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MOJIMBAEHCOJAEPKAIIUE BE3I'PYHTOBBIE
CTEKJIOOMAUJIEBBIE IIOKPBITUSA

PaccMoTpeHbl OCHOBHBIE IPUHITUITBI TOPOLIKOBOH 31eKTpocTaTudeckoil Texnonornn POESTA, uc-
MOJB3YEMOH Ha SMAIMPOBOYHBIX NPEANPUATHAX YKpPauHbl, TPEOOBAHMS K MOPOIIKAM M 3aIIUTHBIM
CTEKJIOAPMAaJIEBBIM TOKPBITHSM. [IpoaHanu3upoBaHbl cOBpeMEHHBIE POOIEMBl U OCOOEHHOCTH TO-
mydeHust o TexHosorud POESTA Ge3nMrMeHTHBIX O€3rpYHTOBBIX CTEKIOIMAIECBBIX MOKPBITHHA U
npoOJIeMbl UX OKpallMBaHKs, 0OOCHOBaH BBIOOp COCTUHEHHUS MOJMO/IEHA B KauecTBE INTyIIAIIEro
areHTa, yCTaHOBJICHA 3aBHUCUMOCTh BIMSHUS KOHLIEHTpanuu MoQOs Ha TEXHUKO-IKCIITyaTal[MOHHBIE
U JIEKOPATUBHBIE XapaKTEPUCTUKH MTOKPBITHSL.

KiroueBble ci1oBa: 6e3rpyHTOBOE CTEKI0IMANIEBOE TIOKPBITHE, (PPUTTA, TOPOIIKOBOE JIEK-
TPOCTATHUECKOE HAHECEHN €, TIIyIIAlllii areHT, MOHHBIM MEXaHW3M, XMMHUYECKasi CTOMKOCTb.

BBeaenue. CtpemieHne MpeanpusITAA 3MaTUPOBOYHOM OTPACIH K TO-
BBIIICHUIO YPOBHS SHEPTO- U pecypcocOepekeHus 00ycnoBuiia akTyalbHOCTh
pa3pabOTKH COCTaBOB O€3rPYHTOBBIX CTEKJIOMOKPBITHI ISl 3allIUTHI JIeTalIeH
OBITOBOM TEXHUKH, B YACTHOCTH OBITOBBIX Ta30BBIX U DJIEKTPUUYECKUX ILIUT,
KOTOpbI€ JOJKHBI OJJHOBPEMEHHO O0O0€CIeuuMBaTh CBOMCTBA TPAAUIIMOHHBIX
TPYHTOBBIX U MOKPOBHBIX MOKPBITHM, & TAKKE COXPAHSITh CBOU JICKOPATUBHbBIC
U 3CTETUYECKHE XapakTepucTuku. C LEeNbl0 paclIiMpeHus BETOBOW raMMBbI
OE3rpyHTOBBIX CTEKJIOAIMATIEBBIX MOKPHITUM MPOBOMASITCS Pa3IUYHbIE MOUCKO-
BbI€ UCCIIC/IOBAHMS, OJJTHUM U3 HAIMPABICHUIN KOTOPBIX SIBJISIETCS CHHTE3 COCTa-
BOB, COJIEpPKAILUX COEIWHEHUS MOJHMOJIEHA, CHOCOOCTBYIOUIMX TIIYHIEHHUIO
TEMHOOKPAIIIEHHBIX CTEKJIOAMAaJel 3a cueT 00pa3oBaHUs MUKPOKPUCTAIIINYE-
ckux a3 MonubaaToB. BeiOop B KauecTBe IiylIAlMX areHTOB COEIUHEHUI
MoubeHa OOyCIOBJIEH BO3MOXHOCTBHIO O0pa3oBaHUsl 0oJjiee MEJIKUX KpH-
cTauinueckux ¢asz moaubaaToB (MeHee 1 MKM) I1€JI0YHO3EMENIbHBIX METall-
soB, B yactHoctu CaMoO4 u BaMoQO,4, o CpaBHEHUIO C TPAAUIIMOHHO HC-
MOJIb3yEMBIM B COCTaBax cTekyiosMajield rinymmureneM 110z, oOpa3yronmm
KpUcTajmmyeckue (aspl pyTHiia WM aHaTa3a ¢ pa3MepaMu KpUCTALIOB OT 1
1o 8 mxm [1].
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B nanHoli paboTe paccMOTpeHbl OCOOCHHOCTH MOJTYyYEeHHUs] O€3rpyHTO-
BBIX CTEKJIOAMAJIEW C COJEpPKAHUEM B KAaYECTBE IMIYIIAIIErO0 areHTa OKCHJa
MOJIMO/I€HA U BJIUSHUS €T0 KOHIICHTPAIIMU Ha I[BETOBBIE XAPAKTEPUCTUKU U
AKCIUTyaTallUOHHbIE CBOMCTBA MOKPHITUS. [Ipu mpousBo/cTBE OBITOBBIX ra3o-
BBIX M 3JIEKTPUYECKHUX IUIUT, NPEINPUATUS-IIPOU3BOAUTENIN YUUTHIBAIOT MPEN-
nouteHus: norpedurens. [loaTtomy Haubosee pacpoCcTpaHEHHBIMH U BOCTPEOO-
BaHHBIMU [IBETAMM 3AIIUTHBIX TOKPBITUHN SIBISIOTCS OCIbIN, Cepblii, KOPUIHEBBIHA
u yepHbld [2]. [Io TUITHYHON cXeMe MPOM3BOACTBA TAKUE MOKPBITUS MOIYYarOT
MyTeM TMOCJIEIOBATEIbHOTO HAHECEHUS M O0XHUra TPYHTOBOI'O U MOKPOBHOTO
CTEKJIOAMAJIEBBIX clloeB. OMHAKO, AJis MOy4YeHHs] O€3rPYHTOBBIX CTEKIOIMasle-
BBIX MOKPBITUH BBIIICYKA3aHHBIX LIBETOB, MPEANPHUATHS UCIIOIB3YIOT TOHKOIUC-
MIEPCHBIE MOPOILIKN KMIIOPTHOTO IPOU3BOJICTBA, KOTOPBIE COACPKAT TUTMEHTHI.

