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IONIC TRANSPORT NUMBERS IN Cr;0;
SCALES AND REACTIVE ELEMENT EFFECTS

LIU Hong® M.M.Stack S.B.Lyon
(Corrosion and Protection Centre, UMIST, P.O.Boz 88, Manchester, M60 1QD, U.K.)

ABSTRACT A study of ionic and electronic partial conductivity of the CrpO3 scales was carried out
by the asymmetry polarisation technique. The Cry 03 scales were selectively pre—uxidiséd on Ni—20%Cr
alloy with and without yttria additions in hydrogen water vapour at 900 C. The results revealed that
there were two main regions for the temperature dependence of conductivity in the range of 300 to
900 C. Below 700 C, the Cr;03 scale was a mixed ionic and electronic conductor. The activation
energy was 0.6eV for electronic conductivity, and 0.3eV for ionic conductivity. The ionic transference
number decreased as the temperature increased. Above 700 C, the Cr;Oj scale was an intrinsic
electronic conductor with a corresponding activation energy of 1.7eV. The data strongly suggests that
the presence of the reactive element in the scale reduces the concentration of mabile ionic species, thus
lowering the ionic transport number.
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Table 2 The concentrations of ionic carriers at different temperatures and potentials

108 cm™3
Cr;05 film Cr20; film coated Y;0,
t/ T 300 350 400 500 600 T00 400 500 600 650
20mV . 1.00 — 0.95 - — 0.15 0.576 0.55 0.60
50mV 2.63 2.60 2.25 2.10 7.50 B.76 0.776 1.38 1.65 1.75
75mV - 2.68 2.80 2.63 — 15.00 0.85 1.50 - -
100mV 2.82 3.03 3.30 3.85 8.45 - 0.65 1.50 - —
3 & w

L ERBRAET, Cr0: BE—TRAWEFRTELEMA HETFHY. BTF6EIET
BHTECRES AN 0.3 F 0.7eV. BT B HRMEBEMNF BT FRE.

2. FE 700 TUE, Cr0; EA—FRESRFIME, KB TFITBIBRGFLEN 1.7eV.

3. W LTRAEH EREAE Cr,05 MPHI M THRIGHE, HMERSHETFHESRAE T
BY, EHAHEEFREIBELBOELE. SRR s Th SRR HIELEE.
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Fig.3 The product of absolute temperature and conductivity of Cr2O; (a) and that of coated
Y203 Cr203 Scals (b) as a function of the reciprocal of absolute temperature
el
24 EIREEEGIE e
ER—HRTHRSEFTRTRIEHEE (n) FMEXTEBHRORB 9 6= niZiew. I
4t Zie BB FERBEPTH M A, "
#E Cr,03 R, BAEPAELE—FENE TR (Vi) FTEZTEL  BRTFHERKE
() M i WFERGPHTHIBHRMRE O Ji(m?s) 1= ni(m™?)xU(ms™?). i BFHRE
EREBHETFEINERE ii=Zieli =cie. Mk, BRBE e=-dU/dz.
RARFHEHESHHEAR (1, B8 Cr05 ﬁ‘f’ﬁ‘]ﬁ?%ﬁfiﬁ BFERLET. FAARTE
TR ] R, D B e
5(t) = tal( f) — i (1)

XE () REETRREE, ENENEY, « RSHETENETFEREE, i 28T
BMTESETFERSESN. WRNEMNRE. Hl, E—CHWEHRET, Cr0; Mo
AUEBNETFREOEETUATRES,

N = /[J — Ji(c0)}dt = (Ze)~ fow{i(t)-i(oo)]di

MSRE Cr03 A ETEMNEFHRIERE C°F FRE T, H2EHRTFEZATRORTES
A PAARH. Cr3t IKE n=N,V-1, F n; = (ZiedS)"” fo [i(¢) — 1(c0)]dt. M4k, V,d, S 4
YR Cro 05 BEAVARR, KR (2+£0.1pum) FIRER (R 12.7mm). e A B (16.02EC).

MFE2 T, # 500 CUATF, Cr0s PR TERIEEER LN 3x10%m™, EEREE
BEHATRAHI. 2600 CUE, n REHK BEERREET, 8 TEXSEIME, I
WKIBSW, EEPHETFHERMUSETESES TEML, BETAEERTS4E.
R2FPEE, HtTREAETFESENREEETEARMRMET ELBEFHRTRIETE.
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Fig.1 SEM cross section of Ni—20Cr alloy (2) Fig.2 Asymmetry polarization curves for
and Ni—20Cr alloy coated Y205 (b) ox- Crz0; film (a) and for CrOs scale
idised 24h at 900 C in H;/H;0O vapour coated Y,0; (b) at 400 C

