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1. Koppo3noHHbI€e 0CJI0)KHEHHSI IPH TPAHCIIOPTE
CKBAKMHHOMN NMPOAYKUUHU

OmarM W3  BaXHEWMUX  (PAKTOPOB  CHIDKCHUS  HAJEKHOCTH
MIPOMBICIIOBBIX TPYOOTIPOBOJIOB SIBIIIETCSI BO3NIEHCTBHE HA METAUT WX
BHYTPEHHEW TMOBEPXHOCTH TNEPEKAUYMBAEMBIX  YTJIEBOJOPOJIHBIX  Cpel,
CoJIepKalUX KOPPO3UOHHO-AKTUBHBIE KOMIIOHEHTHI.

ExerogHo B Poccum Ha mpombiciax mpoucxomuT okosio A0 70 Teic.
aBapuii TpybompoBogHOorO TpaHcmopTa, 90 % W3 KOTOPHIX SIBISIOTCS
CJIEICTBUEM KOPPO3MOHHBIX TMOBpexAcHui. M3 o0iiero yucna aBapuil Ha
TOJIF0 CHCTEM cOopa yIJIEBOAOPOJOB MPUXOAUTCS OKoJo 55 % m Ha 10110
KOMMYHUKAIIMA TIOJICpKAHUS TIACTOBOTO JnaBiieHuss okono 35 %. Ha
©XKETOAHYI0 3aMEHY IPOMBICIOBBIX CETeH pacxomyeTrcs Oosiee 8 ThIC. KM
TpyO, uTo cocraBnsgeT okoso 400...500 Teic. TOHH CTaNH.

TpyOGonpoBOibl OAMHAKOBOTO COPTAMEHTA U JUAMETpPa C UACHTUYHOM
MUKPOCTPYKTYPO W XUMHUYECKUM COCTaBOM U, B CXOJHBIX YCIOBHUSIX
OKCIUTyaTallii 3HAYMTEIHHO OTIUYAIOTCS CPOKOM Oe3aBapHitHOW CITy>KOBI:
OIHM paboTatoT 0€3 TMOBPEXKIACHUNW BECh MPOEKTHBIM CpPOK, Jpyrue
pa3pymarmTcs B PE3yIbTaTe CKBO3HBIX KOPPO3WOHHBIX TOBPEKICHUN
3HAYUTEIHHO PaHBIIIE.

HccnenoBanne aBapuilHOCTH TpyOONPOBOJOB PACIOJIOKEHHBIX Ha
ceBepe bamkupun (ta6:1.1) mokaszamu, uto 42 % TpyO HE BBLACPKHBAIOT
MATUICTHEH dKCIuTyataiuu, a 17 % naxe AByxyeTHEH n3-3a KAaHABOYHOM WJIH
SI3BEHHOM Koppo3uH (puc. 1, puc. 2).

Tabanma 1
XapakTepucTrika HeTeIIPOBOIOB
: o 5% 2
2 = o 5 g oXx| T
dm) o Ho8 o 8 O 9 % < o 3 o
5 s | @8|a8*=538| 2 5
@) & g o 2| o 2= T a g o O 2
Q. Q O & EEFQoEFRE ==Y 2
5 3 55 S8 E g 95| EB =
3 = = = o =
2 8 2 & S5 ° 55 8- 3
2 H O O = s O S0
a Sl I
© =t £
o
Bartseranckoe,
F0xHO-SIryHCKOE, 1800 36 14 6 44
ApnaHckoe




3kcnnyatayns Ao 2 net

3kcnnyatayna 40 5 net

42% TpebyloT 3ameHbl 17% TpebyloT sameHel

Puc. 1. Hccneodosanue asapuiinocmu mpyoonpo8o0oos pacnoloHCeHHbIX Ha
cesepe bawkupuu

Puc. 2. Obpazey mpyoul ¢ s36eHHOU KOppo3uell



1.1. OcHOBHBIE TEPMHUHBI U ONpe/eIeHUS

Koppo3ueit nazvieaemcsa npoyecc paspyuleHuss Memaniio8 8
pe3yibmame  XUMUYECKO20 — UAU  DJEeKMPOXUMUYECKO20  B030eUCmaEus
OKpYdHCcalowell cpeobi.

Ckopocmb koppo3uu K, evipadicarom uuciom epammos memasid,
paspyuieHHo2o 6 meyenue 200a Ha niowaou 1 M (2/M2-t¢ac) unu
pacnpocmpanenuem npoyecca 6 2nyow (mMm/200).

K :mo_ml

m

(1)

Sxt

20e My — HAYAIbHAsL MACCA MEMALLA 00 UCNbIMAHUSL, 2,
My — Macca memania nocie UCNLIMAHUS, 2,
S — pabouas nosepxnocmo 0bpasya, M
T — NPOOOIHCUMENILHOCHb UCHBIMAHUS, YaC.

Ilponuknosenue koppozuu (rnyOwHHBIA TOKazaTens II, mMm/Ton),
OTIPEICISACTCS U3 BBIPAKCHHUS .

m=X10 )

)
3.
20e  p- NI0OMHOCMb Memasid, 2/cm”,
2
K — ckopocmw kopposuu, 2l(m”-200).

OnuuM U3 (akTOpOB, ONMPENETAIONINX aHOMAIBHO BBICOKYIO CKOPOCTh
KOPPO3UU SIBIIETCS MPUCYTCTBUE B CTAIM OCOOOr0 THUIA HEMETATUYECKUX
BKJIIOYEHUM,  SBISIIOIIMMUCS ~ MCTOYHMKOM  aTOMapHOTO  KHUCJIOPOJA,
OMPENIEIAIONIETO CKOPOCTh KATOJAHBIX PEaKIMil Ha TOBEPXHOCTH METAIA.

Ilo Tuny pa3spymieHMid pa3invyalOT  KOPPO3UIO  HAPYHCHYIO
(aTMocdepHas ¥ IOYBEHHAS) W 6HYMPEHHION).

OCHOBHBIM BUJOM KOPpO3UU HAPYIHCHOU NOGEPXHOCMU TIPOMBICIOBBIX
TpyOONPOBOOB SIBIISETCS A36€HHAS KOPPO3Usl, & GHYMPEHHEU — PAGHOMEPHAS
unu oowas, POUCXOSIIAs B pe3yabTare OKUCIUTENbHO-
BOCCTAHOBUTENIBHBIX  T'€TEPOrE€HHBIX  IPOILIECCOB, MPOUCXOIAIIME  HA
MTOBEPXHOCTH paznena ¢as.

Kopposzuto kimaccupuuupyroT: MO MEXaHu3My, [0 IUIOHAdu
MOBPEXKACHUSL, CKOPOCTU pACIpPOCTPAHEHHUS] U BUIY KOPPO3UOHHOIO
noBpexaeHus (puc. 3).



Koppozus
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Puc. 3. Knaccugpurayus xopposuu

Paccmotpum knaccudukamnuio KOppo3uu no MEXAHUIMY.

Xumuueckana Koppo3us TPOTEKAECT B CPeAax, KOTOPbIE HE MPOBOIAT
aneKTpuUeckuii Tok. Kak mpaBuio, 3To Hapysicnas ammocgeprasn Koppo3us.
OnHa IpOUCXOIUT TI0 2 IPUYUHAM
® OKUCIeHUe Jcenesa KUCIOPoOoM 8030YXa

Fe™?™) + 0, = FeO wm Fe,05 (3)



® g3auMoOelicmeue KUCIOU U Wel0uyHolU cpeovl, & pe3yabmame 00pa3yiomcs
CHIIOWIHbIE NAEHKU HA NOBEPXHOCU MPYOOnpo8ooa.

PazpymurensHoe paeiicTBue aTMochepHONM KOPPO3UU HEBEIUKO H
JIETKO YCTPAHSAETCS IMYTEM HAHECECHHS HA IOBEPXHOCTh JAKOB, MAaCJSHBIX
KPAaCOK TO €CTh 3aIUTHBIX OKPBHITUU.

Inekmpoxumuueckaa kopposua. Kopposus craneil B BOAHBIX cpeaax
MPOUCXOAUT BCJIEACTBUE TMPOTEKAHUS DJIEKTPOXUMHUYECKUX PEAKLUU,
pPEaKIHl COMPOBOXKIAIOMIMNXCS MPOTEKAHUEM DJIEKTPUUYECKOTO TOKA MEXKIY
OTJCIIbHBIMH YYaCTKaMH MOBEPXHOCTH (AaHOJIBI U KATOJIbI).

AKTHBHOCTH ~ METAUIOB B JJEKTPOXMMHUYECKHX  Ipoleccax
OLIEHUBAETCS BEJIMYMHOM CTaHAAPTHOrO dieKTpoanHoro morennuana (E°).
HekoTopsle 31eMeHTHI 110 BenuuuHe E° pacrosioxkeHbl B psjl HAIPSOKEHUS,
KOTOPBIN U XapaKTEPU3YET UX AKTUBHOCTB:

K, Ca, Mg, Al, Mn, Zn, Fe, H, Cu,

Kaorcoviti memann evimecnsem u3 B00HbIX pacmeopog cojell 6ce
opyaue Memaiisl, pacnolodHCeHHble npagee €20 8 psi0y HaANPANCEHULL.

ITporecc koppo3un MOKHO TPEACTaBUTH cleayronMm oopazom. Ha
aHo/e TPOUCXOIUT PEAKIIUs OKUCIICHUS .

Fe—-2e —»Fe?. (4)

ATOMBI JKelle3a MEPEXONsIT B PACTBOP B BHUJIE THUIPATHPOBAHHBIX
karnoHoB Fe?*, To ectb MPOUCXOOUT AHOJHOE pacmeopeHue MeTalla, u
MPOIIECC KOPPO3UU PACIPOCTPAHSIETCS BIIyOh MeTasa.

Ha xaroae npoucxoauT peakiys BOCCTAHOBJICHUS:

2H™ + 28 - 2H . (5)

[IpoucxoauT HOHU3AIMA MOJIEKYJI KHUCIOpoJa C 00pa3oBaHHEM
TUIPOKCWIBHBIX HMOHOB B 3aBHCHMOCTH OT BelMHMYMHBI pH cpenwl: eciu
pH<4,3 T0 obOpa3yercs MonekyspHbd Bogopon H + H — H,T, ecun
pH>4,3 1O B pe3ynpTaTe B3aUMOJCUCTBUE JIIEKTPOHOB C KHCIOPOIOM,
PacTBOPEHHBIM B BOJI€, 00pa3y0TCsl aKTUBHBIE THAPOKCHIIbHBIE TPYTIIIHI:

0,+2H,0+4e >4 0H . (6)

2 - .
Jlanee, xatuonsl Fe “ u nonst OH™ B3auMOfeHCTBYIOT ¢
o0Opa3oBaHHEM 3aKUCH kene3a (puc. 4):

Fe 2"+ 20H “— Fe(OH),. (7)
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Puc. 4. Dnekmpoxumuueckas koppo3us.

Ecim B BOae a0CTaTOYHO CBO60I[HOFO KHCJIOpOoJa, 3aKHCh KCJIC3a
MOXXCT OKHCIHUTBCA A0 ruapara OKHMCH KEJIC3a, KOTOpBIfI BbIITIaAa€T B BHUJC
ocaJkKa.

4Fe(OH), + O, + 2H,0 — J 4Fe(OH)s. (8)

B pesynbprate nmpoTekaHus 3IEKTPUYECKOTO TOKA aHOJ pa3pylIacTCs:
2 .
YaCTHIBI METalIa B BU/E HOHOB Fe " mepexoaaT B BOAY MM dMYI5CHOHHEI
notok. [Ipu paspymenuu anona, B TpyOe oOpa3yroTcsi CBHIIM, KaBEPHBI U
IPYTHE TOBPEKICHHUS.
Buowt xoppo3uonnvix pazpywenuii (puc. 5). Paznudaror cienyromnme
B KOPPO3UH:
1. Pasnomepnasa unu odowias, mo ecmv pPABHOMEPHO PACHPeOeNeHHAsl NO
NOBEPXHOCMU MEMANNA . PHCABTIEHUE dcelle3d, NOMYCKHeHue cepebpa.



paBEHOMERHO 2 MECTHOE ToHeYHo e

MG Mp AT enNEHOS MERKDMCT ANMATHO & TRAHCKPHMCTANNMTHOS

Puc. 5. Buovl koppo3uonnuvlx paspyuienutl

. Mecmnaa (nokanvhas), cocpedomovennas Ha OMOENbHbIX YUACMKAX
nogepxuocmu. Mecmuas koppo3sus 6vigaem:

6 6ude nAmeH -— nopasicenue pacnpocmpaniaemcsa CpasHumelbHo
H€2ﬂy6OK0 U 3aHUMaem omHoOCUmMenbHo DobuUe yuacmku no8epxXHoCmiu,

8 6ude A368 — 21YO0KUe NOPANHCEeHUsl JOKANUZYIOMCS HA HeOONbUUX
yuacmkax nosepxnocmu (Onunna D u  enybuna h xopposzuonnozco
ROPAdCEeHUsl YHACMKA 000pY008anust NPUMEPHO 0OUHAKOBAS);

8 sude mouex (nummurneo6as) — pamepvl MEeHbULE SI36EHHBIX PA3bEOAHULL
(h>>D).