Ha ceromusamnuil neHb caMOM COBPEMEHHOM TEXHOJOTMEW MOJIYyYEHUs
CTEKJIOAMANIEBBIX TOKpbITUM  sBisgercst TexHonoruss POESTA  (Powder
Electrostatic Application), koTopas npenycMaTpyUBaeT HAHECEHUE MMOKPHITUM B
AIEKTPOCTATUYECKOM MOJIE€ B BUAE TOHKOAMCIEPCHBIX MOopomkoB. [lupokoe
npumenenue Texnonorud POESTA o0yciioBieHO BEICOKUM YPOBHEM €€ MOKa-
3aTelsiel SHepropecypcocoOepekeHus: npakTuyeckas 0€30TX0JHOCTh MaTepra-
J1a IOKPBITUS (peKymnepaiusi HOopoIIKa), BO3MOXHOCTh MAKCUMAIILHOTO YIIPO-
HICHHS TpoLecca MOATOTOBKH MOBEPXHOCTH METAILIA MEPE] IMAIUPOBAHUEM,
BBICOKAsI IKOJOTMYHOCTh mpoliecca (OTCYTCTBUE MBUIEBBIX BBHIOPOCOB, CTOY-
HBIX BOJ M XUMUYEeCKUX 3arpsizHeHuit) u ap. Texnonoruss POESTA no3Bossier
MOJIy4aTh CTEKJIOAMAJIEBbIE MOKPHITUS HA JIETANIIX OBITOBOW TEXHUKHU C HEOO-
XOIUMBIMHA  T€XHUKO-3KCIUTYaTAllMOHHBIMU  CBOWCTBAMHU U  3CTETUKO-
JEKOPATUBHBIMU XapakTepucTUKaMu [3]. CI0KHOCTh HCIIOJIb30BAHUSA OKpa-
IMBAIOIINX MUTMEHTOB MPH U3TOTOBICHUH TOHKOJIUCHEPCHBIX CTEKIOIMAalIe-
BBIX MMOPOLIKOB JIJI1 3TOM TE€XHOJOTHU OIrPAHUYMBAET BO3MOMXKHOCTbH OKpAIlIH-
BaHUS 3AIIUTHBIX MOKPBITUHA. ITO CBSI3aHO ¢ 00pa3zoBaHUEM Ae(PEKTOB B IO-
KPBITHUSIX, TAKUX KaK BKJIIOUECHUS, TOUCUHBIE OKPAIIMBAHUSA, My3bIPU U TOPBIL,
HEPAaBHOMEPHOCTH 1BeTa U Jp. [losiBnenue nedekToB 00yCIOBIEHO pa3HbIMU
3HAYEHUSIMUA YJIEJIBHOTO 3JEKTPOCONPOTUBIICHUS MOPOIIKA U MUTMEHTA, BBI-
rOpaHUeM MUTMEHTOB MpPU OOXKUTE MOKPBITHS, Ta3000pa30BaHUEM MPU OKHUC-
JIEHWU KOMIIOHEHTOB IMHWIMEHTOB, MPHUBOJSIIECE K yKOJIaM Ha IMOKPbITHU. B

