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OCOBJIUBOCTI  KOPO3IMHOI TA  ENEKTPOXIMIYHOI
NOBEAIHKKN CTAIl 20 B JEAEPOBAHOMY CEPEOOBULLI
NACE B NPUCYTHOCTI CO,

HocnigpkeHo snnve cknagy po3unHie NACE (5% NaCl + 0,5% CH;COOH T1a 3%
NaCl + 0,25% CH3;COOH 6e3 HacuyeHHA H,S) Ha wWwBMAKICTb KOpO3ii Ta
eneKTpoximiyHi xapaktepuctuku ctani 20. MokasaHo, Wo B CraboKMCnnx po3ynHax
NACE 36inblueHHs1 Yacy BunpobyBaHb (2...72 hr) Bege B CTaTMYHUX ymOBax [0
NMOMITHOIO 3HWXKEHHS LIBUAKOCTI KOPO3ii, a 3a NepeMillyBaHHsi — 10 MEHLL 3HAYHOrO,
O MOoB'A3aHe i3 y4yacTi0 KWCHIO B KOPO3iMHOMY Mpoueci. Y4YacTb KWCHIO
nigTBEPAKYETbCA NONAPU3aUINHUMUN OOCHIMKEHHAMW:  KaTogHi kpusi ctani 20 B
060X poO34MHaxX MalTb BUPaXeHY AIMSHKY TpaHWYHOro AWdy3iiHOro CTpymy.
CTpymMOBi MOKa3HWKM LUBMAKOCTI KOpO3ii, nepepaxoBaHi Ha rpaBiMETPUYHI,
33[0BINIbHO Y3roKYIOTbCA i3 OTPUMaHMMK BaroBum MeTogom. HacuyenHs CO,
neaepoBaHoro po3unmHy NACE pisko nigBullye LwBMAakicTb koposii ctani 20 (14
mm/year), Lo BignoBiaae NoBHii ii KOPO3iNHOI HETPUBKOCTI.

MocTaHoBKa npo6nemun. Bubip iHribGiTOpiB ANs NPOTUKOPO3IAHOIO 3axUCTy
rasoHadToBOro 06ragHaHHSA 34IACHIOETLCA Ha OCHOBI NTabopaToOpHMX Ta HaTypHMX
BMNpobyBaHb. JlabopaTopHi AOCNIMKEHHS HaW4acTille NPOBOASTb B  MOAOENbHUX
po3umHax, T. 3B. po3dnmHax NACE, cknag skux MOXe f[ewo BigpisHaTucsa. Tak,
amMepukaHCbkui cTaHgapT nepepbavae po3unmH 5% NaCl + 0,5% CH3;COOH,
HacunyeHun cipkosogHem [1]. deski meToamkn [2] peKOMEHAYHTb HWXKYI KOHLUEHTpaLil
komnoHeHTiB: 3% NaCl + 0,25% CH3;COOH + H,S (Hacu4.) Ta pisHi ymoBu
BMnNpobyBaHb (Yac ekcnosuuii, Temnepartypa, nepemillyBaHHs). € NeBHUN Pi3HOGIN i B
pexvMax BuAANeHHs KUCHI0 Ta HaCWMYEHHSA BYIMEeKUCNMM rasoM UMX Ppo3yuHiB. B
pes3ynbTaTi OTPMMYBaHi 3Ha4YEHHS LIBUOKOCTEN KOPO3ii MOXYTb CYTTEBO BiApi3HATUCS,
WO YCKMNaAHIE MOPIBHAMBbHY OLUiHKY KOPO3iMHOI TPMBKOCTI cTanen, edeKTUBHOCTI
iHriGiTopiB | BMAady HaginHUX NPaKTUYHMX pekomeHAauin. Kpim Toro, BaxnmeBum €
PO3yMiHHS1 0COBNMBOCTEN €NeKTPOXiMIYHOT MOBEAIHKM cTani B cnabokncnux posynHax.