. H3oupamenvnaa — uzoupamenvHo pacmeopsiemcsi 0OUH UlU HEeCKOJIbKO
KOMNOHEHMO8 CNlaéd, HNOCIe Ye20 OCMAemcs HOPUCMbIL OCMAMOK,
KOMOpblil  coXpaHsem  NEPBOHAYANbHYIO  (OpMYy U KAHCEMCSl
HEeNno8peM#COEHHbIM.

. Mexckpucmannumuaa Kopposus Xapakmepuzyemcs — paspyuileHuem
Memania no epanuyam kpucmaniumos (3epen memanna). Ilpoyecc
npomexkaem Ovicmpo, 21YO00KO U 8bl3bléaem Kamacmpoguueckoe
paspyuieHue.

Tpanckpucmaniumnana — camulili ORACHBLL 6UO KOPPO3UU Udem He
MOIbKO NO SPAHUYAM 3ePeH MeMaiid, HO U NO mely Camo20 3epHd.



6. Koppo3uonnoe pacmpeckueanue npoucxooum, eciu — Memanl
noosepeaemcsi  NOCMOAHHOMY — pPACMALUBAIOWEMY  HANPSICEHUI0 8
Koppo3suonHoti cpede. Kopposuonnoe pacmpeckusanue moxcem Ovimb
8b136aHO abcopbyueti 8000pooa, 06paA306a8ULE20CS 8 NPOYECCe KOPPO3ULL.

Cnenyer OTMETUTh, YTO HPU MPAHCHOPME CKEANCUHHOU NPOOYKUUU
(I10CTaTOYHO arpecCHUBHON Cpelibl, BKIIIOYAIOIIEH B CBOM COCTaB HE TOJBKO
YIIEBOAOPOIHBIE KOMIIOHEHTHI, HO M BOJYy, MEXaHUYECKUE MPUMECH, COJIH,
CBOOOJHBIN KUCIIOPOJI, arpPEeCCUBHBIC CEPOBOJIOPOIHBIC U YIIICKHUCIBIE Ta3bl)
0coboe GHUMAHUE YOenaemcsa 6ONPoOCam, CEA3AHHbBIM C UCCAEO06AHUAMU
GHYMPEHHEN Koppo3us mpyoonpoeoooe. 3Has MEXaHW3M NPOTEKAHUS
KOPPO3HH, TO €CTh 6blAGUE NPUYUHbBL GHYMPEHHEll KOppOo3uu, BO3MOKHO
oonee a3ddexTBHO  pa3pabaTbiBaTh  KOMIUIEKC  MEPONPUATHH MO
NPEIOTBPALICHUIO  MPEKICBPEMEHHOTO  pa3pylIeHUs  TPyOOIpPOBOIHOMN
CHUCTEMBI IPOMBICIOB. OJTO SBIIAETCS AKTYAJBHOM 3aJadyedl NpeanpusTUn
T0OBIYH YTIIEBOAOPO/IOB.

1.2. Oco0eHHOCTH BHYTpPEeHHEH KOPPO3uU TPYOOIIPOBOI0B B
yciaoBusx 3anaaHon Cubupn

10



AHanu3  (akTOpOB, BIUSIOMNX HAa BHYTPEHHIOID  KOPPO3HIO
TpyOOIPOBOAOB MOKAa3al, 4To:
®  JIOKANIbHble KOPPO3UOHHblIE pA3PYUleHUs HUudCHel dacmu mpyo u
asaputiHble  NOpbLIBbL  HePMenposo008  CMAIU  NPOAGIAMLC,  K020d
06600HeHHOCMb Hedhmu e6o3pocia 0o S0 %, negpmsanvie smynvcuu cmanu
HEYCMOUYUBLIMU U U3 HUX HAYANA BblOEIAMbCs 8004 8 ude OMOeNbHOl
gasvi,
®  nracmosas 600a ClAOOKOPPO3UBHA. MUHEPANU3AYUsL XAOPKAIbYUEBLIX
600 Hesenuka u cocmasisem 20...40 2o/n, pH 600vl Helimpanvhbiil,
memnepamypa 40 °C;

e g 6o0HOU (haze Hepmanou Imyrvcuu cooepacumes 0o 250 me/n
08YOKUCU Yeepodd U ceposooopood 6 koauuecmee 2...10 me/n,

e g nonymuulx Hepmsnvix 2azax cooepxcumcsi 00 6 % macc. CO; u
ceposodopoda 1,5 M

o  wue¢pmu 3anaownou Cubupu napaguHucmole, necKue U MaloBI3KUe,
Xapaxkmepuzyomcs He8blCOKOU YCMOUYUBOCNbIO HEPMAHBIX IMYNbCUT.

BonpmmHCTBO HccnenoBaTee 0TMeUaroT, 4To ajia 3anagnoi Cudbupu
XapaKTEpHO 6vlinadeHue cojieil u3 600HOU (hazvl NPoOyKyuu CKBAXKUH, U
9TO KOPPO3HOHHBIM TIPOIECC pa3pylleHHs MeTauia IPOTEKaeT TIIo
Y2IIeKUCTIOMHOMY MEXAHUIMY .

Ha BHyYTpeHHEH MOBEPXHOCTH TPYOOIPOBOA IIPOUCXOIUT OTIIOKEHUE
kapoonata kanbiusa CaCQOjz. B HEKOTOpHIX MecTax 3allMTHAs IUICHKA 0CajiKa
CaCO3; MOXeT oOTciaumBaThbCs. ITO MNPOUCXOAUT TMOJA JICMCTBUEM WU
MEXaHW4YeCKuX (HDaKTOPOB, TaKMX KaK aOpa3WBHOE JEHCTBHE B3BCIICHHBIX
YJaCTHIl, THAPABIMYCCKHAE YIapbl, BHOpAIMU TPyOOIPOBOJOB, BBI3BAHHBIC
MPOXOXKIACHUEM Ta30BBIX NMPOOOK M Jpyrue, WIH B Pe3ylbTaTe MEXaHO-
XHMHUYECKOTO PAaCTBOPCHHUS IUICHKHM B MECTaX HAIMPSOKCHHOTO COCTOSIHUS
TpyOOIIPOBOAOB.

OOHaXeHHBI y4JacTOK MeTallyla M OCTaJbHas IOBEPXHOCTh TPYOBHI,
MTOKPHITast OCaIKOM, OOPa3yIOT 2a1b8AHUYECKYI0O MAKpORnapy, TAC METall
SBJISICTCS aAHOJOM, a IIOBEPXHOCTh TpPyObl — KarojgoMm. HauwmHaercs
MHTCHCHBHBIN TPOIeCC KOPPO3HH, €ro CKOPOCTh MOXKET JOCTUTaTh 5 ...8
MM/TO/I.

AHOManbHO-BBICOKHE  ckopoctr  kopposum  (5...8  mwm/ron)
OOBSCHSIOTCS COOTHOIICHHEM IUIOMANEH JJICKTPOAOB. HEOONBIIOW 10
IJIOIIAIM aHOJ B HUKHEH YacTH TPYOBI B BUIE JTOPOKKH M KAaTOJI, B ICCIATKH
pa3, IPEBBIIAONIMN 10 IUIOAIA AHOAHBIN IEKTPO/I.

11



1.3. ®akTophl, BJMSIOIINE HA BHYTPEHHIOI0 KOPPO3HI0
MPOMBICJIOBBIX TPYOONIPOBO/10B

Bausinue temnepatypsl 1 pH Boabl. 3aBHCHMOCTh MHTEHCUBHOCTH
NPOTCKAHUs KOPPO3WHM OT BeduyuHbl pH W Temmeparypbl  BOIBI
MPOUJUTFOCTPUPOBAHA Ha pHuC. 6.

AHanu3upysi TPEICTaBICHHBIC 3aBHCHMOCTH, MOXKHO BBIJICIHTH 3
obnactu no BenuuuHe pH:
e pH<4,3 (cwibHOKHCIAs cpela) — CKOPOCTh KOPPO3HH YPE3BBIYAIHO
OBICTPO BO3pacCTacT ¢ MOHMKeHueM pH;

e 4,3<pH<9...10 — ckopoCTh KOPPO3HH MAJIO 3aBUCHT OT pH.

o 9-10<pH<I13, cunpHOIIENOYHAS CPeTa — CKOPOCTh KOPPO3HH YOBIBACT C
poctoM pH u KOppo3usi TMPaKTUYECKHA TMPEKPAMAETCs MPH 3HAYCHUU
paBHOM 13.

Hauamno peraenedid H-

e
-

ITHTeHCHBHOCTE KOPPO3HH

= T
|
| 10°c
22 O 'S
| \\
| AN
2 4 6 8 10 12 14

KHcnoTHOCTE cpedrl, pH

Puc. 6. 3asucumocmov unmencusnocmu Koppo3zuu om geaudunvl pH u
memnepamypul 800bl
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IloBbllIeHHEe TeMIEPATYPbl YCKOPSIET aAHOAHBIE U  KaTOIHBIC
nporecchl (CKOPOCTh KOPPO3HMH) 33 CUYET YBEIUYCHHUS CKOPOCTH JIBMIKCHUS
HMOHOB.

Conepxkanne kucjaopona B Boae. llpucyrctBue B Boje
PacTBOPEHHOI0 KUCIOpPOJa, Kak 0oJiee CHIIBHOTO (haKTOpa, BIMSIONIETO Ha
MpPOTEKaHWE TpoIllecca KOPPO3UH, HU3MEHHUT PACCMOTPEHHBIC  BBIIIE
3apucuMocTH (puc. 7). Kak OBIJIO OTMEUYEHO BBINIE, TPYOBI IMOJIBEPracTCs
WHTEHCUBHON KOppO3uu B Kucjiou cpeme npu pH<4,3 m mpakTtuydecku He
koppoaupyetr npu pH>4,3, ecim B BOIe OTCYTCTBYET pPAaCTBOPEHHBIN
kuciopon (puc. 7, kpusas 4). Eciu B Bojie eCTh paCTBOPEHHBIN KHUCIOPOJI, TO
KOppO3Hs jKejie3a OyJIeT WITH M B KUCJIOW, W B MIEIOYHOW cpexe (puc. 7,
kpuBbie 1...3).

~.

~

\ K Brigenenie Hy
\\ \1 \Q_ \

\

b

ITHTEHCHBHO CTh KOPP03HH

4 6 bt 10 12 14

=
[ o)

KucnotHocths cpedsl, pH

Puc. 7. 3asucumocmov unmencusHocmu Koppo3uu om co0epIHCAHUs
KUCII0p00a 8 800e

Bausinue mapuuanabHoro gasienussi CQO,. OrpomHOe BIUAHUE Ha
paspylieHue Mertaimia TpyO Koppo3uel OKa3bIlBaeT CBOOOJHAs YIJIEKUCIOTa
(COy), conmepxainascs B IJIaCTOBBIX BoJax. MI3BECTHO, YTO IpH OJUHAKOBOM
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pH mnpouecc koppo3dum B YIJIEKHCJIOTHOH cpeae MNpoTekaer 0OoJee
HHTEHCHUBHO, YeM B PACTBOPAX CWIbHbBIX KHCJIOT.

Ha ocHOBaHMM HCCIIENOBaHUN YCTAaHOBIIEHO, YTO CUCTEMBI C Pcoo<
0,02 MIla cuuratorcst Koppo3uoHHO-HeomacHbMH, TipH 0,2 > Pcop > 0,02—
BO3MOXHBI CPETHUE CKOPOCTH KOoppo3uu, a mpu Pco, > 0,2 MIla - cpena
SIBJISIETCH BBICOKO—KOPPO3HUOHHOIA.

OObsicuenne BnusHUs CO; Ha KOPPO3MOHHYIO AKTUBHOCTH CPEIbI
cBs13aHO ¢ popmamu HaxoxieHUs1 CO, B BOAHBIX pacTBOpax:

o pactBOpeHHbIH ra3 COy;

e HeaucconuupoBaHHbie MOJIeKYJbI HoCOg;

o Ouxap6onat nonsl HCOg3';

. kap6onar-nous CO5”.

B paBHOBeCHBIX yCIOBUSX COOMIOaeTCs OallaHCc MEX Ay BceMu (popMamu:

CO, + H,0 < H,CO3 < H + HCOy < 2H + CO~. (9)

Bnusiaue CO; MOKHO OOBSICHUTD ABYMSI IPUUMHAMU |

o npucyrctBun CO; IpUBOAUT K YBEIWYEHHIO BBIACIECHUS BOAOPOJA Ha
KaToJe.

e  MPOUCXOAUT 0Opa3oBaHME KapOOHATHO-OKCHJIHBIX IUJIEHOK  Ha
ITIOBEPXHOCTH MeETajuIa.
Monekynbl H CO3; HEMOCPEACTBEHHO y4aCTBYIOT B KATOJITHOM IPOLIECCE!

