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ABSTRACT

Microbial corrosion is quite intense in the environment with bacterial sulfate reduction. It is included by
sulphate-reducing bacteria’s and their companions. Majority of the proposed inhibitors for these environments
are synthetical compounds, which require costly materials for their production. Raps oil and products of its
processing are promising sources for those inhibitor production.

Aim of this paper is to develop an inhibitor based on the raps oil to inhibit corrosion in the sulphate-
reducing bacteria’s rich environments.

The inhibitor was produced by condensing methyl esters of high carboxylic acid in presence di-
ethanolamine of a potassium hydroxide. The esters were obtained from the raps oil. The composition of inhibitor
was determined with combined gas chromatography mass-spectrometry (LC/MSD) method on the Agilent 1200
device. This measurement determined that the dominant (52,4%) compound of the inhibitor is an N,N-di-(2-
hydroxyethyl)-amide of the olein acid.

Corrosion’s inhibitor efficiency obtained from weight loss, microbiological, analytical methods. As
testing solution was used model medium Postgate “B” with sulphate-reducing bacteria such as: enrichment
culture, strain Desulfovibrio sp. M.4.1 and strain Desulfomicrobium sp. TC 4. Enrichment culture was taken
from a biofilm of a metal surface of a Chernihiv's water treating station. Strain Desulfovibrio sp. M.4.1. was
taken from iron coating of the damage surface of underground gas pipeline. Strain Desulfomicrobium sp. TC 4
(from corrosion product’s of brass tubes in water thermal networks), which was obtained from a collection of the
department of the general and soil microbiology and virology, Microbiology and Virology Institute of
D.K. Zabolotny.

Concluded that developed inhibitor was in inhibiting effect on the process of the St3ps steel corrosion in
the presence of the strain Desulfovibrio sp. M.4.1. With the increase of inhibitor concentration from 0,5 to 20
g/L protection (inhibition) effect is increased from 44,9 to 95,3%. Under this conditions increase in
concentration did not affect the lifecycle of the sulphate-reducing bacteria. This leads to decrease of their sulfo-
reducing activity and decrease in concentration of H,S in the corrosion environment up to 188 times.

Inhibitor has a great perspective in the increase of bio-resistance of oil-bitum surfaces, which are widely
used and tested under international standard GOST 30738-2001.
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YactrHoto 6ioreoxiMiqHoOro TpaHcOpMyBaHHS CIpKH Yy MPHPOAL € TisUIbHICTH Cyib(aTBi-
HOBITIOBAIBHUX OaKTepiil. 3a HassBHOCTI KOPO3iHHO arpecuBHOI KIIBKOCT1 3a3HaAUCHUX OaKTepii akTHB-
HO TIPOTiKae MIKpOOHA KOpO3is, IO CIPUYHMHSE TOIIKOHKEHHS MJ3EMHHUX TPYOOIPOBOIiB, KOPITYCiB
CyJIeH Ta iH. KOHCTPYKIiHi B aHaepoOHMX ymoBax [l]. BimblricTs 3amponoHOBaHWUX iHTIOITOPIB LIS
TaKMX CEPEIOBUII — I1¢ CHHTCTHYHI CIONYKH (MOXiJHI OCH31MiIa30/1y, YeTBEPTUHHI COMI MIPHIUHIIO,
TPHA30JI0a3eMiHII0 Ta iH.), OJEpKaHHA SKUX MOTpeOye IiHHOI cupoBUHH [2-4]. [lepcriekTHBHUM €
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pO3pO0IIeHHS HTIOITOPIB HA OCHOBI POCIMHHOI CHPOBHHH, 30KpeMa pimakoBoi ofii abo mpoaykrax ii
nepepoOku. Taki iHriOiTOpH 3alpPOMOHOBaHI 1yisl IHT1OyBaHHS KUCIOTHOI Ta atMocepHoi Kopo3ii [5-
6], asie HEe JOCTIKEH] 32 YMOB MIKpOOHOT KOPO3ii.

