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Measurement of the Corrosion Rate of Zone-refined
Iron in Weakly Acidic and Neutral NaCl
Solution by the pH-static Method

Takashi MoOROZUMI

Abstract

The corrosion rate, the corrosion potential and the polarization curves were determined
in the H,-saturated NaCl solution under a condition of constant pH maintained with the
electrochemical pH-stat. As the previous investigators pointed out, the corrosion rate
varies in proportion to the —0.5th power of pH and the corrosion potential moves toward
a more basic potential by the amount of 2.303 RT/F per each decade of pH in the pH
region less than 4. However, the change of corrosion rate at higher pH is rather complex;
namely the rate changes in inversely proportional wise to pH at pH 5, becomes nearly inde-
pendent of pH at pH 6 and decreases rapidly at pH higher than 7.

These variations of corrosion behavior according to pH were explained by postulating
several different reaction steps which control the reaction rate of the local anode and the
local cathode of the corrosion cell. ‘

The degree of hydrolysis of the dissolved ferrous ion was also determined under the
same experimental conditions as in the corrosion studies. It is found that the formation
of FeOH" complex-ion is remarkable in alkaline solution but insignificant both in neutral
and in weakly acidic solutions. A new method for determining the hydrolysis constant

of metallic ion was devised by utilizing the electrochemical pH-stat.
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Fig. 2. Corrosion rate as a function of pH at 70°C.
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Fig. 3. Corrosion rate as a function of pH at 50°C.

¥ OORBEMETOBAEIETHSE0 D, BRERMI Fe? 44 v L LBRE—EETHD, LT,
WAL 1 pAfem? 11 2.5 mgFe-dm~2-day ! O ABECHYMT 5



314 ® O = 6

FITHOL TEAT 2 E BHLCEE 2 WY, LaL, EHEEBMc LN TASLE, pH
B X o T RERE > pH ORI D B L T b 2 EMbnd, ok ziE, 70°C Itk
T HMESR R A BB L, R pH 3 7eu L 45 ofi Cik Cur 043E —0.5 I B,
pH 4.5 235 5.2 1@ A F Tl — L0 T il 2 2%, pH 6 {437 ik pH iz X A 2Lk — B IR
NEL T, PHE ##x 5 E WO+ 5 &0 5 \HMREESN RS b, 50°C i) 5 7E
FERL Tz S TR L5, 70°C D8 & & R ZE LB b b,
SR s TR O I AEIE S pH © 05 Il T A T 4 2 &k, TTKC
Bockris —J&?, Hurlen® 7¢ 5 G Kelly” 7 E D 9e3C X » T ik o s R L -
TR N Ty, COERIZ L > ToD o EEEIREK, /i, X9 Lhkcime
pH oo pH Z2bicou Tk, Zha Wb L& L R4 o, Bk

Corrosion Potenfial

o Satd Na CI 70%
400 o 3M
YT x M
e 05M
W
I
z X
® -500 ¢
2 AN
- X
\
°
Q
f =
[«]
‘> -600- N
[=]
: [ ]
o
[&] X
o R
J | | | 1 |
3 4 5 6 7 8 pH

Fig. 4. Corrosion potential as a function of pH at 70°C
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Table 1. Corrosion rate of various irons
and steels in half molar sodium
chloride solution at 70°C

Corrosion current
. density (#A/cm?®)
Specimen
pH=4 pH=6
Zone-refined iron 100 10
Armco iron 165, 174 8.5, 10
Mild steel hot-rolled 110, 125 7,6
Mild steel cold-rolled | 170, 240 10, 11
Drill rod* 170, 160, 125 10, 15

1.2%C, balance Fe, water-hardened.
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shift of corrosion potential (schematic illustration).
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Fig. 11. Proportion of hydrolyzed ferrous ion, FeOH~*, to
total dissolved ferrous ion as a function of pH in
half molar sodium chloride solution.
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