
Improv

S. Rama

1Surface

The Un

3 Mini

Weatheri

Ministry 

construct

normal w

of rust or

corrosion

patina in

exhibited

(from ro

disbandin

corrosion

contained

lepidocro

corroded 

FeOOH).

literature

effective 

reactions

FeOOH) 

its tenden

the catho

FeOOH) 

reduced o

 

Thus, the

under exp

weatherin

made to

weatherin

indicated

promote 

four new

Mo+P, 

concentra

Ni steel

(HPS70W

these stee

 

Tabl

 

Corrosion

A5 and a

Linear po

impedanc

Weath
CS

C
Mn 0
S
P
Si 0
Cr
Ni
Cu
Mo
Al(t)
Al(s)
Cb
V
B
Ti
Zr
Ca
Te
Sn
N

Element

ving the Co

amurthy1, D

e Science W

niversity of

istry of Tran

ing steel ha

of Tra

tion of steel

weathering c

r ‘patina’, w

n. Although

n most loc

d accelerate

oad salt exp

ng from th

n products 

d akagan

ocite ( -FeO

regions exh

.  These fin

e [1].  Aka

cathode t

s on the stee

will also a

ncy to dec

odic reactio

is thermod

only at low 

ere are stro

posure to d

ng steel.  

o achieve 

ng steel c

d that the a

the format

w steels were

Nb+B an

ations.  In a

l (3.35%N

W) were als

els is presen

le 1.  Comp

n behaviour

a modified f

olarization 

ce spectrosc

Control 
hering Steel - 
SA SpecH

9024-
(Mo+P

0.2 0.055
.75 / 1.35 1.453

0.04 0.001
0.03 0.027

0.15/0.50 0.51
0.7 0.56
0.9 0.31

0.2/0.6 0.31
0.37
0.029
0.026
0.002

0.1 0.077
0.000
0.006

-
0.001

-
-
-

orrosion Re
Steel Bri

D.W. Shoesm

and D. L

Western and 

f Western O

Canada N6

nsportation,

Canad

 

Abstra
 

s been used

ansportation

l bridges sin

cycles, oxid

which protec

h many of th

cations, som

ed corrosio

posure) wi

he parent 

indicated t

neite ( -F

OOH), whil

hibited grea

ndings were

aganeite is 

thus increa

el.  To som

accelerate th

ompose an

on process. 

dynamically 

cathodic po

ong incentiv

deicing salts

In this pro

this throu

composition

alloying ele

tion of the

e cast contai

nd Ni+Cr+

addition, a 1

Ni) and an

so investiga

nted in Tabl

position of t

r was inves

form of the 

resistance (

copy (EIS) 

-2 
P)

9025-2 
(Ni+Cr+Mo)

902
(Nb+

5 0.055 0.0
3 1.43 1.4
4 0.0012 0.00

75 0.005 0.0
0.53 0.5

6 0.49 0.0
0.71 0.
0.35 0.3

7 0.37 0.2
9 0.031 0.0
6 0.029 0.0
2 0.002 0.0
7 0.077 0.0

03 0.0002 0.00
69 0.0037 0.0

- -
4 0.002 0.00

- -
- -
- -

Steel Sam

esistance of
idges 
mith1,2, C. C

Lai3 

2Departmen

Ontario, Lon

6G 0J3 

, St. Cathari

da 

act 

d almost exc

n Ontario 

nce 1968.  T

dizes to form

cts the steel

hese bridge

me bridges

on over the

th the corr

steel.  A

that the cor

FeOOH-Cl) 

le the unco

ater amount

e consistent

porous and

asing the 

me extent, le

he cathodic 

nd reform, t

 In contra

stable and 

otentials. 

ves to form

s to reduce t

oject, attem

ugh the m

n.  A lit

ements Ni, 

e goethite. 

ining the al

+Mo at s

12% Cr stee

nother com

ated.  The 

le 1. 

the steels in

stigated usin

GM-9540P

(LPR) and 

were also p

26-2 
+B)

9027-2 
(Ni+Cr+Mo)

