBaHHS Cyb(Di/IiB
HIKEII0 PIZHOTO CTEXIOMETpuyHOro ckimaaxy. B poGoti [126] pociikeHo
CJIEKTPOXIMIYHY TMOBEIIHKY €JIEKTPOJHUX MaTepialliB 31 CPOPMOBAHUMU TaKUM
YUHOM CYJIb(QITHUMU MPOAYKTaMu Koposii. [Ipore aeranbHO HE OyII0 TOCHTIIKEHO
BIUIUB TPUBAJIOCTI KOPO31iiHOI 0OpOOKM Ta ancopOLiifHOTO BIUIMBY CyJibdypy Ha
CJIEKTPOXIMIYHY aKTUBHICTh €JIEKTPOJHUX MaTepiaiiB HA OCHOBI HIKEJIO.

JloCiKeHHST €JIEKTPOXIMIYHUX BJIACTUBOCTEN MPOBOJMIIN Ha €JIEKTPOAX 3
€JIEKTPOOCAKEHOT HiKeJeBOoi (oJIbTM Ta TUTAHOBOI (OJILTU 3 HIKEJIEBUM
nokpuTTsM. [Ipu cTBOpeHH1 €NeKTpOAiB Ha OCHOBI TUTAaHYy MOXXHA BUJIIJTUTH TPHU
OCHOBHMX e€Tamu: 1) MiArOTOBKa MOBEPXHI €JEKTPOAd; 2) eNeKTPOOCaKEHHS
OJIMCKYYMX TallbBaHIUHUX HIKEJIEBUX MOKPUTTIB; 3) (hiHilIHA KOpO3iiiHa 00poOKa.
[Ipyn enexTpoocayKeHH1 OJMCKYYHMX HIKEJIEBUX MOKPHUTTIB, 3 EJIEKTPOTITIB 13
JI0JIaBaHHSIM CcaxapuHy, BMICT CcyJbdypy B HUX cTaHoBHB Osin3bko 0,24 mac.%.
[TouaTkoBU# CTaH MOBEPXHI €NEKTPOMIB 3 HiKeJIeBOi (oibru Ta ii Momaudikaris
BHACHIIOK (iHIIIHOI KOpO31iHOI 00pOoOKM HaBeaeHO Ha pucyHky S.1. Jlus
MOPIBHSIHHS E€JIEKTPOXIMIYHOI aKTHBHOCTI TaKOX 3aCTOCOBYBAIUCH EIEKTPOIH 3
MaTOBOT HiKeJIEBO1 (POJBI'H, OTPUMAHOI 3 €JIEKTPOJIITIB, 0 HE MICTHIIM CaXapuHY.
Bwmict cynbdypy He nepeBuiryBa 0,01 mac.%. EnekTpoan 3 MaToBOi HiKEIEBO1
dosbru 00poOIIATN TaKOK B HACHUEHOMY PO34YHMHI CyJb(Diay HATPit0, y HACIIIOK

4yoro (opMyBaJIMCh TOHKI afcOpOILiiHI apH CyJIb(iTHUX CIOIYK.
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20.00kV  x1.00k

Pucynok 5.1 — SEM-300pakeHHSI TMOBEPXHI HIKEIIEBOTO €JEKTpoAa 0
¢binimHOT 06poOku (a) Ta micias ¢iHinHOoI 00poOku (0) y KOHIIEHTPOBAHIM OITOBIH

KHUCIIOT1 IPOTATOM 72 TOJI.

3 METOI0  BHU3HAUEHHS  E€JEKTPOXIMIYHOT  aKTUBHOCTI  MPOBOJMIU
noJisipu3alliiiii BuMiproBanHs. JlochaipKyBaiyu came BIUTUB (iHIIIHOT 00pOoOKH Ha
IpoLIEC €IEKTPOBIAHOBICHHS KUCHIO. [Tonspu3aliiiini BUMIpIOBaHHS MTPOBOJIUIH Y
JY>)KHOMY cepeioBuiii, i 1poro BukopuctoByBanu 0,1M KOH. Biamnosinnuii
po34uuH OyJI0 BUOPAHO 3 METOIO 3CYBY MOTEHITIANy BUIICHHS BOJIHIO B OiK OLTBII
HETaTUBHUX 3HA4Y€Hb, BIAMOBIIHO 3a CTAHJAAPTHUX YMOB MOTEHINaJ BOJHEBOTO
€JIEKTPOJIa B TAKOMY PO34MHI cTaHOBUTHUME Onu3bKo -0,65 B abo 6mmsbko -0,85 B
y IIKaJdl HACUMYEHOTO XJIOPCPIOHOTO eIeKTpoja MOpiBHSAHHS. 3rigHO AaHux [137]
PO3YHMHHICTH KMCHIO B TAKOMY €JIEKTPOJIITI € JOCUTh BUCOKOIO i cTanoBuTH 1,1:107®
Moub M, koedinient audysii 1,9:10° cm? ¢, Ipu Topmuui qudysiiiHoro mapy
MOPSAIKY 10° cM  BemuuuHa ~ TpaHWMYHOro  AMQY3iHHOrO  CTpyMy
€JIEKTPOBIIHOBIEHHS KUCHIO CTaHoBMTh gech 0,1 MA/cm? Ortpumani y