3M21J'IPIpOBO‘IHOI’I oTpacCiii IUITMCHTAMM IIPUHATO CUUTATh KOMIIOHCHTBI, BBO-
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JTUMBbIE Ha CTAaJIMM MPUTOTOBJICHUS MaTepralia MOKPHITUN — MUIMKEpa UM MO-
pomka. [ToaTomy, 11ebI0 TaHHOW PadOTHI ABISIETCA pa3paboTKa cocTaBa Mo-
TUOACHCOAEPKAIMNX CTEKIIOAMANIEH ISl MOJYyYEeHHs] MO TMOPOIIKOBOM 3JeK-
TPOCTATUYECKOU TEXHOJOTMHM Ha JAETalsIX OBITOBOM TEXHUKH OE3rpyHTOBBIX
0Ee3MUTMEHTHBIX 3aIlIUTHO-I€KOPATUBHBIX MOKPBITHI CEpON IIBETOBON TaMMBI.

MeToauka uncciieoBaHuii. B cBsi3u ¢ MOCTaBIEHHOMN 1IEJIbIO OBLIO BbI-
OpaHo clieyrolllee HapaBJIeHUE UCCIIeI0BaHUM: BRIOOP COCTaBa CTEKIOMPUT-
Thl — OCHOBBI O€3MUTMEHTHBIX OE€3rPYHTOBBIX CTEKJIOAMAJIEBBIX MOKPBITHH C
MOBBIIIEHHBIMU 3HAYEHUSIMU COOCTBEHHOTO YAEJIBHOTO AJIEKTPOCONPOTHUBIIE-
HUS;, CHHTE3 MOJIMOICHCOIepKAITUX O0€3rpyHTOBBIX OKpPAIICHHBIX CTEKJIOAMA-
JIEBBIX MOKPBHITUI; aHAJIU3 [IBETOBBIX XapaKTEPUCTHUK; UCCIIEIOBAHUE TEXHUKO-
AKCIUTYaTallUOHHBIX CBOMCTB; OIIEHKA KAY€CTBA TOTOBBIX MOKPBITHA.

