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Structure of the Rust Formed on Low Alloy Steels in Atmospheric Corrosion

Hideya OxaADA, Yuzo Hoso1, Ken-ichi YUKAWA and Hiromitsyu NAITO

Synopsis:

Use of reflected polarized light and crossed nicols in microscopic observation of the polished cross—
section of the rust makes it possible to distinguish optically active layer (FeOOH) and optically--iso-
tropic one in the rust. In the atmospheric corrosion resisting steel, the metal surface is almost com—
pletely covered with the optically isotropic layer after long periods of exposure to the atmosphe e

The experimental results of X-ray diffraction and cathodic reduction of the rust indicated that this
optically isotropic layer was composed of amorphous spinel type iron oxide. This amorphous iron oxide
is considered to be a polymeric ol-compound. The enrichment of Cu, Cr and P in the optically iso-
tropic layer was found by means of electron probe microanalysis.

It was deduced that the significant corrosion resistance of atmospheric corrosion resisting steels was
attributed to the formation of this amorphous layer. Alloying elements, such as Cu, Cr and P, are

possibly beneficial to the formation of this layer.

(Received Aug. 15, 1968)
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Table 1. Chemical compositions of steels used (wt%).

|- ! c | osi Mn I P S ! Cu ] Ni | Cr
Plain carbon steel i A | 007 | 0°0f | 035 ﬂ 0-007 | 0022 i 003 | 002 | 0-02
B | 009 | 0-20 | 0-50 l 0-009| 0-021] 035 | 005 ’ 0-12

Low alloy steel , a
c | 013 | 046 | 037 |om3 0-027 | 0-32 | o021 ‘ow
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Fig. 1. Reflected X-ray- diffraction profiles of steels exposed in

industrial atmosphere for 5 years.
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Photo. 1. Microscopic obs:rvations of polished cross-section
of the rust on steel B. X450 (2/3)
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Photo. 2. Microscopic observations of polished

cross-section of the rust on steel B.

_ : X450 (7/9)
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(a) Reflected light
(b) Reflected polarized light and crossed nicols

Photo. 3. Microscopic observations of polished cross-section

of the rust on steel C. X450 (3/4)

(2) Reflected light -
(b) Reflected polarized light and crossed nicols

Photo. 4. Microscopic observations of polished cross-section

of the rust on steel A. x450 (2/3)
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N.I.L.

20 L

N.1.L : Nonilluminated layer
I.L.  :Illuminated layer
St. : Steel

The boundary between these layers is‘roughly- shown on the right side of photographs.

Photo. 5. Scanning X-ray microanalysis of the rust on s.eel C.
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Fig. 2. Linear X-ray microanalysis of the rusts on steel B and
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Ferroxyl prints of rusts on steels -exposed in various atmospheres.
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b Photo. 6. A scanning electron micrograph of low alloy steel showing the
metal/rust interface. X300 (5/7)
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’ Photo. 7. A scanning electron micrograph of plain carbon steel showing the

metal/rust interface. X300 (5/7)
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Fig. 4. Change of potential with time during gal-
vanostatic cathodic polarization of the rusts
on steel A and B at 80pA/cm? in 39, NaCl
solution. A number in parenthesis shows
the years of exposure to atmosphere.
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HNOFENTWD “SUDOFEIS” 04 2 —2THY,
DX 57 3RITTHIHE BB % b DI E S XN EE
KThdILBEHCEETES.

L7230 T DB RAN R & FALLD R A B> DG
WX DTCLOMEPREEES LAY, HDWIEE BT
A THREMER €300 (FesO,) 4TI, {LERKEAD
Il 5 VIR DI X o TR 2L CRae 7 7
v P DB NEOBICA D EEEIBEDND EEXD L
BTED.

Rt DR B O X O IIEE S O FeyOu 3%\ 8
i Cl 4 F opd — iU L, FRafbhrREs
N5 LRET S EHESINS.

F 7o by U7zl A 72 G, IRImmmRoERER O X
SIHEETES.

MHEERMOIEGEMET 7 = v o v Z BT —U{LED
CHEINAMNID Fe2r 44 i@ —HEH LTwb
Cut* A & L IIHETF HOBIFHRIVEERET H &, #HE
g oREL, Vo ZUEESROBEAESRIGEZN
S LOWTHRESEA LA VOEREEET S VWS E
EREHEELTVWEDTHASS.

bbb OARKREBRHERICIB L, #90°5% o Cr B
HIRINSAOE A EI BT U T% { (LARRABEED [7]
FROBERZEBTBD) 2D FeOu DEFENE V. &
Wt Cr A4 UpBR(6)DTznyy VEFOEREYE
ST BEREHE O L ERLTWS.