BIJIMOBITHOMY PO3UYMHI MOTEHIIOAMHAMIYHI KPUBI MMPUBEICH] HA PUCYHKY 5.2.
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Pucynox 5.2. IToteniionuuamiuni nosnsipusariiiai kpusi y 0,1 M KOH: 1 —
MaTOBHUH HIKellb; 2 — OJMCKy4Ya HikesneBa ¢oibra; 3 — OrcKyda Hikesnena ¢oJibra
31 cQOPMOBAaHUM LIAPOM 13 CyJIb(DIIHUX TPOLYKTIB KOpo3ii 3a 24 rox

€KCIIOHYBaHHS B OLITOBIH KHCJIOTI

Sl BUIHO 3 OTpUMaHUX MOTEHUIOAMHAMIYHUX KPUBHX (PUCYHOK 5.2, KpuBa
2), BBEJICHHS B CTPYKTYpPY HIKEJIEBOTO OCaay CIpKH CHpHsIE JAESIKOMY 3MEHILIEHHIO
nepeHanpyru BHUAUIEHHS BoAHO. Ha nomoBaHOMy CIpKOIO HIKENl B 1HTEpBall
noteHmiame -0,7...-0,85 B cmocrepiraetbcss XBWISA, IMOYATOK SKOI1 3TITHO 3
niarpamoro Ilyp6e nns cuctemu Ni-S [77] Moke BIANOBLAATH TIPOLIECY
€JIEKTPOBIIHOBJIEHHSI MACUBHOTO IIApy Ha HIKEJl, MOPYLIEHOMY BKJIIOYEHHSIMH
cynmbpypy y Burmimi cynbdigy. Takox npu 1pOMy MOXE BiI0yBaTHCh
€JIEKTPOBIIHOBIIEHHsI KUCHIO. Ha enekTtpoai 31 chopmoBaHuM, TpH (IHIMIHINA
KOpO3iiiHil 00poOIll B OITOBINA KUCJIOTI, CyIb(ITHUM IapoM (PUCYHOK 5.2, KpuBa
3) cmocrepiraetbest nBi xBuil. [lepmra XBuiis crmocTepiraerbcsi B IHTEpBaTi
norennianis -0,1...-0,8 B 3 rpannunum ctpymom Omusbko 0,06 MA/cM?, sxuii
BIJIMOBIJIa€ TIPOIIECY €JIEKTPOBIIHOBIIEHHS KUCHIO. B iHTepBaini notenmiams -0,8...-

0,95 B, sxuii BignoBigae Apyrii XBuii, 3rigHo aiarpamu [lypoe, Mmoxe nepediratu
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MPOIIeC BITHOBJICHHS CYIb(MITHUX CIOIYK MapaiebHO 3 €IEeKTPOBITHOBICHHSIM
KHCHIO Ta BOJIHIO.

[ukmiyHi BoMbTaMIIEpHI KPUBI 3HIMANKCS B 1HTEpBail noreHuiatis -0,74.. .-
0,1 B. MakcumanbHe 3HAuYCHHS TMIOTEHIANy JOCIHIIKYBaHOTO I1HTEpPBAITY
BI/IIIOB11J10 PIBHOBaYKHOMY MOTEHITIATTY HIKEIEBOTO eJICKTpOoIa B
JOCITIKYBAaHOMY pO34rHi. MiHIMaapHE 3HAYCHHS MOTEHITIATy BIAMOBIIATO MEXi
CTaO1ILHOCTI CYJb(ITHUX MIapiB BCTAHOBJICHIN Ha OCHOBI JaHUX PHC.], IO TaKOXK
y3rofkyerbes 3 [77]. Y nociipkyBaHOMY 1HTEPBaJiB MOTEHIIAIB HA HIKEJIEBOMY