MarepuaJjibl U pe3yabTaThl HccaeaoBanuil. PazpaboTka coctaBoB Mo-
TMOIEHCOIEPKALTUX CTEKIOAMANIEBBIX (DPUTT YIS MOTYUYEHUS 1O MOPOITKOBOM
anekTpoctatnyeckoit TexHosoruu POESTA Ge3rpyHTOBBIX OKpalI€HHBIX IO-
KPBITUI MPOBOAMIIACH B COOTBETCTBUU C YCTAHOBJICHHBIMU KPUTEPUSIMU CHUHTE-
33, KOTOPBIE PErJaMEHTUPYIOT (DU3UKO-XUMUYECKUE, TEXHOJIOTUYECKUE U DKC-
TUTyaTal[MOHHbBIE CBOMCTBA: 1) COOCTBEHHOE YAENBHOE SJEKTPOCONPOTUBICHUE
TIOPOILKA CTEKIOAMANEBOH (PpurThl — p > 108 OM-M; 2) Temmeparypa 00Xura
nokpbITus B mipenenax 820 — 830 °C; 3) xumMuueckas CTOMKOCTh CTEKJIOIMAJIEBO-
ro nokpbiTust — kiacc A B coorBerctBuu 'OCT 29020-91 (ISO 2742-83) [4]; 4)
MPOYHOCTh CIIETUICHUSI TOKPBITUS ¢ METANIMYECKON OCHOBOW — 1-2 Oaia 1o
EN 10209 an. D [5]; 5) uBeToBble XapaKTepUCTUKU MOKPBHITUN — cepas raMma
(RAL 7026 —7033).

Buibop cocmasa cmexnogppummol — ocHosbl Oe3nueMeHmuuvlx 6e3epyH-
MOBbIX CMeK10IManesvlx nokpvimuti. Panee Hamu ObUIM pa3paboTaHa cepus
COCTaBOB OE3TrPYHTOBBIX OE3MUTMEHTHBIX TEMHOOKpPAIIEHHBIX CTEKJIOAMalie-
BBIX NOKpbITUM ¢ mapkupoBkoil ESB (enamel silicate brown, enamel silicate
black), oTBedaronux BceM HEOOXOUMBIM TEXHOJIOTUUECKUM U IKCILTyaTallH-
OHHBIM TPEOOBAHUSIM, MPEIBABISIEMBIM K (PpUTTAM, MOPOIIKAM U MOKPBITHUSIM
JUIsl feTanedt ObIToBOM TeXHUKHU. [[BETOBbIE XapaKTEPUCTUKU STUX MOKPBITUI
HaxoJATCSI B UYEPHO-KOPUYHEBOW TraMM€ U COOTBETCTBYIOT JHANa3OHY
RAL 8016 — 8023 [6]. IlosToMy B KauecTBEe OCHOBHI 11€71€CO00pa3HO BHIOpAThH
crexsiopputty ESB 9 uepnoro upera (RAL 8022) co cienyroomumu xapakre-
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PUCTHKAMU: XUMUYECKass CTOMKOCTh MOKPBITUS — KJIacC AA, MPOYHOCTH CUEII-
nenus — 1 6amn, Temrneparypa ooxura nokpeitus — 820-830 °C.

Cunme3 sKCnepuMeHmManbHbIX MOAUOOEHCO0epAHCAUUX COCMABO8 CMEK-
nogpumm. OcHOBHas uaesl pa3paboTKu OE3MUTMEHTHBIX O0€3rPYHTOBBIX CTEK-
J03Maneil cepoil IBETOBOM raMMBbI 3aKjtovaliach B MOJU(PUIIMPOBAHUM CTEK-
JT0(QPUTTHI-OCHOBBl YEPHOTO I1IBETa IUIYNIAIIMMH areHTaMu, B YacTHOCTH
MoOs. Ilpunumasi B kauectBe ocHOBBI ¢putty ESB 9 Obina cuHTe3upoBaHa
cepusi aKcriepuMeHTanbHbIX cocTaBoB ESG (enamel silicate grey) ans moiry-
yeHusi no texHonorun POESTA 0e3rpyHTOBBIX OKpaIlEHHBIX CTEKJIOAMalie-
BBIX MOKPBITHI CEpoii IBETOBOM raMMbl — Tabsuia 1.