MeTa po6oTu. [JocnigkeHHs BNNnBY yMOB BUNPobyBaHb Ha LWBUAKICTb KOPO3ii
Ta enekTpoximidHi xapaktepuctuku ctani 20 B po3dnHax NACE pisHoro cknagy 6e3
Hacu4eHHs cipkoBoAHeM (B nodansLiomy po3dmH Ne1 ta Ne2).

Martepianu Ta meToauku gocnigkeHb. Bci BunpobyBaHHA npoBeaeHi Ha
3paskax i3 ctani 20 B cTaHi NOCTaBkW, BUrOTOBMEHNX y BUrNSA4i gnckis (& = 20 mm).
MoBepxHsA 3paskiB wnigoBaHa 0o R = 0,63 MKMm.

MigrotoBka 3paskiB nonsrana B OYULLEHHI NOBEPXHi aLeTOHOM, BUCYLUYBaHHI
Ta BUTPMMYBaHHI iX 2 roguvHu B ekcukaTtopi. [ligrotoBaHi 3pasku 3BaxysBanu Ha
aHaniTM4HMx Barax 3 TouvHicTio + 0,0004 r Ta 36epirann B ekcukaTopi He Ginbwe 24
rOAWH.

Po3unMHK roTyBann Ha AUCTUNBLOBAHIN BOAI 3 BUKOPUCTAHHSAM peakTUBIB
kBanidgikauii x.4. PosunH Ne1: 5% NaCl + 0,5% CH3;COOH; po3unH Ne2: 3% NaCl +
0,25% CH3;COOH. [Ona nopiBHAHHSA BW3HAYEeHHSA LWBWAOKOCTI Koposii cTtani 20
nposefeHi B HacuyeHomy po3uunHi NaCl 3 pgopatkom 3% CH3;COOH. BupaneHHs
KMCHIO 3 PO3YMHIB 3[iMCHIOBanNuM LWMASXOM NpoAyBaHHA a30oToM. [MoBHOTa BuOaneHHs
KNCHIO NiATBEPKYETbCHA BIACYTHICTIO Ha nongporpaMax niBXBuni  KucHO  [3].



HacuyeHHs peaepoBaHux posunHieB CO, npoBogwnM BMAPOOOBX BCbOMO 4acy
BUMPOOYBaHb.

LBnakicte Kopo3ii BM3Ha4Yanm MacoOMETPUYHMM METOLOM MiCns eKcnoauuit
3paskiB B po3dnHax NACE B cTaTMyHMX i AMHaMiYHMX yMOBax (LUBUAKICTb 0bepTaHHs
Mmiwanku 800 rot/min) Ta ycyHeHHi npoaykTiB koposii [4]. Po3paxyHOK LIBMAKOCTI
koposii K, (g/(cmz-hr)) 3aivcHIoBany 3a opmyroko
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ge Am — 3MiHa BarM 3paska Mnicfis eKkcnoauuii B KOPO3MBHOMY cCepefoBuuli Ta
YCYHEHHS NpoayKTiB kKopoa3il, g; S — nnowa 3paska, cm?; T — Yac 1oro ekcnoauii, hr.

OTpuMaHi BenuMuMHM nepepaxoByBanvM Ha TMMOMHHUIA MOKA3HUK Koposii []
(mm/year)
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ae k — koediuieHT nepepaxyHky hr B year; y - ryctuHa metany (ans 3anisa 7,86
glem?).

MonspwusauinHi  gocnigkeHHs  NpoBOAMNM  noTeHuioctatom  IP-Pro 3
nporpamHumM 3abesneyeHHAM. Pobounm enekTpogom CrnyxuB LUNIHOPUYHUIA 3pa3oK i3
crani 20, 3anpecoBaHuii y dToponnacT 3 nnowet poboyoi nosepxHi 00,0254 cm?
Enektpoa nOpPIBHAHHA — HACWYeHWWA XIOp-CPiGHMI, AOMNOMDKHUA — MNaTUHOBWUNA.
lMepepaxyHOK CTPYMOBUX MOKa3HWUKIB LUBUOKOCTI KOPO3il HA MacoBi 34iMCHOBanNu 3a
dopmyrnoto
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ge i — cTpym Kopoasii, Alcm?; k — koedpigieHT (k = 1, AKwWo yac BunNpobyBaHb

BUPaXeHWil y CeKyHaax, a nrnowa — B cm?); A — aToMHa Maca MeTany (455 3anisa Ta
ctani A = 56); n — BaneHTHICTb MeTany (ans 3anisa 2 abo 3); F — ctana ®apages.

