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Investigation of industrial compositions
SONKOR as corrosion inhibitors of mild steel in
neutral media containing hydrogen sulfide

Electrochemical and corrosion behavior of mild steel in neutral media containing

hydrogen sulfide has been investigated by weight-loss and electrochemical methods
and protective effect of industrial compositions SONKOR has been determined. It has
been shown that in 3 % NaCl compositions SONKOR have weak protective effect but it
increases greatly in presence of hydrogen sulfide in the solution. At concentration of
H,S = 0,6 gram per liter maximal protective effect has SONKOR 9801 (85.57 %) and
SONKOR 9920A (81.97 %). Inhibitors SONKOR 9021C (70.82 %), 9510A (73.11 %)
19701 (67.87 %) show less protective effect.
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Introduction

The corrosion of metals causes a
great harm to many industries, primarily
to the enterprises of oil and gas produc-
tion and petroleum refining. This is due
to the aggressive properties of corrosive
environments in oil, which are caused by
the presence of mineralized water, hydro-
gen sulfide and sulphate-reducing bac-
teria, and carbon dioxide. Some of the
most economical and efficient methods of
metal protection methods are associated
with the use of corrosion inhibitors [1].
Inhibitors in these industries are applied
at all stages of processing, transportation

of oil, gas and petrochemicals. Protection
of metals from corrosion inhibitors based
on the property of some individual chem-
ical compounds or their mixtures when
introduced in low concentrations in the
corrosive environment to reduce the rate
of corrosion of the process or completely
suppress it.

The aim of this work was to study the
effectiveness of a range of industrial com-
positions series SONKOR as inhibitors of
the corrosion of S31600 steel in neutral
hydrogen sulfide-containing
ments.

environ-
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Experimental technique

The studies of inhibitors was carried
out by the gravimetric and electrochemi-
cal methods. The gravimetric method is to
determine the corrosion rate by the mass
loss of the samples. The electrochemical
method consists in removing the polari-
zation curves using a potentiostat-galva-
nostat with built in frequency analyzer
Solartron 128 °C (Solartron Analytical),
the calculation coeflicients, which deter-
mine the mechanism of action of corro-
sion inhibitors of tested metal, as well as
in determining the corrosion rate of metal
by extrapolation plots of the polarization
curve at the corrosion potential of E_ .
The chemical compounds were studied
in the work as inhibitors of the industrial

Results and discussions

The results of gravimetric determina-
tion of corrosion rate of mild steel S31600
in 3 % NaCl and the impact of hydrogen
sulfide and the studied inhibitors SON-
KOR are shown in table 1. It is seen that
in the absence of hydrogen sulfide inhibi-
tors have a weak protective effect (Z), and
SONKOR 9701 and does not have any ef-
fect. The introduction of hydrogen sulfide
into a solution of 3 % NaCl significantly
increases the corrosion rate of steel (0.149
g/(m*h) to 0.578 g/(m>h)) at H,S concen-
tration of 0.4 g/l and up to 0.747 g/(m*h)
at H,S concentration of 0.6 g/L. The pro-
tective effect of inhibitors also significant-
ly increased in the presence of hydrogen
sulfide and the increase of its concentra-
tion in solution. Among the investigated
compositions proved to be most effec-
tive composition SONKOR 9801 and
SONKOR A, a protective effect which in-
creased to 85.57 and 81.97 %, respectively.
The average protective effect (Z <75 %)
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composition of domestic production se-
ries SONKOR (company “Neftehim”, Ufa).
The gravimetric method was studied the
protective action of inhibitors at concen-
trations: 0.025; 0.050; 0.100; 0.200 g/1. In
the electrochemical studies was chosen as
the optimal concentration of the inhibitor
is 0.100 g/L.

The experiment was carried out in 3 %
NaCl solution, and, when introduced into
a solution of various concentrations of
H,S (0.1; 0.2; 0.4; 0.6 g/1). The working so-
lutions were prepared with distilled water.
A hydrogen sulfide is received directly in
the working solution by introducing ap-
propriate quantities of Na,S and HCL

were showed by the inhibitors SONKOR
9021C, 9510A and 9701.

