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The process of packaging products in shrink film consists of two phases: formation package by sealing it in shrink
film; shrinkage of the film through its blowing hot air. Hot air is blowing of package realizing by heat chamber or
by heat tunnel.

The aim of the paper is to investigate the shrink coefficient polypropylene film in the transverse and longitudinal
directions, depending on the process temperature.

During the implementation of the shrink method in case the object is subjected packing, sharp transitions or sharp
edges possible undesirable deformation and/or damage to the object itself, or injury (up to fracture) packaging film
(that is destroying the integrity of the package), it would be appropriate to use a two-step incremental shrinkage.
Stepwise shrinkage was carried out in two stages: the first stage of the film was in the heat chamber 2 s, and at the
next shrink stage — 5 s. In carrying out the experiment was seen addiction at the time that the first shrink stage ex-
ceeding 2 s, the relaxation of the film makes it almost fully realized and further shrinkage is negligible. After finish-
ing shrinkage processes coefficient determined after the first stage and the overall shrink and total in the transverse
and longitudinal directions, depending investigated transverse and longitudinal coefficients shrink temperature.

A comparison of the experimentally obtained graph of the one-step and two-step in shrink follows that when shrink
film at one stage, shrink ratio is increasing with increasing operating temperatire, whereas the two-stage shrink
biggest factor shrink was obtained at a temperature 170°C . The total shrink degree in two-stage process is almost
the same as in the one-step shrink.
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NIABUIIEHHS KOPO3IMHOI CTIMKOCTI
IJIABMOBHUX ITOKPUTTIB HA OCHOBI IIJTAKOBAHOTI'O
MOPOLIKY OKCHUJLY AJIIOMIHIIO

Exenepumenmaneno 00cniodceHo KoposiiiHy cmiliKicms NOKpummia, ompumManux niazmoeumM HANUIIO8AHHAM No-
POULKY OKCUOY QIIOMIHIIO TIIAKOBAHO20 O8OULAPOBUMY OBONOHKAMU 3 MUMAHY, AIOMIHII0 abo Mioi Ha cmaiedy ma
Maeniegy ocHogy. Ilpogedena mepmMoOuHaMIiYHA OYIHKA 83AEMOOIT OKCUOY AMOMINITO 3 Memanesumu 0O0JOHKAMU
npu naaxyearti. Bemanosneno énie naaKo8aHux nopoutKie Ha MiKpoCmpyKmypy ma nopucmicine naasmoeux nox-
pummie i 3MIHY NOJAPUIAYITHO20 ONOPY Nio Yac eunpodY8aHs 8 PiOKUX A2PeCUBHUX CEPeOOsULYAX.

Knrouosi cnosa: niasmvosi noxpummsa, niako8aHuti NOPOULOK, KOPO3itiHa cmitiKicme, noaspusayiiiHuii onip.