KaTOZ1 MOK€ B110yBaTUCh PeakKiisl €IEKTPOBIIHOBICHHS KUCHIO.
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Pucynok 5.3 - [IBA kpusi B 0,1 M KOH nHa enekTpoaax 3 OJuCKy4YuMu
raJIbBaHIYHUMU HIKEJIEBUMH 0CaJaMu 31 CPOPMOBAHUM IIAPOM 13 CYITbDITHAX
MPOAYKTIB KOPO3ii, IPH Pi3HIA TPUBAIOCTI €KCIIOHYBAaHHI B OI[TOBINA KUCIIOTI

npotsirom, roa: 1 —0;2—-2;3-4;,4-24;5—-72

3 pesynbrariB [IBA BuMIpioBaHb MNPUBEIECHUX HAa PUCYHKY 5.3 MOXKHa

3pOOWTH BHCHOBOK TIPO HAcTymHE. 30UIBIICHHS TPHUBAIOCTI EKCIOHYBAHHS
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OMUCKYy4YHMX HIKEJIEBUX OCaAIB Yy OITOBIA KHCIOTI MPU3BOAUTH A0 3POCTAHHS
3Ha4YeHb MPsMOro Ta 3BopoTHOro xoay IIBA kpuBoi. Taka Bumosmina xoay [IBA
KPHUBOI Y3TOKYEThCS 13 JaHUMU [ 78], ne moka3aHo 3MiHY Ta 301IbIIEHHS ITUTOMOT
TIJIOIII TOBEPXHI OJIMCKYYMX HIKEJIEBUX OCAJIIB Y HACIIIOK 301IbIIICHHS TPHUBAIOCTI
EKCIIOHYBaHHS OCTaHHIX B Mapax KOHLIEHTPOBAHOI OLITOBO1T KUCIOTH. Kpim 115010 Yy
[78, 79] moka3aHa cerperaitist Ta 3pOCTaHHSI BMICTY Ha ITOBEPXHI HIKEJIEBUX OCAJIiB
CIpKH, 110 BiioOpakae ¢popMmyBaHHs cynbdigHoro mapy. Ciig TakoX BIA3HAYUTH,
0 OpH 30UIBIIEHH] TPUBAJIOCTI €KCIIOHYBAaHHA OJIMCKYYOTO HIKEII0 B OLTOBIN
KHCIIOT1 3pocTae ricrepesuc LIBA kpuBoi. LIBA xpuBi, oTpumani npu GpopMyBaHHI
CyJb(1IHOTO Mmapy 3 OJUCKYYoi HikeneBoi (hobru npotsarom 240 roa HaBeICHI Ha

pUCYHKY 5.4.

Pucynok 5.4 - IIBA kpusi B 0,1 M KOH Ha enexktponai 3 OJHCKy4YUM
raJbBaHIYHUM HIKEJIEBUM ocagoM 31 chopmoBanuM mpotsirom 240 ron

EKCIIOHYBaHHS B OITOBIM KUCIIOTI MIAPOM, 13 CYIb()ITHUX TPOTYKTIB KOPO3ii

3 BIAMOBIAHOTO PUCYHKY (pHUC. 5.4) BuUAHO, 10 € MmIe OiblIe 3pPOCTaHHS

ricrepe3ncy KpuBOi, a IIe¢ MOXK€ BKa3yBaTh Ha 30UIBIICHHS €MHICHOI CKJIaJIOBOI
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CTpyMy, BHACHIZOK 3pOCTaHHsA MHUTOMOi Iutomnii noBepxHi. [Ipu mectupazoBomy
nukayBanHl [[BA kpuBa y HE3HauHIM Mipi BHUJIO3MIHIOETBCS dYepe3 3MIHY
CTEXIOMETPUYHOTO CKJIaJy B HACHIJOK Mepediry IIBHIKUX OKHCHO-BITHOBHHX
peakiiiii Ta 000poTHOT 3aMiHU aacopOOBaHOI CipKH Ha ancopOboBaHuil KuceHsb [77].