The protective effect of inhibitors of
SONKOR markedly increased in a neutral
environment in the presence of hydro-
gen sulfide, which in itself is a powerful
stimulant corrosion. This is probably due
to the synergistic action of the inhibitors
and the hydrogen sulfide. It is known that
organic amendments enter into a chemi-
cal reaction with hydrogen sulfide, form-
ing on the steel surface protective film of
insoluble or sparingly soluble compounds.
There is a joint effect of the inhibitor and
the shielding layer of corrosion products
on the development of the corrosion pro-
cess.

The results of the study of protective
action of the inhibitors SONKOR method
of polarization curves presented in tables
2-4. The polarization curves is widely
used in corrosion the for the study of cor-
rosion inhibitors because it allows you to
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calculate the corrosion rate cor in units
of current density, to determine a slopes
of the polarization curves b, and b, the
corrosion potential of E_, and also to
determine what type of inhibitor is part
of the test substance: which of the partial
electrode reactions (release of hydrogen,
the ionization of oxygen or ionization of
metal) mainly slows down the inhibitor.
The results showed that inhibitors of
SONKOR 9510A and 9021C increase the
polarizability of the anode process, there-
fore they can be classified as anodic type
inhibitors. The CONCOR 9701, 9801 and
9920A inhibitors are mixed type of one.
Introduction to the NaCl solution of
hydrogen sulfide leads to a parallel shift

of the polarization curves at higher cur-
rents, which ultimately accelerates the
overall corrosion of the S31600 steel. The
electrochemical studies were performed
in solutions containing 0.6 g/l of H.S,
because the concentration of hydrogen
sulfide is most strongly accelerated corro-
sion of steel. In inhibited H,S-containing
solutions catigny and anodic currents
decreased markedly, which confirmed
the results of gravimetric test the higher
efficiency of the inhibitors SONKOR in
the presence of hydrogen sulfide. The
discrepancy between the values of the
protective action of inhibitors in gravi-
metric (Zgr) and electrochemical methods
(Z,,) is due to the fact that in the weight

Table 1
The corrosion of steel and the protective action
of inhibitors SONKOR (0.1 g/l) in 3 % NaCl + H,S
3%NaCl+H.S
3 % NaCl 2
The inhibitor 0.2g/LHS 0.4g/LHS 0.6g/LH,S
g/rIrf;-h Z, % g/nI:;-h Z, % g/nlfg-h Z, % g/rIrf;-h Z, %
Not 0.150 - 0.368 - 0.578 - 0.748 -
SONKOR 9021C 0.123 18.03 0.186 49.33 0.201 65.25 0.218 70.82
SONKOR 9510A 0.125 16.39 0.189 | 48.67 | 0.213 | 63.14 | 0.201 73.11
SONKOR 9701 0.152 0 0.150 | 59.33 | 0.189 | 67.37 | 0.240 | 67.87
SONKOR 9801 0.135 9.83 0.120 67.33 0.125 78.39 | 0.108 85.67
SONKOR 9920A 0.125 16.39 0.142 | 61.33 | 0.152 | 73.73 | 0.135 | 81.97
Table 2

The corrosion-electrochemical properties of Steel in 3 % NaCl solution in the
presence of 0.1 g/L inhibitors

Th(eof';hri;’;;‘“ “E_,V | b,mV | b,mV |i ,A/m’| Zip,% | Zelx,%
- 0.545 138 245 | 0105 - -
SONKOR 9021C 0.408 64 263 | 0101 | 1803 | 345
SONKOR 9510A 0413 65 162 | 0088 | 1639 | 1594
SONKOR 9701 0418 76 259 | 0072 0 3158
SONKOR 9801 0432 79 240 | 0069 | 983 | 3426
SONKOR 9920A 0458 76 151 | 0030 | 1639 | 7156
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The corrosion-electrochemical properties of steel in 3 % NaCl solution + H_S feble
(¢=0.1;0.2;0.4; 0.6 g/L)
Concetration of H,S, g/L -E_,V b, mV b, mV i ,A/m?
0 0.545 138 245 0.105
0.1 0.428 89 870 0.304
0.2 0.403 77 384 0.397
0.4 0.397 89 419 1.057
0.6 0.397 111 440 1.371
Table 4

