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Development and Performance Evaluation of Rail Fastening System
Using Non-metallic Materials Applied to Its Main Components
Atsushi MATSUO Tadashi DESHIMARU Yoshihiro MASUDA Minoru SUZUKI

A function of rail fastening systems is to fasten rails to supporting structures such as sleepers. In addition to
the fastening function, rail fastening systems are designed to provide a certain level of electrical insulation to
prevent rail current from leaking through the supporting structures to the earth. Despite this, some cases have
been reported where the electrical insulation of rail fastening systems has deteriorated in some installation
environments, resulting in transport disturbances such as ground faults and short circuits. Thus, we studied the
applicability of resin materials to the rail fastening components to prevent the reduction of the electrical
insulation. Based on the results of this study, we produced a prototype of a rail fastening system using resin
components and evaluated its performance. In order to evaluate the performance of the prototype, design
reference values were proposed to reflect the influence of the installation environment on the material strength.
The performance evaluation of the prototype based on the proposed value confirms that the prototype has the
performance to be installed on a conventional rail track.
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Elucidating ductile iron pipeline corrosion
in acid soil containing iron-oxidizing bacteria

Tokyo Gas Network Co., Ltd.
Fumio Kajiyama




Objective

To elucidate the mechanism of
ductile iron corrosion influenced

by iron-oxidizing bacteria
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Introduction




Dependency of pH on Fe?* oxidation reaction

pH pH <4 4 < pH

Fe2* oxidation reaction biological abiotic




Note on the difference between
iron-oxidizing bacteria and iron bacteria

" Iron-oxidizing bacteria (Thiobacillus ferrooxidans)
oxidize Fe?* to Fe3*and produce H,SO,,
pH 2,0-2,5

"lron bacteria (Leptothrix, Gallionella, etc.)
oxidize Fe?* to Fe3* to form tubercle near the
neutral pH




Thiobacillus ferrooxidans

4FeSO, + O, + 10H,0 - 4Fe(OH), + 4H,SO, + 32 kcal




Results and discussion




Field study

Corrosion survey of 200 mm diameter
natural gas bare DI pipeline in acid soil
In service of 17 years




Maximum corrosion rate along the pipeline
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Soil pH along the pipeline

pH

Min 3,73
Max 6,87
Ave 5,03

Below 4,5

---Extremely acid
M. Romanoff, 1957

|
e
=

IIJIIIIIIIIIII'IIlllllllfrllllllllltlil_

; |||1111111111|||||1f11||ir11||!||r|||1||||||l|||t|11|||[n|
10 20 30 10 a0

Distance along the pipeline-meter(m)




P/S and E____ along the pipeline

corr

36

P/S =563 mV

The most positive potential
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P/S—E

along the pipeline

corr

Average (P/S—-E

corr)
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Laboratory study

SVET

Bacterial measurement
EIS

Polarization curve




Scanning vibrating electrode technique (SVET)

Personal computer

Lock-in amp.

Stage controller

DC power amp.

Actuator

controller

X-Y stage

- Oscillator

Probe

Solution

|
Electrometer

Heference electrode

Corrosion
test cell




Fluorescent image of the surface of the DI coupon

(a) 72 hours exposure to
aqueous medium for
T. ferrooxidans
(control)

(b) 72 hours exposure to
aqueous medium
inoculated with
T. ferrooxidans.




Severe corrosion site coincides with habitat of T. ferrooxidans

DI coupon surface stained with
Hoechst 33258 after 72 hours
exposure to the T. ferrooxidans
—inoculated aqueous medium:
(a) under fluorescent lamp;

(b) under white lamp.

Arrows show the location of T.
ferrooxidans.




Anode sites coincide with habitat of T. ferrooxidans

Current density scan resulting
from DI exposed to the T.
ferrooxidans-inoculated medium
(contour map) .

Distribution of T. ferrooxidans on
DI surface exposed to the T.
ferrooxidans-inoculated medium
for 72 hours.




