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ABSTRACT

The results of the research galvanic replacement copper by aluminum with sulfate (CuSO4 + H,SOy)
and pyrophosphate (Na,[Cu(P,0;)] + NayP,0;) solutions was shown. It is shown that the process is virtually
without induction period. In sulfate solutions copper particles deposited on the surface of aluminum foil and
powder not have good adhesion to the substrate was established. Moreover, they are non evenly distributed on
the surface and marked by a wide range of sizes. Therefore, in such solutions galvanic replacement by aluminum
can be used to produce copper powders of submicron size. In pyrophosphate solutions characteristically of
deposition of copper of particles 100 ... 500 nm, which are evenly distributed on the aluminum surface. The
density increases with increasing duration of galvanic replacement with the formation of porous copper films.
Latest marked good adhesion to the substrate, which can be used as under-layer for electrochemical deposition
functional galvanic coatings (copper plating, nickel plating, chrome plating) on aluminum surface.
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BCTYII

B ocTaHHE NEcATHIIITTS HAaHECEHHS METANIB Ha MOBEPXHIO TIbBAHIYHUM 3aMIlllEHHSM 32 pe-
akuiero (1) po3rsmaroTh SIK OAWH i3 MEPCHEKTUBHUX METOMIB OJIepXKaHHs HOBHX MartepiamiB [1-5] i
HAHECEHHs METaJIeBHX IUTIBOK a0o MiAmapy mij raipBaHiuHi nokputTs [6—8]. [IputiM cnocrepiraersb-
Csl TeHJICHIIisl 10 BUBUYCHHSI YMOB (POpPMYBaHHS MIKpO- 1 HAHOPO3MIpHUX YacTHHOK [1-3, 5, 7].

mM" +nM, <> mM,+nM]" (1)

lanpBaHiyHE 3aMilllEHHS BiIOYBAETHCS 32 ENEKTPOXIMIYHUM MEXaHI3MOM, TOMY MOp(dooris
ocajy Ta po3Mipy YaCTHHOK Ha MOBEPXHI MIAKIAIKU 3aJIeKaTh, HACAMIICPE/, BiJl PI3HHUIII €IEKTPOIHUX

norenmianis, AE = E MDK BIIHOBJIFOBAHUM MeTajIoM M, Ta METaJIOM BiJITHOBHUKOM

MM, EMZ'"*/M2
M,. Ynm Oinbiie 3Ha4eHHS AE, 1110 3yMOBIIGHO TIPUPOJIOI0 MeTalliB M, Ta M1 CKIlaioM pOo3uuHY, THM
OuTbIIa MBUAKICTH mpoiiecy (1) ¥, BiMOBIAHO, BUCOKUMH € 3HAYCHHS TYCTHHH CTPYMYy Ha MiKpOKa-
tomax. Lle cripusie hopMyBaHHIO APIOHOKPUCTANTIYHOI'O YU AMCIIEPCHOro ocaay. OaHak HasBHICTH Ha
MIAKTAI IUIbHOT OKCUAHOI iiBku (Si0,, Al,Os3) yckimaaHioe pIBHOMIPHUN PO3MOALT 1 IIUIBHICT
MIKPOAHOMHUX 1 MIKPOKATOAHMX AUISHOK. TOMy MiArOTOBJICHHS MOBEPXHI Ta CKJIAJ JIEKTPONITY €
BYIMBUMH YHHHHKaMH (POPMYBaHHS TLTIBKOBOTO OCaJly il 4ac Mpollecy raibBaHIYHOTO 3aMill[eHHS.

HaHeceHHs Ha allOMIHIEBY ITOBEPXHIO METAJIIB rajbBaHIYHUM 3aMIIlICHHSM € aKTyaJIbHUM ITH-
TaHHSIM B aCIEKTi oJlepKaHHs HOBUX (YHKI[IOHAIFHUX MaTepianiB 1 popMyBaHHS MiAIIapy Mij eIeKT-
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POXIMIYHI MeTajieBl MOKPUTTS. Mera poOOTH — BHBYMTH OCAKCHHS MiJl Ha MOBEPXHIO ATFOMIHIIO
raJIbBaHIYHUM 3aMIIIEHHAM Y Cyab(haTHUX 1 mipodochaTHUX pO3UMHAX IJI OJCPKaHHS MiTHOIO Oca-
Iy 3 100pOI0 aAre3i€ro A0 MOBEPXHI MiAKIAIKY.

