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ITinBuIeHHs: abpa3uBHOI 3HOCOCTINKOCTI
amoMiHieBuX JuBapHux cmiaBiB Al-S1 AK-9 ta AK-12
MJIa3MO-€JIEKTPOJIITHOIO 0OPOOKOIO

JIoCHiIKEHO CTPYKTYpYy, MIKPOTBEpIICTh Ta aOpa3WBHY 3HOCOCTIHKICTh aIOMIHIEBHX JIMBAPHUX
crutaBiB Al-Si AK-9 ta AK-12 cumyminiB. ®a3oBuii aHami3z mnokasas, mo okcuaauii [IEO map ckiamaeTbes i3
nmBox okcugHuX ¢a3 aAl,Os, YALLO; Ta cumikatHOi hazu Al,SiO;. KpeMmHiit € mpucyTHIH y CTPYKTYpi OKCHIHOTO
nrapy mpoTte HOro € MEHIIe HiX y CTPYKTypi CHiIyMiHiB. BcTaHOBIEHO, IO B IpoIeci MmiIa3Mo-eIeKTPOTiTHOI
00pOOKHM KpeMHill pO3UMHAETHCA Y JIy’)KHOMY enekTpoutiti. IlokasaHo, IO IU1a3MoOeneKTposriTHa oOpoOka
curyminiB AK-9 ta AK-12 migBumnye ix mikporBepaicts 1o 1000 ...1300 HV, ne cnpuunHsie migBUIIEHHS iX
abpa3uBHOI 3HOCOCTIiKOCTI ¥ 14...57 pasis. JJomaTok B enexrpouit nepekucy BoaHio H,O, y kinbkocti 3% mac.
miBUILYye aOpa3MBHY 3HOCOCTIMKICTh CHIIYMIHIB IICHS IUIa3MOENeKTpoiTHOI 00poOku me Ha 30..70%. Lle
3YMOBJICHO 30UIBLICHHIM OKCUAHUX (a3 Ta 3MEHINEeHHAM critikatHoi a3 Al,SiO3 y CTpyKTypi HOKPUTTS.
TUIA3MO-eJ1eKTPOJIiTHE OKCHIYBAHHS, AJIOMiHI€Bi TMBapHi cIUIaBU, OKCHAHI 1IapH, 3HOCOCTiliKicTH

IlocTanoBka mnpoGaeMu. AJIOMIHIEBI JIMBAapHI CIUIABH BUKOPUCTOBYIOTHCA Ha
MalMHOOYIIBHUX, AaBTOMOOUIbHUX, aBiallIiHUX, EJIIGKTPOTEXHIYHMX Ta TEKCTUIBHUX
nignpuemMcTBax. OJHAK alIOMIHIEBI CIUIaBHM MalOTh HU3bKY aOpa3HWBHY 3HOCOCTIHKICTB, IO
CYTTEBO CTPUMYE iX 3aCTOCYBaHHS y TEXHOJOTIYHUX CEpEelOBUIIAX, /1€ € HasgBHI aOpa3uBHI
YaCTHHKH.