The corrosion-electrochemical properties of steel in 3 % NaCl solution+ H,S (0.6 g/L)
in the presence of 0.1 g/L inhibitors

The inhibitor (0, 1 r/m) -E_,V |b,mV b, mV i ,A/m? er, % Z,,%
- 0.397 111 440 1.371 - -
SONKOR 9021C 0.399 92 369 0.409 70.82 70.16
SONKOR 9510A 0.407 94 465 0.370 73.11 73.00
SONKOR 9701 0.410 92 506 0.334 67.87 75.62
SONKOR 9801 0.412 98 764 0.408 85.57 70.88
SONKOR 9920A 0.383 87 546 0.342 81.97 75.10

measurements to determine the average
corrosion rate over 24 h and during the
electrochemical measurements of the cor-
rosion rate at the moment.

The
sulfide is a very complex and even equilib-
rium can be many reactions to form a va-
riety of compounds. When considering the
mechanism of hydrogen sulfide corrosion,
it should be borne in mind that, depend-
ing on pH in solutions of electrolytes, the
hydrogen sulfide may be present in different
forms at pH < 6 the main part is in the form
of molecular dissolved gas, at pH > 6 in the

system metal- water-hydrogen
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form of SH, in alkaline electrolytes — S*. A
significant effect of pH on the rate of hy-
drogen sulfide corrosion is determined by
kinetic reasons associated with resistance
resulting from corrosion of the films. The
presence of sulfide and hydrosulfide ions
in corrosive environment contributes to a
dramatic stimulation of both partial elec-
trochemical reactions at the steel®.

The presence in a corrosive environment
H,S and O, leads to further destruction of
the metal, possibly because of the reaction
in which the intermediate product H.S, is a
depolarizer which is equal to the oxygen®.
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Conclusion

In the environment ofhydrogen sulfide  inhibit both the partial electrochemical
inhibitors series SONKOR dramatically  process, but more particularly inhibitors
increase its effectiveness in neutral solu- inhibit the cathodic process that occurs
tion. They can be attributed to the class  with a mixed oxygen-hydrogen depolari-
of mixed-type inhibitors, because they zation.
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N3yyeHne npoMbILLIEHHBIX KOMMNO3ULUIA Cepum
COHKOP B xauecTtBe MHFMOMTOPOB KOPPO3UM
ManoyrnepoamMcTon Cranm B HeMTpanbHbIX

cepoBoAopoAcoAepKAWMX cpefax

MeTogamu rpaBUMETPUYECKUX WUCTBITAHWIA U NOASPU3ALMOHHBIX U3MEpeHUii
M3Y4YeHO KOPPO3MOHHO-3MIEKTPOXMMUYECKOE MOBEAEHNE  MAsoyrepoanCToN
ctamm mMapku CT. 3 B HEUTPIbHBIX W HEUTPANIbHLIX CEPOBOLOPOLCOAEPXKALLMX
cpefax, UCCnefoBaHo 3alUTHOE AeiiCTBUE Psiaa 0TEYECTBEHHbBIX MHMMOMPYHOLMX
KOMMNO3ULUA B AaHHbIX YCnoBusX. YcTaHoBneHo, 4to B 3 % pactsope NaCl-uHru-
6uTopbI NposABNAT Cnaboe 3awWwmTHOE AeicTBKe, a B NpucyTCTBMM HS B 0CHOB-
HoM obnaganu cpegHuM Z (o 50 %), 3aMeTHO BO3PaCTaloLLMM C YBESIMYEHUEM
KOHLIeHTpaLu1 CepoBOLOPOAA B pacTBope. MakCMManbHbIM 3aLUTHBIM LeACTBM-
em npu koHuieHTpaumum 0,6 r/n H.S B pactBope obnaganm uHrnbutopel COHKOP
9801 (85,57 %) 1 9920A (81,97 %). Uurnburopsl COHKOP 9021C (70,82 %),
9510A (73,11 %) 19701 (67,87 %) obnaganu cpesHUM 3amTHLIM 3chhekToM.