TakuM YMHOM, Ha 3MIHY €JICKTPOXIMIYHUX BJIACTUBOCTEH HIKEIEBUX
MOKPUTTIB MOXK€ BIUIMBATH HE TUIBKK 301IBIICHHS MHTOMOI TUIONI ITOBEPXHI
BHACJIIJIOK KOPO3IMHUX pyHHYBaHb, a 1 HAsBHICTh afcopOOBaHOi cipkH. [[1s 11p0r0
3pa3Kyd MaTOBOi HiKeJeBOi (oybru OyJu OTpUMAaH1 3 EJEKTPONITY O€3 caxapuHy,
€KCIIOHYBaJM B HacHU4eHOMY po3uuHl NaoS mporarom 2...72 1o, MICIAs YOro

pOMUBAIH 1 3HIMaIM Ha HUX [IBA kpuBi, siki mpuBeeH] Ha pUCYHKY 5.5.
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Pucynok 5.5 — IIBA kpusi B 0,1 M KOH Ha enexkTpomax 3 MaTOBUMH
raJbBaHIYHUMU HIKEJICBUMHU OCaJaMH, TICIAS EKCIOHYBaHHS B HAaCHUYECHOMY

posuunHi NayS npotsirom, roa: 1 —0;2—-2;4—-24;5-72

B xomi excrionyBaHHS 3pa3KiB 13 MaTOBOi HIKeJIEBOI (POJIBIM B HACHUUYECHOMY
po3unHi NayS 0yJi0 BUSBIICHO, 110 KOJIIP 3MIHIOETHCS 3 CPIOJISICTOTO Ha 30JI0TaBUM

1 TEMHO KOpPUYHEBUN TpU 30LIBIICHHI TPUBAIOCTI eKCmoHyBaHHS. [Ipu 1mpomy
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BUJI03MIHA CTPYKTYpH MOBEPXHI MOKPUTTA HE B1AOYBa€ThCs. OCKUIBKH B TY>KHOMY
CEpEelIOBUII HIKEJIb 3arajioM € MTACUBHUM, a YTBOPEHHS 3a0apBJICHOI MIIIBKU BKa3ye
Ha Te, 1O ii TOBIIMHA CTAHOBUTH HA piBHI N*10™ MKM.

Ax BUAHO 3 PUCYHKY (pucC. 5.5), 30UIBIICHHS TPUBAJIOCTI €KCIIOHYBaHHS
donbru B po3unHi NayS Tak camMo MPU3BOJUTH A0 3pOCTaHHs cTpymy Ha [[BA
KPUBHX, OJHAK TPH I[bOMY 3HAYCHHS CTPYMIB € JEMI0 MEHIIUMH HIXK IS
OJIMCKYyYOoro Hikeno mpu oOpoOii B omToBid kuciori (puc. 5.3). Kpim mworo,
MEHII BUpaxeHuM € ricrepe3uc [IBA kpuoi. ®akTuyHO, B JaHOMY BUMNAJAKY Y
HacUYE€HOMY po3urHi NayS Bi10yBa€eTbCs 3aMillIEeHHS KUCHIO Y MAaCUBHIM ILTIBII Ha
cyibdyp. Uum OUIBIIMM € Yac €KCIIOHYBaHHS HIKENI0 B PO3UMHI CYJIb(idAy, TUM
TEMHIIIUM € KOJIp TUTIBKH, OYEBU/IHO, 31 30UIBIIICHHSIM MTOBEPXHEBOI KOHIIEHTpAIIii
cipku. DakTUYHO AK Yy OJMCKYy4Oro HIKENII0, TaK 1 Yy MaTOBOTO HIKEI0 B
JTOCTiKyBaHOMY 1HTepBami noreHmiams -0,74...-0,1 B y 0,1 M po3uunni KOH
MOBEPXHS € MACHBHOIO.