H,CO;+e — H,. + HCO3 (10)
KaTtonHoMy BOCCTaHOBIIEHHIO MOJBEpPraeTcs OMKapOOHAT-HOH
2HCO5 +2e - H, T+ CO5%. (11)

+
H,CO3 urpaer posb 6ydepa u nocrapiser HoHbI Bojgopoaa H' mo mepe
UX pacXOJ0BaHUs B KATOJHOW peaKIIuu:

H,CO; < H" + HCO; (12)

[Ipn B3aumopercTBUU Fe?* ¢ HCO3 unu HyCO3; oGpa3yercs ocaliok
kapoonarta xene3a FeCOs:

Fe”* + HCO;™ —»FeCOz + H* (13)
Fe** + H,CO3 — FeCO; + 2H* (14)

Bce wccienmoBaTenn oOpamaroT BHAMaHHWE Ha OTPOMHOE BIIMSHUE
NPOJYKTOB KOPPO3HH KeJie3a Ha CKOPOCTh MpoIiecca KOPPO3UH.

4FeCO; + O, — 2Fe,0; + 4CO, T (15)
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OTH OCaJKu SABJAKTCH MOJYNPOHUIAEMBIMH i1 KOPPO3UOHHO-
arpecCUBHBIX KOMIIOHEHTOB Cpelbl U 3aMEIJISIOT CKOPOCTh pa3pylIeHUs
MeTaa.

Takum 00pa3oMm, MOXXHO BBIICIUTH JIBE XapaKTEepHbIE OCOOCHHOCTH
JNEUCTBUS TUOKCHIA YTIepoaa.

1.  Veenuuenue evioenenus sooopoda na kamooe.

2. ObpazosaHue KapOOHAMHO-OKCUOHBIX NIEHOK HA  NOBEPXHOCMU
Memanna.

Biausinne MuHepaamzanuu BoAbl. PacTBopeHHBIE B BOJE COJIH
SBJISIIOTCSL  DJIEKTPOJIUTAMH, TOSTOMY YBEIMYEHUE HMX KOHIIEHTpALUU [0
OMPENICICHHOT0 TMpeJiefia MOBBIIIAET JJIEKTPONPOBOJHOCTh CpPEAbl W,
CJIeI0BaTENIbHO, YCKOPUT MPOIECC KOPPO3HUH.

C npyroil CTOpOHBI YMEHBIIIEHHE CKOPOCTH KOPPO3UHU CBS3aHO C TEM,
YTO MPHU YBEIUYEHUNU MUHEPATU3AINHI TPOUCXOUT:

. YMEHBIIIAETCSI paCTBOPUMOCTH Ta3oB, CO, u Oy, B BOJIE;

e  BO3pacTaeT BI3KOCTh BOJABI, 4@, CIJIEIOBATEIbHO, 3aTPyAHSETCS
auddy3usi, TOIBO KUCIOPOAa K MOBEPXHOCTH TPyObl (K KaTOIHBIM
y4acTKaM).

JaByenue. [loBblIeHNE AABICHUS YBEIUYUBAET pacTBOPUMOCTh CO». n
YBEJIMYUBACT MPOIIECC TUAPOJIA3A CONCH (JUIS TpeaCcKa3aHus MOCICICTBUH -
cM. . 3 u 4).

I'mapponmnamuyeckue mapametrpsl. [Ipu Mabix CKOpOCTAX TEUECHHS
MepeKaurBaEMbIX CpeJl MPOUCXOIUT PACCIOCHUE BOJIOHE(MTIHBIX IMYIIBCUH C
o0pa3oBaHUEM BOJIHOTO MOJCJOS U BBIHOCOM MEXaHUYECKUX MPUMECEHN C UX
MOCJICAYIONIUM OCaXJICHUEM Ha CTeHKaX TpyO (3aCTOMHBIE 30HbI).

[lokazaTteneM  TUHa  TUAPOJMHAMUYECKOTO  PEXUMa  TEUCHHS
BOJIOHE(DTAHBIX IMYJIbCUH siBIIsIeTCSl Kputepuilt Opyna:

Fr=—, (16)

20e V\— cxopocmb meuenus cmecu, M/c;
D - enympennuti ouamemp mpyouol, m;
g - yckopeHnue c80600H020 nadeHust, M/c.

Ipu Fr < 0,2 mpoucXOAHUT pacCIOCHUE DSMYIbCUU, W KOPPO3HS
MPOTEKAeT 1Mo HIKHEH oOpasyromieit Tpydonposoga. Ilpu Fr ot 0,5 mo 2,25
oOpa3zyercsi aMyJbcusi THMa HedTh B Boje (OMACHOCTh KOPPO3UU OCTACTCS
MO-TIPSKHEMY BBICOKOH). mpH Fr > 2,25 — smynbscus Tuna Boja B HeTH
(CKOpPOCTh KOPPO3UH PE3KO YMECHBIIIACTCH).

B ycnoBusix HemoctaTouHo Bbicokoi ckopoctu noroka (0,1...0,9 m/c)
dbopmupyeTcs paccioeHHass cTpykrypa tedeHuss [JKC, To ecthb Bojga
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BBIJIEIISIETCS B OTHENbHYIO (a3y. [loBepx Boabl OyneT ABUratbes HedTsHAS
AMYJIbCUS U Ta3.

Ha rpanuiie pasnena xxuakux (a3 BOZHUKAIOT BOJHBI, B YACTHOCTH U3-
3a pa3HUIIbl B BSA3KOCTU compukacaromuxcs ¢asz. [Ipu nmepemeinieHun 3TUX
BOJIH BJI0JIb TEUEHUSI TPAHCIIOPTUPYEMOM CMECH Ha TpaHUlIe pa3jielia KUJIKUX
(a3 HaOII0Jal0TCSl BTOPUYHBIC SIBJICHUSI: OTPHIB Karesb BOJIbI U UX BpallleHUE
(puc. 8). DT0 YTO MPUBOJAUT K BO3HHUKHOBCHHIO BHXPEBBIX JTOPOXKEK W3
MHOJKECTBA KaIllellb BOJbI CTPOTO BJOJb HUKHEll 00pa3yrouieil Tpyobl

U M Fn ,Fn

—_— ——

~ N\ R /Y
= o \@NGG

Puc. 8. Cxema obpazosanus uxpeii Ha 80JHO80U NogepXHOCMU pazdend ¢a3z
Heghmb—600a

YacTp NpUCYTCTBYIOIIUX B BOJHON (paze MexaHUUECKUX MpuMeceit
(kapOOHATOB M CYNbQHUIAOB IKejle3a, IMecka W TJIMHBI) TIONajgaeT BO
Bpall[aOIIHecs] Karii BOJbl U yYaCTBYET B MOCTOSIHHOM THMAPO3PO3MOHHOM
BO3/1eliCTBHM B HIKHEH yacTu TpyOBI.

CrpykrypHasi ¢opma mnoroka. OTHOCUTEIBHBIE CKOPOCTH TEUYECHUS
¢a3 (raza v )KkHIKOCTH) B Tra305kuaKOCTHBIX cMmecsax (['KC) B coderanuu ¢ ux
bu3nYecKUMU CBOMCTBaMU (IUIOTHOCTBIO, BSI3KOCTBIO, TTOBEPXHOCTHBIM
HaTSDKCHHEM U JPYTMMH), pa3MepamMH M TIOJOXKCHHEM B TPOCTPAHCTBE
TpyOOIpoBOAa  ONpENeisioT  (OPMHUPYIOIIUMECS B  HHUX  CTPYKTYpHI
nAByx¢a3HbIX (MHOr0(a3HBIX) MIOTOKOB. BBIICIAIOT ceMb OCHOBHBIX CTPYKTYP
(puc. 9): my3bIpbKOBasi, MPOOKOBas, PacCIIOCHHAs, BOJIHOBAs, CHapsIHAsi,
KoJblleBass M aucnepcHas. Kaxngas cTpykTypa BIMSET Ha XapakTep
KOPPO3HUOHHOTO mpolecca. Bompoc o CBI3M KOPPO3HOHHBIX IPOLECCOB B
TpyOOIpoOBOAAX CO CTPYKTypaMu TMOTOKOB, TPAHCIOPTUPYEMBIX IO HUM
[KC wuntepecen. Opnako, umeromasicss uHGoOpManus O CBSI3U CTPYKTYP
teueHus [ KC ¢ kopposueit SBisieTcs eiie HeI0CTaATOYHO MOJTHOM.

Ha ceromgusmiHee BpemMs H3BECTHO, YTO KOJbIeBas (AMCIIEPCHO-
KonblleBast) cTpykrypa [2KC  CcHWKaeT WHTCHCHBHOCTh  KOPPO3UH
TpyOompoBoga.  CHapsiiaHas  (IpOOKOBO-IHMCIIEPTUPOBAHHAS)  MOXKET
crocoOCTBOBAaTh KOPPO3MOHHO-IPO3MOHHOMY HW3HOCY TpyOompoBoga Mo
HIDKHEW o0pa3yroiiei TpyObl Ha BOCXOJIAIIUX Y4aCTKaX TPACCHI.

16



Paccinoennass (miaBHas pacCliOCHHAs) — Pa3sBUTHIO OOIIEH U
NUTTUHTOBOM KOPO3UMM B 30HE HWKHEH oOpasyromed TpyObl UM B, Tak
Ha3bIBAEMBIX, ' JIOBYIIKAaX' MHUJAKOCTH, OCOOCHHO MpU BBIAEICHUH COJIEHOMN
BOJIbI B OTAEJIBHYIO (ha3y.

B A

ITenHad (ITy3BIpBEKOBaA) CHapAgHaA

=S D ( Z AT
[IpoOkoBas Konrliepaa
S = GEE
PacclioeHHas AncriepcHas
HaripasneHHe roToka
Bomosasn

Puc. 9. Cmpyxmypul 2a302cu0KoCcmHvlx NOMOKO8 8 20PU3OHMALbHLIX MPYOax

Buoxoppo3usi, KOppo3us IMOA JICHCTBUEM MHKPOOPTaHW3MOB (puC.
10). C 3T0¥ TOYKH 3peHUS UMEIOT 3HAYCHHS CYJIb(aT-BOCCTAHABINBAIOIINE
aHa’poOHbIe OakTepuu (BOCCTaHABIMBAIOT CYIbpaThl 10 CYJIb(PHIOB),
OOBIYHO OOHWTalMmue B CTOYHBIX BOJAX, HE(PTIHBIX CKBWKHHAX U
MPOYKTUBHBIX TOPH3OHTAX.

B pesyaprate = nmeATENBHOCTH  CyJb()aT-BOCCTAHABIMBAIOIINX
obpasyetcs cepoBogopon H,S, KOTOpEI XOpoImo pacTBOpseTcs B He(TH U B
JanbHEUIIEM B3aUMOJCHCTBYET C JKejle3oM, oOpaszys cylabpui xKemesa,
BBINAIAIONINN B OCAJIOK:

Fe+H,S > FeSy+H, T, (17)

Ilon BausHHUEM HZS HU3MCHACTCA cmadueaemocmsp I110BCPXHOCTH
MCTaJlIa, IMOBCPXHOCTb CTAHOBHTCA zudpod)uﬂbnoﬁ n JCIrKO0 CMadYuBacTCAa
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BOJOW, M Ha IMOBEPXHOCTU TPyOOIpoBoaa 0O0pa3yercs TOHKUH CIION
AIIEKTPOJIUTA, B KOTOPOM M TPOMCXOAWUT HAKOIUIGHHWE Ocajka cyinbpumaa
xenesa FesS.

Cynbdun xene3a sBISETCS CTUMYJISTOPOM KOPpPO3WH, TaK Kak
y4acTBYeT B OOpa30BaHMM TallbBaHMYECKON MHKpomapsl — Fe-FeS, B
KOTOpPOM U SIBJISIETCS KaTOJOM, a pa3pyliarhcs OyaeTr meramuindeckoe Fe,
BBITIOJTHSIOIEE POJIb aHOA.

Puc. 10. Buonozuueckas xopposus memania

XJIOpKaJbUMEBbI THII BOABI TAKKE OKa3bIBAECT BIMSHHUE HA IPOLIECC
Koppo3uu. MoHbl xjlopa akTHBUPYIOT MeTajulbl. [IpuunHON akTHUBUpYIOMIEH
CIIOCOOHOCTH HMOHOB XJIOpa SIBJISIETCS €ro BBICOKAs aJCcOpOMPYEeMOCTh Ha
MeTajjie. XJIOP-HOHBI BBITECHAIOT IMaCCUBATOPBI C MOBEPXHOCTH METAJUIA,
CHOCOOCTBYIOT PpPacTBOPEHUIO NACCUBHUPYIOUIMX IUIEHOK M 00JerdaroT
MepexoJl UOHOB MeTaia B pacTBOp. OcoOEHHO OOJbIIOE BIUSHUE HOHBI
XJIOpa OKAa3bIBAIOT HAa PACTBOPEHHE KeJie3a, XpoMa, HUKENs, allOMUHUSA U

IPYTUX.

