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Water Permeability of Rust Layer Formed by Atmospheric Corrosion

Synopsis:

Jiro SATAKE and Taishi MOROISHI

Water permeability of rust layers formed on a carbon steel and a low alloy steel by atmospheric corro-
sion was evaluated by means of impedance measurement of the rusted specimen electrode in 01 M
sodium benzoate aqueus solution. Resistance of rust layer decreases with immersion time as the solu-
tion penetrates into the rust and finally attains a steady state. Initial and final values of the resistance
and also the time necessary to reach the steady state increase with increasing of the periods of atmos-
pheric exposure. These values are larger for low alloy steels than those for the carbon steel at the same
exposure time. The linear relationship has been confirmed between atmospheric corrosion rates and
reciprocals of the final resistances which provide a sort of measure for the porosity of rust layer. In
case of low alloy steel the deviation of the final values from the linearity is found and the initial
values come to agree with the line as exposure time becomes longer. It is supposed that corrosion
rate depends on the time of wetness which determines how large is the area on the steel surface
where the water reaches through the porosities and corrosion starts.

(Received Mar. 20, 1970)
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Table 1. Chemical composition of steels (wt 25).
- l - :
Elements i : ! [ ? i
m C i Si Mn u P S .i Cu l Ni
Low alloy steel 0-08 065 076 | 0-°069 0-019 I 0-41 0-21 ] 0-40 i 0-06
Carbon steel 0-08 001 0'36 | 0-007 0-019 .‘ 0-06 0-04 | 001 ‘ —
Table 2. Amount of dissolved Fe ion in air saturated  7°2 T#H 5. ERPEREZREAL, B8 BIRER

0°1 mol/! electrolytic solutions.

T~ Electrolyte CsH;COONa NaCl
SPm:mN ’
Bare steel 0-0129 0193
Rusted steel 0-0043 0-066
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Fig. 1. Schematic diagram of the apparatus for a meas-
urement of impedance of rust layers. R OFHRITISIT 5 EF 2 b, THRE
RS KEANILBETSE. ZoREMS L TREEE
T ; : EER RS, JEETOERMER ST ho03EIX
60— —— Low alloy steel ! | FUE: A Uj%%ﬁ“—ﬁﬁﬁbfi%@ LRICTHDH, TOHEE
5 T Corbonsteel - yairerTo - 23 ROBMZ LI RERDOHE y=18"5-147, fiHEikH o
2 40 gl == T Bt y=56/ (344D TEXBNE. £EL, »IIHERE
§E’ > /_/g""l | & mg/em?, ¢ RRMMEES DT, WEHCHE
=8 20 =5 oWeghtloss LT B EORORBMIZILE 3 2R ETRACENLT
$5 ] i - |° " WBB, TOBIBHE DEIICZELE <, FREEe
o 2 4 5 8 10 12 EBELNEV. HEHROANIBEREEDELZ bz
Time in month BTEEATIEEVWEWVWLISTHAS.
Fig. 2. Weight loss and weight of rust layer of low 3.2 gEONEEE

alloy steel and carbon steel vs time of atmo-
spheric exposure.
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(a) Carbon steel

(b) Low alloy steel

Photo, 1. Microstructure of the rust layers formed
by three months’ atmospheric exposure.
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Fig. 3. Calculation of resistance and capacitance of rust layer.
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Fig. 4. Change in resistance of the rust layers for-
med on a low alloy steel after various peri-
ods of atmospheric exposure with the time of
immersion in benzoate solution.
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Fig. 5. Change in resistance of the rust layers form-
ed on a carbon steel after wvarious periods
of atmospheric exposure with the time of

immersion in benzoate solution.
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Fig. 6. The proportionality-of corrosion rate of

steels to water permeability of their rust
layers.
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Table 3. Frequency distribution of durations of rain fall in the period from Nov. 1965 to Mar. 1969.
Duration of rain fal](hr) i ~2 2~4 1 4~6 ’ 6~8 | 8~]0 10~15 | } 15'\'20 120~25 | 25~
' |
Frequency 163 36 28 t 26 20 25 11 ‘ 4 3
Per cent 52-0 11-0 90 | 82 63 7-9 35 12 09
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