O MACCHUBAIIUHA XPOMA B O30HUPYEMBIX PACTBOPAX CEPHOU
KHCJIOTHIL.

I'.0. Tarapuenxo, K.B. YUepkac, llanrosa M.B.

CegepoOoHeyKuti mexHONOSUYECKUTI UHCIMUMYM
Bocmounoyxpaurnckozo HayuonaneHozo Ynueepcumema
93400 2.Cesepoooneyx Jlyeanckoii ob1.,
np-m Cosemckuti, 59,

men. (paxc) (06452) 4-03-42,
anexmpouuas nouma:stiased.lg.ua

ABOUT CHROMIUM PASSIVATION IN OZONIZED SULFURIC
ACID SOLUTIONS

G.0O.Tatarchenko K.V.Cherkas, M.V.Pavlova

Severodonesk's technological institute
East-Ukraine National State University
Severodonetsk Lugansk region,
Soviet avenue, 59

E-mail: stiwsed.lg.ua

Electrochemical chrome performance has been analyzed rather effectively.It 1s known that cati-
onic type oxidants [Fe”* ,Ge™ | do not affect chrome active dissolution rate. For example, MnO,, SeQ,”
anions in 0,05 m H, SO, promote chrome dissolution. Such promotion is related to electrolytic reduc-
tion of oxygen-containing oxidant on the chromium surface that results in OH-ions and discharge H’
ions formation and at the same time pH increase of near electrode coating is observed. Active chromium
dissolution 1s inhibited [5] with low sulfuric acid concentrations of 0,01 m and low H,0, concentrations.
The authors assume that it comes from metal atoms blocking by oxygen.

Chrome steel coating causes passive chrome steel performancing Ozone as a strong oxidant
significantly effects metal and steel corrosion rate.It promotes corrosion rate increase in 70% H,So4 for
12X18H10T, 10X17H13M2T, 08X22H6T steels and transits them into passive state with sulfuric acid
concentration at 20% [6].

The purpose of this paper is to analyze corrosive and electrochemical chrome performances in
ozonized sulfuric acid solutions.

H,SO, active solutions are 2%, 5%, 10%, 20% and 70%. These solutions are ozonized by
ozone and air mixture transmitting through with rate of 40 1/h.Ozone concentration in gas phase was 10
* mol/l. Silver chromium was used as a reference electrode.

Ozone introduction into sulfuric acid solutions does not change chrome E,, 1. for 2% and 5%
H,S0, are reduced to 50 A/m” but as for the other concentrations there are no changes. Active dissolu-
tion area in 20% H,SO, is not available. ‘Cathode loop’ is getting wider at maximum current density
up to 1 A/m” It should be noticed that ozone exhibits its optimum passivation performance in 20%
H,SO,

- The maximum time fluctuation for corrosion potential is achieved in 70% H,SO, what amounts
to 0,20 mV/s and the minimum value of 0,05 mV/s - in 2% H,SO,4 while on the other hand in ozone
presence minimum time fluctuation amounts to 0,03 mV/s in 70% H,SO, maximum time fluctuation
amounts to 0.57 mV/s in 2% H,S50,

The results confirm the assumption that hydrogen ions are taking part in ozone cathode reduc-
tion process. Chrome is found in stable passive state in ozonized fluids. Ozone used reduces chrome
COITOSION rate.
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XpoM ABASETCS HEONArOPOAHBIM METAIOM: B aKTUBHOM COCTOSHHMH €ro IOTCHIHAT OTpHLA-

TeapHEE moTeHLmana xenesa. [lo aanueiM ['pybe u Bpeiitunra noreruuan xpoma E = -0,557 B unn