Takum dYWHOM, AOCIHIKYBaHI BUIM OOPOOKH TallbBaHIYHHUX HIKEJIEBUX
OCa/iB CHOPUSIOTh 3POCTAHHIO TOBEPXHEBOI KOHIEHTpauii cyiabdypy. Cynsdyp
3aMIlyIOYd KHCEHb Ha MOBEPXHI HIKEIIO B MacWBHIN miiBLi [68, 77] monermrye
JecopOIlit0 TIAPOKCUI 10HIB 1 KaTali3ye MPOLEC EJIEKTPOBIIHOBICHHS KUCHIO B
uioMy. 31 301UIBIIEHHSIM KUIBKOCTI CIPKHM HA MOBEPXHI HIKEIO 3pOCTa€ KUIbKICTh
KaTATTAYHO AaKTUBHUX IIEHTPIB. BIiAMOBIAHO MpH IIBOMY MOXE 3pOCTaTH
€JIEKTPOXIMIYHA AKTHBHICTh IIOAO MPOIECY €JIEKTPOBIIHOBICHHS KHUCHIO, IO
BiJI0OpaXkaeThcs y 30UIbIIeHH] cTpyMy Ha LIBA kpuBux (pucyHok 5.3 Ta pUCYHOK
5.5). OpHak, cmig  BIA3HAYWTH, IO MaKCHUMalbHA MIBHIKICTH TIPOIECY
CJICKTPOBIIHOBJIEHHSI ~KUCHIO BHU3HAYA€ThCS WOTO PO3UYMHHICTIO Y  BOAI
(emexTpoumiTi) 3a maHMX YMOB. J[[ns umrocTparlii  BIAMOBIAHOTO SIBHINA OyiH
noOy10BaH1 3aJIEKHOCTI CEPEeIHbOTO 3HAYEHHS TYCTUHH CTPyMYy (MIXK 3HAUYECHHSIMU
I'YCTUH CTPYMY MpPsIMOTO Ta 3BOpoTHOrO xoay LIBA xpuBoi npu notenuiani -0,4 B)

BiJl TPUBAJIOCTI 0OPOOKHU HiKeNeBOi (DOIbIH, K1 MPUBEACHI HA PUCYHKY 5.6.
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Pucynok 5.6 — 3anexHiCTh CepeHhOr0 3HAYEHHS KAaTOJAHOTO CTPYyMYy IpH
notexmiam -0,4 B y 0,1 M KOH Bix tpuBanocTi nonepeanboi 00poOKu HiKeIeBOT
dompru (rom): 1 — Omuckydoi HikeaeBOI (GOJBrM B KOHIICHTPOBAHIM OITOBIi

KHCIIOT1; 2 — MaTOBOI HiKeIeBO1 (oJIbru B HacudeHoMY po3unHi NayS

S BUIHO 3 PUCYHKY 5.6, OCHOBHE 3pOCTaHHS T'YCTUHU CTPYMY BiJIOYBa€ThCA
3a mepmi 24 rog oOpoOku. Jlemio Bumll 3HauY€HHS CTPyMIB A OJIMCKYYOi
HiKeNIeBO1 (POJBI'H TAKOXK MOKHA MOSICHUTH 301TBIICHHAM AiMCHOT TUIOIII TIOBEPXHI
BHACIIJIOK KOPO31MHUX pyHHyBaHb. [licns 72 rox ctpym Ha 00poOIieHii MaToBii
donp3i cranoButh Gmusbko 0,042 MA/cM?, a Ha OnucKydill HikeneBid (omb3si 3i
cpopMoBaHUMH TIpoayKTaMu koposii 0,065 MA/cM2. BinnosinHi 3HaueHHS I'yCTHH
CTpyMy BIAMOBIAAIOTh TMOPSAKY 3HAYEHHS TPaHUYHOTO JU(Y31HHOTO CTPyMy

€JICKTPOBITHOBJICHHSI KHUCHIO B MaJlO MEpPEMIIIyBaHOMY JIYKHOMY CEPEIOBHIII
[137;138].
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Pucynox 5.7 — [IBA kpusi (a) Ta cepeaHi 3HaYEHHSI KATOJTHOTO CTPyMy TIpH

i, MA/cm?
o
o
B

0

noteHmiam -0,4 B BignoBigaux kpuBmx (0) y 0,1 M KOH nHa: 1 — Omuckyuiit
HikeJeBid (oib3i 13 chopmoBaHUMHU NPOTAroM 240 roj B KOHIEHTPOBaH1M OLITOBIHM
KHUCIIOTI CyNb()IMTHUMH MPOAYKTAMH KOpO3ii; 2 — Ha THUTAHOBOMY EJIEKTPOIl 13
chopMOBaHMMH  TPOAYKTAaMU  KOpO3ill  BHACIOK T[OBHOTO  PO3UYMHEHHS
€JIEKTPOOCAIKEHOT0 OJIMCKYYOTO HIKEIEBOro MOKPUTTS MpOTiIroMm 72 rox; 3 — Ha
MJJATHHOBOMY €JIEKTpOoMAl; 4 — Ha eJeKTpoAl 3 MaToOBOI HiKeJleBoi (oJibru
BUTPUMAHOI MPOTIToM 72 TOoA B HacuueHoMy pos3umHi NapS; 5 — HeoOpobiieHa