Tabmuua 1. CoctaBbl SKCIEPUMEHTATIBHBIX (GPUTT

XUMHUYECKUH COCTaB CTEKIO(QPUTT, MOJL. %o
Kowrorent ESB9 | ESG I ESG 2 ESG 3 ESG 4
SiO; 51,3 52,5 51,5 50,5 49,0
B20Os 15,0 15,0
Na,O + K20 15,5 14,0
CaO + BaO 4,0 4,0
MnO; + Fe,0; 6,0 4,5
CuO +Co0 3,7 4,0
CaF, 4,5 4,5
MoO; 0 15 | 25 35 [ 50

JIJis moJiydeHusi 3aJJaHHBIX COCTABOB CTEKJIOIMAJIEBBIX (PUTT ObLIU HC-
TMOJIb30BaHbI CJIEYIOLIUE ChIPhEBbIC MATEPUAIIBIL: IECOK KBAPIIEBBIM, Oypa MsITH-
BOJIHAsA, CO/Ia KAJILLIMHUPOBAHHAsI, TOTAIll, MeJl, Oapuil yrIeKUCIbIi, (II0OpUT, a
Takxe okcuapl MnO,, FeoO3, CuO, CoO u MoOs;. Bapky 3kcriepuMeHTalIbHBIX
COCTaBOB MPOBOJIMIMN B IIAMOTHBIX TUIJISIX B TAOOPATOPHOM IEKTPUUECKOM I1e-
Yl ¢ KapOuJI-KpeMHUEBBIMU HarpeBareasiMu. MakcumaibHas TeMIeparypa Bap-
ku cocraBwia 1280 °C, npoaomkutenbHOCTh Bapku oT S0 1o 60 MUHYT ¢ U30-
TEPMUYECKON BBIICPKKON 15 MUHYT NpyU MaKCUMAJIBHOW TEMIIEPATYPE U MOCTE-
IYIOIIEHN TpaHyJIALMEN pacijiaBa B BOAY.

Ananuz yeemoswix xapaxmepucmuk. Y UYUTbIBasg 0COOEHHOCTH TEXHOJIO-
run POESTA, nnst okpamvBaHusi MOKPBITHH B COCTaBbl HE BBOJAUJIUCH IIHT-
MeHTHI. B kauecTBe OCHOBBI ISl CHHTE3a COCTaBOB O0€3rPYHTOBBIX CTEKJIOAIMA-
Jiel cepoii BETOBOM raMMbl ObliIa HcToIb3oBaHa crekiodpurta ESB 9. Uep-
HbIH 11BeT OKpbITUS ESB 9 Ob11 nonyuen 0iaroiaps BBEJCHUIO HA CTAUU
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BAapKHU CTEKIJIOAMAU pa3pab0TaHHOIO0 MOHHOTO OKPAIIMBAIOIIETO KOMILIEKCa
(MOK), cocrosiuii u3 OKCUAOB METAJUIOB MEpeMEHHOM BaleHTHOCTH: MnQO»,
Fe;03, CuO, CoO. HeobxoauMo OTMETHUTH, YTO B cllydae pa3padaTbhiBaeMbIX
cocTaBOB 0e3rpyHTOBbIX MOKpbITUM, MOK siBissieTcss OAHOBPEMEHHO U KOM-
miekcHbIM aktuBatopoM cuerieHus: (KAC), koTopsiii oOecrnieunBaeT 1[BET U
HEOOXOUMYIO MPOYHOCTh CLEIUICHUS TOKPBITHS CO CTajdbi0 B HHTEpBAJC
temmneparyp obxkura 820-830 °C. Cnenyst chopMyIupOBaHHOU HJIe€ HCCIIE-
JIOBaHUMU, B COCTaB (PPUTTHI-OCHOBBI ObLIT BBeJAEH raymamuii areHT MoOs ¢
LEJBI0 TIIYHIEHUSI YEPHOTO MOKPHITUSI MUKPOKPUCTAIIIMYECKON Pa3oii Monuod-
naToB Kanbuusa u Oapus [7]. BapeupoBanue copepxkanuss MoOs ot 1,5 no
5 Monb. % B 3KCIIEPUMEHTAIBHBIX COCTABAX, OMPEIECTUIIO TOTyUYEHUE TOKPHITUI
CEpOM LIBETOBOM TaMMBI, COOTBETCTBYIOIMX 3HaueHusiM RAL 7026, 7031 u 7033
— Tabnuua 2.

