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3HOCOCTIMKICTh OKCHAHUX IIapiB CPOPMOBAHUX
MeToa0M TBepioro anoayBaHHs (hard anodic coatings)
IpY 3MIIHEHH] JIeTaleld arponpoOMHCIOBOI TEXHIKH

CuHTEe3 aHOZOBAHOTO IIApy Ha CIUIABi amroMiHil0 BuKOHYBamu y 20 % po3dmHi cipuaHOI KHCIOTH 32
temmepatypu -8...- °C. Ili yac aHOTyBaHHS IyCTHHA CTPYMy CTaHOBHIA 5 A/mM’. Yac aHOZYBAaHHS CTAHOBHB
60, 120 Ta 180 xB. IIpoBommmm MeTanmorpadidi IOCTIHKeHHS Ta (Ha30BUI aHaNi3 aHOMOBAHWUX MIApiB.
3MEHIIEHHS BMICTY BOJIOTH MpoBoauan 3a Temneparypu 400 °C Brnpogosx 60 xB. BcraHoBIeHO, 0 OKCHIHUM
mrap (Al,O3-H,O) mig gwac TBepaoro aHOAYBaHHS Ha allIOMIHIEBHX CIDIaBax GOPMYIOTH HE JIUIIE HOHU KHCHIO, SKi
YTBOPIOIOTBCS BHACIHIZOK PO3KIAAy BOAM, a TAaKOX HOro HEWTpaJbHI aTOMH, AKi (HOPMYIOTBCA 3 PO3UHHY.
BusiieHo, i3 30UIbIIEHHSIM 4Yacy aHOIYBAHHS 3pOCTAa€ MIKPOTBEPIICTh Ta TOBIUMHA Imapy. Ilicas TepmivHOT
00pOOKHM KiJBKICTh MOJNEKYNI BOIHM 3MEHIIYETHCS 1 MIKPOTBEpHICTh 3pocTae. llimBHINEHHS MIKpOTBEPIOCTI
CIIpHSIE€ 3pOCTaHHIO ONOPY a0pa3sMBHOMY 3HOLTYBaHHIO.

TBep/ie AHOYBAHHS, AJIIOMiHill, aHO0BaHUI LIap, OPH, 3HOCOCTIKICTH

IToctanoBka mnpoGjemMu. B ocTaHHI poOKM Yy arpornpoMHCIOBOMY BHPOOHMITBI
BiIOYBa€ThCS TCHACHIIIA HA 3aMiHy YaBYHHUX JieTaliell Ha JIeTalli 13 alllOMiHI€BUX CIUIABIB MPU
HECEHH1 Ha MOBEpXI0 3MilHI004oro mapy [1-4]. BupoOHHLITBO YaBYHY CYIpPOBOJIKYETHCS
BUKHUJIOM BEJIMKOI KIJIBKOCTI BYIJIEKUCIIOTO ra3dy B armMoc(epy. 3aMiHa YaByHHHUX JAeTanel Ha
QITIOMIHIEBI 3MEHIIUTh KUIBKICTh BUKUIIB BYTJEKUCIOrO Ta3y B atrMmocdepy, Ta CyTTEBO
3MEHIINUTH Bary KOHCTPYKIIii [5-8].

TBepae aHoayBaHHSI 3aCTOCOBYETHCS NMPAKTHYHO B YCiX Tay3siX MPOMMCIOBOCTI: aBialliiiHa
Ta aBTOMOOLJIbHA IPOMHUCIIOBOCTI; MHEBMAaTHKA 1 TiApaBiiKa; €JIEKTPOHIKA; HarpiBajbHi
w1aThOpMH Ta TITUTKH; METUYHI TIPUIIAJIH.

Oco065MBO BENMUKY KUTBKICTh HIKiBIB BUKOPHUCTOBYIOTh Ha KOMOalHaX, MPU €KCIUTyaTarii
SAKMX XMapH 3 MWy, BiAIrpaiodu poiib abpasuBy, CyTTEBO 3MEHUIYIOTH iX pecypc. OmaHak
JeTaii i3 alOMiHIEBUX CIUJIaBiB MalOTh Majly aOpa3uBHY 3HOCOCTIHKICTH, III0O MOXXE CYTTEBO
00OMEXUTH X eKCIUTyaTaIliiHII pecypc.