3ammrTa TpyOONPOBOAOB OT BHYTPEHHEH KOPPO3UH

OCHOBHBIMM HampaBJICHUSIMU OOpbOBI C KOpPPO3HEH BHYTPEHHEU
ITIOBEPXHOCTH He(TerazonpoMbICIOBBIX TpyOOIIPOBOIOB SBJISIETCS
IIPUMEHEHHUE!
®  PA3IUYHBIX MEXHOJO02UYEeCKUX MEPONPUAMULL,
®  UHCUOUMOPOG KOPPO3UU;

18



®  BbICOKOI(DDEeKMUBHBIX U OIKOHOMUYHBIX U 3AWUMHBLIX NOKPLIMUL
(nonumepHvle, CUTUKAMHble, MEMALIUYECKUE, KOMOUHUPOBAHHbLE),

o  mpyb U3 KOPPO3UOHHOCMOUKUX U HeMemaliuieckux mamepuanos (puc.
11, puc. 12).

D¢ EeKTUBHBIM METOJOM 3alUTHI SBISETCS MHTHOMPOBAHHE, TaK Kak
MHTHOUTOPHI TOPMO3ST MPOLECC KOPPO3ZHMOHHOTO 3apOXKICHHS TPEIIMH Ha
MOBEPXHOCTH MeTaia. KpoMe TOro, MHOTHE HMHTHOUTOPHI CHOCOOHBI
MPOHUKATh B BEPIINHY 3apOJAUBIICUCS TPEIIUHBI U CIIEPKUBATH €€ PA3BUTHE.
[ToaToMy Ba)KHO MpaBWIBHO MOAOOpaTh UHTUOUTOP. OH NOHKEH HE TOJIBKO
CYILIECTBEHHO 3aMEJJIsiTh PAaBHOMEPHYIO M JIOKAJIbHYIO KOPpPO3HIO, HO H

3¢hPekTUBHO TOAABIATH  3apPOXKACHUE U pPa3BUTUE  KOPPO3UOHHO-
YCTaJIOCTHBIX TPEIIUH.

CMOCOELI 3ALNTEI TPYEOTPOBOZOR OT BHYTPEHHEN KOPPO3N

TexHonorm4eckve [TpumeHeHe lpumeHeHve Mp1MeHeHMe 3aLUMTHBIX
MeponpUATUS MHMUGUTOPOB KOPPO3IHOHHOCTONKMX MOKPbITHI
Tpy6 |
I CraneHble
HenpepbiBHoe CHnuKaTHbIe: NUrepoBaHHbIe
TloBbIILIEAVE CKOPOCTH Ao3NpoBaHie CTeKNAHbIe KOPPO3MOHOCTONKME
oToKa U 3ManeBble GUMeTannnyeckme
npousBoauTensHocTy | | HEMPEPbIBHOE LEMEHTHble
AosUpoBanne ¢ TUTaHOBbIE CMNaBbI
MpeaBapuTenbHas MPEABAPUTENBHON || 1 nmepHble:
noAroToBKa K odwcke | |YAAPHOU ASIHPORKOH -3MOKCHAHbIE ANKOMUHWEBbIe CNaBh
NPOAYKUMN CKBaXWUH -heHondopmansaernaHele "
npgﬁkgsaﬂ 'ClJTQPanaCTQBHE
OumcTka Tpy6 oT o6paBoTka OAN3TUNEHOBbIE HeweTannnyeckue Tpybbl
OTNOKEHNI NIONMNPONUAEHOBbIe
NONUypeTaHoBbIE Kom6uHWUpoBaHHbIe
MoHMKeHMe Egnp:ﬁ:”%m" -KOMMO3MLMOHHbBIE 1 MHOTOCNOMHble
LUMKITMYHOCTH Thy6bl
repekayk MeTannuyeckue:
3akauka B -aNoNNH1eBbIE
MoHWxeHWe rnact -XpOMOBbIE
TEMNEPATYPbI -HUKENEeBbIe
-3 PasNNYHbIX CNNABOB

KomGUHUp OBaHHEIE:
-NONMMEPLIEMEHTHEIE
MHOTOCNONHBIE

Puc. 11. Cnocobwt 3auumol mpy60onpo8o0oe om eHympeHHel KOppo3uu
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Puc. 12. [Ipumep cmexn08010KkHUCMOU MPYyObl C MEMANTUYECKUM
NOKpblmuem

W3 npyrux METOJOB 3allMTHl PEajbHO OCYHIECTBUMBIM SIBIISIETCS
TepMooOpadoTka TpyO. OIHAKO PEKUMBI TEPMOOOPAOOTKHU /I KOHKPETHBIX
BUJIOB TPYO JOJKHBI BBIOMPATHCS C Yy4€TOM OCOOEHHOCTEH KOPPO3HOHHOMN
Cpeapl M MEXaHHW3Ma KOPpPO3WH, XapakTEpHbIX Ui KOHKPETHOTO
MECTOPOXKACHUS. DTO TpeOyeT MPOBEACHUS JOTOTHUTEIBHBIX UCCIeI0BAHUI

Nuruduropsl koppo3un

HayuHno o0ocHOBaHHasT W TEXHHYSCKH T'PAMOTHO OpraHH30BaHHAs
WHTHOUTOPHAS 3allliTa METaula BHYTPEHHEH MOBEPXHOCTH TPYOOIPOBOJIOB
MO3BOJIACT CYIIECTBEHHO ITOBBICHTh HMX HAJCKHOCTh, JOJTOBEYHOCTh W
MPOMBINUICHHYIO Oe30macHOCTh (puc. 13).

Puc. 13. Obpasywvt mpy6, sxcnayamuposasuiuecs 6e3 npumeHeHus:
uHeubumopa Kopposuu. a) Hegpmenposoo; 0) 8bICOKOHANOPHBIL 6000600
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Huzuoumopwr - smo eewjecmea 0peaHuyecKo2o Ulu Heop2aHUudecKo2o
NPOUCXOHCOEHUsL, KOmOopble 001a0aiom cnOCOOHOCMbIO CHUNCAMb CKOPOCMb
KOppO3uonHo2o  npoyecca. Hueubumopvl  A61410MCsL  NOBEPXHOCHIHO-
AKMUBHBIMU 8EUEeCMBAMU.

MexaHu3M JeWCTBUS HMHTHUOUTOPOB CBOJAMUTCS K  CIHEAYIOIIEMY:
MOJISIPHBIE  MOJICKYJIbl MHTHOUTOpa aAcopOHUpYIOTCSI Ha BHYTpPEHHEH
MOBEPXHOCTH TpPyObl, oOpa3ys IUICHKY, 3alllMIIAI0N[yl0 BHYTPEHHIOIO
MOBEPXHOCTh TPYOBl OT KOHTakTa ¢ BOoJoH. Takum oOpaszom, ycTpaHsieTcs
OIHO W3 HEOOXOAMMBIX YCIOBUU [JIsi MPOTEKAHHS JJIEKTPOXUMHUYECKOU
peaKIMu: U3-3a HAJTUYUs 3alllUTHON MJICHKU HE MOKET MPOUCXOJUTH Pa3psij
BOJIOPOJIHBIX MOHOB U TPOLIECC PACTBOPEHHUS MeTajlla 3aTOPMAaKUBAETCA.
Nuruburtop Takoro tuna OyJaeT Ha3bIBATHCS KaTOJHBIM HHTHOMTOPOM, T.K. OH
BIIMSAET Ha CKOpPOCTh peakiuu Ha karoge. CylllecTBYIOT aHOJHBIC
MHTUOUTOPHI, KOTOPBIE BIMSIOT HA CKOPOCTh PEaKIIMKA HA aHOJIE.

BbiOop MHrHOUTOPOB I HEPTENPOBOJOB 3aBUCUT OT CTEIECHU
OOBOJHEHHOCTH TPOAYKIMU CcKBaXuH. [lpu o6BomnenHoctn g0 30 %
MPEANOUYTeHUE OTIAETCSI MHTMOUTOpaM, pacTBOpUMBbIM B BoJHOU ¢aze. C
YBEIIMYEHUEM  COJEpKaHUsT BOJAbl B HepTu Oonee HPDHEKTUBHBI
MIJIEHKOOOPa3yIoIIue HHTHOUTOPHI.

O(PheKTUBHOCT HUHTHUOUTOPOB KOPPO3UU 3aBUCHUT OT MHOTHUX
(hakTOpPOB, OJTHAKO OYEHb BAXKHBIM YCIOBUEM SIBIISIETCS HEOOXOJUMOCThH TOTO,
9TOOBl HMHTMOUTOpP JOCTUT TOBEPXHOCTH 3allUIAaeMOro MeTajia H
agcopOupoBaincs Ha Hel. Huskast KOHIIeHTpaluss HHTMOUTOpa MOXKET CKOpee
MPUBECTH K YCKOPEHUIO KOPPO3UH, YEM K €€ 3aMEJIJICHUIO.

B ycnoBusix MHOTO(a3HOTO TEUEHUS YCI0XKHSAETCA BHIOOP UHTHOUTOpA
kopposuu. llenecoobpa3Ho HaUYMHATHF UHTMOMPOBAHKE €Ille 0 00pa3oBaHUS
CJI0S W3 MPOAYKTOB KOPPO3UHM HA CTEHKax TpyoOompoBoja. Ha Bocxoasmux
y4acTKaX, T[J€¢ KaHaBOYHAs KOppO3us MpOsBIseTCs Haubojee 4Yacro,
BCJIEJICTBHE a0pa3MBHOIO YAQJICHUS IUICHKHM WHTUOUTOpa MO HUXKHEH
obOpa3sytorieit TpyOsl kenaemMbiit 3O GEKT 3aIUThl He MOXKET OBITh JOCTUTHYT.

[IpumeneHne UHTUOUTOPOB — 3TO JIOCTATOYHO JAOPOTOCTOSIIAs 3AIIUTA
TpyOOIPOBOJAOB OT KOPPO3HWH, KOTOpas TPeOyeT CTPOroro COOIIOICHUS
TEXHOJIOTHYECKOro pexuma. [loatomy juisi BeIOOpa M KCHOJIB30BAaHUS B
KOHKPETHBIX  YCJIOBUAX TOrO WJIM HMHOTO UWHrUOMTOpa y JIWIA,
MPUHUMAIOUIETO pelIeHre, UMEETCsl MHpopMaIus o CTOUMOCTH HHTUOUTOpA
U pe3ynbTaThl JAa0OPATOPHBIX, CTEHJIOBBIX IPOMBICIOBBIX HCIBITAHUM,
cormacHo kotopeiM 1o I'OCT 9.506-87 onpedenarwomca noxazamenu
3QUUMHOU CROCOOHOCIU UHZUOUMOPA — CKOPOCHb KOPPO3UU U CHEneHb
3augumspl 1O 00pa3LaM-CBUAECTENSIM, BBOJUMBIM B TOTOK CKBa)XXMHHOM
npoaykuuu (puc. 14).
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Puc. 14. Obpasyvl-ceudemenu uz cmanu’ a) oopabomarmnvie UHSUOUMOPOM,;
0) Heobpabomannvle UHUOUMOPOM

O¢ddextuBrOCTE MHTHONUTOPA ompenensiercss cornmacao ['OCT 9.506-

87:
K1 — Kz
WU KO3(DPUIUEHT TOPMOKEHUS .
a K
- : 19
<, (19)

2oe Ky u Ky — ckopocmu kopposzuu 6e3 uneubumopa u ¢ uneubumopom.
IIpumep ycTaHOBKHU BBO/Ia HHTUOMTOPOB KOPPO3UH

JlJig BBO/1a MHTMOMTOPOB KOPPO3UHU B TEXHOJOTUUYECKOM cxeme cOopa u
MOJATOTOBKM CKBRXMHHOW MPOAYKLIHMH HCIOJIb3YIOT pa3iu4Hble OJOKHU
nosupoBaHusi peareHToB (puc 15, 16). PaccMoTpum OJIOK JTO3WpOBaHUS
pearenToB «O3Ha Jlo3atop», uzrotonnsieMbii OAO «O3Ha», T. OKTI0pbCKUA
(PecrryOnuka bamkoprocTaH).

biok no3upoBaHMs TpeAHAa3HAYeH Mg JO3MPOBAHHOIO BBOJA
KUAKUAX JAE3MYJIbraTOpoB M HMHIHOUTOPOB KOpPPO3MU B TpPyOOIpOBOJ
IIPOMBICIIOBOM CHUCTEMBI TpPAHCIOPTA W TOATOTOBKM HEPTH C LEIbIO

22



OCYIIECTBJICHUSI BHYTPUTPYOONPOBOAHOM J€IMyJIbCallU HEPTH, a TaKxkKe
3aIUTHl TPYOOIIPOBOAOB U 00OPYIOBAHUS OT KOPPO3UHU.

