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Compositional Gradient and Ion Selectivity of Cr-substituted
Fine Goethite as the Final Protective Rust Layer on Weathering Steel

MasatoY amasurra, Hideaki Mivuxi, Hiroo Nacano and Toshihei Misawa

Synopsis :

The compositional gradient and ion selectivity in the final protective rust layer of the Cr-substituted goethite, a—(Fe,_x,

Crx) OOH, on a weathering steel have been discussed by examining the spontaneously and artificially formed Cr-
substituted goethites. It was found that the Cr content in the spontaneously formed final protective rust layer increases
gradually toward the [rust/steel] interface. This increase in the Cr content decreases the crystal size of the goethite
and leads to a denser Cr-substituted goethite rust layer which provides higher protectiveness against atmospheric
corrosives. It also became evident that the goethite with Cr content higher than approximately 3 mass% possesses
cation selective ability. Thus, it is supposed that the spontaneously formed Cr-substituted goethite final protective rust
layer has the ability to suppress corrosive anion penetration, at least near the [rust/steel] interface where the Cr content
is estimated to be more than approximately 5 mass%. The structure of the [rust/steel] interface was also examined
by transmission electron microscopy and the presence of a thin interfacial layer was pointed out. A detailed structure
of the final protective rust layer is newly proposed with considering the compositional gradient and the structure of

[rust/steel] interface.
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Fig. 1. Raman spectra of the synthetic Cr-substituted goethites containing various amounts of Cr.
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Fig. 2. X-ray diffraction patterns of the synthetic Cr-substituted goethites containing various amounts of Cr.

Fig. 3. Typical examples of the TEM observation
of the synthetic Cr-substituted goethites
containing (a) : 0 mass?%, (b): 3.8 mass% and
(c) : 16.5 mass? of Cr. The electron diffrac-
tion patterns are also shown.
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Fig. 4. Raman spectra at the several points with
different distances from the [rust/steel]
interface, Ad, both in the inner and outer rust
layers formed on the weathering steel. The
Cr-contents measured by EPMA at several
points in'the inner layer are also shown.
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Fig. 7. Transport number of Cl-, t¢;,~, as a function
of the Cr content in the synthetic Cr-sub-
stituted goethite membrane.

2, CrEd & r™ s 32 1250, CriEifeumr —4 4
MEAFF RIBERERE D RIEL, T=F OB HE LI
WT22EFRLTOCE, ZOHFF 058G, HORE
EBBMOEEC X 3 LIRS b, RERSERIE, R/SH
HIZEDS CONTCriEmE N L, BT L a8
WECa L, BAA I LT aEaRY
72X OEBEIHT MRV RBET 2 L RRBLT
VB,

4. EE

4.1 CrEMMMTY—Y41 FREKEESUBOBHAKE
AR ES VBT H 5 CriE ety —H 4 M &9 T, R/S
REZETLEONTT —F A bDF = AR b VikfE
PETT 5L, BLOCrEREYHEMT 22 L»06, &
WEES B IERII MBI 2 A L, REIED S
DNTIHYEZLDCrPEA LI b L CriE#ar —
APl oERAINS LIRSS,
R/SHMEAHEDCrEHERMIZ, BECHFECIERT 3
Cr3*, Fe**{ # b 6l T 3 /KEEIEMD 1 + L FOBS
PLRRT S 2, AR

2Fe+0,+2 H,0— 2 Fe(QH), «-rrrrmrrrremeeeennies (3)
4Cr+30,+6 HyO—= 4 Cr(QH), cweererrenreeevenerennne (4)

DRIGC L b, 2 TFe(OH), L Cr(OH) ;. » 4+ 5 L& 2
LNb, Fe(OH),tCr(OH) ;DA #+ > #lE, Z#FN8.0
X107 L U 6.3X10° 31T hH b, MHEDPEEAMEIZKS
LRFEND B0, EOVTHRMEHFHOFLEE > v T L
1220 502, MHEDA A L FEROETHIBEMDCr(OH), 143
COWBEECIM LR T L, Fe(l) 4 A > B BE: TH
LT, #RELT, R/SRELEMET, Crifiis il
MPcEml kst Erons,

Cri BB U Aa s r—0 4 MESLV & b R T

B2 LEBIL TG, Cr(OH) dHHISHIIC® ¢ HbiT 5 2 &
POBMUPRETDH 5, Lk & 5, IEHT 5CrID) 4
FECr(OH); & LTI LT v, Mol L 7cCr (D 4
W= A DR R R T 61, Fer*D A
DIEFHCIERT, 77— A MEROERY 4 P2, #%
MRSy 2B S NA L FEL LS, LENZrH A b
- B A ¥ o ARBBALER > CrB WM, — ¥ 4 M ERRE
E3UVBL, REMTIUYLRENLT 2GBTS,
FERE D 67— 4 MR~ T 25882 TC, CrdlD 4 A
BT A MRERERRC L Y, BERYTH HCriE
B — 4+ OGRS SRR ORI MBI NS L F 4
L b,