= 0,509 B. Bnarozaps cBOeit BEICOKOH TBEPAOCTH, XOPOLIEH CTOHKOCTH K H3HOCY, MAJIOMy KO3(-
OULMEHTY TPEHUA, BHICOKOH XHMHYECKON CTOMKOCTH H HCKITHOYMTEIbHOH KOPPOZHOHHOH CTOHKOCTH
XpOM NPUHAMICKUT K METAIIIaM, KOTOPHIE SBJISIOTCS OCHOBHBIMH JIETHPYIOIIUMH 3JICMEHTaMH CIljia-
BOB [1]. |
B mpHCYTCTBHH BO34yXa XPOM OYEHb JIETKO OKHCIAETCA, 00pasys 3alIUTHBIH CIOH M (aKTH-
qyecKHu BeeT ceba kak GnaropoaHsiit Metamn. OH OTHOCHTCA K METajljlaM, KOTOPBIC JIErKO NMacCHBUPY-
eTCS B OKHC/IMTENBHEBIX CPEeAaxX ¢ U3MEHEHMEM OTPHLIATEIBHOTO NMOTCHIHANA Ha rnonoxurenbHeid, C
IpYroi CTOpPOHBI B pasbaBieHHBIX 5%-HBIX pacTBOpPaX CEPHOH M COMSHOH KHCIOT KOPPO3HOHHAs
CTOMKOCTD >KEIE30XPOMHUCTHIX CIIABOB YXYAIIACTCAd M TEM CHJIbHEE, YEM BBIIIC COACPXKAHHC B HHX
xpoma [2].

INEKTPOXMMHUECKOE TIOBEACHHE XpOMa JOCTATOYHO Xopomo H3yueHo. Mssectno [3], |to
oxucuTed karuonsoro tana (Fe'* |, Ge*') He U3MEHAIOT CKOPOCTh AKTHBHOTO PACTBOPEHMSA XPOMA B
CEPHOKMCIIBIX pacTBOpax. Torja Kak NepoKCHI BOAOPOAA YCKOPACT HOHM3ALMIO XpOMa, MPHYICM YBEC-
nuueHue koHueHTpaiuud H,O, mpuBOAUT K BO3pacTaHHIO TOKA PACTBOPCHHA XpOMa INpH MOCTOSHHOM
[MOTEHIIMAE O HEKOTOPOTO 3KCTPEMAJIBHOTO 3HAYEHUS, NTOCIIE YEro HabMIoAacTCs YMEHBIICHHE TOKA.
AsTtopsl [4] npeanonoxxuiy, YTO aKTHBALMS PAaCTBOPEHHS XpOMa AOJDKHA HaOIr0JaThCS HE TOJIBKO B
npucyrereun H,0, , Ho u ¢ kucnopoacoaepxamumu annonamu. Hanpumep, anuonst MnOy, Se04” B
0,05 M H,SO. yckopsroT pacTBOPEHUE XpoMa. ITO YCKOPEHHUE CBA3BIBACTCS C 3JIEKTPOBOCCTAHOBICHH-
eM KHCJIOPOJCOAEPIKAINErO OKHMCIMTENsS Ha MOBEPXHOCTH xpoma ¢ obpasosanuem OH - noHOB H
paspsiom H' - HoHoB, npu 3ToM pH mpu3ieKTpoaHoro ciiost nossimaercsa. IIpy HMU3KMX KOHLEHTpA-
uusx cepHoit kucmotsl 0,01 N 1 mameix koHuenTpammax H,O, 5-10 ~ M aKTHBHOE PACTBOPEHHE XPO-
Ma TOPMO3HUTCH [5]. ABTOpBI MPEANONAraloT, YTO 3TO MPOUCXOIHUT 32 CYET OIOKMPOBAHUS KUCIIOPOAOM