AHaJni3 ocTaHHiX gocaizxenb i mydaikaniii. Cepen netaneil, 10 BUTOTOBISIOTHCS 13
QIIOMIHIEBUX CIUIABIB € MOPIIHI, 3y0YaTi mepenadi, MWKiBM Ta mectepHi puc.l, puc.2. s
3aXUCTy BiJ aOpa3sMBHOIO 3HOILIYBAHHS AalIOMIHIEBHX CIUIaBIB BHUKOPUCTOBYIOTH METOAM
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ra30TepMiYHOTO HAHECCHHS 3aXHCHUX IIOKPUTTIB, TajbBaHiYHE HAHECEHHS XPOMOBOTO
NOKPUTTSA, @ B OCTaHHI POKM METOJ IUIa3MOEJIEKTPOIITHOTO OKCHIYBAaHHS Ta XOJIOIHOTO
aHoxyBanHs (Hard Anodic Coatings).

Pucynok 1 — lllectepHi 3 HAHECEHUM KepaMidHUM Pucynok 2 — Burnsg aHooBaHOTO Ta HE
IIAPOM METOJOM TBEPIOTO aHOyBaHHS QHOJOBAHOT'O LIKiBa KOJIIHBAITY
Locepeno: pospobaeno agmopamu

Cepen mepeBar XOJOIHOTO aHOyBaHHS aJIOMIHIEBUX CIUIABIB € BUKOPUCTAHHS €KOJOTIYHO
YUCTUX €JEKTPOJITIB, TEXHOJOTIYHO HECKJIaJHUN Ta EHEepreTMYHO-€eKOHOMHHI Ipolec.
OpHak CyTTEBHM HEAONIKOM € TOpiBHAHO Mana MikporBepaicte — 400...450 HV, a
BiJIMOBITHO 1 3HOCOCTIHMKICTh aHOJJOBAHUX IIIAPiB.

IocTtanoBka 3aBaaHHs. [liABHINCHHS MeXaHIYHI XapaKTEPUCTHK aJFOMIHIEBUX
CIUIaBIB METOJIOM (hOpMYyBaHHS aHOJOBAHUX IIAPIB HA iX MOBEPXHi. 3MIHUTH Yac aHOyBaHHS
Ta CKJIaJ aHOJOBAHOTO HIApy Ui 30UIBIICHHSI TOBIIMHU aHOJOBOTOTO IIAPY Ta IiABUIICHHS
MIKpOTBepaOCTi. Bu3HaunTu BIUIMB Yacy (OpMyBaHHS aHOAOBAHOIO IIapy Ha 3MiHYy HOro
BJIACTUBOCTEH.

Bukiaag ocHoBHoro marepiany. Ilpoumec TBeproro aHoayBaHHS NPOBOJIUIHM 3a
temnepatypu —8...-4°C BrnpojoBx 60 XB. BUKOPUCTOBYIOUM YCTAaHOBKHM HaBEJEHY Ha
puc. 3., enekrpoiaitom ciayrysaB 20%-uit Boguuit po3unH H,SO4. B nponeci anonxyBaHHs
migTpEMyBanu ryctury ctpymy 5 A/dm’. 3pasku 3 Texmiunoro amominiro A0 (1011)
(0,25 mac.% Si; 0,40 mac.% Fe; 0,05 mac.% Cu; 0,05 mac.% Mn; 0,05 mac.% Mg; 0,05
mac.% Ti; pemra Al) po3mipom 20x20x5 MM mepen aHOAYBAaHHSM 3HEKHPYBATU
BIJIGCHCBKUM BamHOM (BogHMH po3unH cymimi CaO + MgO) Ta npoMuBaau B XOJOIHIN i
TeIUTii BOJI 3 HACTYIHUM OCBITJCHHSAM y BOAHOMY pO34uHI HiTpaTHOI kuciotu (400 g/l
HNO3). Ilicns ocBiTIEHHS 3pa3Kd MPOCYIIyBAJIM TapsSyYUM TOBITPSIHUM CTPYMEHEM
BIIPOJOBXK 3...5 XB Ta, M7’ €IHABUIN 10 aHOJIHOI HAPYTH, 3aHYPIOBAJIHU B €JIEKTPOJIIT.
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1 — HaBicka 3 peransiMu; 2 — eNeKTpotiT; 3 — Pucynok 4 — Cxemu BUIpoOyBaHHs aOpa3MBHUM
PELUPKYIISLis Ta OXOJIOJDKEHHS EJIEKTPOJIITY 3HOCOM IIPY BUKOPHCTaHHI )KOPCTKO 3aKPiIlIIEHOTO
Pucynok 3 — CxeMa ycTaHOBKH AJIsI TBEPAOTO abpasusy (1 3pazox, 2 abpasuBHuii kpyr) P-

aHOJyBaHHS alllOMiHI€EBUX CIUJIABiB HaBaHTaKEHHSA
IDicepeno: pospobneno asmopamu
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MiKpoTBEepAICTh BH3HAYQJIM 110 TOBIIMHI aHOJOBAaHMX IIapiB 3a JOTOMOTOIO
mikporBepgomipa  [IMT-3  (I'OCT  9450-76).  CtpykTypy  AOCHDKYBIA Yy
XapakTepUCTUIHOMY BurnpoMiHtoBaHHI BSD Ha enexkrponHOoMy Mmikpockorni EVO 40 XVP.
dazoBuil aHai3 BUKOHaHO Ha peHTreHiBcbkomy audpakromerpi BRUKER D8 DISCOVER
AOpa3uBHY 3HOCOCTIWKICTh BU3HAYAIIA 32 BUKOPUCTAHHS aOpa3uBHOTO Kpyra puc.4.