Tabnuua 2. Bnusnue xonnerTpanuu MoQOs Ha BeT 6e3rpyHTOBBIX OKpBITHI ceprn EBG

Mapka cTeKI1oppUTTHL Conepxxanne MoOs, Moib.% [Ber RAL
ESB 9 0 YEpPHBII 8022
EBG 1 1,5 cepbIit 7026
EBG 2 2,5 cepo-romyooit 7031
EBG 3 3,5 cepo-romyooit 7031
EBG 4 5,0 Cepo-3eICHBIN 7033
Tabnuua 3. Kimaccel XuMU4ecKkoi CTOMKOCTH SKCIIEPUMEHTATbHBIX TTOKPBITHI
Mapka cTeKIo(ppHTTE Conepxxanne MoOs, |Kiacc xumuueckoid CTOMKOCTH MOKPHI-
P P Mon.% Tuit 1SO 2722 (TOCT 29021)
EBG 1 1,5 AA
EBG 2 2,5 A
EBG 3 3,5 B
EBG 4 5,0 C

Xumuueckas cmotikocms. OnpeleieHne XUMUUYECKOW CTOMKOCTH (KUCIOTO-
CTOMKOCTH) 3KCIEPUMEHTAIBHBIX CTEKJIOIMAJIEBBIX OKPAIICHHBIX MOKPBHITUI
MPOBOJIMIIA TIO IKCIPECC-METONY «Ipoda narHom» B coorBeTcTBun ¢ 'OCT
29020-91 (ISO 2742-83) [4]. Ha mokpeiTie HaHnocunu 10% pacTBOp JTUMOH-
HOW KUCJIOTHI U BBIAEPKUBAJIM B TeueHue 15 muH. [locme aToro, ux npoMbiBa-

JI TIOJ] XOJIOJHOM MPOTOYHOM BOJIOM M KiaccubumrupoBanu (Tadn. 3: AA — me
HallIeHO U3MEHEHHI MOBEPXHOCTH; A — ci1aboe MOTyCKHEHHe; B — 3aMeTHOe OTyCKHEHUE;

C — moryckHenue; D — rpybGas MatoBocTh) MOJyUYCHHBIE TTOBPEKACHUS MOBEPXHO-

CTHU 3MaJUPOBaHHBIX 00pa3uoB no F'OCT 29021-91 [8].
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BoiBonbl. Ha ocHOBe CTEKIIO(PUTTHI-OCHOBBI B pa00TE MOTy4YeHA Cepusi
AKCHEPUMEHTAIBHBIX COCTABOB  MOJUOJEHCOJAEpKAIIUX OEe3MUTMEHTHBIX
¢bpurt EBG gns nonyuenuss 1o TexHosnorun POESTA  3amurtHO-
JEKOPATUBHBIX MMOKPBITUN CEPON IBETOBOM I'aMMBI.

OnpeneneHo BIMSHHE KOHLEHTPAUH BBOJMMOIO TIYMIAIIETO arcHTa
MoO3 Ha UBETOBBIE U IKCIUTyaTal[MOHHBIE XAPaKTEPUCTUKU OE3rPyHTOBBIX
0E3MUTMEHTHBIX CTEKJIOAMAJIEBBIX MOKPBITUN JJIs1 OBITOBOM TEXHUKHU.

YcTaHoBIEHBI ONTUMAaNbHbIE KOHIEHTpauu MoQO3 uisl oydYeHUsl Xu-
MHUYECKHA CTOMKHUX MOKPBITHH CEporo mpBeta, cocrapistommue 1,5-2,5 mon. %.
YBenunuenune KoHueHTpauuu MoO3 IpUBOJIUT K PE3KOMY CHUKEHHUIO XUMHYE-
CKOM CTOMKOCTH MOKPBITUH, YTO ABJISETCS HEJOIMYCTUMBIM ISl TAHHOTO BUAA

MPOAYKIIHH.
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