AHami3 ocTraHHix AocaimkeHb i myoJikauiid. [IpoBeneHuii ornsm miTepaTypHUX
JOKEpeINl TIoKa3aB, IO IS MiABUIIECHHS 3HOCOCTIMKOCTI allfOMIHIEBUX CIUIABIB HaiyacTiie
BUKOPUCTOBYIOTH TallbBaHIYHE XpOMyBaHHs [1], ra3oTepMiuHe HaHECEHHS MOKPUTTIB [2, 3],
ma3Mo-enekTpoiitHe okcuayBanusa (ITEO) Ta tBepae anomyBanus (Hard Anodic Coatings).
MeTton ranpbBaHIYHOTO XPOMYBAHHS €KOJIOTIYHO HEOE3NMeYHU Yepe3 BHKOPHUCTAHHS
KaHIICPOTeHHUX Ta EKOJIOTIYHO HEOE3NMEeUHUX EJEKTPONITIB. MeToJ TBEpAOro aHOIyBaHHS
(Hard Anodic Coatings) TEXHOJIOTITYHO MPOCTHHA Ta BIAHOCHO JCIICBUN W MOYMHAE ITUPOKO
BUKOPHUCTOBYBAaTHUCh Y TPOMHUCIIOBOCTI, OJIHAK MAa€ CYTTEBI HEAOJIKH, a caMe: TOKPHTTS
MaroTh HU3BKY TBepicTh (< 500 HV) Ta 3HOCOCTIHKICTE [4]. MeToa mi1a3Mo-eIeKTpOTiTHOTO
okcunyBanHsa [IEO Ha amromiHieBHX cIuiaBax 3abe3mnedye BHCOKY TBepaicth no 2000 HV,
HU3BKHI KOEQIIEHT TepTs, BUCOKY aAre3ir0 IO METaJeBOi OCHOBU, BHUCOKY EKOJIOT1UHY
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guctory [5]. OmHak 1eli METOJ HE JO03BOJISIE CHHTE3YBAaTH OKCHIHI IIAPU 13 BHCOKOIO
abpa3uBHOIO 3HOCOCTIMKICTIO Ha JTMBApHUX CIUaBax - criyminax. [IEO mapu cuHTe30BaHi Ha
HaOLIbII MHMPOKOBXKMBaHWX Al-Si JMBapHMX CIUIaBiB MalOTh CYTTEBI HEIOJIKH: Maia
MIBUJIKICTh CHHTE3Y OKCHIOKepaMigHoro mapy - 0,5 - 1 MKkM/xB., Masia ToBmuHa-10 140 MKM,
HU3bKa MikpoTBepAicTh (700-1000 HV) ta Hu3bpKa abpa3uBHA 3HOCOCTIHKICTS [6,7].

IlocTranoBka 3aBaanHs Cunte3yBatu okcumHi [TEO mapu Ha moBepxHI 3pa3KiB i3
nuBapHUX anmoMiHieBuX cruiaBiB AK9 ta AKI12. Jlocmiautu mikpoctpykrypy IIEO mapis,
3MIHYy 1X MIKPOTBEPAOCTI B 3aJieXKHOCTI BIJ CKJIAMy EJEKTPOJITY B TMPOIECi IuIa3Mo-
€JIEKTPOITHOI OOpOOKM. CHHTE30BaHMX HA TOBEPXHI JIMBApHUX AaJIOMIHIEBUX CIUIaBiB Ta
JOCIIIIUTH iX aOpa3uBHY 3HOCOCTIMKICTD 3aKPITIJICHUM a0pa3uBOM.

Buxaan ocHoBHoro marepiaay. Martepiaau ta meroam nociaimkenb. [IEO mapu
CHUHTE3yBaJIM Ha MoBepxHi miactuH 30x30 MM TOBIIMHOIO 4 MM 13 alfOMIHIEBUX JIMBAPHUX
crutaBiB AK-9 (9% Si) ta AK-12 (12% Si) B enmektponiti — 3 g/l KOH + 2 g/l Na,;SiOs
(BOIHMIA pO3YWH PIAKOTO CKJIa) O€3 Ta 3 T0JATKOM B €JEeKTpOiT 3 1/1 mepekucy Boanio H,O,,
IMIYJIBCHUM cTpyMOM 3a yacToT 50 ['11 y KaTogHO-aHOAHOMY peXHMMi IPH CITiBBITHOUICHHI
crpymie (I/I,) = 1 Ta rycrurn crpymy 20 A/dm’. ToBIipHA HOKPHUTTIB ICIS CHHTE3y HA
npotsizi 120 xB Oyna 120 -130 pm.. [4]. Meranorpadiuni AOCHIPKEHHS MPOBOAMIN Ha
CKaHyro4oMy enekTpoHHomy mikpockoni ZEISS EVO 40X VP 3 cucteMoro peHTTeHIBCHKOTO
mikpoananizy INCA Energy. ®a30oBuil ckiaJ NOBEPXHEBUX IIApiB JOCIIIKYBAIU 32
noniomororo audpakromerpa DRON-3M y Cu-K-BunpomiHiOBaHHS.