© Cuupros L. B., 2014

Mocranoska npodaemn. Y 3aXHCTi AcTaNCH 1 KOHCTPYKIIH BT arpeCHBHUX KOPO3IHHUX CCPSAOBHIN, 0COOIHBO
32 BUCOKHX TCMIICPATYP, BEIHKY YVBATY HMPHILIAIOTH TA30TCPMIYHOMY HANMATIOBAHHIO MCTATOKCPAMIYHHX MOKPHTTIB
HA OCHOBI MOPOIIKIB OKCHAIB AMIOMIHIFO, IMPKOHIFO, THTAHY Ta IXHIX cyMimmeil. Taki MOKPHTTSA 3aCTOCOBYIOTH UL
T IBUIICHHS PECypCy poOoTH (yTEPOBOK BHCOKOTEMIIEPATYPHUX arperaris (TieueH, BaHH, KOTIIB, PEAKTOPiB, KOBIIIIB,
THTTIB). Y ACAKHX BHIATKAX 3aCTOCYBAHHS MOKPHTTIB 3 OKCHIHOI KEPaMiKH TOULTGHO TPH BHPIMICHHI MPOOIeM 3aXH-
CTy MArHi€BHX CIUIABIB, fIKI YEPE3 CICKTPOHETATUBHUM CICKTPOXIMIUHMI MOTCHIIAN I MOTAHUHA 3aXHCT MPHPOIHOI
OKHCHO{ IUTIBKH MArOTh HA3bKY KOPO3iHHY CTIMKICTb. BiNbIN IMpPOKE BIPOBAIKCHHS KEPAMIYHUX HAMMICHAUX HOKPHUT-
TIB CTPUMY€ETHCS OCOOIHUBOCTIMH IXHBOI CTPYKTYPH, IOPHCTICTIO, 3AIMINKOBUMH HANPYKCHHAMH, HEPIBHOMIPHICTIO
BJIACTHBOCTCH Ha PI3HMX JLTTHKAX, HEJOCTATHHOIO MIITHICTIO 3UCTUICHHS MOKPHTTS 3 OCHOBOFO.
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Amnagiz my6mikaniii. [IpodaeMam ra30TepMIYHOTO, 30KpeMa MIA3MOBOTO HAMMITFOBAHHA KOPO31HHOCTIHKAX TMO-
KPHTTIB, Y TOMY YHCIII Ha MAarHi€Bl CIIABY, IIPHCBAYICHO JOCTATHIO KiJBKICTh POOIT, sSIKi 0a3yI0THCS Ha BUKOPHCTAH-
Hi KOMIOZHUIIIHHIX KEPAMIYHUX, METAJIOKE PAMIYHIX, HAHOCTPYKTYPOBAaHHX Ta IHIMX nopomkis [1-5]. Tak, y mpami
[1] 3poGieHO BHCHOBOK IPO TEPCHECKTHBHICTh BUKOPHCTAHHS IIJIA3MOBHX HMOKPHTTIB UL 3aXHCTY BHYTPINIHIX IT0-
BEPXOHb KOPITYCIB PEAKTOPIB BiJ KOPO3ii B MPOLECAX CHHTE3Y AKPWIOBHX MOHOMEpiB. Y mpaui [2] mocmimkeHO
CTPYKTYPY H KOPO3iHHI BIACTHBOCTI IJIA3MOBHX KOMITIO3UIIHHIX KEPAMIYHHUX MOKPUTTIB HA OCHOBI OKCUIIB Al,O3,
CrO,-TiO; ta Al,O5-TiO, y 0,5M-po3zunni H,SO, 3a remmeparypu 25 °C. ®a30BHX NEPETBOPEHD y MOKPUTTAX IMLT
yac BUNPOOYBaHb HE BHABJICHO, TOOTO (ha30BHil CKIIAJ MOKPHTTIB HE BILIMBAE HA KOPO3IHHY CTIHKICTh. Esekrpoxi-
MIYHI BUMIPIOBAHHS H PE3yJibTaTH CKaHyro4oi Meraiorpadii csimuars, mo nmokputra Al,Os—TiO, He3anekHO Bif
HASBHOCTI IMJIAPY BHSBILIE HAWKPAILy aHTHKOPO3IHHY CTIHKICTH 3aBAAKH HHU3bKiH mopucrocTi (5,4 %), mopcTroc-
i moBepxHi (4,5 MKM) i mineHOCTI cTpyMy (6.3 - 10 *A/cM?) v macuBHii 061acTi HusKUe MOTeHIiany koposii Ecorr
(-0,55V) Ta BincyTHOCTI miTHHTOBOI KOPOo3ii. OCHOBHI 3amadi B mpamsax [3, 4] 3BOMIACS 0 IMiABHIICHHS I TEHOCTI
H MIIHOCTI 3YCIUICHHS KEPAMIYHUX IMOKPHUTTIB i3 MOBEPXHECIO MATHIEBHX CIUIABIB UL 3a0€3NEUCHHS IX HAMIHHOTO
3axucTy. Y mpami [5] ormicaHo mponecH OTPHUMAHHA KOMIO3HIIHHIX MOPOIIKIB (30KPeMa NIIIXOM IIAKYBAHHA), IO
(hOPMYIOTB TPAdi€HTHO-IIAPOBI CTPYKTYPH 3 YHIKAIBHIM KOMIUICKCOM BIACTHBOCTEH.

TaxuMm 9HHOM, 3araAJIHLHOI0 HAYKOBOK) MPOOJIEMOI0 € CTBOPCHHA 0araro()yHKIIOHATBHHUX 3aXHCHHX Ta30TCP-
MIYHUX IIOKPHTTIB 13 BUCOKUMH (Di3HKO-MECXAHITHUMHE Ta aATC31iHO-KOTE3IHHIME XapaKTCPUCTUKAMH 1 CTIHKHX B
arpeCHBHUX CEPEIOBHINAX.