aTOMOB METaJINIA.
XpoM D06GaBNEHHBIN K XKENE3y CYIIECTBEHHO M3MEHAT €ro CBOKMCTBA M HAOMIOAACTCS 3HAYH-

TENBHOE VIVUIICHUE KOPPO3UOHHBIX CBOMCTB MAaTEPHANIOB MPH COAEpKaHuM Xpoma Gonee 12,5%, Ha-
CTYTIaeT HaJeXXHas MacchBaiMs ¢ obnaropakvBaHMeM noreHuuana. Ilnenka u3 okucu xpoma o0y-
CIIAaBIIMBACT MACCUBHOE MOBEACHHE XPOMHUCTHIX CTAncH. SABISSICh CHIBHBEIM OKHCIIUTENIEM O30H CyIIE-
CTBEHHO BJIMSET HA CKOPOCTb KOPPO3HH METAIIOB U cTaned. OH cnocoOCTBYET YBETMYCHHUIO CKOPOCTH
xoppo3uu B 70% H,SO, crane#t 12X18H10T, 10X17HI3M2T, 08X22H6T u mepeBoauT ux B mac-
CHBHOE COCTOSHHE ITPH KOHLIEHTPALMAX cepHoM kucnoTs! 10 20% [6].

[lenr paboTel — WUCCMEAOBaHHE KOPPOZUOHHO-3JIEKTPOXUMMYECCKMX XAPAKTEPUCTHK XpOMa B
O30HHPYEMBIX PACTBOPAX CEPHOM KUCIIOTHL.

HccnenoBanus MPOBOAWIMCE HA 00pasLax XxpoMa Ipu TeMIIepaType 20°C. TMonspHu3aoOHHbIE
KpHUBbIC CHUMaJIM NpH nomoinu norexiocrara [1-5848 npu ckopoctu passeptku 1,44 B/a. O0Opasusl
06pabaTeIBaIH M0 CTAHAAPTHOM METOAMKE M TEpPe] CHATHEM KPHBBIX KAaTOJHO MONAPHU30BATH 3 MUHY-
e i = 0,1 A/M°. Paboume pactBopsl — 2%, 5%, 10%, 20% u 70% H,SO,. O3oHupOBaIM PacTBOPHL
IMyTEM MNPOITYCKaHHS YEepe3 HHUX O30HO-BO3AYIOHOM cMecH co ckopocTero 60 n/gac. KoHueHTpaums
o30Ha coctaiasna 10 Moms/n B ra3oBoit hasze. DnekTpoa cpaBHEHUA — xyopcepeOpsasiii. CKopocTs

KOPPO3HH CTAJIEH ONPEAETIIN 10 oTepe Macchl 00pa3LoB B pabouux pacTBopax 3a T = 100 1.

[Tonsgpu3alLiMOHHBIEC KPUBBIE XpOMa NP Pa3HOM KOHLEHTPALMU CCPHOH KHMCIIOTHI NPCACTABIIC-
Hel Ha puc.l. MOXHO OTMETHTH, 4TO C YBEIUYCHUEM KOHLEHTPALMHU CEPHOM KHCIOTHI NMOTCHIHAII
Koppo3uu E,.,, XpoMa cMEIAETCs B CTOPOHY IONOXKHUTENBHBIX NTOTCHIMATIOB, Kpmmecmn ITOTCHLUA
naccuBauuu E,, paBen — 0,50 B, a mI0THOCT KPUTHYECKOTO TOKA 1, = 100 A/ nas 2%, 5%, 10% u
20% H,S0., Torma xax 8 70% H,S0, E,, = -0,35 B u i,,=10 A/m”. C ymensmenunem pH pactsopa cy-
KaeTcs 00JacTh akTUBHOro pactBopeHus, B 5% u 10% - HBIX pacTBOpax CEPHOM KHUCIOTbl HMECTCH
(«KATOMHAS MET/IN C MAKCHMANBHBIM 3HAYEHHEM TUIOTHOCTH Toka i = 0,1A/M°. D10 ykassiBaeT Ha co-
CTOSTHUE €ro HEYyCTOMYMBOM NMAacCUBHOCTH. Ha BCEX KPHMBBIX YETKO BBIPAXEHA IAacCHBHAs OOnacTs,
BETMUMHA TOKOB B MACCUBHOM obnacTy Ormska k i, = 0,1 A/m”.
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BeeaeHue 030Ha B PacTBOPHI CEPHOM KHUCTOTH (puc.2) He u3MeHSET E,o, Xpoma 1, 11 2% u
5% H,SO, camxarores 10 50 A/M%, a qs X KoHueHTpauui He usmensercs. B 20% H,SO4
APYT P

Uem—— i el |

I gikA/M2 0O -1 -2 -2 -1___0_ IgiaA/m2

Puc. 1Hoasipusanuonnsie KpuBblie xpoma B H, SOy 2% — kpusas 1, 3% — kpusasi 2;
10% — kpuBas 3; 20% — kpusan 4; 70% — xkpuBasn J.