Puc. 15. Fnok do3zuposanus peacenmos «O3ua Jlozamop»

Puc. 16. Obwuii 6ud 610Ka 003uposarnus peazeHmos 6 Omaniuéaemom
VKpbImuu

Texnunyeckue xapaktepuctuku b/[P «O3na Jlo3aTop» npeacTaBicHbI
B Tabu 1.
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Tabnuma 1
TexHuueckue xapakmepucmuKku

Xapakmepucmuxu 3nauenusn
DJIEKTPONUTAHUE - POJI TOKA NepeMeHHbIN Tpexda3HbIi
HamnpspkeHne, B 380
gacToTa, [ 11 50
KunemaTtndeckasi BA3KOCTh JT03HPYEMOM 0,00085
Cpebl, M?/c, He Gotee
BpewMms HenipepsIBHOM pabOTHI, Yac. 10 960
Temmneparypa no3upyemoro pearenta, °C ot 20 1o 60
Temmneparypa okpyskaromei cpeasl, “C ot -40 no +40

B/AP BriIwuaer:

®  Hacoc-003amop, 0CYWeCmBIAOUULL HenpepvieHoe oOvemHoe
003UpPOBaHUEe HCUOKUX 0€IMYTIbeamopo8 U UHSUOUMOPO8 KOPPO3UU,
® Hacoc ulecmepeHoyHulllL, 0CYWeCcmeasiowull 3anonHenue

MEXHON02UYeCKOl ~ eMKOCMU  peazeHmomM U Nepuoouyeckoe
nepemeuusanue peazeHma 6 eMKoCmu,

®  pacxooHas eMKOCMb NPAMOY20TbHO20 ceuenus, ceapuas
NpeoHa3HaueHHAask Ol 003UPOBAHHO2O 6800a ONpedeNeHH020 00vema
AHCUOKUX 0eIMYNIbeamopos8 U UHSUOUMOPOS8 KOppo3uu 8 mpybonpoeoo 3a
pecnamenmupyemulil NPOMENCYMOK 8PeMeHU;

®  eMKOCMb MEXHONO02UYeCKasi NPAMOY20IbHO20  CeYeHUsl, CEAPHAs,
npeOHa3HauyeHHas OJisl XPAHeHus U nooocpesa peazenma ¢ NOMOWbIO
BMOHMUPOBAHHO20 dNleKmpoHazpesamens. Texnonioeuueckas emKocms
COeOUHeHAa ¢ yKasamenem YPOBHsS HCUOKOCMU, KOMOPbLI CLYHCUm O
BU3YATLHO20 KOHMPOJISL YPOBHSL HCUOKOCHIU.

TexHoJ0rnmn BBOJa I/IHI'Illﬁl/ITOpOB Koppo3un

Ha ceromnsimHuid J€Hb CYIIECTBYET HECKOJBKO TEXHOJIOTHH

IIPUMCHCHHS HHTHOUTOPOB KOPPO3HH, ITO:
®  HenpepwvigHOe 003UPOBAHUE,
HenpepwvigHoe 003UpPosaHie ¢ NPed8apumeibHoll yYOapHou 003Upo8Koll,
npooOKOBbIE MEXHON02UU,
nepuooudeckas nooaud,
3aKauxa 6 niacm.

Ha Apnanckom MecropoxiaeHuu (Bsitckas — 1oiomanp) — ObLTa
MIPOBEICHBI UCIIBITAHUS BBOJIA 4—X HHTHOMTOPOB KOPPO3HH IO Pa3IMIHBIM
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TexHoJorussM. B Tabm. 2 B KadecTBe MpHUMepa MpPHUBEICHA CPaBHUTEIHHAS
3 PEeKTUBHOCTH HEKOTOPBIX MpEJIaraéMbIX TEXHOJIOTUH.

Tabmuna 2

Cpasnumenvhnasn 3¢phekmuenocmob npeonazaemvix mexHo102uil
UCNOIb308AHUA UHZUOUMODPOB KOPPO3UU

IKoHomuueckuil Igppexm, man.pyo.

Ilpeonazaemoe
7 0
Meponpusmue Sawgummnotit 3¢pgpexm, %
XIIK- Conkop- A3zumym
P -
exopo-608 | gopp+ | ogo1 14 5

ITocTosinHasn - 2,957 1,670 1,584
J03HPOBKA 8 cucmeme
Heghmecbopa u cucmeme
batinig 10,1 61,8 66,3 70,8
Iepuoanueckas 18,298 17,909 18,078 18,089
JI03HPOBKA uepes 101 618 70.8
Kaxcovle 06e Hedenu 8 ’ ’ '
meuenuu 08yx Cymox 66,3
IHepuoanueckasn 15,498 15,109 15,278 15,289
AOSHpOBKA " 67,4 85,4 71,9 78,7
MATHUTHasi 00padoTKa
IMocTosiHHas 10,595 8,542 9,213 9,257
JI03HPOBKAa B CHCTEME
Hedrecbopa 10,1 61,8 66,3 70,8
IocTrosinHas 7,795 5,742 6,413 6,457
J03HPOBKA  TOJBKO B
cucreme HerecOopa +
MArHMTHasi 00padoTKa 67,4 85,4 71,9 78,7
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2. TunmoBbIe 321a4N

Koppo3us xene3za oOyciaBiuBaeTCs HaJIUYUMEM B BOJIE€ KHUCIOPOJA,
arpecCUBHOM YTIEKUCIOTHI U CEPOBOAOPOAA.

B niiacToBBIX BOJIaxX CyIIECTBYET paBHOBECHE:!

Ca* +2HCO,” «» CaCO, +CO, +H,0, (19)

N3 sTOor0 ypaBHEHUs paBHOBECHS CIIEyET, UTO JJIsi TOMAJIEPKAHUS
OTIpeIeICHHON KoHIIeHTparuu oukapoonar-uonoB HCO3, Tpedyercs, 4ToObI
B BOJIE MPUCYTCTBOBAJIO COOTBETCTBYIOIIEE 3TOM KOHIEHTPALIMU KOJIUYECTBO
cBoboaHOTO yriekucioro raza CO,, KOTOpoe Ha3bIBAIOT PABHOBECHBIM.

Ecmu daktrdeckn mpucytcTByromee B Boje konmdecTBO CO, Oombiie
PAaBHOBECHOM KOHIEHTpaluH, TO M30BITOK €ro CcrnocoOeH BbI3BATH
pactBopenue CaCQOs, T.€. CIBUHYTHh paBHOBeCHE BiIEBO U JoBecTH pH BOabI
10 3,5, Py KOTOPOM METAJI CHJIBHO KOppoaupyeT. Takyro BOAy HA3BIBAIOT
arpeccuBHoii. [Ipu Henoctatke B Boge CO, 1Mo CpaBHEHUIO ¢ PAaBHOBECHOU
KoHIleHTparueit Oumkapoonat-uonsl HCOj3; pacmamarotcs, T.e. paBHOBECHE
CABUTAETCA BIIPABO, YTO MPUBOAUT K BBIJICTICHUIO U3 BOJBI OCajika kapOoHaTta
kanbius CaCOs.

Ecnu daktuueckoe comepxkaHue B BOJE YIIEKHUCIOrO ra3a COBIAIAET C
PAaBHOBECHOM KOHIIEHTpallMed, W3 BOABI HE OYIET BBIACHATHCS OCaJI0K
KapOoHaTa KalbliMsi M OHAa He crocoOHa pacTtBopsiaTh CaCOs;. Takas Bonma
Ha3bIBacTCs cTadmabHoi (pH=7).

3apauya 1. OmnpenesieHne arpecCUBHON YIJIEKUCJIOTHI B IJIACTOBOI
BO/U M OIIpe/e/ieHHue THUIIA BOJbI.

[To xumMuveckoMy cocTaBy BOJAbI (Tabi. 3) ONpeaeiWTh THUIT BOJBI H
HaJINYHE B HEW arpeCCUBHOM YTIIEKUCIIOTHI.

Tabnuna 3
Cocmae munepanuzo8anHoil 600l
Cooeporcanue uonoe, me/n Ceoboonas
Na* K' | ca® | Mg® | CI' | SO |HCOy | €Oz mn
26,3 7 25,9 17 18 11,5 | 195,2 17,6
Pemenmue.

1. KonuuecTBO arpecCMBHOM YIJIEKHCIOTHI OMPEACNSIIOT MO rpadukam,
cocraBiieHHbIM JlanreBpiM D.D., B KOTOPBIX HCIIOJIB3YETCA COACPKAHUE
CBSI3aHHOW U CBOOOJHOMN YTIAEKUCIOTHI. [[71s 3TOro HeoOX0AMMO ONpeaeanTh
COOTHOIIICHUE!
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rHCO,

, 20
r.Ca2+ ( )
20e i — cooepoicarie UOHA 8 IKBUBALEHMHOU (hopme:
[ = Qi /
L =—, M2—09K6&l 1 (21)
9
20e (i - cooepoicanue uona, me/1,
i - oxeusanenm uona (mabn. 4),
M; — monexynapras macca uoHa;
Bi - sanenmnocmo uona.
Taomuna 4

IKeusaneHmovl UOHOB

Mo | N&" | Mg* | Ca* | K | Fé*" | CI' | SO, | HCO; | CO3”

M; 23 | 24 40 | 39 | 56 | 355 96 61 60

B 23 | 12 20 | 39 | 18,6 | 355 48 61 30

I'padukom Ne 1 (puc. 17) moOJB3YIOTCS, €CJIM BBIMOJIHICTCS YCIOBUE
22. B npyrux cirydasx ucrnonb3ytoT rpaduk Ne 2 (puc. 18).

rHCO,

1,25> > 0,75, 22
rCa2+ ( )

rHCO,”
rCa?"

I[J'ISI Hamero ciy4das BCJIIMYMHAa OTHOIICHUA . COCTaBMJIA.

61 20

T.K. TOJXy4YeHHas BeiauuunHa Oosbmie 1,25 To 1 JanpbHEWIIMX pacdyeToB
BOCTIOJIb3yeMcsi Tpaduxom No 2.

2. HaxomuM cyMMBI SKBUBaJICHTOB Ca®* (a) u HCO3 (8) YIBOCHHOTO
conepkanus cBo0oHOM yriekucaorsl CO; (c):

rCa** =a=1,295mue—oxel 1, (23)
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rHCO, =b =32 me—oxel 1, (24)

rco, :C:%:OAMZ—SKG/JZ, (25)
a+2c=2,095, b+2c=4,0. (26)

Ha rpaduke No2 sTrim cymMaM OTBEYaeT TOUYKa, JIeXaIas Ha KPUBOH,
COOTBETCTBYIOIIEH IKBUBAJICHTHOMY cojiepkanuto paBHoBecHo HCOj3 3,7
MT-9KB/JI.

B namem BapuaHTe (DaKTHYECKH B BOJIE COACPIKUTCA 3,2 MT-DKB/I
HCOj3 (cM. popmyny 24) T.e. paBHOBeCHOe SKBHBAJICHTHOC COAep:KaHUe
HCO; Bbime umewmerocss va 0,5 mr-sks/n (3,7 — 3,2 = 0,5). Oro
CBUJETEIBCTBYET O TOM, YTO B Iu1acToBol Boae HeaoctarouHo HCOj3
otHocutenbHO umeronierocs CO,, JIpyrumu cnoBamu, u3ositok CO, Oyner
MpUJaBaTh BOJIE€ KOPPOZUOHHYIO AKTUBHOCTb.

3. Jlaee mo HmKHEH mmikaie rpaduka Ne2 HaxoawM, YTO HEIOCTATOK
HCO3; B kommyectBe 0,5 Mr-ske/m cootBeTcTByeT H30bITKY CO, B
konmyectBe 11 mr/m.

4. 3Has coAep)KaHUE IIECTH OCHOBHBIX HMOHOB B 3IKBHMBAJIEHTHOM
dopme, MOXHO, MONTB3YsICh Kiaccudukanued Cynunaa (Tadm. 5), onpenenuTsb
THUII BOJIBI.