Mera poOOTH — po3poOUTH iHTIOITOp Ha OCHOBI pimakoBoi omii st iHriOyBaHHS KOPO3ii y
CepeIoBHIIax 3 OaKTepiabHOIO CYIb(aTpeayKIIIETO.

MATEPIAJIA I METOAU JOCJIIIKEHHS
st oneprkaHHsl iHTiIOITOpa MPOBOJMIIN KOHJIGHCAI[II0 CYMIIlli METHIIOBUX €TepiB BHIIUX Kap-
OOHOBHUX KHCIIOT, SIKY OACPIKYBalli 3 PiaKoBoi ojil, 3 JUETaHOIAMIHOM 3a IIPUCYTHOCTI KaJlii Tiapo-
KCHJLy 32 CXEMOIO:
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[Ticns koHIeHcalil peakiiiiHy cyminn BuTpuMyBaiu | roguny npu Temneparypi 423K Ha macnsHii
0aHi 3 BIATOHKOK METAHOIY, 10 BUITHNBCA.

TuriGiTop ABNsE OGO MACISHUCTY PiAMHY KOPHUHEBOTO KONBOPY 3i ciabkum 3amaxom. Horo
CKJIaJ] BH3HAYQJIM XpomaroMac-criekTpoMeTpuaauM anaiizom (LC/MSD) nHa npunani cepii Agilent
1200 3 maccniekrpoMeTpuaHuM jaerekTopoM Mass Quad G1956B (Agilent Technologies inc.) i3 mo3u-
TUBHOIO Ta HETATHBHOK i0Hi3alli€to. XpomarorpadidHe po3iieHHs MPOBOJIWIN TPAJi€HTHAM METO-
JIOM, B IKOCT1 po3unHHMKA BUkoprcTtoByBaimu JIMCO Tta xmopodopm.

BceranoBiieHo, 110 ojiepyKaHMM 1HT10ITOp SBJISIE COOOK0 CyMIIIl alleTaMiiB BUIUX KapOOHOBUX
kucnot (tabn. 1). Jlani, oTpuMaHi 3 3aCTOCYBaHHSIM PI3HUX PO3UYMHHHKIB, Y3TOIKYIOTHCS Ta BKa3y-
I0Th, 1110 HOr0 OCHOBHUM KOMIIOHEHTOM € N,N-1u-(2-TiQpoKCHeTHI)-aMij] 0JIETHOBOT KMCJIOTH.

Ta6auusa 1. Ckiag onepsxaHoro iHriditopa Ha ocHOBi pinmakoBoi oil
Table 1. Composition of inhibitor based on the raps oil

MossipHa maca, g/mol R Macoga gactka, % Macoga gactka, %
’ (pozunuHuK IMCO) | (po3unHHHUK XJI10podhopM)
371 Cy7H;5— 15,42 18,42
343 CysH; - 7,54 8,74
369 Cy7H33 — 54,20 56,01
367 Cy;H;,— 12,85 13,5
455 Cy3Hus — 4,45 3,33

Hnst 3'sicyBanHs epeKTUBHOCTI 1HT10ITOpa BUKOHYBAJIM MaCOMETPUYHI KOPO3iHHI JOCTIIKEHHS
y TePMETHUHMX CKJISTHAX €MHOCTSIX 06'eMoM 100 cM® 3 BUKOPUCTAHHSM 3pa3KiB MaJOBYTIELEBOl cTai
Cr3mc (22,4 Mmx50,2 MMx2 MM) 32 yMOB MikpoOHOT Kopo3ii. [lepen mocizom 3pa3ku 3HSKUPIOBAIIH
alleTOHOM 1 akTuBYBaH (3aHypeHHs Ha 20 ¢ y 6 N po3uun H,SOy), micias pociiny oOpoOsiiu Mexa-
HIYHO Ta XIMIYHO JUIs BHUJAJCHHS MNPOIYKTIB Kopo3ii 3 ix moBepxui. KoHmeHTparmis iHriOiTOpy
cranoBuia 0,5; 2; 5; 10; 20; 40 1/n, yac excniosumii — 240 rox 3a Temmneparypu 301 K. 3a BrpaToro
MacH 3pa3KiB po3paxoByBamu WBHAKICTh koposii (K, y r/(M°xrom)), koe(ilieHT rambMyBaHHS
KOpPO3i1HHOr0 IpoIiecy (ymZKm/Km', ne Ky, ta Ky, — 1mBHakicTh KOpo3ii 3pa3kiB 0e3 Ta 3a MPUCYTHOCTI
1HribiTOpa) Ta CTYIIHB 3aXUCTY MeTaly Bil Kopo3il (Zy=(1 — 1/y,)*x100%).