[MinpurmeHHA KOPO3iHHOI CTIMKOCTI MIA3MOBUX MOKPHTTIB 3HAYHOIO MIPOIO JOCATAIOTH ILIIXOM IUIAKYBAHHS
BHXITHAX KCpaMiYHUX MOPOIIKiB MeTajeBuMu odomonkamu (Ti, Al, Cu), mo BigirparoTh poJib 3B’ A3YI0UOTO, CIPH-
SIFOTH TMiIBHIICHHIO KOTC31HHOI Ta aare3iitHoi MIMHOCTI H (Di3HKO-MCXAHIYHHX BJIACTHBOCTCH MOKPHTTA B LLTOMY
[6]. OcoOnmBY ponb TPH LHOMY BiJBOAATH THTAHY K aArC3iHHO-aKTUBHOMY CJICMEHTY, SIKHH, 3aBSKH OIH3bKOMY
710 HyJI KyTY 3MOYYBAHHSA i po6oTi amresii 7o 3000 MJ[K/M, 3IATHHIA 3MOYYBATH OKCHIHY KEPAMIKY, YTBOPIOIOUH
MIITHI 3B”SI3KHM B TUTAKOBAHHUX YACTHHKAX 1 HAIMMIICHOMY MOKpPHTI [7].

[Nompu mocrarTHiW KOCBIA, HAIBHUK Y TEOPIi TA MPAKTHII TAa30TCPMIYHOTO HAIMMIIOBAHHS, HEBHPINIEHOIO Yac-
THHOT0 HAYKOBOT MPOOJIeMH € ACsIKi IMTAHHS JOCTIIPKCHHS KOPO3IHHOT CTIHKOCTI MIA3MOBHX HOKPHTTIB HA OCHOBI
IUTAKOBAHUX METAJOKEPAMIYHIX MOPOIIKIB B PIAKHX arpECHBHUX CEPEIOBHINAX.

Mera poOoTH moJIITana B MABUIICHHI KOPO3IHHOI CTIHKOCT] B PIAKUX KHCJIOTHHX 1 COJIBOBUX PO3YHMHAX ILIA3-
MOBHX IIOKPHTTIB HA OCHOBI MOPOIIKY OKCHIY AJFOMIHIFO, INIAKOBAHOTO METAJICBUMHM OOOIOHKAMH 3 THUTAHY, aJI0-
MIHIFO ¥ MiZi U 3aXHCTY CTaJTl Ta MATHIEBHX CIJIABIB.

Marepiamn Ta Meroankn. SIk BUXiTHUH BHOPAHO IMOPOIIOK OkcuAy amoMiHipo TY 6-09-426-75 (dpaxuiero
40...63 MKM, IO Ma€ BUCOKY XIMIUHY CTIHKiCTh, CKCIUTyaTALliifHI BIACTHBOCTI, HC OCpe yUACTI B CICKTPOIHUX MPO-
[ECAX 1 € JOCHTh MOMHPCHAM (Ta0IL. 1).

Ta6mms 1 — Ximivamii CRJIAN MOPomKy OKCHAY amioMinio, %

Macosa yactka oc- | Brparu micia . ... | JIy>KkHI TA Iy KHO-
N ™ Cympepatn | Xmopunm 3amizo Kpewmnii ¥ L
HOBHOI PCUOBHMHHU | TposKaproBaHHS 3eMENbHI METAH
HC MCHIIIC HE OibIIe He Oimbinie | He Oumbmue | He OibIne | HE OLIBIIG HE OLbIIe
95,0 2.0 0,5 0,1 0,1 0,1 0,2

INopomoxk mnakysanu Ha criemianizoBaHii ycraHosni AHI'A-1 BaKyyMHO-IyTOBHM METOAOM, NIEPEBATOI0 SIKOTO
€ BHCOKA aAaTe3isl MeTajeBOi OOOIOHKH O S/IPa, 3aBASKH 3HAYHINH KUTBKOCTI BHCOKOCHEPTETHIHUX I0HIB METANy B
IUTA3MOBOMY TOTOL|, IO KOHACHCYEThCA. KaToam, mo BHIIAPYBANHCS, BUTOTOBIILIM 3 THTaHOBOTO cruraBy BT1
T'OCT 26492-85 i3 mizi mapku MO 'OCT 859-2001 ta amominito TOCT 21488-76. TexHOMOTIS Ta pEKUMH ILIIAKY -
BaHHS TOPOIIKiB HaBeACHI B mparii [6]. OO0NOHKK HA YACTHHKH HMOPOIIKY HAHOCHIIM IOINAPOBO, MEPHIMI Mmap — i3
THTAHY, APYTHH Map — 3 ATFOMiHII0 a00 Miai (V TekCTi wi mopomkd nosHaueHo Al,Os/Ti/Al i ALO5/Ti/Cu Biamosin-
HO). 11100 OIIHUTH BIUIMB TEXHOIOTIYHHUX PE)KUMIB BAKYYMHO-TYyTOBOTO IUIAKYBAHHA HA PIBHOMIPHICTD 1 TOBIIHHY
MeTaJeBHuX 000JOHOK HAa KEPAMIYHHX IIOPOINKAX, BUKOHAIN METANOTpaivHui Ta €IEKTPOHHO-PACTPOBHI MiKpOa-
Hai3 Mopdoorii moBEpXHi i CTPYKTYpH 00070HOK (puC. 1). YcTaHOBICHO, MO O0O0IOHKH MAOTh BHCOKY INiTb-
HICTb, JOCUTb PIBHHUH PENbE( 1 MITKOM YKPHBAIOTH IIOBEPXHIO YACTHHOK IMOPOTIKY .