Tabmuna 5
Knaccugpuxkayua npupoonsvix 600 no Cyauny
4=
é Ig o=l )E
&) — 3
[qa)
5 8 N m Q
< S m = =t
Tun BoabI T Q2 i %
<
= S o g
& S s a. 2
= & = S S
=) 5
S
=8 - > <
O
— —i i —
\Y/ — A —i Vv — A
— & VAN V + V +
< |_ < |_ C\I@ |_ C\I@
CooTHOLIEHUE N Q G O C 3 c <
coaep KaHus o T A = ==
= O X35 X g X g
MOHOB T, 0 ¥ © ¥ > + 3
! 1 + 1 + : + -
+ +(U (91 +(U O . O
‘s Z £z 20 25
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DKBHBaNEHTHOE COJIEPIKaHIe PABHOBECHOIT H(I!(I):
100

10 b= -i ;:1
T

at2c

Copepaniie B Boge CO 5 |, Mr/n
0 10 20 30 40 50 60 70 S0 90 100

B

0 10 30 50 100 150 200 250

HenoctaToK B BOOE HCO: . MI/1

Puc. 17. I'pagux Ne 1
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12

10

1 3 5 7 a+259 1 13 15

ArpeccuBHas CO, Mr
0 5 10 15 20 25 30 35

00010203040506070809 1011 121314151617
&HCUS

Puc. 18. I'pagux Ne 2
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3agauu ISl CAMOCTOSITEIbHOM PadOThI

[To xuMUYECKOMY COCTaBY BOJBI ONPEACIUTH TUIT BOAbl U HAIMYHUE B HEU
arpecCUBHON yTIEKUCTOTHI. VICX0qHbIC TaHHBIE TIPEICTaBICHbI B TA0. 6.

Tabauna 6
Hcxoouwvie oannvie
ConeprxaHue UOHOB, MT/JI CBOGOIHAS
Bapuaunt N N ot ot ) 2 i
Na K" | ca® | Mg CI' | SO, | HCOy | €Oz, mr/n

1 2 3 4 5 6 7 8 9

1 13,9 2,3 16,6 8,1 10,6 8,9 96,5 63,1
2 294 13,6 139 | 42,6 46 196 244 21,1
3 50,0 | 185 200 30 210 100 610 660
4 9,9 1,2 29,8 8,5 6,1 18,3 120 8,1
5 172 15,2 115 59,4 202 328 344 26,3
6 149 31 84,2 | 25,3 | 2294 | 120 415 12,7
7 52,5 | 24,0 | 280,6 | 1,2 13,6 | 28,0 705 553
8 223 | 30,8 148 65,2 | 451,8 | 319 281 21,1
9 13,9 1,9 26,1 8,4 8,3 12 132 25,9
10 200 25,8 110 | 59,7 208 318 340 24,9
11 45,5 4,6 439 | 18,6 | 47,0 | 75,1 174 26,0
12 65 36 198,8 40 295 846 732,4 1320
13 13,2 3,2 16 7,9 10 9,1 95 64,1
14 299 17,0 | 1376 | 44,0 | 459 | 196,9 240 20,9
15 51,2 | 16,9 | 1996 | 31,2 | 218,3 | 98,9 600 654
16 10,1 14 28,6 9,2 7,0 17,9 125 8,7
17 178,0 | 14,2 | 121,3 | 58,5 | 204,3 | 326,6 347 26,0
18 1550 | 324 | 83,2 | 26,1 | 224,6 | 118,3 405 12,0
19 51,1 | 26,8 | 2796 | 14 12,9 | 26,9 697 558
20 227,3 | 31,2 |151,2 | 64,6 | 439,2 | 321 290 20,1
21 12,9 | 1,87 | 26,6 8,2 8,1 14,2 138 26,0
22 204,0 | 25,1 | 112,3 | 58,6 | 206,2 | 311 339 24,4
23 45,1 4,0 418 | 19,4 | 49,2 | 74,8 184 2620
24 65,8 | 38,6 | 197,6 41 293,2 | 840 732,4 1310
25 170,0 | 18,2 | 124,3 | 54,0 | 209,0 | 320,6 | 338,2 27,2
26 150,0 | 38,1 | 80,2 | 249 | 226,6 | 120,3 | 409,2 13,0
27 50,1 | 26,2 | 279,3 | 1,89 | 139 | 27,2 696,9 552,4
28 209,0 | 20,1 | 119,3 | 56,6 | 209,2 | 318,3 | 326,3 21,9
29 180,0 | 15,0 | 122,6 | 54,5 | 202,0 | 326,6 347 25,8
30 150,0 | 34,3 | 80,2 | 24,3 | 221,2 | 110,1 411 15,6

31




3agava 2. Ouenka 3¢ ¢GeKTHBHOCTH HHTHOMTOPOB KOPPO3UH

Onpenenuts 3PHEKTUBHOCTh UCIOIB30BaHUS WHTUOUTOpPA KOPPO3UU
«CoHkop» M0 KOAhOUIIMEHTY TOPMOKESHHS O TIPU 2-X TEXHOJIOTHUSX BBOJA B
cucteMy HedTecOopa: 1 TEXHONOTHS — MOCTOSIHHASI JO3UPOBKA HHTHOUTOPA;
2 TEXHOJIOTHS — TIepUOINYecKas JO3UPOBKA C MArHUTHOW 00paboTKOM (TalII.
7).

Tabnuma 7
Hcxoonvie oannvie
IHokazamens 3nauenue
ITnomane obpasma-cBuaeTes S, M 0,15
Macca 10 ucnplTauusg My, T 350
Macca nociie HCIIBITAHHUS 1pU HOCOSIHHOU 003UuposKke My, T 349,915
MIpU NEPUOIMYECKOM TO3UPOBKE + MarHuTHas 00paboTka 349 920
my',r; ’
[IpOoOImKUTENBHOCTD UCIIBITAHUM ITPU MOCTOSHHOU 7
TI03UPOBKE T, CYTOK
MIpU NEPUOJIMYECKOM T03UPOBKE + MarHuTHas o0paboTka 7', 5
CYTOK
YMeHnblieHne Macchl 00pasia-cBuIeTeNs 0e3 Boja 0007
uHruouropa, % B cyTku ’

Aneopumm pewtenus

1. PacuuthiBaeM Maccy oOpa3ua cBuaeTesns 0e3 BBOJAa HHITHOUTOpa Mocie
5-U U /-U CYTOK IKCIIEPUMEHTA.

OnpenenseM cKOpocTh Koppo3uu K 00pa3iioB 6€3 BBO/Ia HHTHOUTOPA.

3. OmpenensieMm ckopocTh Kopposun K 00pa3moB ¢ BBOJOM WHTHOUTOpPA
MpU TIOCTOSIHHOM U TEPUOJMYECKON JO3UPOBKE B COUYETAaHUU C
MarHuTHOM 00paOOTKOM:

4. PaccuutbiBaeM 3()QPEKTUBHOCTb HMHTHOUTOpA TPU  PaA3IUYHBIX
TEXHOJIOTUSIX BBO/IA.
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1. Corrosion problem in oil transportation

One of the most important factors in the service reliability decrease of
internal pipeline metal surface is the impact of transported hydrocarbons
containing active — corrosive components.

Annually, there are more than 70 thousand pipeline breakdowns and
failures in Russia, of which 90 % are the results of corrosion damage. This
includes 55 % in the gathering system and 35 % in lines of communication
for formation pressure maintenance. More than 8 thousand km. of pipes, i.e.
approximately 400...500 thousand tonnes of steel are used to replace these
damaged pipes.

However, pipes of the same grade and diameter, identical microstructure
and chemical composition and under similar operating conditions,
significantly differ in their fail-safety term service: long-term operation
without any damages and short-term with breakdowns and failures as a result
of corrosion penetration.

According to research data in pipeline breakdown rate available from
north Bashkir (table 1), more than 42 % of the pipes do not endure the 5-year
service, while 17 % even a 2-year service due to pitting or crevice corrosion
(fig. 1, and 2).

Table 1
Pipeline characteristics
£ 2 8
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Vategansk
Uzhno-Jagunsk 1800 36 14 6 44
Arlansk
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2-year service

S-year service _ =
17 %0 replacement

45% -replacement

Fig. 1. Research data of pipeline breakdown in north Bashkir

Fig. 2. Pipeline sample showing pitting corrosion
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1.1. Basic terms and definitions

Corrosion is deterioration of intrinsic properties in a material due to
reactions with its environment (oxidation of metals reacting with water or
oxygen).

Corrosion rate K., — a measure of the speed at which the metal grams is
damaged per year on 1m? of area (gr/m?> x hrs) or depth of process
occurrence — distribution (mm\year).

K :mo_ml

m

(1)

Sxt

where m, — initial metal mass before testing, gr;
m; — metal mass after testing, gr.;
S — operating sample surface, m?,
t — testing period, hrs.

Corrosion penetration — (depth factor 1T , mm\year) is determined as:

=510, )

p
where p — metal density, gr/cm?;

K — corrosion rate — gr (m?per year).

One major factor determining the anomaly high corrosion rate is that
fact there are specific non-metal inclusions in the steel which are of a
corpuscular oxygen source and, in its turn, determines the rate of cathodic
reactions on the metal surface.

Classification according to deterioration_includes external corrosion
(atmosphere and soil) and internal.

The main types of external surface corrosion is pitting corrosion, and
internal corrosion — uniform or general corrosion due to oxidation-reduction
heterogeneous processes occurring on the boundary phase surface.

Corrosion is also classified according to its formation characteristics,
damage area, corrosion rate, and corrosion damage types (Fig. 3).

Corrosion according to formation characteristics. Chemical corrosion
occurs in those environments where there is no electrical current. This is
external atmospheric corrosion. Such corrosion is the result of the following
two factors:

e ferrum oxidation through oxygen

Fe™?™) + 0, =FeO or Fe,0; (3)

e interaction of acid and alkaline environments, resulting in uniform films
on the pipeline surface.
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Corrosion
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Fig. 3. Corrosion Classification
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The destructive impact of atmospheric corrosion is insignificant and can
be eliminated through enamel coatings and, simply, painting.

Electro-chemical corrosion: steel corrosion occurs in water
environment as a result of electro-chemical reactions as current flow between
separate surface areas (anodes and cathodes).

Metal reaction in the electro-chemical processes is determined as
standard electrode potential value (E°). Several elements according to E° are
within the tension series which characterize their activity:

K, Ca, Mg, Al, Mn, Zn, Fe, H, Cu,

Every metal displaces from water solutions other metal salts, which are
in the right side of this metal tension series.
The corrosion process is as following: on the anodes — oxidation:

Fe—2e —Fe?. (4)

Iron atoms are as hydrated cathodes Fe?* in the solution, i.e. anode metal
dissolution occurs and corrosion penetrates deep into the metal.
The corrosion process on the cathodes is reduction:

2H+ + 26 —> 2H ads- (5)

Oxygen molecule ionization occurs forming hydroxyl ion in dependence
to environmental pH: if pH < 4.3, then molecular hydrogen forms H+ H —
H.1; if pH > 4.3, resulting in the electron and oxygen reaction, dissolved in
water, forming active hydroxyl groups:

0,+2H,0+4e >4 0H". (6)

Further, cathodes Fe?* and ions 20H" react in the formation of ferrous
oxide (Fig. 4):

Fe 2"+ 20H “— Fe(OH),. (7)

If there is a sufficient amount of free oxygen in the water, then ferrous
oxide oxidizes to ferrous hydroxide as precipitation:

4Fe(OH), + O, + 2H,0 — J 4Fe(OH)s. (8)

As a result of the electric current anode split (decomposition): metals
particles as Fe** ions proceed to water or emulsion flow. During anode split
(decomposition), different breakdowns — flaws, caverns and others- occur.
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Fe*' + 20H —» Fe(OH),
Fe** + 20H —» Fe(OH),

e 3
R S o]
KR
S
? LR

\

Fig. 4. Electrochemical corrosion

Classification according to deterioration (Fig. 5) includes the following
types:

1. Uniform or general corrosion which proceeds at approximately the
same rate over the whole surface being corroded: iron rust, silver
dulling.

2. Isolated (local) corrosion proceeds over single surface areas and include
the following types:

e spot- damage depth penetration is rather small and proceeds over a
relatively significant surface area;

e pitch — deep penetration over small surface areas (D- length and h
— corroded surface area are approximately the same);

e point (pitting) — corroded surface area smaller than corroded pitch
surface area (h > D.
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Selective corrosion dissolution of a single or several alloy components,
resulting in porous residuum which retains its initial form and appears to
be undamaged.

Intercrystalline (intergranular) corrosion results in corrosion at or near
the grain boundaries of the metal. Corrosion proceeds immediately and
deep resulting in catastrophic damages.

Transcrystalline corrosion is the most significant and dangerous
corrosion type as it is not only near or at the grain boundaries, but also
throughout the grain itself.

Environment-induced corrosion results from the joint action of
mechanical stresses and corrosive environment. This corrosion is caused
by hydrogen absorption formed during corrosion.

D
h ==

unifarmm general isolated pitting {patch

selective intercrystalline (intergranular transcrystallinedtransgranualr)

Fig. 5. Classification according to deterioration

It should be mentioned that special attention is paid to those questions

connected with the transportation of oil (a rather aggressive fluid including
not only hydrocarbon components, but also water, mechanical impurities,
salts, free oxygen, aggressive hydrogen sulphide and carbon gases) and the
internal pipeline corrosion research. To reveal internal corrosion conditions it
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IS necessary to design specific prevention requirements for premature
pipeline breakdown failures.