Fig. 1.The polarized curves of chrome in H,SO, : 2% - curve 1; $% - curve 2; 10% -
curve 3; 20% - curve 4; 70% - curve 3.

ST
g ik, A/m2 O -1 -2 -2 -] O Igia, A/im2

Puc. 2 Hoasipn3aiuonusie KpuBbie xpoMa ¢ 030H0M B H,SO4: 2% — kpuBast 1, 3%
— kpuBan 2; 10% - xkpuBas 3; 20% — Kpusas 4; 70% — KpuBasn J.

Fig. 2.The polarized curves of chrome with ozone in H,SO, : 2% - curve 1; 5% -
curve 2; 10% - curve 3; 20% - curve 4; 70% - curve 3.
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00acTh AKTUBHOIO PACTBOPEHMS OTCYTCTBYET C YBEIIMYCHUEM KOHLICHTPALIMU CepHOM kucnorTel. «Ka-
TOAHAs MET/S» CTAHOBUTCS IMHPE C MAKCHMAJIbHBIMH TUIOTHOCTAMHM TOKOB A0 1 A/M°. Crexyer otme-
THUTh, YTO HAWJIYHUIINMH NMACCUBALIMOHHBIMH XapaKTepucTUKaMu xpoM obmanaer B 20% H,SO,.

Tabmmma. 1 CKopocTh KOPPO3HH XPOMa B CEPHOI KHCJIOTe, I/M 1.
Table.1 The rate of corrosion of chrome in sulfuric acid, g/m*h.

- =

Cpeaa Cr

H,S0, aspuUpyeM. O30HMUP.
2% 0.0020 0.0020
5% 0.0013 0,0007
10% 0.0813 0.0076
20% 0.0058 0.0007
70% 0.0055 0.0005

M3MeHeHue BO BpEMEHM NOTEHLHANa KOppo3uu E,,, XpoMa B HE O30HMPYEMBIX U O30HHpYE-
MBIX pacTBOpaX CEPHOM KHCIIOTHI NMPEACTABJICHO Ha pUC.3,4. Y CTAaHOBICHO, YTO CKOPOCTh AHOIHBIX H
KaTOAHBIX ITPOLIECCOB Ha 3JIEKTpoAE B mnepebie MUHYTH Bhimme Aias 70% H,SO,, nopsaka 0,20 mB/c |

e L T M P P G e il i B e B e e e i i o - e PR

30

40 - 80

torga kak ama 20% H-.SO, -
0,14 mB/c, 10% H,S0O,; — 0,10
MB/c, a xna 2% H,SO, — 0,05
mB/c. Haubonee vycroiuusoe
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w-4 BO BPEMCHH 3HA4YCHHUC ITOTCH-
O 3 {HaJla KOPPO3HH XpOMa JOCTH-
; raercs B 2% H,SO,. B 70%
H,S0, yCTAHABIUBACTCS

% HauOoJIee IMOJOKUTEIBHOE 3HA-
yeHue E,,. llpu BBeacHuU

O30HA JOMOJHHUTEIIBHBIN Ka-
TOAHEIN IPOLIECC BOCCTAHOBJIE-
HHUS O30HAa W, BO3HUKAIOMIETO
MPH €ro pacnajac, aToMapHOro
KACIOpoJa cmemarT E., B
CTOpOHY OO0nee MNONOKUTEb-
HeIX rnoreHOuaoB. (OaHako

6 T o

Puc. 3 UsMeHeHne NOTEHIMAIA KOPPO3HH XPOMA BO BpeMeHu 0e3
ozona B H,S0, :2% - kpuras 1; 10% — xpusasn 2; 20% — xpuBas

3; 70%— kpupas 4.