HiKeleBa (oJbra.
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Jlist mopiBHSIHHS Ha pUCYHKY 5.7 mpuBeneni [IBA kpuBi Ta cepeaHi 3HAaUCHHS
ryctuau  ctpyMmy [IBA kpuBoi mpu mnorenmiani -0,4 B, ski oTpuMmaHi Ha
IJIATHHOBOMY €JIEKTPO/AlI Ta eJEKTpPoJax 13 pPI3HUMH crocobamu 00poOku. 3
pUCYHKY 5.7 O BUIHO, 110 HAa MaTOBIM HiKeJeBiM (oJyib31 00pOOICHINH y po3uMHI
Na,S cepenHi 3HaUYCHHS TYCTHHH CTPYMY € MaiKe TaKUMH, 5K 1 Ha IJIAaTHHOBOMY
eJIEKTPO/I1, IPH I[bOMY MOBEPXHS 000X MaTepiaiiB € OIU3BKOIO 32 MIKpOpEIbePOM
Ta MOPCTKICTIO. OYiKyBaHO € JICIIO BHINIM 3HAYCHHS KAaTOJHHUX CTPYyMIB Ha
eJIEKTpoJax 31 c(opmMoOBaHUM, y HACIIJOK KOPO31MHOI OOpOOKH, CyJIb(IAHUM
mapom. lle € olHOYaCHUM HACHIIAKOM 3POCTaHHS €JIEKTPOXIMIYHOT aKTUBHOCTI Ta

30UTBIIICHHSM IMMTOMOI IUIOIT TTOBEPXH1 IIPU KOPO31iHii 00poOIIi.

0,15 +

'0,2 T T 1

-0,6 -0,3 0 0,3
E,B

Pucynok 5.8 - [IBA-kpuBi Ha HIKEIEBOMY €JIEKTPO/Il 3 OJIMCKYUYOTO HiKenl 13
mapoM Cyinb(pigHUX TMPOAYKTIB KOpo3ii mpu pisHuX pH mocmimxyBaHOTO

cepenopuma: 1 —3,7; 2—-8,4; 3 - 11.
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[TincymoByroun OTpUMaHi pe3yJbTaTH, MOKHA BU3HAYECHHs, 110 KOPO3iiHE
YTBOPEHHS CYJIb(I/IIB Ha TOBEPXHI OJMCKY40i BUCOKOCIPUUCTOI HiIKEIEBOI (HOIBIH
€ HaWOUIBII MEePCIIEKTHBHUM IOJ0 MPAKTUYHOTO 3aCTOCYBaHHS TPHU OTPUMaHHI
KaTajai3aTopiB JUIsl MPOLECY €NEeKTPOBITHOBJICHHS KUCHIO. [IpoBeneHo Takoxk
nopiBHsHHA [[BA-KkpuBUX, OTpUMaHKX Y pO3UMHAX 3 pI3HUMU 3HaUeHHsAMU pH Ha
HIKEJICBUX €JICKTPOax 13 mapoM Cyib(pigHUX MPOAYKTIB KOPO3ii, IO YTBOPUBCS
npotsroMm 24 ron (pucyHok 5.8). BpaxoByrouu dopmy orpumanux [[BA-kpuBux
(HasBHICTh IIBUAKOIO 3pOCTaHHS ab00 3MEHIIEHHS CTPyMy), BIINOBIIHUI
CJCKTPOAHUN MaTepianl € HalOuIbll CcTaOUIbHUM Ta €(PEKTUBHUM  JUIsS
eIeKTpOBIIHOBIICHHS KKCHIO [139, 140] y cnaboiryKHOMY CepeOBHII alleTaTHOTO
Oydepa. lle moOpe y3roKyeTbcs 3 JaHUMH, HABEACHUMHU JJIsl €JIEKTPOIHUX

MaTepiajaiB Ha OCHOBI HITYYHOTO Ti3JIEBYJUTY, OTPUMAHOTO XIMIYHUM METOJOM

[142].