Pe3ynbTtatm pocnigkeHb Ta iX OOroBOopeHHsl. 3anexHicTb LWBWUAKOCTI
kopogsii ctani 20 Big 4acy ekcnosuuii B 06ox cepefoBuliax 3a CTaTUYHMX YMOB
(BiACYTHICTb MepemillyBaHHs) € iGEHTUYHOK | aCMMNTOTUYHO cnagac i3 36iNblEeHHS M
Yacy nepebyBaHHSA 3paska B KOPO3MBHOMY po3uuHi (puc.1). B ubomy yacosomy
iHTepBani BigMiHHOCTI Y BeNMYMHax LWIBUOKOCTEN KOPO3ii B 060X pO34MHAX HE3HAYHI.

3MeHLLEeHHS LBUAKOCTI KOPO3ii B 3aMneXHOCTi Big Yacy eKkcrnosuLii xapaktepHe
ONa HenTpanbHUX CcepefoBuLl, Oe nniBKka YTBOPEHUX MPOAYKTIB KOpo3il Bigirpae
eKpaHylody pofnb, NepelukopKarodyM  OOCTYNYy  KUCHIO, HK  Jenonsipusatopa
beanocepeagHb0 OO0 MoBepxHi MeTany. | xoda B cnabokucnmx posdmHax NACE
(pH~3) [5] ocHOBHMM Oenonapu3aTopoM € iOHU rigporeHy, BiAKMAATM BHECOK KUCHIO B
JenonsapusaliviHi npouecu He MoxHa. [igTBepaKeHHSIM y4acTi KUCHIO B KOPO3iHOMY
npoueci B crnabokucnux cepegoBuwax € pesynbTatv BUNpobyBaHb KOPOSiNHOI
TPUBKOCTI cTarni B AMHaAMIYHUX YMOBaX.

Pyx pigvHn He BnnuBae Ha BOOHEBE MepeHanpyXeHHs (akTuBauinHa
nonsapusadis), B HalWOMy > BUMNaAKy NPOCTEXYETbCS 3POCTaHHS LUBWUAKOCTI KOPO3ii



npu nepemiwyBaHHi. Tak, NOPIBHAHO 3 HEPYXOMUM CepefoBULLEM LUBUAKICTb KOPO3il
crtani 20 3poctae gocTaTHbO MOMITHO B 000x po3umHax NACE (puc.1, Ttabn.1),
ocobnmBo npu 36inblieHHi Yacy ekcnosudii. Micns 2 hr BunpobyBaHb koediuieHT
3pPOCTaHHS LWWBWMAKOCTI CTaHOBUTbL 2 — 2,2, a nicnst 72 hr uen nokasHuk Bxe cdarae 7 —
12.
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Pwuc. 1. 3anexHicTb wemakocTi koposii ctani 20 Big Yacy ekcnosuuii B po3ynHax:
1 - NACE-1; 2 — NACE-2 (cTaTu4Hi ymoBW);
3 — NACE-1; 4 — NACE-2 (guHamiyHi ymoBM).

Tabnuusa 1
WBupgkicTb Koposii K, (g/(cmz-hr)) Ta rMUOUHHMI NoKa3HuK T (mm/year)
ctani 20 B po3unHax NACE 3a pi3aHoro 4yacy ekcnosuuii Ta t = 20°C

Cepepo- be3 nepemiyBaHHSA 3 nepemillyBaHHAM
BULLE ™ Km-10* 1T | K10 rn K**
2 1,26 14 2,46 2,74 1,9
6 0,62 0,69 1,32 1,47 2,1
NACE-1 24 0,26 0,29 1,45 1,61 5,6
72 0,21 0,23 1,46 1,62 6,9
2 1,11 1,23 2,47 2,75 2,2
6 0,54 0,60 1,93 2,15 3,6
NACE-2 24 0,23 0,26 2,00 2,22 8,7
72 0,16 0,18 1,96 2,18 12,2

* —yac BunpoO, hr
** _ koedpilieHT 3poCcTaHHA LWBUAKOCTI KOPO3ii, pas.