KnioueBble cnoBa: 31eKTPOXUMWS, KOPPO3WNOHHO-3IEKTPOXMMUYECKOE MO-
BegeHve, komnosuuma COHKOP, cynbcua Bogopoaa.

© MenbHukoBa A. B., ®urunbsHtos A. T1., LenH A. b., 2015

Beepenue

Kopposusi  merannos
CUT OTPOMHBIII Bpef, MHOIVM OTPAaCisIM
IPOMBIIIIEHHOCTH, 11 B IIEPBYIO OYepenb
OpennpuATHsIM HedTerasofoObrdy u He-
¢drerasonepepaboTkit. 10 0OBICHSIETCS
arpeccUBHBIMM CBOJICTBaMM KOPPO3MOH-
HBIX Cpej mpy [obblde HedTH, KOTOpbIE
006yCc/IoB/IeHbl Ha/MM4MeM B HUX GOJIBIIOTO
MJHepPa/I130BaHHOI
CepoOBONOPOKA ¥ CyIbhaTpenyLypPyIOLINX
OakTepuii, a TaKXKe [NUOKCHAA YIIEPOAA.
OpHuMy U3 Hanbojee SKOHOMUYHBIX 1 9¢-

HaHO-

KOIN4YeCcTBa BOJIbI,
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CbeKTI/IBHbIX METOJOB 3alIMTbl METAIJIOB
ABIAKTCA METOJbI, CBA3AaHHbIC C MCIIOJIb-
[1].

VHrMOUTOpBI B STMX OTPACIAX IMPOMBIII-

30BaHMEM I/IHI‘I/I61/ITOpOB KOppo3unn

JIEHHOCTH TIPMMEHAIOTCA Ha BCeX CTafiuAX
nepepaboTKY, TPAaHCIOPTUPOBKM HedTH,
rasa 1 IPOAYKTOB HedTeXuMum. 3ammnra
METAJ/IOB OT KOPPO3MM MHTUOMTOpaMu
OCHOBaHa Ha CBOJICTBE HEKOTOPBIX MHU-
BUIYa/IbHBIX ~XMMUYECKMX COeNMHEHNI
WIN MX CMecell IpU BBefIeHNN UX B He3Ha-

YUTENbHBIX KOHIEHTPAUMAX B KOPPO3MOH-
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HYIO Cpefly YMEHBIIUTb CKOPOCTb KOPPO-
3MOHHOTO TIpOLiecCa MM TIOTHOCTBIO €ro
HOfIaBIIATD.

YTo6bI CySUTD O 3aIUTHBIX CBOJICTBAX
TOTO V/IY IHOTO MHTMOUTOPa, HeOOXORUM
KOMIUIEKCHBIV TIOfIXOfl K M3YyY€HUIO €ro

MeTtoguka axkcnepMMeHTa

ViccnenoBanyss MHIMOUTOPOB IIPOBO-
IVIM TPAaBUMETPUYECKUM U 3/I€KTPOXM-
MU4ecKuM Merojamu. IpaBumerpuue-
CKIII METOJ, 3aK/II0YaeTCsA B ONpeeNIeHNN
CKOPOCTM KOPpO3MHM IO YOBUIM Macchl
00pasloB. DNIEKTPOXMMUYECKUIT MeTO
3aK/I0YaeTCA B CHATUM IIO/IAPU3ALIVIOH-
HBIX KPMBBIX C IIOMOIIBIO IIOTEHLIMOCTA-
Ta-TajbBaHOCTaTa C BCTPOEHHBIM 4Ya-
CTOTHBIM aHanm3aTopoM Solartron 1280C
(Solartron Analytical), pacyere Taderne-
BBIX K09(p(PUIIVIEHTOB, 110 KOTOPBIM OIIpe-
[e/SI0T MEXaHM3M [elCTBUsA MHIMOUTO-
POB KOppO3MM HCCIEyeMOrO METaslIa,
a TaKXXe B OIpPENENeHNN CKOPOCTU KOp-
posum MeTajiaa IyTeM SKCTPANOIALN
TadeneBbIx yIacTKOB IOJISIPYU3ALMOHHON
KpMBOJl Ha TOTeHIMan Kopposunm Exop.
XUMMYecKre COeIMHEHMs, WCCIENOBaH-

