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' AO «KasHedrerasmaiw,
Pecnybauka KasaxcraH, 150000, r. MeTponaBnosck, yn. Hosas, 122.

’CeBepo<KazaxcraHckuin yHusepcuteT um. M. Kosbibaesa,
Pecny6u1kaKasaxcrad, 150000, r. MeTponaBnosck, yi1.Abas, 18.

AkmyasneHocms pabomol 06yc0eseHa He0bX00UMOCMbIO CO30AHUA HOBbIX AHMUKOPPO3UOHHBIX IAKOKPACOYHbBIX MAMEPUQA08, C MOBbILUEHS
HbIM pecypcom sKcnayamayuu, 645 3aujumsl 0m Koppo3uu 2a30<He(hmenposodos U ycmoeso2o 060py008aHUA HEPMAHbIX CKBAHCUH.
Lienbto pabomel A671810Ck y8eaudeHue pecypca SKChayamayuu KpemHuUliop2aHu4ecKux 1aKOKPACcoYHbIX MOKPbIMull, 0CHOBAHHOE HA U3Y<
YeHUU 8/1UAHUA A30MCO0ePHAU4UX T0BEPXHOCMHO<AKMUBHbIX 8EUeCMe Ha CMaYusaHuUe antomMuHuesol U cmasbHol o010 eK 8 KPEMHU<
liop2aHU4ecKux NAKOKPACOYHbIX Mamepuasax.

Memods! uccnedo8aHuA: aHAAU3 MOBEPXHOCMHO20 HAMAMEHUS 8 CMAMUYECKOM pexcume Ha npubope PebuHdepa, Ha 2paHuye ¢as «pa<
CMB0pP NOAUGPEHUCUNOKCAHA/800a» U «pacmeop noauheHuUACUNOKCaHa/8030yx». 3amep U GHAAU3 KPAEBbIX Y2108 CMAYUBAHUSA HA 2pa<
Huye «pacmeop Moau@eHUACUNOKCaHa/antomMuHull/e00a» u «pacmeop noaupeHuUCUAoKcaHa/cmans/eo0a». ®omoepaguposaHue no<
sepxHocmeli MOKpbIMul U 31eKmMpoxumuyeckoe onpedesneHue nopucmocmu noKpsimud.

pedcmassneHsl pe3yabmamel ucciedo8aHull 8UAHUA A30MCO0ePHAL4UX MOBEPXHOCMHO<AKMUBHbIX BEWECM8 HA CMAYUBAHUE AMIOMU<
Huesol u cmanbHOU MOAMOMEK Pacmeopamu MoAUGEHUCUNOKCAHO8, PACCYHUMAHO U3MeHeHUe pabomsl CMAYuBaHUs, U MOKA3AHO UX
87USHUE HA MOPUCMOCMb MOKpPbIMUl. BeedeHue MosepXHOCMHO<AKMUBHbIX BEWECME yayquaem CMA4ugaHue Memasnauveckux noosnoxeK 8
pacmeopax nosauop2aHOCUNOKCAHO8, YMO BbIPAHAEMCA 8 U3MEHeHUU Kpaegoao ya/1a CMavueaHus. [as antomuHuegol nodnoxku 0aHHoe
usmeHeHue cocmaengem 22°, a9 cmasnbHoli — 32,5°. AHAAU3 udMeHeHUs pabombl CMaYUBAHUS 10380/8€m 2080pUMb, YMO HAUBOALUWYIO
CMAYUBAOULYIO GKMUBHOCMb MPOABAAIOM MOAUIMUAEHTOAUAMUHSI (MTpu Ux codepxcaHuu 8 pacmeope Ao 0,5 2/0m°), a 8 bonee KoHUeHMpuU<
POBaHHbIX pacmeopax (c codeprcaHuem 006asok bonee 0,5 2/0M’) — HU3KOMOsIEKYAAPHbIE aMUHbI. BbigedeHbl ypasHeHuUs, onucsigaro<
wue 8AUAHUE Ha Kpaesble yesibl CMaYuBaHUS COOepHaHUA ad0uUMUB08 U MoAupeHUICUNOKCAHO8, U Ha UX OCHO8e M0CMpPOeHbl HOMO2PAM<
Mbl. BeedeHue no8epxHOCMHO<aKMUBHbIX 8eUW,eCMa 8bi3bieaem yMeHbWeHUE Mopucmocmu u wepoxosamocmu nokpsimutli (8 2,5 pasay).

Knroyeevle cnoea:
ANIOMUHUEBAA U CManbHas Moda0MKa, KpeMHULOP2aHUYECKUe MOKPLIMUS, a30mMcodepxaujue noeepXHOCMHO<aKMUBHbIe 8ewecmad,
CMa4ueaHue, usmeHeHue pabomel CMAYu8aHuUs, MOPUCMOCMe MoKpsimul, 67eckK.