3

051 0.046
44 1.44
014 0.0015
004 0.005
57 0.48
025 0.71
.3 1.2
35 0.31
28 0.47
026 0.024
024 0.02
035 0.003
004 0.005
047 0.0004
036 0.005
- -
014 0.0018
- -
- -
- -

mple Code

f Weatheri

Coomarasam

nt of Chemi

ndon, Ontari

ines, Ontari

clusively by

(MTO) 

This steel, u

m a tough l

l from unab

es exhibit st

s have rece

e driving l

rosion prod

Analysis of 

rroding reg

and s

orroded or

s of goethit

t with publi

d can act a

rate of an

epidocrocit

reaction du

thus facilita

ast, goethite

can be part

m goethite 

the corrosio

mpts have b

modification

terature rev

Cr, Mo an

 Conseque

loying elem

lightly gre

el (A1010), 

mmercial 

compositio

nvestigated

ng ASTM G

P salt spray 

electrochem

performed. 

3.5% Ni
High Cr 
A1010

H

0.1 0.03
0.5 1.5 1

0.001 max 0.005 m
0.007 0.04
0.22 1 0
0.1 12.5 0

3.35 1.5 0
0.12 0
0.02 0
0.018

0.001 0
0.002

0.002

max 0.030

ing 

my3 

istry 

io, 

o, 

y the 

for 

under 

layer 

bated 

table 

ently 

lanes 

ducts 

f the 

gions 

some 

less-

e (α-

ished 

as an 

nodic 

e ( -

ue to 

ating 

e (α-

tially 

even 

on of 

been 

n of 

view 

nd Ti 

ently, 

ments 

eater 

high 

steel 

on of 

d 

 

G85-

test.  

mical 

 The 

HPS 70W

0.11
1.10/1.35

max 0.006
0.02

0.30/0.50
0.45/0.70
0.25/0.40
0.25/0.40
0.02/0.08

0.04/0.08

corrosion

scanning

dispersiv

spectrosc

 

The resu

and the 

resistanc

the net w

ASTM G

shows th

3.5% Ni 

the net w

use.  In a

Cr steel) 

These re

measurem

incorpora

A1010 st

of goethi

presently

 

Figure 1
exposure

weeks. 

 

Referenc
[1] Des

Process U

Ind. App

n product 

g electron 

ve X-ray a

copy, and M

ults from th

effect of 

e of weath

weight gain

G85-A5 test

hat the new 

steels exhi

weight gain

addition, th

is negligibl

esults are a

ments.  

ation of ch

teel and the

ite phase fo

y used. 

1.  Net weig

e to the AS

ce 
smond Coo

Using Spect

pl. Mössbaue

layers w

microscop

analysis (S

Mössbauer sp

hese invest

alloying e

ering steels

ns after 4 

t are shown

steels such

ibited appro

n by the we

e net weigh

le compared

also consis

Surface 

hromium in

e presence o

or the new s

ght gain on

STM G85-A

ok, “Unde

troscopic Te

er Effect, pa

were chara

py coupled

SEM/EDX)

pectroscopy

igations wi

lements on

s discussed

weeks of e

n in Figure 

h as Nb+B, 

oximately l

eathering st

ht gain on th

d to that on 

stent with 

analysis 

nto the oxid

of slightly g

steels comp

n selected st

A5 test for

erstanding 

echniques”,

aper T2a104

acterized u

d with en

, laser Ra

y. 

ill be prese

n the corro

.  For exam

exposure in

 1.  This fi

Ni+Cr+Mo

ess than ha

teel current

he A1010 (

the other st

electrochem

indicated 

de layer for

greater amo

ared to the 

teel panels 

r a period 

the Corro

, Proc. Int. S

4, 2000. 

using 

nergy 

aman 

ented 

osion 

mple, 

n the 

figure 

o and 

alf of 

ly in 

(12% 

teels.  

mical 

the 

r the 

ounts 

steel 

after 

of 4 

osion 

Sym. 

Abstract #1734, 224th ECS Meeting, © 2013 The Electrochemical Society


