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Evaluation on the Protective Ability by the Potential of Steel with Rust Layer
Related to the Composition of the Rusts Formed on the Weathering Steel
Bridges Using Ternary Diagram

Shuichi HARA, Kazuyuki KASHIMA, Hirofumi KISHIKAWA, Hideaki Miyuxi and Toshihei MISAWA

Synopsis : The rust layers formed on the weathering steel bridges exposed for 2.5 to 18 years in both of mountain and seashore atmospheric environ-
ments in Japan have been characterized by the composition analyzed by X-ray diffraction (XRD) and evaluated on the protective ability by
the potential (Ey, ) of steels with rust layers corresponding to the corrosion rates. The fraction of rust constituents is newly described in the
ternary rust diagram which consists of y*; y-FeOOH(L)+ 3-FeOOH(B) +Fe;0,, X-ray amorphous substance (Am) and goethite(o-FeOOH)-
type oxyhydroxide (G). Exposure term dependence of the rust composition leads to the schematic progress of long-term growth of the pro-
tective rust layer in mountain atmosphere, rust layer is mainly composed of Am and the remainder; G rich (Stage III, 2= a/y*) via L rich
(Stage I, a/y*<1) and G, L less(Stage I, I=0/y*<2). Eg,  has been related to the change of rust composition and increased with decreas-
ing atmosphere corrosion rate of the weathering steel. The presence of deicing salt increases B and reduces the ratio of a/y* and Eg .
Therefore, o/y* is a good parameter for evaluating the protective ability of the rust layer in mountain area. However, evaluation by a/y* is
restricted to the application to the rust layer in seashore area. In conclusion, both of a/y*and Ey, ¢ are necessary to evaluate the protective
ability of the rust layer against atmospheric corrosion in various environments.

Key words : weathering steel bridge; atmospheric corrosion; potential of steel with rust layer; rust composition; goethite(a-FeOOH)type oxyhydroxide;
ternary rust diagram.
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Table 1. Condition of the weathering steel bridges investi-
gated rust layers.

Atmospheric | Mark | Bridge ; Location Exposure term(yrs.) Environment
environment | of salt deposition
’ | Tochigi 25 No
e a . Tochig .
b
[ b Hyogo 3 No
Mountain area < yog
o' ¢ Gifu | 5 No
R " e
; @ d Kochi | 7’ 85 much spray of deicing salt
g O e Gifu 8 a little spray of deicing salt
A f Hyogo | 10 No
|
A g Hokkaido 11 ! much spray of deicing salt
A h Kyoto 16 a little spray of deicing salt
R i Miyazaki 10 0.3~0.4 mgNaCl/dm?/day
Seashore area .
j | Osaka 17 0.1~0.2 mgNaCl/dm?/day
k | Osaka 18 0.1~0.2 mgNaCl/dm?/day
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with a battery
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(Ag/ AgCl/ KClsat’d)
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Electric contact

Sponge Rust layer

Fig. 1. Apparatus for the measurement of Potentials (Eg, )
of steel with rust layer formed on the weathering
steel bridges.
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Goethite( & -FeOOH)—type oxyhydroxide
100 mass%

a/r*=2

50 mass% /. 50 mass%

la/r*=1

=10yrs

100 mass%

100 mass% 50 massk

v %=y -FeOOH i Amorphous
+B8 -FeOOH (a+Am)/ y*=4 substance
+ Fe;0, ] (Am)

Stage I :0— Syrs., Am +y ~FeOOH rich ( a/ r*<1)
Stage I1 :5-10yrs., Am +7 —FeOOH poor( 1= a/ v *<2 )
Stagell := 10yrs., Am +a—FeOOH rich ( 22 a/r*)

Fig. 2. Relationship between exposure term and the rust
composition formed on the weathering steel
bridges in mountain atmosphere.
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Fig. 3. Relationship between the potential (Egs) and cor-
rosion rate for the weathering steel exposed for 1 to
32 years at industrial, mountain and seashore arcas.
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Table 2. Potentials (Ey; 5) of steel with rust layer formed on the weathering bridges.