BseaeHune KOpPATUBHBIMH (LIBET, OAECK) U CTPYKTYPHO-MEXaHH-

KpeMHu#iopranndeckre AaKOKpacoyHble MaTepu- — 16CKHMH (TBePl}OCTBa TIPOYHOCTS) CBOHCTBAMH. Kade-
aABI UCTOPUYECKU 3aHUMAIOT 3HAYUTEABHYIO foAl0 ~ CTBOIIOKPLITHMIIO STUM ITapaMeTpaM BO MHOTOM 3a-
PBIHKA AAKOKDACOYHBIX MaTepHaroB [1]. JlaHHpli T ~ BUCHT OT CTENICHH [UCIIEPCHOCTH THIMEHTOB i CMaYH-
AAKOKPACOYHBIX MATEPHAAOB SBAJETCS IepexofgHol — BAaCMOCTH IIOJAOKKH, obecrieyuBaroIIIeH ajre3HoH-
TPYIIOH MKy OPraHMYeCKUMH ((DH3UKO-MexaHude- — HPIC XaDAKTEPUCTUKH MIOKPBITH. Hast popmuposa-
CKMe€ CBOHCTBA) U HEOPraHHYECKUMHU MOKpbITHsMy ~ HHA BBICOKOAMCIIEDCHOM CyCIIEH3MH TIMIMEHTa B
(BbICOKast TEPMOCTOMKOCTb, 00ycroBAeHHAs hopmu- ~KPEMHMHOPTAHHIECKOM AAKE M XOPOIIEH a/ir€3uH II0-
POBAHMEM IIPH HATPEBAHHM (KBAPLENOZOOHbIX»  KPBITHIL HA CTAABHOM IIOJAOKKE METAAIYECKHE I10-
CTPYKTYD), I03TOMY A@HHBIE KOMIIO3UTHI UMEIOT X0- ~ BEPXHOCTH JOAXKHBI XOPOIIO CMaIHBATRCA PACTBOPA-
pOLIIHE TIEPCIIEKTHBEI A PA3PaBOTKHI HOBBIX 3aImyr- MM AAKOKPAaCOYHBIX MaTepHaAoB. B KpeMHuioprany-
HBIX TIOKPBITHIA [2-4]. [ToMrMO 0cHOBHOTO TpeboBa-  1ECKHX AQKOKPACOTHBIX SMAAAX TPAJUIHOHHO HC-
HUS K TUTMEHTHPOBAHHBIM TIOKPBITUAM — CIIOCOOHO- ~ TTOABSYETCH B KATECTBE IIMT'MEHTA AAIOMHHHEBALA 1Ty -
CTH (hOPMHPOBATE TIOKPHITHS C 3aJaHHBIMI 3amuTHE-  APa. KpeMHUHOPraHHIecKue dMaAl HAHOCATCA HPeH-
MU XapaKTepUCTHKAMH |5] CTBaMHUBET, 6AecK) 1 MYLIECTBEHHO HA CTAABHBIE TIOZIAOKKH, IIOBEPXHOCT-
CTPYKTYPHO-MEXAHMIeCKUMH (TBEAOCTD, IIPOYHOMH, — HBIE CAOH KOTODBIX CONEPIKAT SHAYUTEABHOE KOAMIe-
K HUM TIPEBSBASIOTCS TPeGOBAHNS, CBA3AHHEIE Ce-  CTBOaICOPOIMOHHBIX OASPHBIX IEHTPOB. [ToaToMy
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CMaYyMBaHHE METAAMYECKHUX IOBEPXHOCTEH, KaK pe-
3YABTHPYIOIIAS BEAUYHHA, 3aBUCUT OT OASPHOCTH
CMaYMBAIOIIEH Cpesbl, B HAIEM CAydae II0OAHOPraHo-
CHAOKCAHOBBIE PACTBOPBI IBASIIOTCS MAAOTIOASIPHBI-
MU CHCTEMaMHU U, CAEIOBATEABHO, IMEIOT HI3KUE al-
COPOIIMOHHEIE XaPAaKTEPUCTUKHU HATUAPO(PHUABHBIX
MIOBEPXHOCTHBIX CAOSIX AAIOMUHUS U CTaAH. [[Ad yBe-
AFYEHHS THAPO(OOHOCTH aAIOMUHHEBOTO TUTMEHTA U
CTAABHOU TIOMAOKKHY (U, CAEIOBATEABHO, YBEAUYEHNUS
UX CMa4UBAEMOCTH PACTBOPAMHU IIOAHOPIaHOCHAOKCA-
HOB) MOXeT OBITb PEKOMEHJ0BAHO IIPUMEHEHNE a30T-
COZIEpKAIUX IT0BEPXHOCTHO-AKTUBHBIX BEIIECTB
(ITAB), 06pa3yroIuxX «IpUBUTHIH cAOi. Moauduiiu-
pOBaHHE AAKOKPACOYHBIX MATEPUAAOB MOBEPXHOCT-
HO-aKTHBHBIMHU BEILECTBAMU OTAHYAETCH OOABIINM
TEXHOAOIMYECKUM (YBEAUYHBAETCH PECYPC IOKPBI-
TUH) U SKOHOMHYIECKUM 3(P(PEKTOM (YMEHBIIAIOTCH
3aTpaThl Ha [IPUTOTOBACHUE U NIPHMEHEHHE AAKOKpa-
COYHBIX MaTepHaAoB) [0]. B anTepaTypHBIX HCTOYHU-
Kax coolIaercsa o pa3paboTke KpeMHHHOpraHmde-
CKHUX COCTaBOB C IPUMEHEHNEM PA3ANYHBIX a30TCO-
JepKaIpx coeaunenuii [7-12]. Kpome Toro, ects psg
paboT, HOCBAIIEHHEIX M3YYEHUIO PA3AUYHBIX (DaKTO-
POB, TaKUX Kak cofepxkanue 1 BUA [1AB, Tumna moau-
OPraHOCHAOKCAHA UM HAIIOAHHUTEAS Ha CMadYMBaHUE
PA3AMYHBIX IIOJAOKEK AAKOKPACOYHBIMH COCTaBaMU
[13-16]. BaprepHbIe CBOHCTBA KpEMHUHOPraHude-
CKUX TIOKPBITHH, HAHOCHMBIX COBMECTHO C OKCHIHBI-
MU IAEHKaMU, OBIAM UCCAEI0BaHEI B padore [17], mo-
Ka3aHO 0OABIIOE BAWSIHHE BHYTPEHHHX HANpSKeHHH
(hopMUpPYEMBIX TOKPBITHI HA TIPOHUIIAEMOCTD TIACHOK
U UX 9KCIIAYaTaIllMOHHBIHN pecypc.