EKCHHEPUMEHTAJIbHA YACTHUHA

OcapkeHHsI MiJli Ha aJIOMIHIEBY MMOBEPXHIO 3IIMCHIOBAIM I'aJIbBaHIYHUM 3aMIIICHHSAM Yy PO3-
guHax (0.1...0.5)M CuSOy + (0.1...0.5M H,SO4 Ta 0.1M CuSO4 + 0.5M NayP,0; B mianaszoHi tem-
nepatyp 20...60 °C. AntoMiHi€EBY TTOBEPXHIO (IIOPOIIOK aJIFOMIHIIO Ta aJllOMiHIEBY (OJIBry) morepen-
HBO 3HEKHUPIOBAJIH, TPABUJIM TOCIIIOBHO y po3unHax — 10%-My HaTpito rigpokcuay ta 5%-my ¢uio-
opuaHoi KucinoTh. [Iporec MiJHEHHS MPOBOJUIN y TEPMOCTATOBAHOMY CKJISIHOMY TIOCY/i 3 00’ €eMOM
posunny 50 cM’ y rinpoauramidHOMy pesxumi. ITicas 3aBepIICHHS MPOLECY MiTHEHY MOBEPXHIO MPO-
MHUBAJIH TUCTHILOBAHOIO BOJIOK0, 130ITPONaHoiIoM 1 cyrmiu 3a 60 °C.

Mopdororito ocaKeHOT Mijll Ha aJlOMIHIEBIH MOBEPXHI BUBYAIM 32 BUKOPUCTAHHS CKaHIBHO-
ro enekrponHoro Mikpockora ZEISS EVO 40XVP. 300paxeHHs MOBEPXHI OTPUMYBAJIM 3a JIOMOMO-
rOI0 peecTpallii BTOpHHHUX eneKTpoHiB (SE) IUIIXOM CKaHyBaHHS €JICKTPOHHHM MYYKOM MOBEPXHI.
30y 1KEeHHSI BTOPMHHOTO BUIPOMIHIOBaHHS 3/11HCHIOBAIM ITyYKOM €JIEKTPOHIB 3 eHepriero 15...20 keB.
Jnst 00poOKu 300paskeHb 3aCTOCOBYBAJIM MAaKeT mporpamMHoro 3ade3neueHHss SMARTSEM.

XIMIYHHME CKJIaJ OTPUMAHUX OCAJIB JOCIIIPKYBAIM 3a JIOMOMOIOI0 PEHTICHIBCHKOTO €HEpro-
nucnepciitHoro ananizy (EDX).

PE3YJIbTATH JOCJIIIKEHD TA IX OGTOBOPEHHS

VY xucnux cynbpataux enekrpoiitax (0.1...0.5)M CuSO4 + (0.1...0.5)M H,SO, B niama3oni
temnepatyp 20...50 °C Ha nmoBepxHi amoMiHieBuX (osibru (puc. 1, @) ta nmopomky (puc. 1, b) xapak-
TepHO (OPMyBaHHS MIJHOTO OCaJy MIKpOKPHUCTATIYHOI CTpyKTypH. [IpUTIM Ocaa yTBOPIOETHCS yiKe
Ha TepIIi XBUIWHI, [0 BKa3ye Ha NMPAaKTUYHY BIACYTHICTh IHIYKIIMHOIO MEpPioay HpoIeCy TajbBa-
HIYHOro 3amimeHHs. OgHak Cynb(aTHI po3UMHHM HE 3a0e3MeuyrOTh BHCOKOI HIUIBHOCTI 3allOBHEHHS
MTOBEPXHI aJIOMIHII0 YaCTMHKaMM MiJi Ta iX arjioMepatamu. I3 30LIbLICHHSIM TPUBAJIOCTI MPOLECY
CIIOCTEPIra€ThCs HEPIBHOMIPHMIM picT ariomepaTiB B 00’emi (3D) 6e3 ¢hopMyBaHHs IJIIBKOBOI'O OCay.
OxpiM TOro, mociaadIIEThCS aIre3iss MiJHMX YaCTHHOK JIO aJFOMiIHIEBOT ITOBEPXHI 1 HABITh X OCHIIaH-
Hs BHACJIIIOK TpaBJICHHS OCTaHHBLOI. OTKe, aaloMiHil, sk 1 MarHii [9], y kucaux cyiabhaTHUX po3-
yuHax Kynpymy (II) cynabghaTy npumaTHHIA IS Ofep)KaHHS MIIHOTO MOPOIIKY 3 MIKPOHHUMH PO3Mi-
paMu YaCTHHOK.