Pe3synbTtathbl u ux 06cyxaeHne

Pe3ynpraTel IpaBUMeTpPUYECKOTO OII-
penenenna ckopoctu kopposunm Cr. 3
B 3% NaCl n BrmuaHNuA Ha Hee cepoBO-
JOpofia ¥ MCCIeAyeMbIX MHIMOMTOPOB
COHKOP mpusenensr B Tabmuue 1. Bup-
HO, 4TO B OTCYTCTBUM CEPOBOJOPOAA MH-
rMOUTOPBL 06/IAKAIOT C/TAOBIM 3AIUTHBIM
penicreuem (Z), a COHKOP 9701 u Bo-
Bce He obOmajaetr HuKakuM 3¢deKTom.
Beenenne cepoBopopona B pactBop 3 %
NaCl cymecTBeHHO yBenMuYMBaeT CKO-
poctb Kopposum cramu (¢ 0,149 r/m*u
no 0,578 r/m*y mpu KoHuenTparuu H,S
0,4 r/n n mo 0,747 r/M*4 mpuU KOHILeH-

cporictB. Llenp maHHOM paboThl — MCCIe-
nosaHue 9pPeKTUBHOCTI AeICTBUA pAfia
IPOMBIIIJIEHHbIX KOMIIO3MIIMII ~ CE€pUK
COHKOP B xayecTBe MHTMOUTOPOB KOP-
posun cranu CT. 3 B HeliTpalbHBIX Cepo-
BOJIOPOZicOofep KallMX CpefiaxX.

Hble B paboTe B KaueCTBe MHIMOUTOPOB, —
IPOMBIIIIEHHbIe KOMIIO3VIIMM OTe4ecT-
BeHHOro npoussopctsa cepun COHKOP
(3AO «Hedrexum», r. Yda). IpaBumerpu-
YeCKUM MeTOHOM ObIIO M3YYeHO 3aliuT-
HOe [IeJICTBMe MHIVMOUTOPOB B KOHIIEH-
tpanuax: 0,025; 0,050; 0,100; 0,200 r/m.
ITpu 97MeKTPOXUMMYIECKMX VICCTIIOBAHM-
X ObUIa BbIOpaHa ONTYMAasIbHAs KOHIIEH-
Tpauus nHruburopa — 0,100 /1.
OKCTepyMeHT BBINONHANCA B 3 %
pactBope NaCl, a Taxxe Ipu BBeeHUN
B PacTBOP pPas3/INYHBIX KOHIIEHTpPAIVII
H,S (0,1; 0,2; 0,4; 0,6 r/m). Paboume pac-
TBOPBI TOTOBWIM Ha puctumiate. Cepo-
BOJOPOJ, IONy4Yaay HEIOCPeCTBEHHO
B paboueM pacTBOpe IIyTeM BBeLEHMs CO-
oTBeTCTBYIoIMX KomdecTs Na S u HCL

tpayn H.S 0,6 r/n. 3ammTHOe meiictBue
MHTUOUTOPOB TAaKXKe CYIECTBEHHO yBe-
JIMYMBAETCA B IPUCYTCTBUM CEPOBOMO-
poza M C yBelM4YeHMEM ero KOHIeHTpa-
nym B pactBope. Cpeay MCC/IelOBaHHBIX
KOMIIo3uLmil Haubonee 3PpQPeKTUBHBIMU
okasaimuch komnosunmyu COHKOP 9801
u COHKOP 9920A, 3ammTHOE [elCTBIE
KOpOpbIX Bo3pocno fo 85,57 u 81,97 %
coorBetctBeHHO. VHri6utopsr COHKOP
9021C, 9510A u 9701 mokasanu cpenHee
samuTHoe feiictBue (Z < 75 %).