BucHoBku 10 po3ainy 5

BcTranoBneHo, 1m0 AOCHIKYBaHI BUAM KOPO31MHOI OOpPOOKH TallbBaHIUHHUX
HIKEJIEBUX OCAaJliB, Kl CIPUAIOTH 30araue€HHIO iX MOBEPXHI CYJIbOYypOM, y BUTIISIL
afgcopOoBaHoro cyinbpypy abo yTBOpeHHS Cyiab(igHOrO Mmapy, TaKOXK
CIPUYMHSAIOTh 3POCTaHHS 1X €JNEeKTPOXIMIYHOI aKTHUBHOCTI, IO TPOSBISIETHCS Y
30UTBIIICHH] 3HAYEHb KATOJHUX CTPYMI Ha IUKIIYHUX BOJIBTAMIICPHUX KPUBUX. 3a
yMOBU (OPMYBaHHSI CYIIJIBHOTO CYJb(iTHOTO IIapy, a TAKOX MPHU aacopOIiitHii
00pOoOIIl HIKEJIEBOTO €JIEKTPOJIa B HACHYCHOMY PO3UYHUHI CyJb(iay HATPi0, KATOAHI
T'YCTHHU CTPYMHU Ha KPUBUX HAOIMIKAFOTHCS 32 BETUIMHAMU JI0 KATOAHUX CTPYMiB
Ha MiaTuHi. TakuM YMHOM, JOCHIJKYyBaHl BUAM (DIHIIIHOT KOPO31HHOI 0O0pOoOKH
JAI0Th 3MOTY OTPUMYBATH HOBI €JEKTPOJHI MaTepiaii Ha OCHOBI HIKEIIO,
30KpeMa, ISl MPOIeCy ENEKTPOBIAHOBICHHS KHCHIO B MAJMBHUX €JEMEHTaxX Ta

IHIIIMX B1THOBIIIOBAJIbHHUX JDKEPEIaX eJICKTPOCHEPTii.
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BUCHOBKHA

1. BcranoBneHo, mi0 31 30UTBIIEHHAM TYCTHHH CTpyMy IIpHU
CJIEKTPOOCA/PKEHHI ~ HIKEJIb-BOJb(MpPAaMUX TOKPUTTIB 3 BOJHOTO ILUTPATHOTO
enexTpouiTy Bim 0,5 A/nqm? 1o 5 A/am? BMICT Bob(ppaMy B CILUIaBI 3MEHIIYEThCS
Bin 16,3 w™mac.% nmo 6,14 wmac.%. Busnayeno, 1m0 HaWOUIBII SKICHI
JIPpIOHOKPHUCTAIIYHI TTOKPUTTS 0€3 TPIIIMH 13 BIAMOBITHOTO €JIEKTPOIITY MOXYTh
OyTH ocajKeHi Ipu TycTuHi ctpyMy 1 A/mm? 3a Temnepatyporo 50 °C. BussneHo,
IO CHIBOCAJKEHHA BOJIb(paMy B CIUIAB HIKEJIb-BOJb()PPAMOBOTO TOKPUTTS
MPU3BOJUTH J0 NMOAPIOHEHHS KPUCTATIYHOI CTPYKTYpU MOKPHUTTIB.

2. Bukopucrtanus enekrponitiB Ha ocHoBi HEP peniny pae 3mory
OTPUMYBATH PIi3HI 32 CTPYKTYpPOIO Ta BJIACTUBOCTAMH HIKEJIEBOTO MOKPHUTTSI.
3okpema, NoKa3aHa MO>KJIUBICTh OTpUMaHHSA JTp1OHOKpUCTATIIYHUX
HaIBOJUCKYYMX TOHKMX (3 TOBIIMHOI 10 5 MKM) Ta TpyOOKpUCTaIlYHHUX 13
BHUCOKO PO3BUHYTOIO CTPYKTYpPOIO MOBEPXHI (TOBIIMHOIO 20 MKM) rajbBaHIYHUX
HIKEJIEBUX TOKPUTTIB. Buxim 3a CcTpyMOM OCQKEHHsSI HIKEII0 B TaKHUX
esniekTpoiiTax He nepeBuinye 50 %, 110 BKa3ye Ha EJIEKTPOXIMIYHE MEePETBOPEHHS
CKJIa/IOBUX €BTEKTMYHOTO PO3YMHHUKA Ta 3aJIHUILKIB BOJU.