EHT = 15.00 kV Signal A = SE1 Date :27 Apr 2016 EHT =15.00 kv Signal A = SE1 Date :27 Apr 2016
WD =10.0 mm Photo No. = 8772 Time :9:27:22 Photo No. = 8794 Time :9:48:24

Puc. 1. SEM-300pakeHHs1 IOBEpXHI amoMiHieBUX (QoJIbIH (@) Ta MOpouKy (H) 3 0cagoM Mifi, OAepKaHOro
rajibBaHiYHUM 3aMiieHHsM y posunsi 0,25M CuSO, +0,25M H,S0, 3a 40 °C npotsrom 2 xB.

Fig. 1. SEM-image of the surface of the aluminum of foil (a) and powder (b) with deposit of copper which was
obtained by galvanic replacement in solution 0,25M CuSO, + 0,25M H,SO, at 40 °C for 2 min.

VY mipodochaTHux po3dyrHax, fAK 1 Cylb(aTHUX, TajdbBaHIUHE 3aMIIICHHS MiJi TaKOX BinOy-
Ba€THCS MPAKTUYHO 0€3 IHAYKIIHHOrO nepioay. OmHak ocaji BUPI3HAETHCS PIBHOMIPHUM PO3IMOALIOM
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YACTHHOK Ta X arjoMepariB Ha MOBEPXHI W BUCOKOK IMUIBHICTIO 11 3amoBHEHHS (puc. 2). IuHamika
pocTy ocaay Taka. Y Tmepiili XBHJIMHH (DOPMYIOTHCSA aHOMHI Ta KAaTOAHI AUISHKMA 3 YTBOPEHHSM Ha
ocTaHHIX yacTHHOK po3MipoM 100...500 uMm (puc. 2, a). Y noaaablioMy CIIOCTEPIra€Thes, IepeBa)xHo,
ix pict (puc. 2, b-d). Ilputim nepeaxkae 2D pict, 10 CHOpUs€E 3aMOBHEHHIO MIAKIAAKH aX 10 YTBO-
PCHHSI MOPYBATOI ILUTIBKH.

EHT = 15.00 kv Signal A = SE1 Date :27 Apr 2016 EHT = 15.00 kv

Photo No. = 8762 Time :9:16:23 WD =100

'S -
Date :14 Apr 2016 Signal A= SE1 Date :14 Apr 2016
Time :11:50:51 Photo No. = 8380 Time :11:55:51

R . e

Puc. 2. SEM-300pakeHHs Mijii, OCa/PKeHOI IajbBaHIYHIM 3aMIiIEHHIM i3 ipodochaTHUX pO3UUHIB
Ha MMOBEpXHi amoMiHieBoi ¢onbru 3a 40 °C nporsrom 5 (a), 30 (b), 60 (¢) Ta 90 (d) xB.

Fig. 2. SEM-image of copper, which was deposited by galvanic replacement from pyrophosphate solution
on the surface of aluminum foil at 40 °C for 5 (a), 30 (), 60 (¢) and 90 () min.