Takum 06paszoM, 3alUTHOE [eliCTBIE
unarnouropos COHKOP 3ameTHO yBenmn-

253



Ne 3| 2015
Chimica Techno Acta

MenbHykoBa A. B., OurunbsanTos A. I1., Leun A. B.

4YlBaeTCsl B HENTpalbHOI Cpelie B IpU-
CYTCTBUM CEPOBOJOPOJA, KOTOPBI caM
1o cebe ABAETCA CUIBHBIM CTUMYIIATO-
POM KOpposui. IT0, BepOsATHO, 06YCIIOB-
JIEHO CYHepreTU4ecKM JelICTBIEM VHIU-
61TOopOoB U cepoBopopona. V3BecTHo, 4TO
opraHmdeckye fo6aBKy BCTYIAOT B XM-
MJYeCKOe B3aMMOJIEICTBYE C CEPOBOJO-
pozoM, o0pasys Ha IOBEpXHOCTU CTajIN
3alMTHYI0 IUIEHKY M3 HEpacTBOPMMBbIX
UMM TPYJHOPACTBOPMMBIX COENVHEHMIA.
IIpu sTtoM HabIIOAETCSI COBMECTHOE
BIIUSIHME MHITMOUTOPA U 9KPAHNPYIOLIETO
C/1051 TIPOIYKTOB KOPPO3UM Ha pa3BUTHE
KOpPPO3MOHHOTO IIpoliecca.

PesynbraThl McclIeoBaHUA — 3aLUT-
Horo peiictBust nuru6uropos COHKOP
METOZIOM TOJAPU3ALNOHHBIX KPUBBIX
npefcTaBienbl B Tabmumax 2-4. Merog
MO/IAPU3ALVIOHHBIX KPUBBIX IIMPOKO JIC-
IIO/Ib3Y€ETCsI B KOPPO3MOJIOTUY JJIA U3yde-
HIIsI MHIMIOUTOPOB KOPPO3UY, TIOCKOIBKY
OH II03BOJIAE€T PAcCYUTATh CKOPOCTb KOP-
posun imp B €IMHUIIAX IUIOTHOCTU TOKa,
onpenennuth TadeneBbl HAKIOHBI IOJIA-
PU3ALMOHHBIX KpUBBIX b, 1 b , moTenim-
a7l KOppo3un Emp, a TakXKe OIpefeNnTh,
K KaKOMY TUITy UHTMOMTOPOB OTHOCUTCA
UCCIEyeMOe BELECTBO, T.e€. KaKylo U3

MapLUMATbHBIX 37IEKTPOJHBIX peaKIuit
(BbIfeeHNe BOJOPOJiA, MOHM3ALMUIO KHU-
C/I0pOJa WIN VIOHM3ALMIO MeTajlIa) Ipe-
VIMYILECTBEHHO 3aMeJ|IgeT UHTMOUTOP.

PesynbTaTtel mOKasamu, 4YTO MWHIU-
6utopsr COHKOP 9510A u 9021C yse-
JMYUBAIOT TONAPU3YEMOCTb AHOJHOTO
mpolecca, C/nefloBaTebHO MX MOXKHO
OTHECTM K aHOJHOMY THUIIy MHIMOUTO-
pos. Muruburopsr COHKOP 9701, 9801
u 9920A SBIAIOTCS MHTMOUTOpPAMU CMe-
HIAHHOTO TUIIA.