PucyHnok 1 — Cxema BunpoOyBaHHsI Ha abpa3svBHHUI 3HOC 32 BUKOPHCTaHHS a0Opa3UBHOTO JANUCKY
(1 3pa3sok, 2 abpa3uBHHI KpyT)
Loicepeno: pospobaeno agmopamu

AOpa3uBHY 3HOCOCTIMKICTh 3aKpilJIECHMM aOpa3vBOM BH3HAYaJId 3a JOTIOMOTOIO
abpasuBHOro nucka (puc. 26) miamerpoM 150 mm i mmpuHOIO 8 mMmMm, BHUTOTOBJIECHOTO 3
€JICKTPOKOPYHAY 13 po3mipom 3epHa 250 - 315 pum, gyactora obOepranHs aucka 160 rpm,
HaBaHTAXXCHHS B 30HI JiHiIHOTO KOHTAaKTy 15 H. 3HOC 3pa3KkiB OLIHIOBAJIM 32 BTPATOI0 MacH
Ha enexTporHiit Ba3i KERN ABJ 220 4M 3 tounictio 1o 2 « 10* g. Mikporsepaicts ITEO
mapiB BHM3HAaYaJM 3a BUKopucTanHa mnpwiany IIMT-3. CrpykTypy OKCHIHHMX IIapiB
JIOCJIIDKEHO Yy XapaKTepUCTUYHOMY BHIpoMiHIOBaHHI BSD Ha eleKTpOHHOMY MIiKpOCKOII
EVO 40 XVP. ®azoBuil aHami3 OKCHAHMX IIApiB BUKOHAHO Ha PEHTIECHIBCHKOMY
mudpakromerpi BRUKER D8 DISCOVER.

CTpyKTypa ILIa3MO-e1eKTPOJITHUX wmapiB Ha cuiayminax. DazoBuil anami3
nokasan, mo okcupauid [IEO map ckimamaerses i3 nBox okcuaaux ¢as aAl,0;, v AlLOs; Ta
cunikatHoi Qa3 cumimanity- AlO3°Si0,. KpemHill € mpuUCYTHIH y CTPYKTypi OKCHIHOTO
mapy MnpoTe MOoro € MeHIIEe HIK Yy CTPYKTypi ciryMiHiB. O4eBUIHO, 10 B MPOIIECi TIa3Mo-
CJIEKTPOITHOI OOpPOOKM KpPEeMHIH PpO3UMHSETBCA y JyXKHOMY enektpouiti. Ilpudomy i3
cunyminy AKI12 kpemHil po3umHSEThCS y OUThINK Mipi HDK 13 cuinyminy AK9 puc. V
ctpyktypi IIEO mapy crocrepiratoTbCst MiKpOTPILIMHA Ta TOpH. Lle 3yMOBICHO MIBHIKUM
OXOJIOJKEHHSIM 30HH PO3PSATHUX KaHAJIB B MPOIEC CHHTE3Y OKCHIHOTO mapy. BepxHii map
OKCHJTHOTO IIapy SK MPaBUIIO € OUIBII Je(eKTHUM HIK HIDKHIN mmap.
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e
Crektp 1

£
Cnektp 1

Enement | Mac. % Enement | Mac. %
oK 52.39 OK 51.12
AlK 41.56 AlK 42.17
Si K 5.39 Si K 5.42
KK 0.65 KK 1.28
cyma 100.00 cyma 100.00
1-ITEO map, 2-ocHoBa cuaymin AK-9 1-ITEO map, 2-ocHoBa cuaymin AK-12