TRHIR 7 5 i AR HEEE U B E S U D ERIEIENT )
RVEEHIEDG, & VML CriBiRy—F 4 2TgRE
T A5RMEAHETIE, S B OWHNEREEIT R K
BB, LEPoT, BREESURBOEKRE TR, B
FEHEOL L CERETHEEBEMDIE T 2 kv 2 57622,
Fig. 5 WRLRFe;O, BV ER T EHELLNE, ZOD
Fe;O, BB DFe Dl IXHI2.7TH Y, 3D T
HE7r—HA L OMDOEBFeOBMEFMTHS 2 &
1, KUl 2 4 g i 0 BRIk D R il vs R in 3 5 s
THMELPLT O, RUEAHECREREE S B ORISR
RC L VEBEROME P DL Y, Fe,O» RKEHE
TSHEBETH 22,

Fe;O, Lt FeO R I AV DIIREBEATALE L, #5555
iZBain®*® 5 > ldinverse Nishiyama-Wassermann?®®
BIRICD 535050, REOBAMRREBEFTHALZE L LN
Tv 32, FetMUL VL ROBEREELP AL T3
Fe, O, R T E & »%, BMRELEI PR LEFOESEEY
HEEIFTRLEELLNS,

—%, ¥13massBLl EDOCr¥ &K T 5 Crid s —
YA FPIBEET =4 OB BPIHIT 3 H F & VBRI
PET 5, TOAFF URREOHRBIZ A DB EBROM
oL 5 LEZLONBEY, Crid#ilyr—+ 4 b DCrig
WERMMCHES 7 =4 VBT 6 D FF VBRE~DE
ILOBHIZMFETIE R v, ULy L 76 Clayton 6 2792957 %
TV RAFDOANEERBC W TIEg LI L 512, CrO,%
DL LHFABIRERPRESEBAFUPHFEEL T
BLETUE, CrEfABEDIME &L b b F4 VB HR
W5 LRBMTI5, 36FEAOGK, Cridglsr—+
A MDA A VERER, pHOEEN SR TH 2 2 L #8RE
LT\ 329,

4.2 CrEBMBHRYT —Y 1 PRELRESUBOH L W E
BiE

ARFLLABONICHAED L, FIHRITRLINEREE
SVBOWEY, L Y FMIERT 2 LFig. 8 L k5, Bk
RESUVEIE, NBDOCrEWREHy —F 4 b Thad, 2
DCrEBEBR/SATAICES Lo T¥mT 3, 2OCr



BHEE G OB 2258 S C8 L MR T % CriB A — 4 A OEFHIR A & 4 % > ERIRAE

- Quter Layer

7 -FeQOH

Final Protective
Rust Layer
«—— JN-VITAL
(Intermediate Valence
Interface Thin
Adjacent Layer)

A &

Fig. 8. Schematic illustration of detailed structure
of final protective rust layer formed on a
weathering steel.

DIEFHAR A & b, R/SHEEAE T I3FF ol Tlod
BRARUWE L LY, ECHENREE R T S 5,
RIEEC, REASEDHK 3 massB U EDCrE&F T 4 fRIRT
BHFAVEINERET D, BEET =4 OEBY
PIEIT 2, 3 O ZCriBiRiiEsr — 4 PERMEESUROD
PR BE 7B %, Fe,O, B2 L B RES RO |
CAERRT B, 2 DFe,O M IR BAMEES TR LMOPH
J& F{fi (Intermediate-Valence) ¥ & L T b, 5 (Inter
face) \= 35\~ T i (- B4 L 7298 (Thin Adjacent Layer)
TharItho, FHLIWIN-VITAL(INtermediate ~
Valence Interface Thin Adjacent Layer) £ /R L 72, W
b, SEHTRRIRE LG LB 5150 (Vital) 24
¢ U1z(In; S BHoRT 5 450038 55, AR L L BB
n i,

A MEEPET A BARESIVBIEEDORIE
EEEB TSRS BEL A ¥ 2 kE{LE S UIE
Th 230, I ORELRCEES CBHREECEHE
L, WBRBEEENDE L ESILENA F VBRSR A