He cMoTps Ha 3HAYUTEABHOE KOAUYECTBO paboT B
00AaCTH XUMHYECKOT0 MOIM(DUIINPOBAHUS CHAOKCA-
HOBBIX CMOA U KOMITO3UIIMH, BBEAEHUE a30TCOAEpKA-
umx [1AB npencraBagercs JOBOABHO NEPCIEKTUB-
HBIM HaIPaBACHHEM YAYYLIEHHUS Ka4eCTBA CHAUKOHO-
BBIX TIOKPBITUH.

3KcnepumeH'raanan 4acTb
/icnonb3oBaHHble MaTepuabl

B kauecTBe NACHK000PA30BATEAS HCIIOAB30BAAN
noAn(eHUACHAOKCAHOBEIH AaK KO-85 (masee [IDC)
o 'OCT 11066-74, mpousBoguTeab — (pupma
«CnexkTp», Poccusg. B kauecTBe pacTBOPUTEAL UC-
moAb30BaAd Toayoa 1o 'OCT 14710-78 (maoTHOCTD
0,866 r/cv® (mpu 20 °C); comepxaHHE TOAyOAQ
99,80 %), mponsBoauTeAb — prupma «CaraBHEDTH,
Poccus.

B kauectse asorcomepxaunmx [IAB ucnoaszoBaau:
1) cMechnepBUYHBIX ¥ BTOPUYHBIX aMUHOB—«AC-1»

(MmoaexyAagpHag Macca 250 a.e.M.; aMHUHHOE YH-

cao (mr HCI/r) 30), cunresupoBana aabopaTopuett

(bU3UKO-XUMHUYECKUX METOJ0B HCCAEOBAHUHN Ka-

thenprl xuMuyeckod TexHoaoruu CeBepo-Kazax-

craHckoro yauBepcurera uM. M. Kospibaesa.

2) TeXHUYECKUH IMPOAYKT KOHAEHCALMH PACTUTEAB-
HBIX MaceA C [uaMUHaMHU I10J TOPTOBOM MapKoi
Iucnepratop Teaa3 [y (MoAeKyAspHas macca
2121 a.e.m.; amunHoe yucao (Mr HCI/1) 32), mpo-
HU3BOAUTEAB—«ABTOKOHHUHBECT», Poccud.

3) TeXHUYECKUHU NPOAYKT, CMECh BBICOKOMOAEKYASID-
HbIX aMUHOB — [IOIIA (MoaekyasgpHada Macca
4950 a.e.m.; amuHHOe yrcao (mr HCI/1) 31), mpo-
n3Boguteab—OAO «YpaaXumllaact, Poccus.

MeToaMKa 1 NpoBeAeHNe IKCMEPUMEHTOB

B kauecTBe IOAAOKEK [IPHIMEHSIAN aAIOMUHUEBbIH
craaB Mapku A85 1o T'OCT 11069 (maccoBag noad
aAIOMUHUS B criaaBe He MeHee 99,85 %) 1 cTasbHBIE
naactunbl, Mapku 08k 'OCT 1050 (copepxanue xe-
Ae3a B criaaBe 298 %).

[Tpu ipoBeeHUN UCCAEIOBAHUM ONIPENEASIAN:
® [I0BEPXHOCTHOE HATSKEHUS B CTATHYECKOM PEXKU-

Me Hanpubope PeOnnnepa, Harpanume dpaz—«pa-

CTBOP NOAMhEHUACHAOKCAHA /BOAa» Oy (MIK/M?)

U «pacTBOP IOAU(EHUACHAOKCAHA/BO3IYX? Oy

(Il /n);
® KpaeBbIe YTABI CMaYUBAHUS Ha IPAHHUIIE «PACTBOP

oAU EHUACHAOKCAHA / aAIOMUHMY / Bofa» (&) u

«pacTBOP MOAU(EHNACHAOKCAHA/ cTaAb/Bofiay (&)

[IpU IIOCTOSTHHOM TeMmmepatype 25 °C [18].

[ToBEpXHOCTHOE HATSKEHHE ONPENEAIAN B CHUCTeE-
Max:

1) Toayoa/Bopa, mpu KoHuerTparwmsax [1AB ot 0 no
2 r/om*u noaucpenuacusokcanos or 0 1o 30 %
(o macce);

2) pactBop MOAMGEHUACHAOKCAHA B TOAYOAE/BOZA,
npu KouneHtpauuax [TAB ot 0 mo 2 r/av’u [1HC
o1 0 1o 30 % (mo macce);

3) ToAyoa/BO3ayX, IpHU KoHIeHTpauuax [1AB ot
0 mo 2 r/mv’u moAudpeHUACHAOKCAHOB 0T 0 10
30 % (mowmacce);

4) pacTBop HOAU(DEHUACHAOKCAHA B TOAYOAE/BO3-
[yX, Ipu KoHueHTpauuax [1AB ot 0 no 2 r/am’n
[1®C ot 0 mo 30 % (o macce);

KpaeBrle yrabl cMauMBaHUS ONIPEEASAY Ha I'pa-
HuIax gas:

1) pactBop moAH(EHMACHAOKCAHA /aAIOMUHUI/BozIa,
npu KounenTpanuax ITAB ot 0 mo 2 r/av’u [1dC
ot 0 1o 30 % (mo macce);

2) pacTBop MOAM(EHUACHAOKCAHA/CTAAb/BOAA, TIPH
koutnentpanuax [IAB or 0 go 2 r/av*u IIPC ot
0 mo 30 % (o macce);

MccnepnoBaHue NoBEPXHOCTHOMO HAaTAXEHUA PacTBOPOB

Bpenenue a30TcoepKalpX MOBEPXHOCTHO-aKTHB-
HBIX BEIECTB B PACTBOPHI HOANEHUACHAOKCAHOB YMe-
HBIIIAET [T0BEPXHOCTHOE HATsKeHHUe Ha IpaHuLle a3
«pacTBOp MOoAN(EHUACHAOKCAHA/BOJa» U «pacTBOp II0-
Au(peHUACHAOKCAHA/Bo3yX». MakcHMaAbHas [e-
Ipeccus TTOBEPXHOCTHOTO HATSKEHUs HabAIaAach
JIA9 Beexuccae1oBaHHBIX [IAB B pacTBopuTeAe MpU X
KoHueHTparuu 0,5 r/aM’, a B pacTBopax IOAM(EHHA-
CHAOKCaH/T0oAy0A — Ha ypoBHE ot 0,25 1o 0,5 r/mv’.