L7332 T Cr & Cu OFBFRIMC X2 THIDTEHEE
DIEGEEWHE(T = v ¥y 2B — VL&) OS]
FEC 7 DITHEMEDSZE L M LT % LFIRTES.

THEMEEERIC SV TERETREL 5 —oDEER
21X SO, HWAOEETHS. L<{ALNIXSTE
MO EIEREILE CI TS5 XD SO, DI
WHTHEFILD S bbb, LENERE MO XUFoO

*OEA I g3, 3 EORESOTE (EER) 13170°C £

ETHRBLEEDEOBIKRG2ET M, COBRIESNTOR
DOHKRZEY, Lo TREKOEKARGIREROC & SBKES

RETh 3 L.
>Fe-OH+ HO-Fe< — >Fe-O-Fe< +H,0

SOy~ DAEEIL 3~6% THHD®, ZOZrpb
Copson'®3 Cu % Ni OFHRE L THRIFHERBREDOR
BRx% 218, bbERBREITETE SO Of
H)3, ROBLED EF LEHEEFD L L TOFERIC
X BBAEOHMKS X OCHEERTE RO A A VR
LD EHELTVS.

5. &

T & LCTENETET 5 5 ERBHO X VOBE R
L7255, IROBAPBE L, ITHE DT,

(1) EF=a LV FTRIEZAVTEOBERET
DL, FELIHEEITRDER (BKE : FeOOH &)
LB T BIEFR (EIEfE : FeOOH LI DRELM/E) »*
D XH5ERILTHESNhS.

THE MR DIE 4V, FeOOH B3 X U LI DBIF
L, FTRIERBEELELEE TN TWHDICKL,
ETEME L OTHEER T L RHRMAEOE VDX, HEgk
Lz EEE FeOOH MEfET 2B E . Higk RIZE
# FeOOH #p4m¥ 5561, SURBILY 7 v V3%
WZltE,Cuk— VvERBRE I OB X o THERL -

(2) XEEFiCLDE, MEERROSICE» LI a
-} X0V 7 -FeOOH 23fHiEn, FeOuiligz & A Kl
XNV, BIRETHEILISE, v V24214 FOET
EALCHY T A EMERHHPIERICRL, »oL D&
TEREEBOBRTCH DT 2R LOT, SERE

ol

| OFREIAD & O FBIC b 5 RE IR, X
R A VRGBT S D EE X 5N D

(3) X4 707+ ) vRICESE, THEMERET
DERMTETHS Cu, Cr, Pi I, XQOTE
OIELER GHERE) WiRfEL TVw5.

PAlo®EEN L, #EECOTFEICIE Cu, Cr, P
EOER Lo TARL bR E R € 32 v BIER{LEk A —
ek oTnwahodie, EROBEERNICEZERL Ty
HEEZEzBLNS.

COXBAZERED A ¥ 2 VEERLERT, A €2 VE
Lk DRREE S A — W (B DS WIE—EA F VIE) T
WEE LT = vy 2B — u{kAH (oxide polymer)
Thh, TOEBEEN H:O 2 0 @B LI VD
V3 oxide polymer 7% 3 RITHWHEIEEZF TS5 &1
HET? LHEINS. Zhd “TCBORES" OR
BEThHb.

EIMTEDS S, Cr BA R ILEMOLERERS
L, Cu RZDR I MELEMDOIEREL, BETH

* ;-FeOOH RBu#E@AN S5 LER L2 T2. £E, HREH
I HTEMEDOEH ;-FeOOH BB ETHENSHEVE.

— 920 —

23



o

»!

-

r

[ I NS

D E 365

EEGILOEECEFEEL TW5H LHESHD.

LEBM T EROF —MELEMOFERER, SHITE
ATHEGREER € 30v (FesOp) BT % /oD Mg 24
C, RaR 2 7 v 4 BPER LR T WD IKBRRIEDE
BRI BEWEEZLND.

B D ICEENEFHREETEOREIC OV TTHA
2 AREFRASHCEMOBEZRT D L & DI,
AWK U CTHRABFRE, BIE 2507k B=—RRRf
ER I EERHEMTRICRSBEHLET. KM%
BT 7 0 BT EBITH T S N HBIRSFARICE <
BILBLEFET. |
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