TAILY, ZOECHERNOELEHRTD 5 LR
Joend.
5. &=

HIRERIITH s B RESVRBCEATALERLL
CrE#y—44 F2HACT, RRST LA U 2L
Leni s, CriEffimy — 4 ME» L L 2BMEES TR
DR LR PR TE LS, UTOoWLvaAE
Bz,

(1) RBEESCBIRER LRI HEH L, #MED
REIESLIZONTE D 2L DCre&A L IcCriE ik
M —F4 oI OEER3I NS,

(2)7 =4 b OfEHLICrERBV MY 5 & ML
TA5ZEG, MEOREIETC 2N, & Y ECr
FBHr—34 POERINTCEEELLNS,

(3)CrEmEIHINT 5 1uoh, CriBisr —F A4 Mo

41

F A UBIREDPRIL,ERET =4 VOB R IHT 2,
EREZESUB T VT, REICET LI ONTCrERE
PIRMT AL b, WA R LD LT AEA
7 =4 OFBVIRIS N EHRPKRE (L5,

(4) B BESVRPOCroER S fids & U ET
MR ERE AN-VITAL) 2 5B L LEBMEES VB DO
MARERE PR L CRELI

AFFZEO—E, SCERE BRI E A B4 i SRR 2

MERHERE B O « L) GRS S 274) O RHHT%E
crbyrant, =44 FRBOERB ST =k
WL, SETREXHEFZHER, BERFRELo ¢
AR E OWh B vl wi, L TEHOBER
T 5%,

X 13

1) MEER, MIFHE=, BI#E—, WEkiE 8k L8, 55 (1969), 355.

2) ZIRMET, FEATIT, TR BRI, 23 (1974), 17.

3) ZRBE, IWTIEA, BBFEAR 2 TODH, 35 (1996), 783.

4) ZIREEFE, WTFEAN, RERER, F R, EFER 8k LM,
79 (1993), 69.

5) INFIEA, £ HE, REHER, ZIREE D HEL IR, 43 (1994),
26.

6) M.Yamashita, H.Miyuki, Y.Matsuda,
T Misawa : Corros. Sci., 36 (1994), 283.

7) HEHEME, AFRH, HREL, F4F B, Wk R, ENRE L
& BB R95FETESE, (1995), 391.

8) M.Yamashita, H.Nagano, T.Misawa and H.E.Townsend :
Proc. 13th Int. Corros. Cong., Melbourne, (1996), 265.

9) I THEHE, EBRECH | B EHUN, 28 (1979), 450.

10) I.C.G.Thanos: J. Electroanal. Chem., 210 (1986), 259.

11) A.Hugot- Le Goff and C.Pallotta: J. Electrochem. Soc., 132
(1985), 2806.

12) L.C.G.Thanos: Electrochim. Acta, 31 (1986), 811.

13) F.R.Beattie and T.R.Gilson: J. Chem. Soc., A (1970), 980.

14) G.Nauer, P.Strecha, N.Brinda- Konopik and G.Liptay :
J. Thermal Anal., 30 (1985), 813.

15) J.Keiser, C.Brown and R.H.Heidersbach: J. Electrochem.
Soc., 129 (1982), 2686.

16) D.Thierry, D.Persson, C.Leygraf, N.Boucherit and A. Hugot
-le Goff : Corros. Sci., 32 (1991), 273.

17) J.Diinnwald and A.Otto : Corros. Sci., 29 (1989), 1167.

18) J.T Keiser and C.W.Brown : Corros. Sci., 23 (1983), 251.

19) J.D.Bernal, D.R.Dasgusta and A.L.Mackay: Clay Minerals
Bull., 4 (1959), 15.

20) ZIRIETF . BAERBFES 2, 24 (1985), 201.

21) BAKE | KECKEEMRX, (1972).

22) M.Yamashita, H.Nagano, F.Guillaume and R.A.Oriani : Mate-
rials Science Forum, 185-188 (1995), 515.

23) ZRET  BHSEE T, 38 (1994), 408.

24) E.C.Bain: Trans. Met. Soc. AIME, 70 (1924), 25.

25) P.B.Sewell and M.Cohen : J. Electrochem. Soc., 111 (1964), 508.

26) F.Matsuno and Y.Ohmori: Trans. JIM, 29 (1988), 8.

27) Y.C.Lu and C.R.Clayton: ]J. Electrochem. Soc., 132 (1985),
2517.

28) A.R.Books, C.R.Clayton, K.Doss and Y.C.Lu: J. Electrochem.
Soc., 133 (1986), 2459.

20) INFIEA, % HEE, EFEX SRET BRI RIGHEEE,
(1996), 433.

H.Nagano and

453 .