General corrosion rate from EIS vs. mass loss

® Active IB and active IOB/SOB soil
@® Active |IOB soil
O Active SRB soil
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General corrosion rate obtained from electrochemical
impedance spectroscopy (mm/y)

IB:

iron bacteria
I0B:

iron-oxidizing bacteria
SOB:

sulphur-oxidizing bacteria
SRB:

sulfate-reducing bacteria




DI coupon corrosion in |I0B soil

General corrosion rate : 0,59 mm/y

Number of bacteria
Time

Location IOB SOB SRB

mass ppm cell/g
n Bulk 2,82 430 8x10° 2x10%2 7x10

Electrode/soil 3,36 213 3X10° 0 4 %10

(day)

Bulk 2,88 480 8x10° 3x10%2 2x10




monitoring

R,'and E

corr

Ecorr (VCSE)
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EIS data on ductile iron coupon

(@) Initial

@ 3 Days

@ 90 Days
Surface area : 6cm?
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Polarization curves for DI coupon
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Mechanism of DI corrosion
influenced by I0B

Fe?* ions react immediately with SO,% ions
adsorbed on the metal surface to provide the

substrate of FeSO,.

Fe2* + 50,2 - FeSO,




Aerobic 10B grow utilizing FeSO, in the presence
of H,SO,.

[0]:]
FeSO, + 1/40, + 1/2H,50, - 1/2Fe,(SO,), + 1/2H,0




Mechanism of DI corrosion
influenced by 10B

In aerated and low pH soils,
the cathodic reaction is
1/20, + 2H* + 2e™ - H,0




Mechanism of ductile iron corrosion
influenced by 10B

H* ions react with SO,%~ions which migrate
towards the anode.
2H* + SO, - H,SO,




Viechanism of DI corrosion
influenced by I0B

Fe3* ions produced in this reaction (7) act as an
oxidizing agent to corrode Fe in direct contact
with the electrolyte to generate the substrate of

|OB.
Fe,(SO,); + Fe = 3FeSO,




Mechanism of DI corrosion
influenced by 10B

VIIThe substrate FeSO, of 0B will be provided in
early stages, perhaps by means of the cycle,

112H2S04 +1/402 Fe

fb FeSO4 »1/2Fe2(S04)s ——» 3/2FeSO4 41




A hydrolysis reaction of partial Fe,(SO,); may occur to form Fe(OH); and
H,SO,.The higher the pH, the higher the rate of this reaction. Obviously,
Fe(OH); provides a protective barrier layer on the metal surface, resulting in
the decrease of corrosion rate with time.

Fe,(SO,); + 6H,0 - 2Fe(OH); + 3H,SO,

Saturated Fe(OH); is nearly neutral in pH. The formed Fe(OH), promotes
increase alkalinity in acid environments. Therefore, the pH of corrosion
product is higher than that of soil.




Conclusions




Conclusions (1/5)

1) Field surveys have shown that severe external
corrosion of bare ductile iron pipeline as high
as 0,405 mm/y was observed in acid soil (pH
3,82, 27,2 Om) containing 10° cells/g-soil of
|OB.

This means active corrosion was occurring.




Conclusions (2/5)

2) Higher rate of graphitic corrosion will proceed
accompanied by larger (P/S-E_,,.).
The greater the value of (P/S-E_,,,), the greater

is the tendency for graphitic corrosion to

proceed.

where:

P/S : pipe-to-soil potential of ductile iron pipeline

E_,: brightened (not graphitized) ductile iron coupon to
soil potential




Conclusions (3/5)

3) Laboratory experiments have shown that
anodic sites are consistent with IOB’s habitat
in the early stages in the corrosion process.
This indicates Fe?* ions formed at anodes react
immediately with SO, ions adsorbed on the
metal surface, providing energy substrate FeSO,
of 10B.




Conclusions (4/5)

4) The activity of IOB can be mainly
determined by the relationship among O,,
H*, Fe** and SO,%".




Conclusions (5/5)

5) DI pipeline corrodes accompanied by H*
consumption.
The rate of the consumption of H* ions at the metal
surface becomes appreciably higher than that of the
supply of H* ions to the metal surface.

The formed Fe(OH), promotes increase in pH.
This reduces activity of IOB and corrosion rate with
time.
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