MccnepoBaHve cMaunBaHma aNtOMWHUEBON NOANOXKHN

KpaeBoii yroa cMauuBaHNs TOAYOAOM aAIOMUHUS
116,3°, 9T0 TOBOPHUT O €70 MAAOH THAPOPUALHOCTH.
[lag cipaBKY, KarAs BOIbI HA (DTOPOIIAACTE UMEET
KpaeBoii yroa cMaunBanus oT 112° no 130°. [Tpu no-
0aBAEHWMH B TOAYOA TTIOAU(EHUACHAOKCAHOB Ha0AIO[a-
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€TCsl POCT KPaeBoro yraa cMayuBanus ¢ 116° 1o 126°,
YTO CBUJETEALCTBYET O OIIOAHUTEABHOM YMEHBIIIE-
HUU TUAPO(PUALHOCTU IIOBEPXHOCTH AAIOMHUHHEBOIO
nurMenTa. OnHaKo mpu H00aBAEHWH IIOBEPXHOCTHO-
AKTHBHBIX BEIIECTB HAOAIONAETCS YBEAUYEHUE THIPO-
(prABPHOCTH TOBEPXHOCTH IUTMeHTa. Kpaesoii yroa
CMa4MBaHUA BOAOH IIpH BBeAEeHUH B ToAyos AC-1 B
KOHLIEHTpAIUgx O0 2 r/aM’yMmeHbinaercd Ha 16,5%
naa[13IA u Teaaza—14,5°. B pacTBopax moaudpe-
HUACHAOKCAHOB (¢ KoH1eHTparuelt 30 % 1o macce),
T. €. BIIPOMBIILIACHHOM AaKE, IPeIHA3HAYEHHOM AT
HM3TOTOBACHUS KPEeMHUMOPraHUYEeCKOH sMaAu
KO-814moT'OCT 11066-74, ruxpouAn3upy oIt
3(eKT MOBEPXHOCTHO-aKTUBHBIX BEILIECTB HECKOAD-
Ko Bo3pacraert. Tax, 1ag AC-1 u3MeHeHHe KpaeBoro
yraacMaduBaHug coctaBageT 22°, nag [I10I1A u Teaa-
3a-14°. [loaTOMy MOXKHO 3aKAIOYUTh, YTO BBELECHUE
NI0BEPXHOCTHO-aKTUBHBIX BEILECTB B PACTBOPBI II0AU-
(heHHACHAOKCAHOB BBI3bIBAET POCT TMAPOCUABHOCTH
AAIOMHUHUEBOTO ITUTMEHTA.

MccneposaHne cmMaunmBaHua CTasIbHOM NOANOXKHN

KpaeBoit yroa cMayuBaHUS TOAYOAOM CTAAU/B BO-
ne 134°, 4To TOBOPHUT 0 €r0 HU3KOH MMAPO(PHUABHOCTH.
[Tpu m06aBAEHUY B TOAYOA IOAUGEHHACHAOKCAHOB (10
30 %) HabaromaeTcs pocT KpPaeBoro yraa CMayrBaHUg
¢ 134° no 153°, 4T0 CBHAETEABCTBYET 00 YMEHBIIEHUN
TUAPO(UABHOCTH ITOBEPXHOCTH cTaAu. OTHAKO IIPU
J00aBACHUU IOBEPXHOCTHO-aKTHBHBIX BEIECTB Ha-
OatomaeTcs pocT rUAPOGUABHOCTH MOBEPXHOCTH CTa-
AV; KPaeBOH yTOA CMaYMBaHUA BOJOU IIPY BBEJICHU B

Wepe MIE/M”

ToAyoa AC-1 B KOHLEHTpalusx a0 2 I/ AM®yMeHbIIa-
ercaHa 32,5°%; naa [10ITA-23° nuTeaaza-14,5°. Bpa-
CTBOpaxX MOAM(EHUACHAOKCAHOB (C KOHIIEHTpaluei
30 % 1o macce), T. €. B IPOMBIIIACHHOM AAKe, IIPE[I-
Ha3HAYEHHOM JASl M3TOTOBAEHUS KpeMHHUHOpraHmde-
ckoii amaau KO-814 o I'OCT 11066-74, runpoduan-
3upyrommit 3¢hheKT IOBEPXHOCTHO-AaKTUBHBIX Be-
IIECTB coxpaHsgeTcd. [[09TOMy MOKHO 3aKAIOYHUTS, YTO
BBeJIEHIE I0BEPXHOCTHO-AKTHBHBIX BEIIIECTB B PACTBO-
PBI IOAN(PEHUACHAOKCAHOB BBI3BIBAET POCT KOAUYE-
CTBA a/Ire3NOHHBIX KOHTAKTOB, MEXKY (DOPMUPYEMBIM
MIOKPBITUEM U ITOBEPXHOCTHIO OKPAIIeHHON e TAAH.