Beenenne B pactBop NaCl cepoBopo-
pofa MpUBOAUT K MapasUIeIbHOMY CHBU-
Iy MOJIPU3ALMOHHBIX KPUBBIX B 06/1aCTh
6o071ee BBICOKVX TOKOB, YTO B KOHEYHOM
cyeTe yckopsieT ob1yio kopposuio Cr. 3.
INeKTpOXUMIIeCcKIe UCCTIelOBaHMA
IPOBOAMIN B PACTBOPAX, COFEpKaIIUX
0,6 r/m H,S, T.X. JlaHHasA KOHLEHTpaLus
cepoBOpOpoaa Hanbosee CUIBHO YCKOPSI-
JT1a KOPPO3MIO CTaIN. B MHIMOMpPOBaHHBIX
CepOBOZIOPOICOfiepKALNX ~ pacTBOpax
KaTMOMIHble ¥ aHOJHble TOKM 3aMETHO
YMEHbBILUINCH, YTO IOATBEPAUIIO Pe3YIb-
TaTbl TIPaBUMETPUUECKUX MCIBITAHUI
6ormee BBICOKOI 9 (eKTMBHOCTH MHTU-
6utopos COHKOP B mpucytcTBuu ce-
posopioposia. HecoBmamenue sHavyeHuMit

Tabmuna 1
ITokasarenu kopposuu cramu Cr.3 u samurHoro geiictus naruburopos COHKOP (0,1 /)
B 3 % NaCl + H,S
3%NaCl+HS
3 % NaCl 2

Vnruéurop 0,2 g/LH.S 0,4 g/LH.S 0,6 g/LH.S
I‘/I\I'I<2’-‘I Z,% r/LI:;-'{ Z,% r/ﬁz’-q Z% r/nllfz’-q Z,%

Her 0,150 - 0,368 - 0,578 - 0,748 -
COHKOP 9021C 0,123 18,03 0,186 49,33 0,201 65,25 0,218 70,82
COHKOP 9510A 0,125 | 16,39 | 0,189 | 48,67 | 0,213 | 63,14 | 0,201 | 73,11
COHKOP 9701 0,152 0 0,150 | 59,33 | 0,189 | 67,37 | 0,240 | 67,87
COHKOP 9801 0,135 9,83 0,120 | 67,33 | 0,125 | 78,39 | 0,108 | 85,67
COHKOP 9920A 0,125 16,39 0,142 61,33 0,152 73,73 0,135 81,97
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3AIMTHOTO  [EMICTBUSI ~ MHIMOMTOPOB  YTO B BECOBBIX M3MEPEHUSX OIpenerisier-
B IpaBUMETPUIECKOM (Z, ) ¥ 9NEKTPOXU- s CPEAHsA CKOPOCTh KOppo3uu 3a 24 4,

MIYECKOM MeToflax (Z ) CBA3AHO C TeM,
Tabnuia 2

Kopposnonno-anexrpoxummndeckne xapakrepuctuku Cr.3 B 3 % pactsope NaCl
B ipucytctBuu 0,1 r/71 MHrH6MTOPOB

Murn6urop(0,1 r/m) _Ekop’ B b, MB b,mB imp, A/m? er’ % Z,,%
Be3 unrnburopa 0,545 138 245 0,105 - -
COHKOP 9021C 0,408 64 263 0,101 18,03 3,45
COHKOP 9510A 0,413 65 162 0,088 16,39 15,94
COHKOP 9701 0,418 76 259 0,072 0 31,58
COHKOP 9801 0,432 79 240 0,069 9,83 34,26
COHKOP 9920A 0,458 76 151 0,030 16,39 71,56
Tabmuma 3
KopposnoHHo-3mekTpoxnmmdeckue xapakrepuctuku Cr. 3
B 3 % pacrsope NaCl+ H,S (C = 0,1; 0,2; 0,4; 0,6 /)
Konmnenrpamusa H,S, r/n —Emp, B b » MB bk, MB imp, A/m?
0 0,545 138 245 0,105
0,1 0,428 89 870 0,304
0,2 0,403 77 384 0,397
0,4 0,397 89 419 1,057
0,6 0,397 111 440 1,371
Tabnuia 4

KopposnonHo-anekrpoxnmmdeckne xapakrepuctuku Cr. 3
B 3 % pacrsope NaCl + H,S (0,6 r/n) B mpucytctsun 0,1 /1 MHTM6UTOPOB