Pe3syabTaTi Ta ix o0roBopenHsi. Ha puc. 5 mokazaHo cxeMaTU4yHE 300pakKeHHS
Mopdosorii mopucToi aHOMHOT TUIIBKH, SIKa CKJIAMAETHCSA 3 TOHKOrO Oap’€pHOTO MmIapy,
pPO3TAlIOBAHOTO HA MEXi PO3JLTy METal/TUliBKa, 1 30BHINIHBOI MOPUCTOI oOJacTi, mo
MICTUTh UWJIIHAPUYHI TOPH, SKI BUXOMSITH 3 TMOBEPXHI IJIIBKKH 10 Oap’€pHOTO MmIapy.
[IniBka Mae 1IinbHUN HAOIp CTOBHYACTUX IIECTUKYTHUX KOMIpPOK, KOXHa 3
MEHTPAJIbHO, MUIIHAPUYHOIO, PIBHOMIpHOIO mopoto. bap’epHuii map Ha AHI KOXHOL
KOMIpKH Mae HamiBchepuyny popmy.

Pore wall

Cell wall

T |
Cell Barrier Pore
radius J layer base

Interpore
distance

a
Pucynox 5 — CxemarnuHe 300pakeHHs CTPYKTYPH aHOJIHOTO LIapy — a, peajbHe 300pakeHHs
AQHOJIHOTO LIapy MONEPEYHUN repepiz — B, BUJ 3BEPXY — C

Iicepeno: pospobreno asmopamu

VY cTpyKTypl aHOJHHUX LIApiB MPUCYTHI NOPH ABOX THMIB: KpyIHi (< 5 uM) Ta HaHO-
metrpoBoi BenuuuHH (< 50 HM). KinpkicTh mop B aHOJOBaHOMY Imapi 3pocTae 3i
30UIBIICHHSIM TPUBAJIOCTI aHOAYBaHHA. SIK TpaBWJIO, HAaHOMETPOBA MOPYBATICTh
aHojoBaHoro mapy He mnepeBuuiye 11...13 00.%. Kpynni nmopu, Ha Haml HOTrJsf,
BUHHUKAIOTh BHACHIJOK BUTPABIIOBAHHS €JIEKTPOIITOM BKIIOYEHb IHTEPMETATIIB 3aii3a
Ta Mifil. y CTPYKTYypi aJlOMiHI€BOTO CIUJIABY, PO L0 CBIIYUTH BUJIIJIECHHS MiJl Ha KaTOMII.

(puc. 6).

DJieMeHT BecoBoii %
0K 46.18
Cnewp 2 Mg K 0.57
: : ALK 45.58
SK 6.56
CuK 1.11
IAToru 100.00

, > @
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Pucynok 6 — CTpykTypa Ta CIeKTpajJbHUI aHaJTi3 aHOJHOTO Iapy Ha ciurasi AJ10
CHHTE30BaHOTO BIPOOBK 60 XB.

Lrcepeno: pospobneno asmopamu
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@azoBUM aHaNi30M aHOAOBAHUX IIAPiB BH3HAYEHO, IO OKCHIHHMU IIap y CBOEMY CKJIasi
MICTHTB J0 TPhOX MOJIEKYJ BOJH PHUC. 7 , Ki CYyTTE€BO 3HIKYIOTh MIiKPOTBEPIICTh a 3HAYMTB 1
3HOCOCTIHKICTh aHO/IOBAHOTO IIIapy.

Bimomo, mo TepMidaa 00poOKa KpUCTAIOTIAPATIB MPUBOIUTH IO BTPATH KPUCTATIYHOT
Boau. ToMy, JOCTIIKEHO BIUIUB TeMIIEpaTypH TepMiuyHOI 0OpoOKHU Ha 3MiHYy (ha30BOTO CTaHy,
TBEPAICTh Ta 3HOCOCTIHKICTh aHOMOBaHUX mIapiB. [lokazaHo, MO0 HAarpiB BXe TpPH 100°C
NPUBOIUTE 10 TIIBULIEHHSA MiKPOTBEPAOCTI aHOJOBAHOrO Wapy. BHacmilok 3MeHIIEHHS
MOJICKYJI BOJH B aHojoBaHOMY mapi Bix 3 1o 1 (puc. 8.) mpu 400 C MiKpOTBEPIICTh JOCSTAE
cBoro makcumymy -750 HV (puc. 9).