Pe3ynbTathl U UX 06CyKAeHUE

Pacuet BnaHuA cofepaHua NoBePXHOCTHO<AKTUBHbIX

BelLecTB Ha CMa4ynBaHUe MeTain4yecknx I'IOBerHOCTeVI

BzaumozeiicTBrE OIAOKKH C KUAKON hasoit
MOKHO KOAUYECTBEHHO OLIEHUTb 110 paboTe CMaunBa-
uud (W,,). PaboTa cMayrBaHus pacCIUTHIBAETCS 110
ypaBHeHuIo (1):

Wew=02K12Ko cos 6, (1)
rae 02X, 2K,— ToBepXHOCTHOE HATSIKEHNE Ha TPAHULE
KUAKOCTh/ KUAKOCTh, M/K/M?; @ — KpaeBod yTroA
CMa4YUBaHUA TBEPAOH IOBEPXHOCTH, I'pa.

OnHAaKO HA TIPaKTHKe O0AbIIee TPUMEHEHNe Halll-

Aa He cama pabora cmayuBanud (W,,), a €€ n3MeHeHue
(AW,,), paccuntanHOe 110 hopmyae (2):

A WCM = WCM TIAB™ WCM} (2)

rae W, mp— paboTa cMauMBaHuS HA IOBEPXHOCTH, TI0-

KPBITOH afcOPOITOHHBIM CAOEM ITIOBEPXHOCTHO-aK-

AW e MJBEM®
14 -

12 -

10 - A

1-M3MNA; 2 -Tenas; 3 -AC-1

Puc. 1. BausiHue nogepxHOCMHO<AKMUBHbIX 8eUjeCM8 Ha U3MeHeHue pabomsl cmayueaHusa (AWe,) 8 omHoweHuu antomuHuA (a) u cmanu
(6) (codepxcaHue nonugpeHuncunoxkcaHos 30 % (no macce)) npu t=25 °C

Fig.1.
polyphenylsiloxane is 30 % (by weight)) at t=25 °C

Influence of surface<active agents on the change of wetting (AW.w) in respect of aluminium (a) and steel (b) (the content of
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THBHBIX BellecTB, M/x/m?; W, — pabora cMauyrBaHus
Ha MIOBEPXHOCTH, HE TIOKPBITOH aCOPOIIHOHHBIM CAO-
€M TI0BEPXHOCTHO-aKTHBHBIX BEINECTB, M/I3K /M2,
CaemoBaTeAbHO, 110 XapakTepy u3MeneHusa AW,
MOXKHO OIIEHHUTh BAHMSHHE IIOBEPXHOCTHO-AKTUBHBIX
BEIIECTB Ha TIOBEPXHOCTHOE HATSKEHUS HA TPAHHUIIE
(PacTBOp TOAU(EHUACHAOKCAHA / AAIOMUHUEBAS TIOJ-
AOXKKa» U «PacTBOP MOAM(PEHUACHAOKCAHA,/ CTAAb-
Has MMofAOKKa». Ha puc. 1 mpencraBAeHO BAUSHUE
COZIEPKAHUA IOBEPXHOCTHO-aKTHUBHBIX BEIIECTB HA
u3MeHeHre paboThl CMAYUBAHUS HA METAAAMYECKUX
[TOBEPXHOCTSX, PACCUUTAHHOE 110 POpMYyAE (2).
BangiHuE pa3sAMYHBIX [T0BEPXHOCTHO-aKTHBHBIX
BEILIECTB Ha CMAUUBAHUE B IIPOMBIIIAEHHOM AaKe (CO-
nepxkanue moaudenuacuaokcanoB 30 % (mmo macce))
HeomHO3Ha4HO, Tak [IOIIA u Teaa3 UMEOT MaKCH-
MaAbHOE H3MeHeHue paboThl CMAYHBaHUS IIPH UX KOH-
IIEHTpalugx B pacTBopax 2o 0,5 r/AM’, 4To coraacyer-
C4 C pe3yAbTaTaMU paHee MPOBEEHHBIX HCCAEI0BA-
HU# — BAUSHUS JAHHBIX II0BEPXHOCTHO-aKTUBHBIX Be-
IIECTB HA IUCIIEPTHPOBAHUE AAIOMUHHUEBOIO TUTMEH-
Ta, HAUOOABIITHE A heKT HAbAIOfAETCS B IPUCYTCTBUM
[TIOI1A u Teaasa mpu ux copepxanuu 0,25 r/om®[19].
B pacTBopax moAnheHHACHAOKCAHOB C COAEPKAHIEM
ITOBEPXHOCTHO-aKTUBHBLIX BellecTB Ooaee 0,5
r/OM° MaKCUMaAbHOE HU3MEHEeHHe paboThl CMavu-
BaHU4 XapaKTepHO yxKe AAd AC-1, 4T0 MOKET IOBO-
PUTDH 0 BAUSHUU MOAEKYASPHOH MacChl II0BEPXHOCT-
HO-aKTHBHbIX BEIECTB Ha IpoIiecch aacopbiuu [1AB
U Ha CMa4yMBaHUe II0BEPXHOCTEH B JAHHBIX CUCTEMAX.

Onpep,eneHMe ONTUMANIbHbIX PEXXUMOB CMa4YMBaHUA

ITo pe3yAbTaTaM 3KCIIEPUMEHTOB BBIBEAEHO Ypa-
BHEHUE, OIIMCHIBAIOLIEE BAUAHNE Ha KPAEBBIE YTI'ABL
CMa4YMBaHUA aAIOMHUHHA U CTaAM, KOHLEHTPAILUH I10-
AI/ICbCHI/IACI/IAOKcaHOB 1 MTOBEPXHOCTHO-aKTHUBHBIX BE-

y-tC )+s(C )+y

0= Dn(gici - = nﬁg’ , HQ%I , (3)
[IAB AB

e f-KpaeBoH yroacMayuBaHud, rpan;k, ¢, s, y, z,
g, f, w-koachpunments! (rada. 1); Ciap— conepranme
IIOBEPXHOCTHO-AKTHUBHBIX BeIlecTB, I/ AM%; Cpec — CO-
JiepKaHue I0OAN(EHUACHAOKCAHOB (110 Macce), %.

