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Abstract

Evaluation of pitting corrosion propensity of supply waters was made by use of the BNF
electrochemical cell which was developed by British Non-Ferrous Metals Technology Centre
to determine the water capability to support Type I pitting in copper tubes. Twenty five
different waters tested include tap waters, natural well waters, artificial waters having
different chemical compositions and dilute NaCl solutions in the presence of organic corro-
sion inhibitors for copper. The cell assembly, condition of operation, interpretation of the
results, advantages and shortcomings of the BNF cell are described. The common types of
pitting corrosion in copper tubes were classified. Feasibility of the BNF cell application was
examined to waters prone to Type II pitting which is most prevalent type of pitting corrosion
in Japan. It was concluded that the BNF cell showed the pitting propensity of waters
susceptible to Type I pitting but it was not sensitive for those of Type II pitting. It is
suggested that morphology and coverage of corrosion products formed on the center and
surrounding anode elements in the BNF cell determine the water corrosive aggressiveness in
copper tubes.
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Table 1-(a) Chemical composition of the waters used and proportion of total current passed by
central anode element.

A B8 C D 3 £, £y €y Fa Fo G H H, Hy
Type of Pit Type I | Type I| Type II
p H 7.3 6.5
conductivity 372 117
Malkalinity 38.2
HCO§ 87 46.7 96.0 36.6 19.2 | 153.6 ] 76.8 153.6 36.61153.6 76.8 0 0 0
total hardness 61.6
Ca hardness 49 44
g hardness 17.6
(A 19 17.4 14.0 42.6 42.6 42.6 | 42.6 42.6 0 0 42.6 42.6 42.6 85.2
SOZ 39 1.6 21.1 76.8 76.8 38.4 1 76.8 76.8 76.8 | 76.8 0 76.8 | 153.6 76.8
NO§ 7.5
Sicg, n 32.0
total Fe 0.61
inhibitor Mo 37
TTA 0.8
HCO& /SOZ 2.23 29.2 4.551 0.476 |0.25 4.00 | 1.00 4.00 | 0.476 2.00
p (%) 61.7 33.8 281 4.5 1111 22.1 1 25.7 34.3 3.8 4,2 | 33.6 4.4 3.7 4.7
38.2 30.6 5.9 4.9 7.7
33.6 6.5 5.1
10.1
1.8
19.2

chemical component : mg/1 conductivity : uS/cm2




Table 1-(b)
I} I2 13 14 15 J K] K2 K3 K4 K5
Type of Pit Type 11| Type I1i{Type Il Type II{Type I1|no pit
pH 7.0 7.0 6.8 6.9 7.4 7.1
conductivity 295 140 107 185 70 1563
M alkalinity 35 18.0 34.0 22.5
HCO§ 35 18.0 28.0 22.5 26
total hardness 83 48.0
Ca hardness 68 32.5 | 31.0 33
Mg hardness 27.0
c1” 33 35.0 9.5 26.5 14 58 58 58 58 58
$0, 30.5 8.4 | 29.0 {13.0 | 31
NO§
5102 21.5 | 52.5 4.5 13.5 } 14.5 13
total Fe 0.05 0.1 0.1 0.1
inhibitor PA P-TDT | 7TBZ BTA TTA
66.0 31.2 1 20,1 11.9 13.3
HC03/50; 1.15 3.33 | 0.77 0.84
p {%) 6.3 5.9 3.1 2.3 4.4 5.9 1.1 3.3 4.7 13.6 38.0
10.4 6.9 6.9 3.7 8.5 6.0 2.1 4.2 13.6 | 15.9 40.4
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Photo.2 Granular deposits formed on the
center element in the typical Type I
pit propensity water (Table 1-B)

"

Photo.3 Leaf-like deposites formed on the
center element in the artificial Type II
pit propensity water (Table 1-D).

Photo.4 (a) Bulky deposit formed on the sur-
rounding element in Type I pit propen-
sity water.

(b) No deposits formed on the sur-
rounding element in non-pitting
water.
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