Lli 3akoHOMipHOCTi MOXyTb OyTM MoOB’A3aHi i3 0COONMBOCTSIMM MOBEAIHKM
PO34YMHEHOrO KUCHIO B crnabokucnux cepegosuwiax. KuceHb, gk penonsipusatop,
BXOOWTb B CKMNag MpoaykTiB Koposii, dki dopmyoTe Oap’epHun wap. OpgHak, B
cnabokucnunx cepepgosulax Bxe npu pH = 4 Gap’epHa okcuaHa nniBka Ha cTani
noynHae po3vmHATUCH. [lepemiwyBaHHSA, 3 opgHoro 60Ky, Chipusie BiOBEAEHHI0
NPOAYKTIB PO34YMHEHHS, @ 3 APYroro, Nomnerwye [OCTYN KUCHIO 4O MOBEPXHi meTany,
CrpUslOYM TUM CaMUM KUCHEBIN genonsipm3adii. 3a BUCOKMX LUBUAOKOCTEN PYXY PiavHU
He NPOSABMAETLCA iHribytoua Oist KMCHK. [Jo UMX npoTunexHux edekTiB JonydYaeTbCa
e oauH: B3aemogis O, 3 ioHamu rigporeHy Ha NnoBepxHi cTani



2H++%02—>H20, (4)

Wo nocuntoe Aucouiauito cnadkoi kumcnotn CH3;COOH, BHacnigok 4oro goAaTkoBO
3pOCTa€e KOHLEHTpaLis NPOTOHIB [6].

Buwi 3HayeHHa wBwmakocten koposil ctani 20 B po3uMHi 3 MEHWUMK
KoHueHTpauismm NaCl Ta CH3;COOH, xoya m™mano nmnomiTHi 3a BiOCYTHOCTI
nepemillyBaHHA i CyTTEBI B AMHAMIYHUX YMOBaXx, MOB’A3aHi i3 PO3YMHHICTIO KUCHIO.
MakcMmanbHa MOro pO3YMHHICTL i, BIAMOBIAHO, MakcMMarnbHa LUBMAKICTb KOpPO3ii
cnoctepiraetecs B 3% NacCl. lMigTBepaXeHHAM LibOro € oTpuMaHi gaHi BunpobyBaHb B
HacnyeHoMy posuuHi NaCl 3 3% CH3;COOH. Tyt wsmakicTb kopogsii ctani 20 B
CTaHOBUTb 1,03-10'5 g/(cmz-hr), IO € B 2 pa3n MEHLUNM, Hix B po3dnHi NACE-1 Ta B
1,6 pasu meHwwuMm, HixX B po3umHi NACE-2. lliacymoByloun BuLlecka3aHe, MOXHa
CTBEPOKYBATH, LLO B AMHAMIYHUX YMOBaX MaKCUMarbHi LLUBUOKOCTI KOPO3ii Ha BigMiHY
BiJ, CTaTUYHMX CMOCTEpiraTbCcsa 3a GiNbLIOro Yacy ekcnosudii, Tomy BUNpoOyBaHHSA B
PYXOMOMY CepeaoBULLi AOLINbHO NPOBOANTM NpoTsirom 72 hr.