3. BcraHoBieHO, IO BOPOBAIKEHHS B CTPYKTYPY HIKEJIEBOIO MOKPUTTS
BosIb(pamy (0su3pK0 14 mac.%) Ta BUKOPUCTAHHS €JIEKTPOJITY HA OCHOBI pEliHY
CIpHsie TBOKPATHOMY IIJIBUIIEHHIO MIKPOTBEPJOCTI, IO CYIMPOBOIKYETHCS
NIJBUIIEHHSM 3HOCOCTIMKOCTI, Yy TIOPIBHSHHI 3 MaTOBHUMH HIKEJIEBUMU
MOKPUTTSIMU OTPUMAaHUM 3 eJekTpoiity Yorca. lle mosicHEHO BHI03MIHOIO
MOPQOJIOTIi Ta KPUCTATIYHOI CTPYKTYPH MOKPUTTS Yepe3 BKIIOUCHHS B CTPYKTYPY
JIETYIOUOTO KOMIIOHEHTa BOJIb(paMy abo OpraHiuHUX MOJEKYJ Y BHIAJKY
HEBOJIHOTO eNleKTpoJiiTy Ha ocHoBl HEP.

4. IlpoBeaeHO TPHUCKOPEHI KOPO3iKHI BUMPOOYBAHHS TalbBaHIYHUX
HIKEJICBUX TIOKPUTTIB B KaMmepi 3 OILTOBO-COJbOBUM TYMaHOM, 3a SKUMHU

BCTAaHOBJICHO, HaﬁKpaHlHMH 3aXHUCHHUMH BJIaCTHUBOCTAMM BOJ'IOI[iIOTB
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HIKETb-BOJb(PAMOBI MOKPUTTS €JIEKTPOOCAKEHI Ha migmap 13 martoBoro ( 6
T'OJIUH JI0 aKTUBHOTO MPOSBY MPOAYKTIB KOPO3ii CTaIeBOi OCHOBH) Ta OJIUCKYYOTO (
8 TOOWMH [0 AaKTUBHOTO TMpPOSIBY MPOIYKTIB KOpO3il cTaneBoi OcCHOBH). B
OCTaHHBOMY BHUIAJIKY IMiAMIAP 13 OJUCKYUOro CyJIb(OPOBMICHOTO HIKEIIO CTBOPIOE
JIOIATKOBUI aHOAHUM 3aXMCT, UM CaMUM MIJABUIIYIOYM 3aXMCHI BJIACTHUBOCTI Ta
KOPO3iiHYy CTIMKICTh HIKEJIEBOTO MOKPHUTTS B LIJIOMY.

5. BcraHoBIeHO, 1110 PO3MIISTHYTI METOJM KOPO31iiHOT 00pOOKH rajibBaHIYHUX
HIKEJIEBUX MMOKPUTTIB, SIK1 30arauyytoTh MOBEPXHIO OKPUTTS CYIb()OPOM, Y BUTIIAIL
ajcopOOBaHMX CHOJNYK Hikemo Ta cyiab@ypy (II) abo uepe3 yTBOpeHH:
CyJb(iIHOTO IIapy, 3HAYHO MIJABUIIYIOTh 1X EJIEKTPOXIMIYHY aKTHBHICTb. [lpu
YTBOPEHHI CYIIBHOTO Cyib(igHOrO Mmapy abo mpu ajacopOIiiiHiii 00poOIl
HIKEJIEBOTO €JIEKTPOJila B HACUYEHOMY PO3UWHI CyJb(dily HATpil0 MOXYTh OyTH
JIOCSITHYTI TYCTUHU CTPYMY KaTOJIHOTO €JIeKTpoBimHOBIeHHs kucHIo B 0,1 M KOH,
3a BEJIMYMHOIO TaKi K K JIJIS TNIATHHOBOTO €JIEKTPO/IA.

6. B Xxoml mpoBemneHUX JOCHIDKCHB OyJIM pPO3pOOJIeHI BOAHI IMTPATHI
EJIEKTPOJITH Ta eNeKTpodiTH Ha ocHOBI HEP peniny, siki B 3a/1e:KHOCTI BiJl CKJIaay
CICKTPONIITY Ta PEXKHUMY €JIEKTPOJIi3y JaloTh 3MOTYy OTPUMYBATH TajbBaHIYHI
MOKPUTTS 13  MIJBUIIEHUMH  KOPO3IMHOIO  CTIMKICTIO,  MIKPOTBEPAICTIO,
3HOCOCTIMKICTIO, Ta €JIEKTPOXIMIYHOI AaKTUBHICTIO. BiAMOBIAHI pe3yiabTaTu

HAyKOBUX JIOCTIKEHb OyJIM BIPOBAKEH] Y HaBUAILHUMN TTPOIIEC.
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