Fig. 3. Changing of corrosion potential of Cr with time without
ozone in H,SO0,: 2% - curve 1; 10% - curve 2; 20% - curve 3;

70% - curve 4.

CKOPOCTH VCTAaHOBJCHUS TIO-
TCHI[MATIA KOPPO3UH CYIIECT-

BEHHO  M3MEHSIOTCH: 70%
HQS 04 = 0,03 MB/C, 20%
H,SO, - 025 wMmB/c, 10%

H,S0, - 0,33 MB/c, 2% H,SO,
— 0,57 mB/c. Haubonee ycroi-
YUBOE BO BPEMEHH 3HAYCHHUE

E«op Xpoma pocturaercs B 70% H,SO,4, uMEHHO 1 JaHHOM KOHUECHTPALMH CEPHOM KHCIIOTHI BIIH-
HHE 030HAa MUHHMMAaJIbHOE. [lonyueHHbIe pe3yapTaThl MOATBEPKAAIOT MPEATIONOKEHUE 00 YIaCTHH HO-
HOB BOJOPOJAa B KATOAHOM IIPOLIECCE BOCCTAHOBIEHUS 030HA [7].

CornacHo moy4eHHBIM pe3yibTaraM Tabi.l CKOpPOCTh KOPPO3HHM XpOMa AOCTHUracT MAaKCH-
majpHoro 3HadeHus B 10% H,SO,4 npu BBEACHHH 030HA CHMXKASTCA Ha TMOPSAOK. XOTA B LIEJIOM MOX-
HO OTMCTHUTB, YTO XPOM HaXOAUTCSA B COCTOSTHUM YCTOMYMBOM MACCUBHOCTH B CEPHOM KHCIIOTE MCCIIE-

OYEMBIX KOHLIEHTPALIHH.

[Ipn xOHTaKTE XpOMa C pacTBOPOM, COACPIKAIIUM KHUCIIOPOX, MPAKTHYECCKH BCE aTOMBI METAJl-
J1a U3-3a BBICOKOrO CPOACTBA K KUCIOPOAY OMOKMPYIOTCA KUCIOpoaoM okucauTens. [Ipu noctrxkeHun
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MOTCHIMANA, 0OECNEYUBAOIIETO MPOYHOCTE CBA3H, JOCTATOYHYIO AJIA MPOSBICHHSA XEMOCOPOIMOH-
HBIM KHCJIOPOAOM TOPMO3SIIErO ACHCTBHSA, aKTHBHOE 3JICKTPOXHMHUYECKOE PACTBOPEHHE MPAKTHUECCKH
[MOJTHOCTBIO NpEKpamaeTcs. XpoM HaYHHACT PaCTBOPATHCS 10 3aKOHAM, CBOMCTBEHHBIM PACTBOPEHUIO

EB

0,6

10 20 30 40 50 60 T, muH

Puc. 4 U3meHenue NOTEHIHAIA KOPPO3HHA XPOMA BO BPEMEHH C
o30u0M B H3;SOy :2%— xkpuBas 1; 10%— kpuBas 2; 20% — kpu-
Bas 3; 70% — kpuBas 4.

Fig. 4. Changing of corrosion potential of Cr with time with ozone
in H,SO, : 2% - curve 1; 10% - curve 2; 20% - curve 3; 70% -
curve 4.

METANJIOB B MNAaCCHMBHOM CO-
CTOSSHHUMU.

Takum oOpazom, xpom
B O30HHPYEMBIX pacTBOpax
CCPHOHU KHUCNIOTHI HAXOAHTCA B
COCTOSHHMH YCTOMYUBOU MAaC-
CUBHOCTH. BBeacHue 030Ha B
pacTBOpbl CEPHOHM  KUCIOTHI
CHIDKAKOT CKOPOCTH KOPPO3HH

Xpoma.
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