B sikoCTi KOPO3MBHUX CepEOBUII BUKOPUCTOBYBaH cepenopuile [loctreiita «By», iHOKYIBO-
BaHE CyJIb(aTBiTHOBIIOBAIILHUMHU OaKTEPisIMH: HAKOMUYYBaIBbHOI KyJIbTYypH (BUALIEHA HaMHu 3 0io-
IUTIBKA METaJICBUX KOHCTPYKIIH O4YMCHUX cnopyd M. Yepnirosa); mramy Desulfovibrio sp. M.4.1
(BuaiieHa Hamu 3 (Qepochepr KOPOIYHOUOro Ta3ompoBomy [7]) Ta KOJNEKLIHHOTO IITamy
Desulfomicrobium sp. TC4 (3 npoayKTiB Kopo3ii 00pOCTaHb JIATYHHHX TPYOOK BOAOIOHY TEILIOBHX
Mepex; NpuaAdaHuid 3 KOJEKIii BIIUTY 3arajibHOi Ta TIPYHTOBOI MikpoOionorii [HCTHUTYTY Mikpo-
6iomorii 1 Bipycomorii iM. J[.K. 3abonorHoro HAH Vxkpainu). Ckiag HaKONMAYyBaJIBHOI KYIbTYPH
BH3HAYAIM METOIOM JIECATHKPATHUX PO3BEICHb MPH BHCIBI Ha BIAMOBIAHI MOXKUBHI cepenoBuia [8].
BCTaHOBIIEHO, IO IO KyIbTYpH OKpiM CyIb(DaTBiIHOBIIOBANbHMX OakTepiit (25-10° miThu/mi)
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BXOJMIN: 3aii30BinHOBmIOBanbHI Gaktepii (13-10° kituu/mn), nenitpudixyBansui Gaxrepii (6-10'
KJTiTHH/MIT) Ta aMoHidikyBanbHi Gakrepii (70-10° kiitun/mi). TuTp cynb(paTBiTHOBIIOBATBHUX GaKTe-
piit y koposuBHOMY cepenosumi cranoBus 10°-10° xriTim/Mi.

KomnreHTpailito 610reHHOro CipKOBOJHIO BU3HAYAIM METOAOM HOAOMETPUYHOIO THTPYBAHHS.
BignocHuii ctyninb BruuBy (S, %) iHridiTopa Ha cynbdaTpenyKiiro 3a yMoB MiKpoOHOT KOpO3ii cTai
po3paxoByBaiu 3a dopmysior: S = ((C-C")/C)x100%, ne C ta C'— cepenHs KOHIIEHTpAIlis CipKOBOI-
HIO 0€3 Ta 3a MPUCYTHOCTI 1HTiOiTOpa BiAMOBITHO, MI/II.

CratucTruHy 00pOOKY €KCIIEpUMEHTAIBHUX JaHUX (7 = 3) MPOBOIMIIN ISl PiBHS 3HAUYIIOCTI
0,05, BukopucroBytoun mporpamy Excel.

Jnst opepkaHHS MOIU(IKOBAHOTO OITYyMHO-KaydyKOBOTO MOKpUBY a0 MacTukin MKB-200
BBOIMIIH 20% 3amporoHOBaHOro iHribiTopy. biocTilikicTh OITYMHO-Kay4yKOBHX MOKPHBIB OI[IHIOBAIIN
3a MbkaepkaBauM ctanaapToM ['OCT 30738-2001.