[NnaxoBaHi MOPOIIKK HANMMTIOBANH HA IUIA3MOTPOHI 3 YACTKOBOTO BHHECCHOIO IYTOIO W JTOJATKOBMM OOIyBaH-
HSM IUIA3MOBOTO CTPYMCHS KOHIICHTPHYHIM MOTOKOM 3aXHCHOTO Ta3y — aproHy. Po0o4nii CTpyM BCTAHOBIIIOBAIA B
Mmeskax 80...100 A, manpyry — 50...60 B, Burpary aprony — 2...3 1/XB., ZlaMeTp COIUIA — 2 MM.

3aBISIKM KOHCTPYKIIHHAM OCOOMBOCTSIM i BCTAHOBICHUM pekuMaM, (PopMyBaBcs ONM3bKHH A0 JTaMiHAPHOTO
IIa3MOBHH CTPYMiHB 13 TIOJOBKCHOK BHCOKOTCMIICPATYPHOO MUITHKOO, IO 3a0¢3IeUye Kpali YMOBH 1A 30epe-
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V pa3i HanWIFOBAHHS HA CTAICBY OCHOBY HAWBHINWH MOILIPH3ALIHHAN OIIp Y PO3YHHAX KHCIOT ACMOHCTPYIOTH
TMOKPHTTA HA OCHOBI TIOPOMIKY OKCHAY ATFOMIHIIO, TJIAKOBAHOTO JABOIIAPOBHME OOOJIOHKAMH 3 THTaHY # Mimi. [Tpn
OBOMY IIABHINCHHS KOPO3IHHOI CTIMKOCTI OlbIIE 3aJMCKITh BiX TOBIIMHH OCHOBHOTO INAPY NOKPHUTTS, aHIK BiJ
Marepiaiy ¥ TOBIIMHH MiAIApPy, MO OB’ I3aHO 31 3MECHIICHHAM KUJTbKOCTI 3B SI3aHUX TOP.

VY pazi HaNWIFOBAHHS HA MATrHIEBHMH CIUIAB HAWBHINWH mosutpu3amiauii omip y 3 % NaCl MatoTh MOKPUTTS HA
OCHOBI ITAKOBAHUX MOPOMIKIB 13 miamapoM NiAl 1 707aTKOBOKO aKTHBAIIEI0 MOBEPXHI €JICKTPOICKPOBUM JICTYBAH-
HSIM, 3aBISAKH IiIBHIICHHIO MIITHOCTI 3UCTUICHHS MMOKPHTTS 3 OCHOBOO.

IepcnexkTnBN MOAATBIINX AOCTI/KEHb TOJATAOTh ¥ POZMIMPEHHI HOMEHKJIATYPH IUIAKOBAHHUX ITOPOIIKIB 1
OLIbIN ETaNPHOMY BHBYCHHI MEXAHI3MY KOPO3IHHOTO PYHHYBAHHS IUIA3MOBHX MOKPHUTTIB HA iX OCHOBI 3a IJABH-
MICHUX TEMIIEPATyP.
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Haniitima mo pemakuii 10.03.2014,

Smirnov L. V.

STUDY THE CORROSION RESISTANCE OF PLASMA-SPRAYED COATINGS DEPOSITED
FROM METAL-COATED CERAMIC POWDERS

Corrosion resistance coatings deposited by plasma spraying of alumina powders with clad metal PVD film were
studied. Thermodynamical evaluation of the interaction of alumina with titanium and copper in cladding was pro-
duced. Possibility of interaction was evaluated assuming that the alumina dissolved in the titanium. The result was
defined atomic percentage of oxygen and aluminum in the titanium at temperature of cladding. The influence of clad
powders on the microstructure, porosity and polarization resistance of plasma-sprayed coatings during testing in
corrosive environments was studied. The corrosion behavior of coating was studied by technique of a polarization
change based on the measurement of the current between the two electrodes from the same metal and a coating
when applied the polarization less than 20 mV'.

