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The effect of fluorine-containing inhibitors
of corrosion of copper in atmospheric conditions

The effect of fluorine-containing inhibitors of corrosion of copper in at-
mospheric conditions was studied by method of removing anodic polarization
curves and corrosion of full-scale tests. The introduction of the inhibiting com-
positions as corrosion inhibitor of copper polyfluorinated amines leads to a de-
crease of the peak current of active dissolution of copper, which increases the
corrosion resistance of copper wire rod during transportation in various climate
conditions.
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Introduction

The various amines are the ef-
fective corrosion inhibitors of copper in
aggressive media. The inhibitory effect of
some derivatives of triazole is caused by
their adsorption and formation of the in-

Experimental part

The paper studies the anodic behavior
of copper deposited on its surface pre-
servative coating the inhibitory composi-
tion, containing polyfluorinated amine -
amine polyferrocenylsilane: HCEF,-CF,-
CF,-CF,-O-CH,-CH,-NH,, which was
synthesized at the Department of technol-
ogy of organic synthesis, Chemical tech-
nology Institute, Urals Federal University.
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soluble complex of copper on the copper
surface [1, 2]. Therefore, the use of amines
in the composition of the inhibiting com-
position can provide the protection from
corrosion of copper rod for transportation.

For accelerated evaluation of the pro-
tective action of inhibiting compositions
and optimization of the composition of
the preservative coating was used the
method of removing anodic polariza-
tion curves. The polarization curves were
recorded on a potentiostat-galvanostat
IPC-PRO in potentiometric mode at a
linear scan rate of potential of 2 mV/s
in a three-electrode glass cell with sepa-
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rated anode and cathode spaces in 0.5 M
NaCl solution at 25 °C. The silver chloride
electrode was served as the reference elec-
trode in a saturated solution of potassium
chloride. The potentials were calculated
on present n.v.sh. The platinum sheet was
served as the auxiliary electrode.

As object of study was used copper
brand MO0k (99.99 % pure) for the manu-
facture of copper wire rod. To remove the
polarization curves were used cylindrical
rods of copper by diameter 8 mm with a

Results and discussion

The studies have shown that in the ab-
sence of inhibiting on the metal surface
films anodic polarization curve for copper
has the form characteristic of soluble ac-
tive metal, followed by passivation. When
potentials are of about 0.18-0.19 changing
to the passive state starts in copper elec-
trode starts.

The polarization curves for copper,
pre-treated in solutions of isopropanol
with different content of polyfluorinated
amine (PFA) are presented in the below
figure.

As can be seen from Fig. when applied
to a metal surface of the copper protec-
tive film from solutions containing the
PFA, there was a significant decrease of
peak current of active dissolution of cop-
per on the polarization curve, indicating
a slowing of the rate of anodic dissolution
of copper and the inhibition of anodic re-
action. From these data it follows that the
magnitude of the limiting current of an-
odic dissolution of copper depends on the
concentration of the PFA. The maximum
anodic current density observed on polar-
ization curves decreases with increasing
concentrations of PFA and reaches a min-
imum value of 3.32 % solution of inhibit-
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total working area of 4 cm? The field cor-
rosion tests were conducted on samples of
copper rod of length 150 mm and diame-
ter 8 mm in the salt spray chamber Ascott
120 Plus.

The protective constitutions of inhib-
iting compositions were applied on a de-
greased with acetone, the working surface
of the copper electrodes by dipping them
in the solutions of inhibiting composi-
tions for 15 seconds.

ing compositions on the basis of the PFA,
which may indicate the increased corro-
sion resistance of copper is inhibited.

However, only the character of the
polarization curves does not allow us to
judge the influence of inhibitor on the
corrosion resistance of copper in atmos-
pheric conditions. So in addition to the
electrochemical measurements were con-
ducted in situ corrosion testing of samples
of copper wire rod in the salt spray cham-
ber Ascott 120 Plus.

The results of electrochemical meas-
urements are consistent with the data
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Fig. The polarization curves for copper,
inhibiting composition treated with different
concentration of PFA in isopropanol, 0.5 M
sodium chloride solution: 1 - pure copper;
2 - 0% the PFA; 3 - 0,25 % PFA; 4 - 0.5% and the
PFA;5-0,75 % PFA; 6 - 1 % PFA; 7 - 1.25%
of the PFA; 8 — 1,66 % PFA; 9 - 3,32 % PFA
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of corrosion tests. The corrosion tests
showed that pockets of corrosion on the
copper samples without inhibiting com-
positions and treated with clean isopro-
panol appear already in the first days of
exposure of samples in the chamber. At
the same time on the samples treated in
an anhydrous solution of inhibiting com-
positions on the basis of the PFA, corro-
sion lesions appear in 2-4 days depending
on the concentration of the PFA. Of in-
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vestigated compounds inhibiting compo-
sitions the best results (up to 4 days) were
achieved for 3,32 % solution of inhibiting
compositions on the basis of the PFA.