PE3YJBbTATH JOCJII)KEHB TA IX OGTOBOPEHHSI

BusHaveHHs BIUIMBY iHTIOITOpa Ha MBUAKICTH MIKpOOHOI KOpo3ii crami (puc. 1) mo3Bonuio
BCTaHOBUTH, L0 BiH Ma€ Pi3HY €(PEKTUBHICTh B 3aJI©KHOCTI Bi/I KyJIbTYpH CyIb(PaTBiTHOBIIOBAIEHIX
Oakrepiii y cepemoumii [loctreiita «B». Tak, 3a HasBHOCTI mtamy Desulfovibrio sp. M.4.1
CIIOCTEPIraeThcsl 3MEHIICHHS MIBHIKOCTI Koposii crami y 1,82 pasu, a 3a TIPUCYTHOCTI IITamy
Desulfomicrobium sp. TC 4 mBuakicte Kopo3ii 30inbmryersest y 1,47 pasi. Ha mBuakicTs kKoposii,
HINIHOBaHOT HAKOMMYYBAJIBHOIO KYJIbTYPOIO CYNIb(ATBIIHOBIIOBANBHUX OakTepiid, HasBHICTH iHTi0I-
TOpa MPaKTHYHO HE BILUIUBAE.

TakuMm 9UHOM, OJIep)KaHMUH 1HTIOITOp € MEePCIIeKTUBHUM TSl iHTiOyBaHHS KOPO3ii y cepeIoBHIIaxX
3 TIPUPOIHUMH YTPYITOBAHHSIMU, SIKI MICTATh CYJIL(aTBITHOBIIOBAIBHI OakTepii poxy Desulfovibrio.

5 Km gl(m?xh) x 102

4 -
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Desulfovibrio sp. M.4.1. Desulfomicrobium sp. TC 4 Enrichment culture

Puc. 1. llIBuaxicts MikpoOHOi kopo3ii crami Ct31c y cepeoBUIIax 3 KylbTypaMu
cynb(haTBiTHOBIIOBAIBHUX OakTepii (KoHIeHTparis inriditopa 0,5 r/m).
Fig 1. Microbic corrosion’s rate of St3ps steel in medium with cultures of
sulphate-reducing bacteria (concentration of inhibitor 0,5 g/1).

VY cepenosui [Toctrefita «By 31 mtamoM Desulfovibrio sp. M.4.1. 31 30UIbIIICHHSIM KOHIIEHT-
pauii iHribiTopa #oro 3axucHa fist 3pocrae 3 44,9 no 95,3% npu 20 r/n (tadn. 2). [Ipu npomMy KOH-
HEHTpalliss 01I0reHHOTo CIPKOBOIHIO 3MEHIIYEThCS B 7,2 pasu, 1 Ha MOBEPXHI CTalleBUX 3pa3KiB yTBO-
pIOEThCS LIibHA Cynb(igHa TUTIBKA, sIKa BUKOHYE NeBHY 3axucHy it [1]. [loganbime 30imbIieHHs
KoHIleHTpaIll 10 40 1/ NpU3BOIUTH 10 3HIKEHHS e()eKTUBHOCTI iHrioiTopa. Ilpu Takid HOro koH-
LEHTpallii Cyab(haTBIIHOBIIOBAILHI OaKTepil MPAKTUUYHO HE PO3BUBAIOTHCS, HA 0 BKA3Y€E IIPO30PICTh
CepeIOBHIIA, BIICYTHICThP YOPHOIO OCaly Ta Cyab(IiTHOI IUIIBKM Ha IOBEPXHI CTAJEBOr0 3pa3Ka.
CrymiHp BIUIMBY Ha OakTepiaibHy Cyinb(aTpenykiito craHoBuTh 99,5% (ta®na. 2). MoxHa
MPHUITYCTHTH, IO 1HTIOITOp BUSBIISIE OIOCTaTUYHY Jil0 Ha CyiIb(aTBiJHOBIIOBaNBHI OakTepii mramy
Desulfovibrio sp. M.4.1, OCKUTbKH YHCENBHICTh OaKTepili HE 3MIHIOETHCS MOPIBHIHO 3 ITOYATKOBOIO
HE3JIeKHO BiJI KOHIEHTpaIlii 1Hri0iTopa Mpy CyTTEBOMY MPHUTHIYEHHI X MeTaboiIiuHOi aKTHBHOCTI.
Takum 4rHOM, 3aXUCHUH eeKT iHTi0iTOpa 3yMOBJIEHUH, TOMIOBHUM YMHOM, BIUIMBOM Ha CYJb(haTBiI-
HOBITIOBAJIbHY aKTHBHICTH OaKTepiii.
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Ta6anug 2. [Toka3Huku NpoTUKOPO3iiiHOiI aii iHriditopa Ha MikpoOHy Kkopo3ito ctauai CT3mnc 3a1exHo
Bil KOHIeHTpamii