1.2. Specific Features of Internal Pipeline Corrosion in West-
Siberia

— 1.5‘. i

The analysis of the factors that influence internal pipeline corrosion are as

following:

e localized corrosion breakdowns of the lower pipeline section and
emergency failures are evident when oil watering increases to 50 %, oil
emulsions are unstable and water is evolved as a separate phase;

e weak corrosive formation (reservoir) water: mineralization of calcium
chloride water is insignificant and includes 20 ...40 gr/litre, pH water is
neutral, temperature 40 °C;

e oil emulsion in the water phase contains up to 250 mgr\l dioxide carbon
and 2...10 mgr/l hydrogen sulphide;
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e associated oil gases include up to 6% CO, and 1.5 mgr \m*> hydrogen
sulphide;

e  West Siberian oil is paraffin, light and low-viscous, with insignificant
stability of oil emulsion.

It has been noted that salt fallout in the water phase of well
production is a characteristic feature in West Siberia and that metal corrosion
occurs as carbon process. Calcium carbonate CaCO3 deposition (fallout)
occurs on the internal pipeline surface. In several cases, pipeline coating can
sag due to CaCO;s; deposition. This could occur as a result of either
mechanical factors such as abrasive impact of suspended particles, hydraulic
impact, pipe vibration due to gas plugs or mechanic-chemical coating
dilution of those sections under significant stress conditions.

Exposed metal section, as well as, the pipeline surface covered by a
precipitation forms galvanic macrobed, where the metal is anode, and the
pipeline surface- cathode. Intensive corrosion occurs at a rate of 5...8 mm
per year.

High anomaly corrosion rate (5...8 mm per year) is the electrode area
ratio: small anode area in the lower pipeline section as paths, while cathode
area is ten times more than the electrode anode one.

1.3. Factors influencing internal pipeline corrosion

Temperature and pH water impact The intensity corrosion behavior
dependence to pH and temperature is illustrated in Fig. 6. The following
analysis shows three major dependence zones to pH value:

e pH < 43 (strong acid environment)- corrosion rate significantly
increases at pH decrease;

e 43 <pH<9..10 - corrosion rate insignificantly depends on pH,;

e 9-10< pH < 13 (strong alkaline environment) — corrosion rate
decreases at pH increase and corrosion practically ceases at the value

of 13.

Temperature rise increases anode and cathode processes (corrosion
rate) due to the rate increase of ion movement.

Oxygen content in water Dissolved oxygen in water is a significant
factor influencing corrosion and alters above-mentioned dependence (Fig. 7).
As mentioned above, pipes are exposed to intensive corrosion in acid
environment at pH < 4.3 and practically no corrosion at pH > 4.3, if there is
no dissolved oxygen in the water (Fig. 7, curve 4). If there is dissolved
oxygen in the water, then iron corrosion occurs not only in an acid but also
alkaline environment (Fig. 7, curves 1...3).
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Fig. 7. Intensity corrosion dependence to oxygen content in water
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Fractional pressure CO, impact A significant impact on metal
corrosion damage is free carbon (CO,) in formation water. Under identical
pH corrosion in a carbon environment is more significant than in strong
acid solutions.

According to research data, pipeline systems at Pco,< 0,02 mPascals -
uncorrosive; at 0,2 > Pcoz > 0,02—probably average corrosion rate, while at
Pco2 > 0,2 mPascals — high-corrosive environment.

The CO, impact on corrosion environment intensity is connected with
CO; content- forms in water solutions:
e dissolved gas COy;
e non- dissociated H,CO3; molecules;
e Dbiocarbonate HCOs ions;
e carbonate COs* ions.

Under equilibrium conditions there is a balance between all above-

mentioned forms:

CO, + H,0 & H,CO3 < H + HCOy < 2H" + CO~. (9)

CO, impact can be explained as:
e (O, content leads to the increase of hydrogen isolation at cathode;

e carbonate-oxide film formation on the metal surface
H,CO3 molecules spontaneously react in the cathode process:

H,CO;+e — H,. + HCO3 (10)
Cathode reduction is exposed to bio-carbonate ions:
2HCO5 +2e - H, T+ CO5%. (11)

H,COjs is an absorber and supplies required hydrogen ion H* in cathode
reaction:

H,CO; < H" + HCO; (12)

The interaction of Fe** and HCO5™ or H,CO; form ferrum carbonate
precipitation FeCOs:

Fe”* + HCO; —»FeCOz + H* (13)
Fe’* + H,CO; — FeCO; + 2H" (14)

It was noted that corrosion product-iron significantly influences
corrosion rate:
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4FeCO; + O, — 2Fe,0; + 4CO, T (15)

These precipitations are semi-pervious for corrosive- aggressive
environment components and slow down metal deterioration. Thus, two
specific features of carbon dioxide can be distinguished:

1. hydrogen isolation increase on the cathode
2. oxide carbonate film formation on the metal surface.

Water mineralization impact Dissolved salt in water is electyles, in
which case, their concentration increase up to a definite limit increases the
environment electro-conductivity and, as a result, accelerates corrosion.

Moreover, corrosion rate decrease is associated with the following
items when mineralization increases:

e  decreases dissolution of gases CO, and O, in water;
e water viscosity increases, leading to such troubles as diffusion, oxygen
admission to pipeline surface ( to cathode areas).

Pressure rise increases not only CO, dissolution, but also salt
hydrolysis.

Hydrodynamic parameters -

at low transporting fluid velocity, water-oil emulsion sagging occurs
with further formation of water sublayer and mechanical impurity transport
and their precipitation on pipeline walls (stagnant zones).

Index of hydrodynamic water-oil emulsion flow regime types is
Froude number:

Fr= : 16
Dy (16)
where V — mixture flow velocity, m sec.
D — internal pipe diameter, m
g - acceleration of gravity, m\ sec.

At Fr< 0.2 emulsion exfoliation occurs and corrosion develops at the
low pipeline section. At Fr from 0.5 to 2.25 oil -emulsion is formed in the
water (corrosion damage is high); at Fr > 2.25 — water-emulsion type in oil
(corrosion rate sharply decreases).

Under conditions of rather low flow velocity (0.1...0.9 m\sec)
structure exfoliation of rxc develops, i. e. water is isolated (evolved) into a
separate phase. Oil-emulsion and gas will be flowing above the water.

Waves develop on the interface boundaries due to the viscosity
difference of two adjacent phases. As these waves advance along the
transporting fluid flow a secondary effect at the interface occurs: water
droplet detachment and its rotation (Fig. 8). This causes the formation of
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eddy paths composed of numerous water droplets along the lower generatrix
of pipeline.

U @

L Y GG
J

Fig. 8. Eddy wave formation on the oil-water interface surface

Those mechanical impurities (carbonate and sulphide ferrum, sand and
clay) in the water phase are partially ingressed in the rotating water droplets
and participate in the constant hydro-erosion impact in the lower pipeline
section.

Flow pattern Relative phase flow velocity (gas and fluid) in liquid-
gas mixtures (LGM) including their physical properties (density, viscosity,
surface tension, etc.), sizes and location in the pipeline determines the
formation of two-phase (multi-phase) flow patterns. There are seven major
patterns (Fig. 9): bubble, plug, gravitational, wavy, gas-piston, annular and
dispersed. Each of the above-mentioned flow patterns influences corrosion
process. The high-lightening question is the interaction of corrosion in the
pipeline to flow patterns and the transporting liquid-gas mixtures. However,
this information is insufficient in solving the problem of corrosion.

It is known that annular (dispersed-annular) flow decreases pipeline
corrosion intensity, while gas-piston (plug-dispersed) flow stimulates
pipeline corrosion-erosion failure in the lower generatrix of pipeline at
elevated pipeline route sections.

Gravitational (smooth gravitational) — develops uniform (general) and pitting
corrosion in lower generatrix of pipeline sections, as well as, in the so-called
liquid “traps” especially, salt water release into a separate phase.
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Fig. 9. Liquid-gas flow patterns in horizontal pipes

Bio-corrosion produced by the exposure to micro-organisms (Fig. 10),
l.e. sulphate- regenerating anaerobe bacteria (reduction of sulphate to
sulphide) which can be found in waste (sewage) water, oil wells and pay
Zones.

As a result of sulphate-reduction H,S (hydrogen sulphide) is formed,
which in its turn, dissolves in oil, further reacting with iron and forming
sulfide ferrum as precipitation:

Fe+H,S > FeSy+H, T, (17)

H,S affects the wettability of the metal surface and this surface
becomes hydrophilic, i.e. water-wet, and a thin electrolyte film is formed on
the pipeline surface where sulfide ferrum (FeS) accumulates.

Sulfide ferrum (FeS) is a corrosion agent as it participates in galvanic-
macrobed formation — Fe — FeS, which in its turn, is cathode; and where
only metal Fe as anode will be destroyed.
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Fig. 10. Metal bio-corrosion

Chlorine calcium water also affects corrosion. Chlorine ions activates
with metal due to the fact that chlorine ions have a high absorbability on
metals. Chlorine —ions displace (expel) inhibitors from the metal surface,
promoting inhibitor film dissolution and simplifies metal ion conversion into
the solution. Chlorine ions significantly affect the dissolution of ferrum,
chromium, nickel, aluminum and others.

Pipeline protection from internal corrosion

The main prevention methods (Fig. 11).in internal surface corrosion

are the following:

e different technological measures;

e  corrosion inhibitors;

e high-effective and economic coatings (polymer, silicate, metal and
combined coatings);

e  corrosion-resistant pipes and non-metallic materials (Fig. 12).

The most effective anti-corrosion protection is inhibitors as such
inhibitors hamper corrosion crack formations on the metal surface. Besides,
many inhibitors penetrate into the developing crack apex and withhold
corrosion development. Thus, one important factor is the appropriate choice
of an inhibitor so that such inhibitors not only slow down corrosion
uniformly and locally, but also effectively suppress corrosion initiation and
further development of corrosion-failure cracks.
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Pipeline protection from internal corrosion
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Fig. 11. Pipeline protection form internal corrosion

Fig. 12. Glass-fiber pipe with metallic coating
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Another highly effective coating is thermal treatment of pipes.
However, thermal treatment regime should be chosen in accordance to
corrosive environments and corrosion behavior for each specific field. This,
in its turn, requires additional research.

Corrosion inhibitors

Corrosion inhibitors an additive of organic or inorganic origin, used
to retard undesirable corrosive actions. Inhibitors are surface- active
substances.

To significantly increase pipe reliability, durability and safety,
appropriate inhibitor protection for internal metal pipe surfaces is necessary.
(Fig. 13).

Behavior mechanism of inhibitors is as following: polar inhibitor
molecules are absorbed on the internal pipe surface forming a film to protect
this surface from water contact. Thus, one condition for electro-chemical
reaction is excluded: hydrogen ion discharge does not occur due to the
protective film and metal dissolution is slowed down. Such inhibitors are
termed as cathode inhibitors, as they affect the reaction rate on the anode.
There are also anode inhibitors which affect the reaction on the anode.

b)

Fig. 13. Pipe samples without inhibitor application: a) oil pipeline b) high-
pressure conduit

The selection of this or that inhibitor depends on watering. At
watering of up to 30 %, inhibitors dissolved in water phase are preferable.
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Film-forming inhibitors are more effective when the water content increases
in oil.

Efficiency of corrosion inhibitors depends on many factors, one of
which is how the inhibitor having attained the protected metal surface and is
being absorbed. Low inhibitor concentration can increase corrosion instead of
decreasing it.

Multi-phase flow conditions complicate the selection of appropriate
corrosion inhibitors. Inhibition should be initiated before the formation of
corrosion on pipeline walls. On elevated sections channeling corrosion occurs
more frequently due to abrasive removal of inhibitor film along the lower
generatrix of pipeline, thus the desirable protection effect can not be attained.

Being a rather expensive pipeline corrosion protection, it demands
exact technological requirements. The selection of an inhibitor for specific
conditions involves additional information as costs, research results, and
development testings, which according to GOST 9.506-87 is determined by
the protecting inhibitor index properties- corrosion and protection rate
(Fig. 14).

Fig. 14. Steel samples: a) treatment with inhibitors; b) without inhibitors

Inhibitor efficiency is determined in accordance to GOST 9.506-87:

_Kl_KZ

Z 100 (18)

1

or inhibition coefficient:

50



¢ :K—z’ (19)

where K; and K, — corrosion rate with \ without inhibitors.

Example of unit for corrosion inhibitor

Different dosage chemical agent units are applied to introduce
corrosion inhibitors into the oil gathering and treatment system (Fig. 15, 16).
The following dosage chemical agent unit «Ozna Dozator» designed by Ozna
Co. Ltd. (Oktjabtsk, Bashkortostan Republic) will be described further.

Fig. 16. General view of dosage chemical agent unit ““Ozna Batcher” in a
heated room
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Dosage unit is to introduce liquid demulsifying agents and corrosion
inhibitors into the trunk pipeline system for oil demulsification inside the
pipeline, as well as, pipeline equipment corrosion protection. Specification
for dosage chemical agent unit (DCAU) «Ozna Dozator» is described in
table 1.