B Tabawuiie mpeacTaBAeHb! KOAPMHUIMEHTDI, BXOIS-
Iye B ypaBHeHuUe (3), AT pa3ANYHBIX IIOBEPXHOCTHO-
aKTHBHBIX BEILECTB.

Ha ocHoBe ypaBHeHU4 (3), ¥ yIUThIBasd MakcCH-
MaAbHBIM cMauuBatonui appeT [1OI1A (kak Ha
AQAIOMUHUEBOY, TaK U Ha CTAABHOM IOJAOKKAX), ITO-
Ay4€HBI HOMOTPaMMBI (pHUC. 2, 3), I03BOALIOIIHE
OIIPENEAUTD B IIPOU3BOACTBEHHBIX YCAOBUAX KPaeBOH
yroA CMaduBaHud (¢) B 3aBUCUMOCTH OT COJEPKAHUS
[I9I1A u moaucpeHnACHAOKCaHOB (ipu 1=25 °C). AHa-
AV3 HOMOTPaMM IHOATBEPKAAET, YTO A COXPAHEHHS
3HAYEHUS KPAeBOT0 yrAa Ha OIIPELEACHHOM YPOBHE,
II0 Mepe pa3BeleHus KOMIO3HUIUH, Tpebyercs CTporo
JI03UPOBATh I0BEPXHOCTHO-aKTHBHBIE BEIIECTBA.

Crosma. /o
4 ‘ T T T T T T T T T I T T T T
71 | B
o] B | i
| 1 |
NS - YO 1
| o T |
A | - e :
// >l y I H
SNV 2 J P
vl e N\ : -
7 p - & if
08 2 e N
|- A g N
04 I A oy e s I'v - \\_ -
Gl ) ~ | N
| S I A AT | i+ B A & PO |
¢ 3 . o L] X 12 “ 1"n L] xn P - . = o
Croc. %

©°%1-110;2-115;3-120
Puc. 2. [lsyxgpakmopHaa Homo2pamma: O=f(Crena; Cnoc; npu
T=25 °C) 014 antoMuHuUe8ol nodn0HKU

Fig. 2. Two<factor nomogram: G=f (Ceeea; Ceps; at T=25 °C) for

aluminum substrate

Tabauya. 3HayeHue KoaggpuyueHmos k, t, s, y, z, g, f, W 0414 pa3auYHbIX MOBEPXHOCMHO<AKMUBHbIX 8eujecme

Table. Value of the coefficients k, t, s, y, z, g, f, w for different surfactants
N v [+ [ 5 [ 7 [ w
0414 antoMuHuUesol nooda0HKu
(Surfactant) k
for aluminum substrate
50A 0003 | 0149 [ 1840 [ 111,89 [ 100 | 8990 | 121,94 | 116,30
018 cmanbHOU Mo0A0HKU
PEPA
. for steel substrate
(polyethylenepolyamine)
0003 | 014 | 176 | 1279 | 567 | 21,83 [ 14235 | 1321
0117 anromMuHuesoli Moon0IKU
for aluminum substrate
Tenas 0002 [ 0120 [ 1,83 [ 10903 [ 533 [ 1768 | 12254 | 11495
(Telaz) 01 cmasnbHoU no010HKU
for steel substrate
0003 | o015 [ 197 [ 1272 [ 18 | 1382 | 141,75 | 1333
0118 anoMuHUesol mooAoHKu
for aluminum substrate
AC<1 0001 [ 0088 | 1562 | 10933 | 0717 [ 1169 [ 12353 [ 11551
(As<1) 0518 cmanbHoli M0AA0HKU
for steel substrate
0004 | 02 | | 1207 [ 491 | 2356 | 14250 | 130
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e°%:1-110;2-115;3-120
Puc. 3. fisyxpakmopHasa Homo2pamma: G=f(Cnsna; Cnec; Npu
T=25 °C) 015 cmanvHoU M00A0HKU

Fig. 3. Two<factor nomogram: O=f (Ceeea; Ceps; at T=25 °C) for

steel substrate

C

TexHonormyeckme UcnbiTaHUA I'IOKprTMVI

Kax oTMe4eHo BBIIlIE, I0BEPXHOCTHO-aKTHBHbIE
BEIIIECTBA YAYYIIAIOT CMaYWBaHUE METAAAMYECKUX
TIOZIAOZKEK PACTBOPAMHU IOAM(DEHHACHAOKCAHOB, I103-
TOMY IIeAeCO00pa3HBIM IIPECTABAIAACEH [IPOBEPKA
3aIUTHBIX XaPaKTePUCTUK IIOKPBITHH, I0AYYEHHBIX
U3 MOAU(PUIUPOBAHHBIX COCTABOB. AAaKOKPACOYHEIE
NOKpbITHA ToaydatoT 1o TOCT11066-74. Jag xoc-
BEHHOH OIIEHKH CMaYMBAaEMOCTH IIUTMEHTA U II0f-
AOKKH PaCTBOPOM IIAEHKOOOPA3YIOIIETO ONPENCATIAH
HOPUCTOCTb TOKPBITHS SAEKTPOXUMUIECKUM METO-
nom [20].

Benenue I1AB BBI3BIBA€T YMEHBILEHUE TTOPUCTO-
CTH TIOKPBLITHH (pUC. 5) U yBeAWUeHUe Ux baecka
(3a cuéT yMEHBILIEHNS IEPOXOBATOCTH IIACHOK B
2,5 pasa) puc.4.

a) Cwae=0 f/gm?; b) Cmsma=0,25 f/gm® — begepwka b cyna@ate megm
¢) Cmag=0 f/gm?; d) Cmama=0,25 f/gm® — 6es begepwkm b cyna@ate megm

a) Csurfactant=0 g/liter; b) Cpepa=0,25 g/liter — exposure in copper sulfate
€) Csuractant=0 g/liter; b) Cpepa=0,25 g/liter — without exposure in copper sulfate

Puc. 4. ®omozpadguu nokpsimuii 0o («c» u «d») u nocne 8videpxKu 8 meyeHue 12 yacos 8 5 % pacmeope cynbgpama meodu («a» u «b»)

Fig. 4.