Table 2. Biocorrosion parameters for St3ps steel for various concentration of inhibitor

KoHmerpartis K. 1 02’ - KogueHTpauiﬂ CrymiHb BILTUBY Ha
irisiTopa, g/l o /(mth) Vi ms Y0 . GioreHHoro 6aKTep1anLgy
cipkoBOIHIO, mg/l cyb(aTpenykiiiro, %
0,5 2,03 1,82 449 216,0 32,4
2 0,56 6,53 84,7 139.4 56,5
5 0,48 7,61 86,9 84,2 73,7
10 0,25 14,74 93,2 62,6 80,4
20 0,17 21,21 95,3 442 86,2
40 0,87 4,24 77,4 1,7 99,5

Ockinbku mram Desulfovibrio sp. M.4.1 BuaineHo Hamu 3 ¢depocdepu KOPoayHouoro raso-
MPOBOJY, AOIUIBHO OYII0 ITOCTIAUTH PO3POOICHHH THTIOITOP Y CKiIaai KaydyKo-0iTyMHOI KOMITO3UILI,
sIKa 3aCTOCOBYETHCS Y MPOTHKOPO3IHHOMY 3aXMCTi Tra3ompoBOIiB. BCTaHOBIIEHO, IO BBEICHHS
IHT10ITOPY 10 CKJIaay KOMITO3UIIIT MiABHINYE ii O10CTIMKICTh — YMCEIBHICTh CYJIb(ATBIIHOBIIOBAILHUX
OakTepiil y cepeloBHII MPHU JOCIIKEHHI 1HTO0BaHOTO MOKPUBY BHSBHJIACS HA JiBa MOPSJIKA MEH-
IO MPOTHH HEIHT100BaHOTO.

BUCHOBKH

Ha ocHoBi pimakoBoi oiii oxep»aHo iHri6iTop MiKpoOHOI KOpO3ii, OCHOBHUM KOMITOHEHTOM
sakoro € N,N-au-(2-rizpokcuerni)-amij] 0J1eTHOBOI KUCIOTH. Po3poOiieHnii iHTiOITOp BUSBIISIE 3aXHCHY
niro cram Cr3mnc npu koposii, iHimifoBaHiii mramom Desulfovibrio sp. M.4.1. 3i 30inbmieHHsSM
KoHIIeHTpanii iHriditopa 3 0,5 no 20 r/m 3axucna nis 3pocrae 3 44,9 o 95,3%. IuriGiTop BUSBIISE
OiocTaTHUHY Aif0 Ha CyIb(aTBiTHOBIIOBANIBHI OaKTepii, 3HIWKYE iX Cynb(aTBIAHOBIIOBAIbHY aKTHB-
HicTh y 188 pasiB Ta € mepcreKTHBHUM JUIsl MOIU(IKaIil KaydyKo-0iTyMHHX MTOKPHUBIB.
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