CdopmoBani mopyBati MifHI IUIIBKKA Bi3HAYAIOTHCS BUCOKOKO aJAre3i€ro J0 alrOMIHIEBOI MMO-
BEPXHI, 1[0, HACaMIIEpEel, 3yMOBJICHO KHUCIOTHICTIO po3uuny (pH = 7.5...9). Biuius ckiany po3uuHy,
30kpema, crisBignomenns [P,0;7]:[Cu®’] Take sk 3a eTEKTPOXiMIYHOrO OCAPKEHHS — 3 HOrO 30iTb-
IIICHHSM 3MEHIIYIOThCS PO3MIPH YaCTHHOK MiJIi 3a PaxyHOK 3pOCTaHHS KaTOIHOI rmospu3aitii. Lle mo-
ke OyTH BUKOPUCTAHO JJIsl KEPOBAHOTO (hOPMYBaHHSI PO3MIPIB CTPYKTYPHHUX CKJIaoBuX ocany. [Toka-
3aHO, 1110 MOJAJIbIIE SIEKTPOXIMIUHE MiTHEHHS TaKHX 3pa3KiB y mipodochaTHUX eeKTpomiTax 3a0es-
Me4ye yTBOPCHHS CYIUIBHHMX IUIIBOK 1 MOXK€ OyTH 3aCTOCOBAaHO SIK IMIJIIAP IiJ HIKEIIOBaHHS, XPO-
MyBaHHS IHIKX (YHKI[IOHATBHUX rajbBaHIYHUX TOKPUTTIB.

AHajioriyHa 3aKOHOMIPHICTh TajbBaHIYHOTO OCADKSHHS Mifl y mipodochaTHUX pPO3UMHAX
CIIOCTEPIra€ThCs Ha TIOBEPXHI aroMiHieBoro mopoiuky (puc. 3). JlobOpa aaresis ocamy mini, piBHOMIp-
HICTh PO3MOJILTY Ha YaCTHHKAX 1 MOKJIMBICTh KEPOBAHOTO PETyYJIIOBAHHS BMICTY Mifl Ia€ MiACTaBU s
BHKOPHCTaHHS TaKOi JUCIIEPCHOT CUCTEMH aJIFOMIHINA-Milb Y TOPOILIKOBIN MeTalyprii.
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00 kV Signal A = SE1 Date :14 Apr 2016 EHT = 15.00 kvV Signal A = SE1 Date :14 Apr 2016

WD =115 mm Photo No. = 8348 Time :11:28:43 WD =11.0 mm Photo No. = 8362

TR SR

Puc. 3. SEM-300pakeHHs Mijii, OCa/PKeHOI raJbBaHIYHIM 3aMIiIEHHIM i3 ipodochaTHUX pO3UUHIB
Ha MOBepxHi amominieBoro nopmky 3a 40 °C nporsirom 30 (a) ta 90 (b) xB.

Fig. 3. SEM-image of copper, which was deposited by galvanic replacement from pyrophosphate solution on
the surface of aluminum powder at 40 °C for 30 (@) ta 90 (b) min.

BUCHOBKHU

1. Y poszuunax CuSOy4 + H,SO,, y mmpokoMy mianaszoni konuenTpaniid kynpymy(Il) cynbdaty
Ta Ccynb(aTHOI KUCIIOTH, TajbBaHIUHE 3aMIIlICHHS aJIFOMIHIEM CIPHYUHSE YTBOPEHHS Ha IOBEPXHI
migknanky ($posasru adbo MOPOIIKY) MIKPOHHMX YaCTHHOK MiJii 3 HEBUCOKOIO aJre3i€ro, 1o MoXe OyTH
BUKOPUCTAHO JIISI OJICPYKAHHS BUCOKOMCIIEPCHOT'O MIZTHOTO TTOPOIIIKY.

2.V nipodocpataux pozurHax Na,[Cu(P,O,)] + Na,P,O; Ha amoMiHi€BIH TOBEPXHI yTBOPIO-
€ThCs oca i3 yacTUHOK Mifi po3Mipamu 100...500 HM, sKi pIBHOMIPHO PO3MOALICH]I Ha MTOBEPXHI M-
KJIaJKH. 3 30UIbIIICHHSIM TPUBAJIOCTI MPOLIECY rajbBaHIYHOrO 3aMIIIEHHS IIUTbHICTh 3aITOBHEHHSI 3pO-
cTae, 1o 3abe3neuye GopMyBaHHS MiITHOT IUTIBKU 3 JOOPOO are3i€ro 10 moBepxHi miakimaaku. OcraH-
HI MOXKYTh BUKOHYBaTH ()YHKI[IIO HiAMapy AJIs €JISKTPOXIMIYHOrO HaHECCHHS (PYHKIIIOHAJIBHUX I10-
KPUTTIB (MIJHHMX, HIKEJIEBUX, XPOMOBHX ) Ha aJIFOMiHIEBY MTOBEPXHIO.
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