MonapusauinHi SOCnigpKeHHs TeX BUABUM NEBHI BIAMIHHOCTI Y BNacTUBOCTAX
po3unHiB NACE—-1 Tta NACE-2 ctocoBHOo cTtani 20. Tak, cTauioHapHWi noTeHuian
ctani 20, BcTaHoBNOKO4YMCE B 060X po3unHax npotsiroM 10 min, B NACE-2 € 6inbLu
Big’emMHui, Hixx B NACE—1 (puc. 2a). Xapaktep aHOAHMX KpUBMX NoAibHMIA, a KaTogHa
kpmBa B po3unHi NACE—1 nopiBHaHO 3 NACE-2 wmae 6inblw BupaxkeHy LinsHKy
rpaHu4Horo audysinHoro ctpymy (puc. 26). CTpym KOposii B nepiomy po3dvHi BABIMi
HWXYMK, HixX B gpyromy. KoHctaHTu Tacdpena by ta b, y NACE-1 MaoTb BuULLi
3Ha4eHHs, Hixk y NACE—-2, wo cBigumMTb Npo Binblie nepeHanpy>KeHHs sik KaTOAHOro,
Tak i aHogHoro npouecis (Tabn. 2). OTpumaHi CTPYMOBi NOKa3HMKN LLUBUOKOCTI KOPO3il,
nepepaxoBaHi Ha rpaBiMETPUYHI, 3a40BINbHO Y3rogXKylTbCs i3 OTPUMaHMMMN BaroBum
MEeTO/O0M, SIK 3a OKUCHEHHS 3ani3a Ao Fe?, takiFe* gTa6n. 3). Ans po3unHy NACE-1
BianosigHo 0,23-10™ g/(cm®hr) Ta 0,15-10* g/(cm*hr), ans poaumHy NACE-2 —
0,46:10" g/(cm?hr) Ta 0,3:10™* g/(cm*-hr).
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Puc. 2. XpoHorpama BCTaHOBIMEHHS CTaLioHapHOro noTeHuiany (a) Ta

nonsipu3adiviHi kpusi (6) Ha ctani 20 B po3ynHax:
1 - NACE-1, 2 - NACE-2.



Tabnuuga 2
EnekTtpoximiyHi xapaktepuctuku ctani 20 B po3umHax NACE-1ta NACE-2

CrauioHap | N'yctuHa KoHcTaHTn
CepepoBuuie HUN CprMX, Tadens
noteHuian | ig-107, by, b,
-Ey. mV Alcm? mvV mV
NACE-1 586 4,41 82,5 315
NACE-2 608 2,19 32,0 23,4

HacuuenHa CO, 3aspanerigb geaepoBaHoro posunHy NACE-1 nigBuwye
wBmakicte koposil ctani 20 B 2,9 pasn nopiBHAHO 3 AeaepoBaHuM Ta B 2,5 pasu
NOpPIBHSIHO 3 HeAeaepoBaHNM PO34MHOM (puc.3).

K m+10-4_g/cnehr
14

12

10

8

1 2 3

Pwuc. 3. Wewnakictb koposii ctani 20 B po3unHi NACE 6e3 HacuyeHHs H,S:
1 — 3a npupoaHoi aepadii; 2 — npogyBaHHsa N; 3 — npoayBaHHs N, Ta HacuveHHst CO,.

MMubuHHMIA nokasHuMKk cTaHoBuUTb 14 mm/year, WO BignoBigae nOBHIN
BiACYTHOCTi KOPO3iNHOT TPMBKOCTI.

BUCHOBKMW.

BctaHoBneHo, wo B cnabokucnux po3umHax NACE 36inblieHHs 4acy
BuNpobyBaHb (2...72 hr) Bege [0 3HWXKEHHSA LWBUAOKOCTI KOPO3ii, K B CTATUYHUX
yMOBax, TaK i 3a nepemillyBaHHs, O MOB’A3aHe 3 y4acTio KUCHIO B KOPO3iMHOMY
npoueci. KatogHi kpusi ctani 20 B Uux po3uMHaxX MalTb BUPaXKEHY OiNsHKY
rpaHnyHoro AudysinHOro cTpymy, WO NigTBEpAXye crneundiky enekTpoxiMivyHol
Kopogsii cTani B cnabokucnux cepeposuwax. HacuyeHHs OeaepoBaHOro pPO34YMHY
NACE CO, nigsuuye wBuakicte kopogsii ctani 20 go 14 mm/year.
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