Thus, when used in inhibiting com-
positions as corrosion inhibitor of copper
polyfluorinated amines can increase the
corrosion resistance of copper wire rod
during transportation in extreme condi-
tions.

1. Tsygankova L. E., Rumiantsev A. E. The effect of oil coating and anionic composition
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BnusHue chropcogepxxawmux MHruburopos
Ha KOPPO3uI0 Meaun B aTMOChepHbIX YCNoBUAX

MeTOAOM CHATUS aHOLAHbIX NOAPHU3ALUMOHHBIX KPUBLIX U HATYPHBIX KOPPO3U-
OHHBIX MUCMbITAHMIA U3y4eHo BAvsiHWE (HTOPCOAEPXKALLMX MHIMOUTOPOB Ha KOppO-
310 Meay B aTMOChepHbIX yCrnoBusix. BeeneHne B coCTaB MHMMOMPYIOLLMX KOM-
Mo3uLMii B KA4EeCTBe 3aMednTeNs KOppo3un Meamn NonthTOPUPOBAHHBIX aMUHOB
MPYBOAMT K CHUXEHMIO MAaKCMMyMa TOKA aKTUBHOTO PacTBOPEHUS Meay, UTO Mo-
BbILUAET KOPPO3MOHHYIO CTOMKOCTb MEOHOM KaTaHku Npu ee TPaHCropTUPOBKe
B Pa3/MYHbIX KIMMATUYECKUX YCII0BUSX.

Kniouesbie cnosa: nonapu3aLmroHHble Kpusble, I'IOJ'IVId)TOpVIpOBaHHbIe dMWHbI, MeHasa KataHka, 3amennu-

TeNb KOPPO3uK.
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Beepenue

PasnuuHble aMUHBI SABISIOTCS
3¢ HeKTUBHBIMY MHTUOUTOPAMU KOPPO-
3UM MeIV B arpeccMBHBIX cpemax. Top-
Mo3sllee JIeVICTBYe IIPOU3BONHBIX pAna
Tpuasona 0OyCIOBIMBAETCA UX aficopo-
et 1 obpa3oBaHUEM Ha ITOBEPXHOCTU

JKCnepuMeHTaNIbHasA 4acTb

B pabore usyueHo aHOZHOE IIOBe-
JIeHue Meny C HaHeCEeHHbIM Ha ee TO-
BEPXHOCTb KOHCEpPBAI[MIOHHBIM IOKpBI-
TUEM MHrM6Mponme171 KOMIIO3UIIVIEN,
cofiepyallieit B CBOeM COCTaBe monud-
TOPUPOBAHHBI aMUH — mnonudTopal-
KunMeTuneHokcuaTunen ammua: HCF -
CFZ—CFZ—CFZ-O—CHZ—CHZ-NHZ, KOTOPBII

Mefiyi HEPACTBOPUMOTO KOMIUIEKCA MeJN
[1, 2]. [TosToMy MCIIONTB30OBaHNE AMIHOB
B COCTaBe MHIMOMPYIOLIell KOMIO3UIINU
MOKeT 06eCIeqnTb 3aLINUTY OT KOPPO3UK
ME[IHO KaTaHKM IIPU ee TPAHCIIOPTH-
pOBKe.

OBLT CMHTE3MPOBaH Ha Kadenpe TeXHOIO-
TUM OPraHMYeCKOTO CHMHTe3a XMMMKO-
TEXHOJIOTMYECKOTO MHCTUTYTa YPasnbCKo-
ro ¢efepaIbHOrO YHUBEPCUTETA.