2.3 BEFTBHATBIEMELLE
EEEREAAGERRN, NEOETIBH (F1) RH, Crn0; RERTIBHHER

BB T TOENT FIE. #at 700 CHY, §ULBIR AR TFEE, BT IBHF. WHEFHLH

B HETFIBHEERME. IELR TR aEEBO0 R FHREES. | '
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Table 1 Ionic transport numbers at different temperatures and potenticals
Cr, 03 film Cr;0; film coated Y203

t/ T 300 350 400 500 600 700 400 500 600 650
20mV - 0.50 - 0.26 - - 0.22 0.17 0.06 0.02
50mV 0.50 0.50 0.38 0.20 0.15 0.11 0.20 0.15 0.05 0.01
75mV - 0.50 0.35 0.19 - 0.10 0.15 0.12 - -
100mV 0:51 0.47 0.28 0.16 0.13 - 0.14 0.09 - -

Emﬁﬁﬁ?ﬁﬁﬁ, Cr;03 ﬁﬁﬁ%%ﬁiﬁi%ﬁﬁﬁ’i‘zﬁ (E 3a). EEBE, Cr,0; R
RHBSHETESEToE. HaTHRIENFLEY 0.6eV, BT Ee B IELRER 0.3V,
£ 700 CLLE, Cr,0s BRAE R F S, MMM R TBEARLN 1.7V, 5 S0 pEE
Cr,0; B T EILRE (1.6~1.8¢V) —B. R, MNEAETESERATEFSENGERFER
B (700 C) HIE L Cr0; KiF%. BETRFEEETIBEMLLE, HEEREETFEEE
(B 3b). Tox s FEBIBOUFREABER.
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Cr:0; MBRNMTHREENERFEHLR, TR Cr,0, B0 4 KRR,
Cr:0s MESMYARR, AHEEEL. BS%K (S) RRRIALE LD FEEEH L
EEZW. BEMHRER Y, Cr05 % >1000~1200 CEHRAER FSH, HATVM ELaE
A 16~1.8eV. TMBHMAT, Cr.0; B SREM THRRMNIEATRE, KA EEH 2Rk
% 1”l. P.Kofstad #ik Cr;05 MAHBRBLHAEE. (1) EREAIHLNERE (MO|Gas),
Cr20s R—HEBRTIE; (2) EREEASELBIE (MIMO), A EEF Cra0s MR
E, SO TFESRGSRET, EEMSRKRER Ot R, BAENTITE I~ +
BRMER, RARBORDETE. SRIMREKHOTLMAS, LEREMEE -
HEREEHRADERRNES. Bl EEBIAE Ni-20C RETERAEILMG 6 SRR
BFEBAR, XFTH Cr.0, May4KHERE & X4

1 & ® ¥ %

i REERER 12.7mmx3mm § Ni—20Cr 24, R4 (mg-g=) H:  200Cr, 0.01Al, 0.02Fe,

0.02Mn F1 158i; R4 Ni. RWSHEFEE, A Lum SRIDFMIE, RSET 900 CHIEHH
REFF, F Hy/H,0 #F (Po,=31(Pa) 4k 24h. BIFHREK Po, /NF NiO BEKTF Cr,0,
WITRREE. FTLAICBUA Zei 4 4 8 —f Cr,0, . RIEBREREAG ALK, BE—BRER
0.5mm By Ni-20Cr ZAEHHWFIL. HWHEBI—ES 127mm WE K. ERPAE—ER
0.5mm KL R EHTIL. 0B s g, ATELA N RS A BB AR B Ean.
(-)M|MO|[Pt(+). X2 “|" RFEMHE M SHM MO MMWRE, «| " REABESHER
ZEEFE. HRBWEA—ABER At AT RS

¥ Y203 BK (~1pm), HEFZRFHIR 1oL BEW, MBTREEHATREL. T
RIS, B Y0, BgNH (~1.5g-m~2) HFEME.

2 & R 5 W ®

2.1 Cr;0; BHWTEEEH

BRI RS Cr,05 BHETHE, ¥ (H 1a). B Y,0, SERMEENNS. =
¥ B4 2um(BE 1b).

2.2 fEEArER - E(Edhss . '

BB 2 ATFE 400 CBY, ELEMESNT, SYEAEYEREERIZSER RE
BEF-MEEEL BRHLE, SRERGIBE KRB RN,

# Cr,0; B, EWEBHTHEFRETFEN, UTHETFREEATERR. £
BHEAT, ENENE, BEFRK, TELER Co+ BE AR (M|MO), TIBEEFaLp, =
BE 2 PrivEZE . BEER (MO||Pt). B THERE—TEESEMR (Ion Blocking Electroole),
FREREHEET, MEGORBENERTF. F, S5 —BiEE, BrEAL, R
BEBHEROE FERERES. BrOBERAAEEFREFERE. Hilk, EaaK
LRI I (L) MBS ET (Iso) EIHIE, REBTER L. #AHEHEFEER &
THERMBETEBE. B =i fe=iw: ti=ai(0i+0e) ™! =(io-ic )ig .
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