Table 1
Specifications
Characteristics Values
Power supply — current type variable three-phase
Voltage, watt 380
Frequency, Herz 50

Kinematic viscosity of dosage environment, | 0,00085
m?/sec, not more

Continuous operation time, hrs. up to 960
Temperature of chemical agent dosage, °C | from 20 to 60
Environment temperature, °C from -40 to +40

Dosage chemical agent unit (DCAU) includes:

e dosage pump - continuous volume dosage for liquid demulsifying agents
and corrosion inhibitors;

e wheel pump — infilling of chemical agents into reservoir and periodic
mixing of the chemical agent;

e daily service welded rectangular cross-section reservoir — dosage of
specified volume of liquid demulsifying agents and corrosion inhibitors
in the pipeline for a required time period;

e welded rectangular cross-section reservoir — heating and storage of
chemical agents with installed electric-heater. Reservoir is connected to
liqguid measurement unit to visually control the liquid level.

Technological steps in injecting corrosion inhibitors

There are several technological methods in applying corrosion

inhibitors:
e  continuous dosage
continuous dosage with preliminary intensive dosage;
plug method;
periodic discharge;
formation injection.

Four types of corrosion inhibitors were tested in Arlansk oil field
(Vjatsk area), applying various methods (table 2).
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Table 2

Comparative analysis of suggested method efficiency (corrosion inhibitors)

Economic results mil roubles

Protection impact, %

Suggested method Record-608 XPK- Sonkor- Azimut
002B* 9801 14 B

Constant dosage in |- 2,957 1,670 1,584
oil gathering system
and trunk pipeline

10,1 61,8

66,3 70,8

Periodic dosage in | 18,298 17,909 18,078 18,089
every two weeks
during two days

10,1 61,8 66,3 70,8
Periodic dosage + |15,498 15,109 15,278 15,289
magnetic treatment

67,4 85,4 71,9 78,7
Constant dosage in | 10,595 8,542 9,213 9,257
oil gathering system

10,1 61,8 66,3 70,8
Constant dosage | 7,795 5,742 6,413 6,457
only in oil gathering
system + magnetic
treatment 67,4 85,4 71,9 78,7
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2. Task types

Iron corrosion involves the presence of oxygen, aggressive carbon
dioxide and hydrogen sulphide in water.
In formation water there is equilibrium:

Ca* +2HCO,” «» CaCO, +CO, +H,0, (19)

According to this equilibrium equation, to sustain a definite
bicarbonate — ion concentration HCO3 , there should be a corresponding
amount of free CO, concentration in water, which in its turn, is termed as
equilibrium.

If the amount of CO, in water is more than the equilibrium
concentration, then this redundancy causes CaCOj; dissolution, i.e. the
equilibrium is shifted (left) and water pH is increased to 3.5 when intensive
metal corrosion begins. Such water is termed as aggressive. If there is CO;
deficiency in water in comparison to equilibrium, then bicarbonate — ion
HCO;3; concentration dissociates, i.e. the equilibrium is shifted (right)
resulting in the release of carbonate calcium precipitation CaCO3 from water.

If the factual amount of carbon dioxide in water coincides with
equilibrium concentration, then there is no carbonate calcium release from
the water, which in its turn, can not dissolve CaCOs. Such water is termed as
stable (pH =7).

Task 1. Determine aggressive carbon dioxide in formation water
and the water type.

Water type and the presence of carbon dioxide is determined in
accordance to the chemical composition of water (table 3).

Table 3
Mineralized water composition

lon content, mgr \ | Eree CO,,
Na* | K* | ca® | Mg>* | CI' | SO% |HCO; | mgr\l
26,3 7 25,9 17 18 11,5 | 195,2 17,6

Solution

1. Amount of aggressive carbon dioxide is determined in accordance to
diagrams, designed by F.F. Laptev, based on the content of fixed and free
carbon dioxide, which is:
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rHCO,

where, r; — ion content in the following equivalent.

I, 2&,M8—3K6/JZ (21)
9
where, q; —ion content, mg/l;
E;j —ion equivalent (Table 4);
M; — ion molecular mass;
B; — ion valency.
Table 4

lon equivalents

lon |Na"|Mg*|ca” | K" | Fe* | CI' | SO/ | HCO; | COs”

M 23 | 24 40 | 39 | 56 | 355 96 61 60

B 23 | 12 20 | 39 | 18,6 | 355 48 61 30

Diagram Ne 1 (fig. 17) is applied in case 22, in all other cases- diagram
Ne 2 (fig. 18).

rHCO,
> 0,75, 22
I,.Ca2+ ( )

1,25 >

rHCO,”
rCa?

1952 ) 259 =3,2:1,295=2,471,
61 20

as, obtained value is more than 1,25, then further calculations is based on
diagram Ne 2.

2. To arrive at this equation, we obtain the equivalent sum of Ca?* (a)
and HCOg (b) and doubled free carbon dioxide CO2 content (c).

In the following case, ratio value IS:

rCa** =a=1,295mue—oxe/ 1, (23)

rHCO, =b =32 ue—oxel 1, (24)
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rco, :C:%:OAMZ—SKG/]Z, (25)

a+2c=2,095, b+2c=4,0. (26)

These sums are expressed as a point on the curve, corresponding to
equivalent content of equilibrium HCO3 = 3,7 mgr — eq/l.

In this case, water contains 3,2 mgr — eq/l HCO3™ (formula 24), i.e.
equilibrium equivalent content HCOj3 is more than 0,5 mgr —eqg/l (3,7 - 3,2 =
0,5). Thus, there is HCO3 deficiency in respect to CO, in formation water.
Otherwise, CO, redundancy imparts water corrosive activity.

3. According to diagram Ne 2, HCOj3 deficiency as 0.5 mgr —eq/l
corresponds to CO, redundancy as 11 mgr/I.

4. To determine water type according to Culin classification (table 5)
six major equivalent ions are considered.

Table 5
Culin classification of natural water

Water type

Chlorine magnesia

Super-sulfated sodium
Hydro-carbonate sodium
Chlorine calcium

lon content ratio

(Na'- CI)/S0.*<1
(Na'- CI)/S0.*>1

(Na'+K"/Cl < 1
(Cl-Na")/Mg** >1

(Na"+K"/Cl < 1
(Cl-Na")/Mg*'< 1

(Na"+K"/Cl' > 1
(Na"+K"/Cl' > 1
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Equivalent content of equilibrium HCO;
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Fig. 17. Diagram A2 1

57



1 3 5 7 a+2c9 1 13 15

Aggressive CO,, mgr/l
0 5 10 15 20 25 30 35

R

0,0010203040506070809 1011 121314151617
ﬁHCD‘S

Fig. 18. Diagram Mo 2

58



Home task

Task 1: Water type is determined according to chemical water
composition and the presence of aggressive carbon dioxide (table 6).

Table 6
Input data
v lon content, mgr/I Free CO,,

T INa | k[ ca Mg® | CI' | SO | HCOs mgr/|
1 2 3 4 5 6 7 8 9

1 139 | 23 | 166 | 81 | 106 | 89 96,5 63,1
2 294 | 136 | 139 | 42,6 46 196 244 21,1
3 50,0 | 185 | 200 30 210 | 100 610 660
4 9,9 12 | 298 | 85 6,1 | 18,3 120 8,1
5 172 | 152 | 115 | 59,4 | 202 | 328 344 26,3
6 149 31 84,2 | 253 | 2294 | 120 415 12,7
7 52,5 | 240 | 2806 | 12 | 13,6 | 28,0 705 553
8 223 | 30,8 | 148 | 65,2 | 451,8 | 319 281 21,1
9 139 | 19 | 261 | 84 8,3 12 132 25,9
10 200 | 25,8 | 110 | 59,7 | 208 | 318 340 24,9
11 | 455 | 46 | 439 | 186 | 470 | 751 174 26,0
12 65 36 |1988 | 40 295 | 846 | 7324 1320
13 | 132 | 3.2 16 7,9 10 9,1 95 64,1
14 299 | 17,0 | 1376 | 44,0 | 459 | 196,9 | 240 20,9
15 | 51,2 | 16,9 | 1996 | 31,2 | 2183 | 98,9 600 654
16 | 101 | 14 | 286 | 9,2 70 | 17,9 125 8,7
17 | 178,0 | 142 | 121,3 | 58,5 | 204,3 | 326,6 | 347 26,0
18 | 1550 | 324 | 83,2 | 26,1 | 2246 | 118,3 | 405 12,0
19 | 511 | 26,8 | 2796 | 14 | 129 | 26,9 697 558
20 | 227,3] 31,2 | 1512 | 64,6 |439,2 | 321 290 20,1
21 129 | 1,87 | 26,6 | 8,2 8,1 | 14,2 138 26,0
22 | 2040 ] 251 | 1123 | 58,6 | 206,2 | 311 339 24,4
23 | 451 | 40 | 418 | 194 | 492 | 748 184 2620
24 | 658 | 386 | 1976 | 41 |2932| 840 | 7324 1310
25 |170,0 | 18,2 | 1243 | 54,0 | 209,0 | 320,6 | 338,2 27,2
26 |150,0 | 38,1 | 80,2 | 24,9 | 226,6 | 120,3 | 409,2 13,0
27 | 50,1 | 26,2 | 2793 | 189 | 139 | 27,2 | 696,9 552,4
28 |209,0| 20,1 | 119,3 | 56,6 | 209,2 | 318,3 | 326,3 21,9
29 |180,0 | 15,0 | 122,6 | 545 | 202,0 | 326,6 | 347 25,8
30 |150,0| 34,3 | 80,2 | 243 |221,2 | 110,1 | 411 15,6
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Task 2: Evaluation of corrosion inhibitor efficiency

Determine application efficiency of corrosion inhibitor “Sonkor” at
inhibition coefficient a, 2 injections in pipeline gathering system: 1% —
constant dosage of an inhibitor; 2" — periodic dosage with magnetic
treatment (table 7).

Table 7
Algorithm solutions
Factor Value
Sample area S, m° 0,15
Mass before experiment my, gr 350
Mass after experiment, at constant dosage m,, gr 349,915
Periodic dosage + magnetic treatment m,",gr 349,920
Experiment time at constant dosage z, in 24 hours 7
Periodic dosage + magnetic treatment 7', in 24 hours 5
Mass decrease of sample without water inhibitor, % in 24 0.007
hours ’

Algorithm solutions

1. Calculate sample mass without inhibitor after 5 and 7 hours of

experiment time.

Determine corrosion rate K of sample without inhibitor.

3. Determine corrosion rate K of sample with inhibitor at constant and
periodic dosage in combination with magnetic treatment.

4. Calculate effective inhibitor under different injection conditions.

N
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cucmema coopa

gathering system
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pasHoeecHoe )ciosue equilibrium condition
noo600 admission
2UOPOJIU3 hydrolysis
nepekasusaembvlli transporting
CKOpPOCMb meyeHue fluid velocity
3ACMOUHAS 30HA stagnant zone
BUXPEBAsl 00POIHCKA eddy path

HUMCHell oopasyouel mpyovl

lower generatrix of pipeline

Kanejib 800bl

water droplets

2A304HCUOKOCMHASL CMECh

liquid-gas mixture

CMPYKMYPHAS hOpMA NOMOKA

flow pattern

NY3bIPbKOBAsL

foam (bubble)

CHapsiOHas gas- piston
npobKosas plug
KoJIbyesas annular
pacciloentas gravitational
B0OJIHOBAS wavy
OUCnepCcHasl dispersed
cynvgham sulphate
cynohuo sulphide
CMOYHAS 8004 waste (sewage) water
NPOOYKMUBHBIUL 2OPUSOHM pay zone
cynvpuo dncenesa sulfide ferrum
CMaA4UBaAemMoCcmos wettability
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2UOPOhUNILHBILL hydrophilic,
CIUMYTIIMOP KOPPO3UU corrosion agent
abcopoupyemocmo absorbability
naccusamop inhibitor
003UpoBaHue dosage
obpabomka treatment
ouucmra mpyo pigging
YUKTUYHOCIb NePeKauKu swapping cycle
MOpMO3UMbs to hamper
coepacusams to suppress
3apooicoenue Koppo3us corrosion initiation
mepmooopabomka thermal treatment
CHUDICAMb to retard
HAOEIHCHOCMb reliability
001208€YHOCHb durability
80006800 conduit

CMeHo0080e UCNbIMAHUE

development testing

KO2(hpuyuenm mopmoxrcenust

inhibition coefficient

ycmaHoeKa

unit

peazenm chemical agent
0eaIMYIbCAYUS] demulsification
yacmoma frequency
HAanpsiceHue voltage
KUHeMAmu4ecKkas 8533K0Cmb kinematic viscosity
3ANOJIHeHUe infilling

eMKOCmb reservoir
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