JIns1 yCKOpeHHOI! OLIeHKU 3al[UTHOTO
HeICTBUA MHTUOUPYIOIVX KOMIIO3MINI
U ONTUMU3ALUM COCTaBa KOHCepBalu-
OHHOTO MOKPBITUA MCHONb30BANCA Me-
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TOJ|, CHATHA aHOJIHBIX IO/IAPU3alIOHHbIX
KpuBbIX. IlonmsapusannonHble KpuBble
CHUMa/JNCh Ha IOTEHLMOCTaTe-Tajb-
Ba"Hocratre IPC-PRO B moreHnmonn-
HAaMMYECKOM peXMMe IIpU JIMHENHON
pasBepTKe moreHumana 2 MB/c B Tpexs-
JIEKTPOJJHOVM CTEK/IAHHOW A4YeliKe C pas-
T€TIEHHbIM QHO[HBIM J KaTO[HBIM IIPO-
crpanctBamu B 0,5 M pacrBope NaCl
npu Temmeparype 25 °C. D1eKTpojom
CPaBHEHNUS CIAYKWI XIOpCepeOpsHbIIt
9JIEKTPO]] B HACBILIEHHOM PacTBOpE XJIO-
pupa xanuA. IloTeHnanbl nepecynTaHbl
Ha H.B.II. BcroMoraTenbHBIM 3/1€KTPO-
TIOM CITY>KMJIa JINCTOBAA NJIaTHHA.

B kayecTBe O0OBEKTOB NCCIENOBaA-
HIA MCHOIb30Banach Menb Mapkyu MOOk

Pe3synbTarbl 1 ux 06cyxaeHue

MCC)’[eHOBaHI/IH II0OKa3ajau, 4ToO B OT-
CYTCTBI€ Ha ITIOBEPXHOCTNM MeETajlyla MH-
I‘I/I6I/IPYIOI.IH/IX IIJIEHOK QaHOJHaAd IIO/IA-
pu3allMOHHAasA KpuBasg [O/1A MEOUN MMeEET
BUL, XapaKTeprIf;[ A/1:1 aKTUBHO PacTBO-
pALIETOCA MeTalla C r[ocne;[ylou_[eﬁ
naccuBalen. HPI/I IIOoTeHIMa/IaX OKOJIO

i, A/M?
140 1
120 A
100 A
80 +
60
40 4

' Wity

E.B
04

-04 -0.2 .20 0.2

Puc. IonsAapusanoHHble KpUBbIE [
Mezu, 00paboTaHHOI MHTUOMPYIOLeil
KOMITO3MIIVIel] C pa3/INYHOl KOHI[eHTpaluent
[1®A B nzonpomnasorne, B 0,5 M pactBope
xyopuzia HaTpuA: 1 — uncras megp; 2 - 0 %
[IDA; 3 - 0,25 % IIDA; 4 - 0,5 % [1IDA; 5 -
0,75 % IIDA; 6 — 1 % ITDPA; 7 - 1,25 % [1DA;
8 -1,66 % IIDA; 9 - 3,32 % IIDA
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(99,99 % wumcroTBHI), MAYyIIAs Ha M3TO-
TOBJIEHVMEe MeIHOV KaTaHku. [l cHATUS
MO/IAPU3ALVOHHBIX  KPUBBIX  MCIIONb-
30BaINCh UMIMHJPUYECKNE CTeP)KHU
M3 MENHONM KaTaHKU AuaMeTpoM 8 MM
C cyMMapHOit paboueit IIomagsio 4 cm2.
HaTypHble KOppO3MOHHBIE WCIIBITAHNA
IIPOBOJMINCh Ha obpasuax U3 MeJHOI
KaTaHKU AanHOM 150 MM U nameTpoM
8 MM B KaMepe CO/lIeBOro TymaHa Ascott
120 Plus.

3aIuTHBIE COCTABBl MHTMOMPYIOLINX
KOMITO3MIIMIT HAaHOCUINCh Ha OOE3XKIi-
PEHHYIO alleTOHOM pabodyylo IIOBepX-
HOCTb ME[IHBIX 37IEKTPOJIOB IIyTE€M OKY-
HAaHUS MX B PacTBOPHI MHIMOMPYIOLIMX
KOMIIO3ULIMIL B TedeHne 15 c.

