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Structure and Corrosion Protection of Rust Layer Formed on Pre-rusted Carbon Steel Covered
with the Reactive Paint Coating
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Effect of Al ion on the structure and corrosion protection of rust layer on a carbon steel has been examined. It was
found that coexistence of Al ion in atmospheric corrosion environment leads to preferential formation of «-FeOOH
structure in the rust layer. Addition of Al ion into heavy-duty coating brings the structural change effect to the rust
layer; that is, residual rust consisting mainly of 2-FeOOH and Fe,;0, on salinity-pre-corroded carbon steel can change
its structure to ¢-FeOOH considerably after applying the heavy-duty reactive paint coating. This change in the
structure of rust layer results in higher corrosion protection properties of the reactive paint.
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Fig. 1 XRD spectra of rust layers formed on the carbon steel
after SAE J2334 wet/dry cycles. (a) and (b) represent 5s
dipping in a 1M Al,(SO,);and in a deionized water after

dry stage, respectively.
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Fig.2 Surface appearance of carbon steel plate with brief
surface-cleaned rust layer formed after 12h salt spray test
(a), and those of reactive paint coating (b) and
conventional heavy-duty coating (c) specimens after 720h
salt spray test. In (a), little adhesive rust was removed by
a wire brush before the observation and the coatings.

Fig. 3 EDS analysis of rust layer on the carbon steel plate formed
after 12h salt spray test. Little adhesive rust was removed
by a wire brush before the analysis.
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Fig.4 EDS analysis of rust layer on the carbon steel plate with
conventional heavy-duty coating after 720h salt spray test.
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Fig. 5 EDS analysis of rust layer on the carbon steel plate with
reactive paint coating after 720h salt spray test.



96

yaAAy FMEARICEELZEEZSNDBIEOEE
WRDENDBD, FighDFe BL PO D fizeR5 &
SRR im BETH Y, BEOBHEAM O S
VEESICHRTEVERIZEAEEINL ThwianeE#
ZAbN5. CloGsfmnrs, WLWA 4+ 2330 EELEF
TRALTWSA, SUCRHANOELY A 4 IR
Vv, =75, AlOSFEDS, RINL7Z AP A4+ i3z ez
oy MREEEO SORBIZEILLTWA, AP A4 F 27 s
2 LT 2 &, MK T LBEICERE L - S OB
R T A EHWE Y ENTBY, SRR
BV TOBELRSVBEZER L EEZ BB L5
LEbNS.

iR R B L OB R B o7 a0 A v
I 25 OBE IR Z Fig.6 (R, B EEREL T
Bmm bORKEZBIEIWE SN TS, RREF %
A B D FEFE LRI E T pm DIEWIRAT X O AR
LTBY, B A+ 25020 SURBPEEOMRM
ZHF5 L, BUNCHBERRLZRESELEEZOND.
—%, RISHESEERE TR, WE LT XTORIE
B THY, BEIVCRBLEICEALZICL 2SS
BROBNDFEAEL T iw, mial L7zX 912, SST #
THO IS ER R AT 5 SO BE S 135885t
BMOSVRBIES LIZIZFASETHL. INHDOT Enb,
FOSTESE BT O S O IE, SR O Fnic
N, BEOREICES LAVAEELZICETHY,
LLABEZIHIT 2R EHTLIDEEZLNS,
FEEEBLEAM I L OF SST # T # o ik ik, BUs
TESEFRER 0 XRD 12 X 5 X TR o & Bk
% Table 112777, HBEMORBFHMLRMITBEL Tz
SR H ORI S O S I, 7HH5ATA P BIU~
TATAMNHBERTHY, TNENHEGBLU 350
1RBEE2LDL, ZOZ s, —EDESIDHKEIC
BN IRE T AT L2202 tWA + > 0%
BEAWMZT L L LB, S UD AR L SR &
BTG EMET L2 —ERD< 7 2% 4 Mok
WLz DEHENTE S,

Z O S REDFRAFE U 72 IRRE THe2E U 72 BOSVE 8RR R
F O SST#THO SRR E L7 —3 A4 F2SERT

3.5

l O Conventional coating @ Reactive paint coating
3.0 [}
g 25
-
g 20
=
= 15 0 O n|
St
2
210
m
0.5 1 {1
C0e—@8—o —@8 —e —o —0 —0
1 2 3 4 5 6 7 8
Position Along Cut Line
Fig. 6 Blister width measured with 10mm pitch along the cross-

cut line of reactive paint coating specimen and that of
conventional heavy-duty coating specimen after 720h salt
spray test.
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Table 1 Crystalline rust constituent of rust layer formed on
SS400 carbon steel plate after 12h salt spray test and
brief surface-cleaned, and those formed on reactive
paint and conventional heavy-duty coating specimens
after 720h salt spray test.

Quantitative XRD Evaluation (%)
Crystalline Rust Constituent| Saltsprayed | Reactive paint | Conventional
carbon steel coating after coating after

before coating 720 SST 720 SST
o -FeOOH (Goethite) 11.1 67.4 40.5
B -FeOOH (Akaganeite) 49.3 11.2 1.7
¥ -FeOOH (Lepidocrocite) 43 12.6 0.4
Fe;04 (Magnetite) 35.2 8.8 51.4
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Fig.7 Ternary diagram of crystalline rust constituents of rust
layer formed on SS400 carbon steel plate after 12h salt
spray test, and those formed on reactive paint and
conventional heavy-duty coating specimens after 720h salt
spray test. Active, Inactive and Protective regions of rust
layer in literature '” are also shown. Each specimen was
prepared by coating on the rusted carbon steel whose
little adhesive rust was removed by a wire brush in
advance of coating.
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