Pictures of coating before («c» u «d») and after aging for 12 hours in 5 % copper sulfate solution («a» u «b»)
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10.

11.

3akntoueHune

. Bee HUCCA€IOBAHHBIE IIOBEPXHOCTHO-AKTHUBHEIE BE-

IECTBA YAYYIIAIOT CMAYHBAEMOCTD aAIOMUHUEBOH
U CTAABHOM ITOIAOZKEK B PACTBOPAX IOAU(EHUA-
CHAOKCAaHOB. HanboABIIIyI0 CMAaYHBAIOIIYIO aK-
TUBHOCTD IpogaBasiorT [I13I1A u Teaas, npuux
KoHIeHTparmu MeHee 0,5 r/om°, a B Goaee KOH-
IIEHTPUPOBaHHBIX pacTBopax (Cpys>0,5 r/am%) —
AC-1.

CNUCOK NNIUTEPATYPbI

ApramoHoBT'.A. CHAKOHOBBIE CMOABI ¥ MOIU(DHKATOPHI IAS HH-
JyCTPUAABHBIX AQKOKPACOYHBIX MaTepuaioB |/ AaKOKpacoyHble
Martepruasplnuxnprumerenne.—2009.-No2.-C. 32-34.
I'u6punHble HAHOCTPYKTYPBI Ha OCHOBE CAOUCTBIX CHAUKATOB 1
a30TcofepKAIKX opraHudeckux coeguuenuit [ 0.10. Toaybesa,
0.C. lomanoBa, B.A. Yroakos, B.B. I'ycapos // XKypraa obmeit
xumud. -2007.-T. 77. - Beim. 2. - C. 246-251.

Ubong Eduok, Omar Faye, Jerzy Szpunar. Recent developments
and applications of protective silicone coatings: a review of PDMS
functional materials // Progress in Organic Coatings. - October
2017.-V.111.-P. 124-163.

Development and evaluation of an eco-friendly hybrid epoxy-sili-
con coating for the corrosion protection of aluminium alloys /
G. Luciano, A. Brinkmann, S. Mahanty, M. Echeverrla // Progress
inOrganic Coatings.-September2017.-V.110.-P. 78-85.
Development of polyorganosilazane-silicone marine coatings /
S. Marceaux, Ch. Bressy, F.-X. Perrin, C. Martin, A. Margaillan / /
Progress in Organic Coatings. - November 2014. - V. 77. -
Iss. 11.-P. 1919-1928.

Boaar6aes K.H., Joparuna A.H., Octposroit K.A. Momucuuupo-
BaHKE KOMII03UTOB II0BEPXHOCTHO-AKTHBHBIMY BelecTBaMy. - [le-
TponaBaoBcK: M3xn-Bo CKTY, 2005.-184 c.

Diffusion of surface-active amphiphiles in silicone-based fouling-
release coatings / C. Noguer, S.M. Olsen, S. Hvilsted, S. Kiil //
ProgressinOrganic Coatings.-May2017.-V.106.-P.77-86.
Asanumes B.M., Copokun M.®., MiBanos C.A. Bauguue npupozis!
OTBEPAUTEAS HA TEPMOZECTPYKIIMIO 3TOKCUKPEMHHEOpraHiye-
CKUX KOMIO3UIHi |/ AaKOKDACOYHbIE MATePHaAb! I UX IIPUMEHe-
Hue. - 1983.-Ne 4.-C. 10-12.

Ananda Kumar A. Sasikumar. Studies on novel silicone/phospho-
rus/sulphur containing nano-hybrid epoxy anticorrosive and an-
tifouling coatings // Progress in Organic Coatings. - July
2010.-V.68.-Iss. 3.-P. 189-200.

Chattopadhyay D.K., Dean C. Dean C. Webster Hybrid coatings
from novel silane-modified glycidyl carbamate resins and amine
crosslinkers // Progress in Organic Coatings. — September
2009.-V.66.-Iss. 1.-P. 73-85.

Atul Tiwari, Ryan Sugamoto, Lloyd H. Hihara. Analysis of mole-
cular morphology and permeation behavior of polyimide-siloxane
molecular composites for their possible coatings application //

UHPopmaumsa 06 asTopax

12.

13.

14.

15.

16.

17.

18.

19.

20.

. YAy‘{LHCHI/IC CMa4YuBaHHAg METAAAMYECKHX II0JAO-

JKEK PACTBOPaMHU MOAU(EHUACUAOKCAHOB B IIPH-
CYTCTBUH IOBEPXHOCTHO-AKTHUBHBIX BEIIECTB MIOJI-
TBEPKIAETCI ¥ YMEHbBIIEHUEM IIEPOXOBATOCTH 1
MIOPUCTOCTH TIOKPBITHH, TOAYYEHHBIX U3 MOAU(H-
IIIPOBAHHBIX COCTABOB. [laHHBIE AAKOKPACOYHbIE
COCTaBBI MOTYT OBITh UCIIOAB30BaHBI JAS 3AIIATHI
OT KOPPO3UHU I'a30-HE(PTEIIPOBOJOB U YCTHEBOTO
000opynoBaHUs HEPTAHBIX CKBAXKH.

Progress in Organic Coatings. - 1 November 2006. -V 57. -
Iss. 3.-P.259-272.

Development and characterization of silicone/phosphorus modi-
fied epoxy materials and their application as anticorrosion and
antifouling coatings / A. Kumara, T. Balakrishnana, M. Alagarb,
Z.Denchevc / / Progress in Organic Coatings. - 1 March 2006. -
V.55.-1Iss.3.-P.207-217.