o oA
.A\)OZVSHQO

Pucynox 7 — ®a3oBuii ckinan
aHO/IOBAHOTO IIapy
A1203X3H203
Loicepena: pospobaeno agmopamu
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Pucynox 8 — ®a3oBwuii cknan
aHozoBaHoro mapy micis TO 400°C
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Pucynok 9 — Bruiue TepMooOpoOKku Ha
MIKPOTBEP/IICTh AHOIOBAHOT'O LIAPY

METOJIOM  XOJIOAHOTO
abpa3uBHY

3HOCOCTIHKICTh amoMinieBoro cruiapy JI16. 36iibuienns yacy GOpMyBaHHs OKCHIHUX HIAPIB
Bim 60 xB m0 120 xB Ta TepmiuHa oOpoOka 3a Temmeparypu 400 C BrnpomoBxk 1 roguHu
nijBuIIy€e aOpa3uBHY 3HOCOCTIHKICTh allIOMIHIEBOTO CILIaBy 10 ABOX pasiB puc.10.
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Ioicepeno: pospobneno asmopamu
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Pucynoxk 10 — BB temmeparypu TepMidHOi 00poOKH Ha aOpa3HBHY 3HOCOCTIHKICTD
aHOJIOBAaHOTO IIApy Ha TeXHIYHOMY aioMiHii AJI0
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BucHoBku:
1. OxcuaHuii map y CBOEMY CKJIaJi MICTUTh J0 TPbOX MOJIEKYJ BOJIH, SKi CYTTEBO

3HIDKYIOTh MIKPOTBEP/IICTh, & 3HAUYUTD 1 3HOCOCTIUKICTh aHOJIOBAHOTO ITIapy.

2. OkcuaHi Imapy Ha ATIOMIHIEBUX CIUIaBaX C(OPMOBaHI METOJOM XOJIOJHOTO

aHOJYBaHHSA 3a HU3BKHX Temmeparyp -8...-4°C  ngo 6 pa3 MiIBHILYIOTH aOpa3uBHY
3HOCOCTIHMKICTh aTIOMiHi€BOTO cIutaBy J{16.

3. Tepmiuna 06poGka 3a Temmeparypu 400°C BIpogoBX 2 TOAMH IIABUILYE

abpa3uBHY 3HOCOCTIMKICTh JIFOMiHI€BOTO CIUIaBY Ha MOPSIOK.
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Wearproofness of Layers of Oxide of Formed by Method of Hard Anodization (Hard

Anodic Coatings) at Strengthening of Details of Agroindustrial Technique

In the last years in an agroindustrial production there is a tendency on replacement of cast-iron details
on a detail from aluminium alloys at execution on moBepxio of strengthening layer. An ironmaking is
accompanied the extrass of plenty of carbon dioxide in an atmosphere. Substituting of cast-iron details by
aluminium will decrease the amount of extrass of carbon dioxide in an atmosphere, and substantially will
decrease weight of constructions. Hard anodization is used practically in all of industries of industry: avsup and
motor-car industry; hydraulics; electronics; heater platforms and tiles; medical devices. This method will allow
to promote mechanical descriptions of aluminium alloys the method of forming of the anodized layers on their
surface.

The synthesis of the anodized layer on an aluminum alloy was performed in a 20% solution of sulfuric
acid at a temperature of (-8...-2 °C). During anodizing, the current density was 5 A / dm2. The anodizing times
were 60, 120 and 180 minutes. Conducted metallographic studies and phase analysis of the layers. Reduction of
moisture content was performed at a temperature of 400°C for 60 minutes. It was found that the oxide layer
(AI203 - H20) during hard anodizing on aluminum alloys forms not only oxygen ions, which are formed due to
the decomposition of water, but also its neutral atoms, which are formed from the solution. It was found that the
microhardness and layer thickness increase with increasing anodizing time. After heat treatment, the number of
water molecules decreases and the microhardness increases. Increasing the microhardness increases the
resistance to abrasive wear.

Conclusions: The layer of oxide in the composition contains to three molecules of water, which reduce
a microhardness, and and wearproofness of the anodized layer substantially. The layers of oxide on aluminium
alloys are formed the method of cold anodization at low temperatures -8...-4 °C to 6 time promote abrasive
wearproofness of aluminium alloy of D16. Heat treatment for the temperatures of 400°C during 2 hours
promotes abrasive wearproofness of aluminium alloy on an order.
key words: Hard anodizing, aluminum, anodized layer, pores, wear resistance
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