Potentials of steels with rust layer
Exposure | Appearance Egrus (mVvs.SHE)
Atmospheric | Bridge| term of Outer Inner }
environment (yrs.) the rustlayer Web Flg. Flg. Web Flg. | Flg
/face /back /face /back
a 2.5 -250 -190 -274
b 3 - -212,-108 214 -107 -51
c 5 -262
Mountain |-10,+82, -101 -184,-3 -40,+11, -76,-54 +74,-71
area d 7,85 +24,-2,+26 -125,-132
micaceous | -136.:229, | 164
— -132,-141 |
o 8 -217 : ‘
|
+61,+82, -26,+2 +134,+64 +164
f 10 +132,+119
-40,-49, -19 -140 -79
g 11 8
micaceous =241, -165 ]
h 16 +14,+3 +19 -11 -26,-97, -75 -68,-87
[-43
i 10 52,411 -14,-147 -48 i-106 -69
Seashore j 5 |
area micaceous 2141 -160.-208 |-121
j 17 -90,-61 -34,-51 24 ! !
K 18 ‘ -70,-46 -58,-69 -53,-80 1-83 .54 -88
L I | L
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ErusZ—50mV), C (=50mV>Ey «=—150mV), D (Eg <
~150mV)D 45 U 7 IZE BT B L e L,
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Goethite( @ ~FeOOH)-type oxyhydroxide

70 mass%

100 mass%

70 massx 50 mass%
*= 9 —-FeOOH
r +2 —~FeOOH Amorphous
+ Fe 0, substance

A, +50=<Eg .
C; —150=Eg ,s<—50,

B; —50=Eg ,s<+50,
D; EgL/s<—150 (mVvs.SHE)

Fig. 4. Relationship between the rust composition and the
potential (Ey ) for weathering steel bridges ex-
posed in mountain area where particles of deicing
salt were sprinkled little in winter.
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Goethite( @ -FeOOH)-type oxyhydroxide
70 mass%

70 mass% 50 massk 100 mass%
v *=7y -FeOOH Amorphous

+B -FeOOH substance

+ Fe 04

A +50=Epus . B: —50SEq s<+50,
G —150<En s<—50, D; Ens<—150 (mVvs.SHE)
marks; o : B-FeOOH<S5 mass%

s :5 mass%= g-FeOOH

@ : micaceous rust(8 -FeOOH 7~13mass%)

Fig. 5. Relationship between the rust composition and the
potential (Egys) for weathering steel bridges ex-
posed in mountain area where particles of deicing
salt were sprinkled in winter.
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Goethite( & -FeOOH)-type oxyhydroxide
70 mass%

100 mass%

70 mass% 50 mass%
S Amorphous
r *;;_'I:::ggl:' substance
+ Fe30,

A +50=<Egys. B; —50=Eq,s<+50.

C: —150=Er/s<—50. D; Eps<—150 (mVvs.SHE)
marks; O : B -FeOOH<S5 mass%

5 mass%=< 8 -FeOOH

NE
m : micaceous rust( 8 -FeOOH 10~20mass%)
( m :i Bridge O © :jkBridge)
Fig. 6. Relationship between the rust composition and the

potential (Eg; ;) for weathering steel bridges ex-
posed in seashore areas.
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ErL/stmvveste) Potential Rank Table 3. Summary_of the correlation between the rust composition and
. s the potential (Eguss)-
50
]
+50 3 2 rm Stage I { I m
Stagell g, O l B -FeOOH |Air-bone| Appea;ance L?posure [
e c o ‘
>10yrs, 150 AP ) : ;J (mass%) | salt the rust layer| term 0~5 1 5~10 | 10~
2 , o ¥ .
-250 A : il (yrs.)
+150 s . aly* 0~13 [1.1~2.5/1.7~3.5
< little E—
StageI ‘% — Yo E Erus C/D B/C A/B
50 Mountain . aly* - ]0.5~1.5/0.8~1.8
A- [] a little — -
5-10yrs. -150 | 5 area Erus . B/C B/C
-250 e o] ‘ aly* - |os~1208~15
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rust : B -FeOOH<5 mass% (O ) At ErpsZ50 B: 50>Egpys2-50 C: -50>Eg o2-150 D: Egps<-150mVvs.SHE

§ mass¥=< 8 -FeOOH

by air-borne sea sait ( © )by deicing salt (A )
micaceous rust:

by air-borne sea salt ( @ ),by deicing salt (A )

rust :

Fig. 7. Relationship between the o Y*ratios and
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