Self-assembled perfluoroalkylsilane films on silicon substrates
for hydrophobic coatings / Lu Cai, Anqi Liu, Yanhua Yuan,
Li Dai, Zhanxiong Li / / Progress in Organic Coatings. - January
2017.-V.102.-P.B.-P.247-258.

Seyedmehdi S.A., Hui Zhang, Jesse Zhu. Influence of production
method, silicone type and thickness on silicon rubber superhy-
drophobic coatings // Progress in Organic Coatings. - January
2016.-V.90.-P.291-295.

Arianpour F., Farzaneh M., Kulinich S.A. Hydrophobic and ice-
retarding properties of doped silicone rubber coatings / / Applied
Surface Science.-15January2013.-V.265.-P. 546-552.
Photocurable resin/nanocellulose composite coatings for wood pro-
tection / A. Cataldi, C.E. Corcione, M. Frigione, A. Pegoretti //
Progress in Organic Coatings. - May 2017. - V. 106. -
P. 128-136.

Barrier property and mechanical flexibility of stress controlled
organosilicon/silicon oxide coatings on plastic substrates / Shao-
KaiLu, Shun-ChiChen, Tai-Hong Chen, Li-Wen Lai, Ren-Mao Li-
a0, Day-ShanLiu / / Surface and Coatings Technology.-25 Octo-
ber 2015.-V.280.-P.92-99.

ManaxoBa A.9l. TIpakTHKyM 10 pU3NIECKON 1 KOAMOUIHOH XU-
Muu. - MuHcK: Bermsiin. mkoaa, 1974.-366 c.
[ropsruna A.H., Octposroit K.A., Tiokansko B.10. [Ipumenenue
aMUHOB JIASL /Ie3arperaliii aAMUHHEBOH TyIpbl B KpEMHHUI0pra-
HUYECKHX AGKOKDPACOYHBIX Marepuanax [/ CoBpeMeHHbIE mpofae-
MBI HayKH 0 moanMepax: Coopruk Tpynos IV Cankr-TleTepypr-
CKOH MEX[yHApOIHOH KOH(EPEHIIUH MOAOLBIX Y4EHbIX. — CaHKT-
ITerep6ypr, 2008.-C. 63.

Kapsikina M.A. AaGopaTopHblit IPaKTUKYM [0 HCTIBITAHUIO AAKO-
KPaCOYHBIX MaTePUaA0B U OKPHITUH. — M.: Xumug, 1977. -
240 c.

Iocmynuna 11.09.2017 a.

Tioxanvko B.IO. , KAHAUIAT TEXHUYECKUX HAYK, HHKEHEP-TEXHOAOT I10 AAKOKPACOYHBIM ITOKPBITUAM AO «KaSHCCb-
Tera3malll».

opseuna A.H., kaHounaT XUMUIECKUX HAYK, IOLEHT, 3aBeAyolias Kadeapoi OpraHndecKoi XUMUN U XUMUT
BMC CeBepo-Kazaxcranckoro yuuepcurera uM. M. Ko3pibaesa.

Ocmposnoit K.A., npernonasareab Kadenpsl opranudeckoit xumuu u xumuud BMC CeBepo-KazaxcTraHCcKoro yHHBEp-
curera uM. M. KosribaeBa.

Jemvanenxo A.B., KaHIUIAT TEXHIYECKUX HAYK, JOLEHT, JeKaH HHKeHepHOro (akyabrera CeBepo-KazaxcraHcKo-
ro yauBepcutera uM. M. KosslbaeBa.



Tyukanko V.Y. et al. / Bulletin of the Tomsk Polytechnic University. Geo Assets Engineering. 2017. V. 328. 11. 75-82

UDC661.1:541.18

STUDYOFWETTINGOFALUMINUMAND STEELSUBSTRATES WITHPOLYORGANOSILOXANES
INTHE PRESENCE OF NITROGEN-CONTAINING SURFACTANTS
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Therelevance ofthe work s caused by the necessity to develop a new anti<corrosion paints, with increased resource exploitation topro<
tect gas pipelines and wellhead equipment of oil wells from corrosion.

The main aim of the study is to increase the service life of silicone coatings based on the study of the influence of nitrogen<containing
surfactants on wetting of aluminum and steel substrates in silicon<organic paint materials.

The methods used in the study: analysis of surface tension in static mode on the device Rehbinder, on the border of phases — solution
of polyphenylsiloxane/water and polyphenylsiloxane/air solution and the contact angle of wetting on the border—solution of polyphe<
nylsiloxane/aluminum/water and polyphenylsiloxane/steel/water solution; photographing the surfaces of the coatings and electroche<
mical determination of coating porosity.

The paperintroduces the results of the study of nitrogen<containing surfactants effect on wetting of aluminum and steel substrates with
solutions of polyphenylsiloxane. The authors have calculated the change in wetting and shown their influence on porosity of coatings.
Introduction of surfactants improves wetting of metal substrates in solutions of polyorganosiloxanes, which is expressed in the change
of wetting angle. It is to 22° for aluminum substrate and 32,5° for steel one. Analysis of changes in wetting functioning allows suppo<
sing that polyethylenpolyamines demonstrate the greatest wetting activity (if their content in the solution is to 0,5 g/dm?), and low mo<
lecular weight amines in more concentrated solutions (with added content more than 0,5 g/dm?). The authors derived the equations
describing the effect of additives and polyphenylsiloxane contents on wetting angles and developed the nomograms. The introduction
of surfactants causes decrease in porosity and roughness of the surfaces (in 2,5 times).

Key words:
Aluminumandsteelsubstrate, silicone coating, nitrogen<containing surfactants, wetting,
changing the performance of wetting, porosity of the coating, gloss.
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