Muruéurop (0,1 r/m) —Emp, B |b,mB | b,mB imP, A/m? er, % | Z,,%
Bes nuruburopa 0,397 111 440 1,371 - -
COHKOP 9021C 0,399 92 369 0,409 70,82 70,16
COHKOP 9510A 0,407 94 465 0,370 73,11 73,00
COHKOP 9701 0,410 92 506 0,334 67,87 75,62
COHKOP 9801 0,412 98 764 0,408 85,57 70,88
COHKOP 9920A 0,383 87 546 0,342 81,97 75,10
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a IIpY 97IeKTPOXUMMYECKNX U3MEPEeHMAX —
CKOPOCTb KOPPO3UU B JAHHBIII MOMEHT.
Cucrema «MeTanI — BOfia — CEPOBOLO-
pom» ABNAETCA OYEHb CIIOXKHOI, U B Heil
Jla)Xe B PaBHOBECHBIX YCIOBMAX MOTYT
IIpPOTeKaTh MHOTHE peakiuu ¢ obpasoBa-
HIeM pasHOOOpasHbIX coequHeHmit. [1pn
PacCMOTpeHMM MeXaHU3Ma CepOBOJO-
POJHOI KOPPO3UM C/IEAYET UMETh B BULTY,
4YTO B 3aBUCUMOCTHU OT pH-cpensl B pac-
TBOPAX 3/MEKTPOIUTOB CEPOBOROPO], MO-
JKeT NPUCYTCTBOBATb B Pa3HBIX OpMax:
npu pH < 6 0oCHOBHasA 4acTb HaXOAUTCA
B BUJE MOJIEKY/IAPHO-PAaCTBOPEHHOTO
rasa, npu pH > 6 B Buge SH-, B cunmbHO-
IeJIOYHBIX 37eKTponuTax — S*. Cymie-
cTBeHHOe BnusHue pH Ha ckopocThb ce-

3aknioyeHue

Takum 06pasoMm, B cpefie CepOBORO-
pona unarubutops! cepuu COHKOP pes-
KO YBeIMYMBAIOT CBOIO 3¢ (eKTMBHOCTD
B HEMTPa/JbHBIX cpefax. VIX MOXXHO OT-
HeCTM K KIacCy MHIMOMTOPOB CMeLIaH-
HOTO THUIIA, IOCKO/IBKY OHJ TOPMO3AT 00a

POBOJOPOLIHON KOPPO3UM OIpefendeTcs
KMHETUYeCKVIMM TIPYYMHAMY, CBA3aHHBI-
MM CO CTOMKOCTBIO 00Pa3yOIUXCA B pe-
3y/lbTaTe KOppo3uy IUIeHOK. IIpmcyrct-
Bue CynmbQuj- M TIUAPOCYIbQUJ-VIOHOB
B KODPO3MOHHOI Cpefie CIIOCOOCTBYeT
Pe3KOMY CTMMY/IMPOBAaHMIO OOOMX Iap-
L[aJIbHBIX 9/IEeKTPOXMMUYECKNX peak-
umit Ha cTanu [2].

OpHOBpeMeHHOe MPUCYTCTBUE B KOP-
posuonnoit cpere HS n O, mpusogur
K elje 6OMbIIEMY PaspyLIEHNIO METAJIIa,
IIOCKO/IbKY BO3MOYKHO IIPOTEKaHNe peak-
LUY, B KOTOPOIl IPOMEXKYTOYHBIN IIPO-
nykt H.S, ABnsercsa memonspusaTopom,
PaBHBIM 110 cijIe Kucmopony [3].

MapLMATIbHBIX 3/EKTPOXMMUYECKUX IIPO-
1ecca, OfIHAKO B OOJIbIlIENl CTEleHM VH-
IMOUTOPBI TOPMO3ST KaTOHbIN TIPOI[ECC,
NPOTEKAIOUWMII CO CMELIAHHOW KUC/IO-
PORHO-BOINOPOAHOI IeTIOApU3aLIVen.
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