Alumina powder for plasma spraying coated dual layer of titanium, aluminum or copper reduces the total porosity
and improves in a 2-3 times the corrosion resistance of coated steel in 10 % solution H,SO4, HNOj as well as more
than an order of corrosion resistance of magnesium alloy in a 3 % NaCl solution.

Largest values at spraying on steel substrate of the polarization resistance in acid solutions respond coatings from
alumina powder with dual layer clad PVD film of titanium and copper. This increase in the corrosion resistance
depends more on the thickness of the top sprayed coating than to the material and thickness of sprayed underlayer.
1t is associated with a decrease in the amount connected pores. Largest values at spraying on the magnesium alloy
of the polarization resistance in 3 % NaCl solution had coating on base of clad alumina powder with underlayer
and the additional activation of the substrate surface by electrospark doping for improving adhesion strength.
Further research perspectives are to enhance materials for clad powders and more detailed studying of the corro-
sion damage mechanism at elevated temperatures of plasma-sprayed coatings from clad powders.
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BIUINB KOHCTPYKTUBHUX I TEXHOJIOI'TYHUX ITAPAMETPIB
NPOLECY ®OPMYBAHHS TEPMOILIACTIB
HA AKICTb EKCTPYJOBAHOI TPOJAYKIII

Po3zenanymo npoyecu excmpysiiinoco opmysanns besnepepsHux supobie i3 mepMONIACmMUYHUX Mamepianie ma
YCMamKoganua 014 ix peanisayii. llpoananizoeano npobremu, uio sUHUKAIONb NiO 4AC eKCMPY3ITiHO20 PopMYyeaH-
HA, i 30c00i8 ix YCYHEHHA, 3a1NPONOHOBAHO WIAXY VOOCKOHANEHHS ICHYIOUUX (DOPMYBATLHUX NPUCHPO]E.

Knrouosi cnosa: nonivepu, excmpysii, popmyeanus, oechexmu.
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Mocranoska mpod/emu. [Tomur Ha BHPOOH 3 MOMIMEPHUX MarepiamB OesmepepsHO 3poctae [1]. OxrouacHO
T ABHIYIOTHCS CKJIATHICTh MOIIMEPHUX BHPOOIB, 4 TAKOXK BUMOTH A0 iXHBOI SIKOCTI, 30KpEMa TOYHOCTI PO3MIpIB 1
(P13UKO-MEXAHIYHIX MOKA3HUKIB TOINO. 3aJ0BOJICHHS NOTPEO V BITUM3HIHUX BHPOOAX CKIATHOI reoMeTpUyHOI (ho-
PMH 3 TIACTMAC HEMOSKTHBE 0€3 ONMTHUMI3aIii KOHCTPYKTHBHHX 1 TCXHOJOTIYHHX MAPAMETPIB YCTATKOBAHHA 1 MPO-
LIECiB MEPEPOOKH IOJIMEPIB I KOMIO3UIIN 3 iXHIM BHKOpHUCTAHHAM. OcTarouyHHX mapameTpis ((opma, posMmipw,
(PI3HKO-MEXAHIYHI BIACTHBOCTI) MPOAYKIIA 3 MOTIMECPHIX 1 KOMIO3HIIHHIX MaTepiaIiB Ha0yBae v (HOPMYyBATLHOMY
IHCTPYMCHTI, SKHM CHOPSHKAETHCH TCXHOJOTIUHE OONAAHAHHS I MATOTOBKH MEPEPOOFOBAHOTO MaTepialny a0
(dopmysanms. [lig yac mpoekryBaHHS (JOPMYBAILHOTO YCTaTKOBAHHS MOTPIOHO BPAXOBYBATH, IO HOTO poOOUi Ka-
HAIIM MO>KYTh MaTH Pi3Hy TEOMETPIir0, a MaTrepiaa — MepepoOIATHCS 3a PI3HUX TiIPOIMHAMIYHUX 1 TCIUIOBUX PEXKH-
MiB. YC€ ¢ TOB S3aHO 31 3MIHOIO PCOJIOTIUHHMX BIACTHBOCTCH MEPEPOOIIOBAHOTO MATepiay HA CTAALIX IIACTHKA-
mii Ta popmysaHHs [2].

MeTo10 CTaTTi € aHANI3 OCHOBHUX YMHHHUKIB, IO BILIMBAIOTH HA SKICTH Iporecy (hOPMYBAHHS MOIIMEPHUX BH-
po0iB METOIOM SKCTPY3ii, Ta 3aC00iB YCYHCHHS AC(CKTIB SKCTPYIOBAHIX BHPOOIB.
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