PucyHok 2 — CTpyKkTypa 1m1a3mMo-eJIeKTPOIIITHUX IIapiB Ha CHIIyMiHaX
Hoicepeno: pospobnero agmopamu

Aopa3uBHa 3HococTtilikicte IIEOQ mapiB. [IEO mapu Ha cuiyMiHax MaioTh
MikpoTBepaicTs Ha piBHI 1000-1300HV (puc.3 ) omnHak 115 TBEPIICTh € CYTTEBO MEHIIOKO 3a
MIKpOTBEpIiCTb, Ky MatoTh [IEO mapu cunte3zoBani Ha crutaBax Al-Cu. Tak mo mpuxmamgy
MmikpotBepaicte [IEO mapy cuHTe30BaHOro Ha amtoMmiHieBomy cruiaBi J[16  cTaHOBHTH
1600...1800 HV. Mu mnos’s3yemo many MikporBepaicth [IEO mapiB Ha cuiyMmiHax i3
cuate3oM y crpyktypi I[IEO mapiB ¢da3u cumimanity- Al,O3-Si0;, ska Mae HUBBKY
MIiKpPOTBEPIICTb.

. 7 max B min O ser
1000 | £ ; % 7
1| 7 % 7
500 / ; ,/; /f //
0 il H

Pucynoxk 3 — Mikporsepaictb [IEO mapiB cHHTE€30BaHUX Ha CIUIABaX aIFOMIHIIO
1-cimaB AK9 (enexrponirt 3 g/l KOH + 2 g/l Na,Si0;),
2-crutaB AK9 enexrpoanit 3 g/l KOH + 2 g/l Na,SiO; + 3r/n1 H,0,),
3 crutaB AK12 (enextpodit 3 g/l KOH + 2 g/l Na,SiO3),
4-crutaB AK12 enextpoutit 3 g/l KOH + 2 g/l Na,SiO; + 3r/n H,0,)
Ioicepeno: pospobaerno agmopamu

[Ina3mo-enexTposiTHa 00poOKa CHIIyMIHIB CyTTE€BO MiABHILYe IX aOpa3uBHY
3HOCOCTIHKICTh (puc.4). Tak 3HOcocTiHKicTh cmmaBy AK-9 micist 1mura3mMoeneKTposiTHOI
00poOku 3pocna y 57 pasiB, a 3HococTiiikicTe cmnaBy AK-12 y 14 pasis. Jlomatok B
enekTpouit nepekucy BoaHo H,O, y kimpkocTi 3% Mac. miaBHIy€e aOpa3suBHY 3HOCOCTIHKICTh
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CHWIIYMIHIB TMicli IJIa3MOeNeKTponiTHOi o0poOku me Ha 30..70%. Lle 3ymoBieHo
30nbmeHHIM OKcuIHUX (a3 aAlLOs, v Al,O3 Ta 3MeHIIeHHAM CUJTIKaTHOT (pa3u cUIliMaHiTy-
Al,O3-S10; y CTpyKTYpi IOKPUTTSL.

3akpirvieHnit abpa3ur

Brpara macu, r

i o
r 2 3 4 5 6

Pucynok 4 — A6pasusna 3HococTilikicTs [IEO mapiB cHHTE€30BaHUX Ha CIUIaBaX ajltoOMiHito (Tabu. 1)

Loicepeno: pospobreno asmopamu

Tabmuus 1 — 3vococtidikicte cruaBiB AK-9 (5) ta AK-12 (6) ta [IEO mapis

cuHTe3oBanux Ha criaBax AK9(1,2) ta AK12 (3,4).