0,18-0,19 B MenHbIiT 271€KTPOJ, HAYMHAET
MepexoAuThb B MACCUBHOE COCTOSTHIE.
[NonsapusanoHHbIe KPUBbIE AT MENIN,
[pefBapyUTEeNbHO 00pPabOTaHHO B pacT-
BOpPaxX M3OMPOMAHONA C Pas3IUIHBIM CO-
Iep>KaHyeM IOMM(TOPUPOBAHHOTO aMU-
Ha (IT®OA), mpencraBieHbl Ha PUCYHKe.
Kak BUHO Ha pUCYHKe, IIpM HaHece-
HUM Ha MeTA/IMYecKyl0 II0BEpPXHOCTb
MeJM 3aLIMTHON IUIEHKU U3 PacTBOPOB,
comepxkamux IIDA, Habmiomaercss 3Ha-
YNTe/IbHOE CHIDKEHME MaKCMMyMa TOKa
aKTMBHOTO pacTBOPEHMs Mely Ha MOJA-
PU3AIVIOHHO KPUBOIL, YTO CBUIETENbCT-
ByeT O 3aMeJJIeHNM CKOPOCTU aHOIHOTO
PacTBOPEHNA Me[iU I TOPMOYKEHUY aHOfI-
HOJI peakiun. VI3 IpuBeleHHbIX JaHHBIX
clefiyeT, 4TO BeNMYMHA IpPeenbHOro
TOKAa aHOJHOTO pPAcTBOPEHMs MeIM 3a-
BUcUT OT KoHUeHTpanuu IIDA. ITpuuem
MaKCYMYyM aHOJIHO IUIOTHOCTU TOKa,
HAOMIOaeMBIil  Ha  MOJSIPU3ALMOHHBIX
KPUBBIX, YMEHbIIIaeTCA C IOBbIIIEHNEM



Brinstue dropcomepxaluyx MHrmbrutopos
Ha KOpPO3uio Meau B aTMOChepHbIX YCIIOBUSIX

koHUeHTpauuu IIMA u foctTuraer MuHn-
MajIbHOTO 3HaYeHuA 4 3,32 % pacTBopa
VHTYOUPYIOLIell KOMIIO3MIUY Ha OCHOBE
IIMA, uyTO MOKET CBUOETENbCTBOBATH
O TIOBBILIEHUM KOPPO3MOHHON CTOMKO-
CTV MHIMOMPOBAaHHON MeMIN.

OpHaKo TONBKO XapaKTep IOIsApu3a-
LMIOHHBIX KPUBBIX He II03BOJISET OJHO-
3HAYHO CYAUTh O BAMSHUM MHIMOUTOpA
Ha KOPPO3MOHHYIO CTOMIKOCTb M€Y B aT-
MocdepHbIX ycnoBuAx. Ilostomy B mo-
MIOJIHEHME K 3/IEKTPOXMMMNYECKUM U3Me-
peHysiM ObUIM IPOBefeHbl U HaTypHbIe
KOPPO3MOHHBIE VCIBITaHUSI 00pasI[oB
MeJJHOJI KaTaHKM B KaMepe CONIEeBOro TY-
Mana Ascott 120 Plus.

PesynbraThl 3/1€KTpOXMMUYECKUX W3-
MEPEHMII COINIACYIOTCA C JaHHBIMU KOp-
PO3MOHHBIX McHbITaHMiT. Koppo3noHHbIe
MCIBITaHNUA TT0Ka3aJIM, YTO O4aru KOppo-
3UH Ha MeIHBIX o6pasijax 6e3 nHrnbupy-
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IOII[el KOMITO3MIVM, 0OpabOTaHHBIX M-
CTBIM M3OIIPOIIAHOJIOM, MOSBIIAIUCDH YoKe
B IIepBbIe XKe CYTKI BBIIEPXKKY 00Pa3LioB
B KaMepe. B To >xe Bpems Ha o6pasuax,
006paboTaHHBIX B 0€3BOJHOM pPacTBOpE
MHIMOMPYIOLIell KOMIO3NUIINM Ha OCHOBE
[TDA, KOppO3MOHHBIE MOPAKEHNS TTOSIB-
JIAI0TCA Ha 2—4 CYTKU B 3aBUCHMOCTY OT
koHneHTpauunu IIPA. V3 wuccremosan-
HBIX COCTaBOB MHTUOMPYIOLMX KOMIIO-
3MLIMIL JTyYIINe Pe3ynbTaTsl (o 4 CYyTOK)
ObLIM ZOCTUTHYTHL A7st 3,32 % pacTBOpa
MHIMOMPYIOLIell KOMIO3NUINMM Ha OCHOBE
[TDA.

Takum o06pa3oMm, HpM HUCIIONb30Ba-
HUM B MHTUOMPYIOIMX KOMIIO3MIIMAX
B Ka4yecTBe 3aMeJINTeNs KOppo3uu Meay
nonmnGTOPUPOBAHHBIX AMUHOB MOXKHO
HOBBICUTD KOPPO3MOHHYIO CTOMKOCTD
MeJHOJM KaTaHKM IIpU ee TPaHCIOPTH-
POBKe B 9KCTPEMaIbHBIX YCTTOBUAX.
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