[Toznauennst Mapka cuiryminy, 3HoC, T

CIUIaBiB Ta ix (ckJaj eneKkTpoIiTy)

00po0Oku Ha puc.4

1 AK-9 (3 g/l KOH + 2 g/l Na,Si03) 0,0071

2 AK-9 (3 g/l KOH + 2 g/l Na,Si0; + 3r/1 H,0,) 0,0051

3 AK-12 (3 g/l KOH + 2 g/l Na,SiO;) 0,0418

4 AK-12 (3 g/ KOH + 2 g/l Na,SiO; + 3r/1 H,O») 0,0134

5 AK-9 BuxinHuii criaBs 0,4065

6 AK-12 BuxigHuii cruiaB 0,578
BucHoBku:
1. TIlnasmo-enektponitHa o00pobka cunymiHiB AK-9 Tta AK-12 migBumye ix

MmikporBepaicte g0 1000 ...1300 HV, me cnpuuuHse miIBUIICHHS iX aOpa3uBHOT

3HOCOCTIHKOCTI y 14...57 pa3is.

2. Jonmarok B enekTpomiT nepekucy BoaHio H,O, y ximbkocti 3% Mac. migBUILy€E

abpa3uBHY 3HOCOCTIHKICTh CHUIYMIHIB IICIIS TIA3MOENEKTPOoIiTHOI 00poOku e Ha 30...70%.
Ile 3ymoBneHO 30UIbIIEHHSM BMicTy okcuaHuX (a3 aAl,Os, v Al,O; Ta 3MCHIIEHHSM BMICTY
cuitikatHoi (azu cunimaHity- Al,O32Si0; y CTpyKTypl HOKPUTTS.
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Increasing the Abrasion Resistance of Aluminum Foundry Alloys AL-SI AK9 and AK12

Plasma-electrolytic Treatment

Aluminum casting alloys are used in machine-building, automobile, aviation, electrical and textile
enterprises. However, aluminum alloys have low abrasive wear resistance, which significantly hinders their use
in technological environments where abrasive particles are present.

However, aluminum alloys have low abrasive wear resistance, which significantly hinders their use in
technological environments where abrasive particles are present. The method of plasma electrolytic oxidation of
plasma electrolyte treatment on aluminum alloys provides high hardness up to 2000 HV, low friction coefficient,
high adhesion to the metal base, high environmental friendliness. However, this method does not allow the
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synthesis of oxide layers with high abrasive wear resistance on cast alloys - silumin. Plasma electrolyte treatment
layers synthesized on the most widely used Al-Si foundry alloys have significant disadvantages: low rate of
synthesis of the oxoceramic layer - 0.5 - 1 um / min., Low thickness - up to 140 pm, low microhardness (700-
1000 HV) and low abrasion resistance.

Plasma electrolyte treatment layers were synthesized on the surface of 30x30 mm plates with a
thickness of 4 mm from aluminum casting alloys AK-9 (9% Si) and AK-12 (12% Si) in electrolyte - 3 g /1 KOH
+ 2 g /1 Na,SiO; (aqueous solution of liquid glass) without and with the addition to the electrolyte of 3 g /1 of
hydrogen peroxide H,O,, pulsed current at a frequency of 50 Hz in the cathode-anode mode at a ratio of currents
(Ik / Ta) = 1 and a current density of 20 A / dm2. The thickness of the coatings after synthesis for 120 min was
120 -130 pm .. [4]. Metallographic studies were performed on a scanning electron microscope ZEISS EVO
40XVP with X-ray microanalysis system INCA Energy. The phase composition of the surface layers was
investigated using a DRON-3M diffractometer in Cu-K radiation.

Conclusions:

1. Plasma-electrolyte treatment of silumins AK-9 and AK-12 increases their microhardness up to
1000... 1300 HV, which causes an increase in their abrasive wear resistance by 14 ... 57 times.

2. Addition to the electrolyte of hydrogen peroxide H,O, in the amount of 3% of the mass. increases the
abrasive wear resistance of silumins after plasma electrolyte treatment by another 30 ... 70%. This is due to the
increase in the content of oxide phases 0Al,O3, YALL,O; and the decrease in the content of the silicate phase of
sillimanite - AL,O; - SiO, in the coating structure.
plasma-electrolyte oxidation, aluminum cast alloys, oxide layers, wear resistance
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