Effect of Sulphide on Admiralty Brass in Seawater
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The corrosion behaviour of admiralty brass in putrified seawater has been studied.
It was observed that when the dissolved oxygen in the putrified seawater medium has
attained very low value (< 0.53 p.p.m) the corrosion rate of admiralty brass showed
decreasing trend inspite of increased level of sulphide from 21.2 to 228 p.p.m.
Significant correlations (negative) were observed between corrosion rates and log

period of exposure.

The corrosion behaviour of copper and
its alloys in natural seawater has been studied
in detail and well documented. The nature
of accelerated corrosion of cupronickel piping
in naval ships was studied in detail by Nieder-
bergeret al. (1976). This study has generated
considerable interest on the sulphide induced
accelerated corrosion of materials in seawater.
The performance of copper and its alloys
when exposed to attack by polluted sea-
water encountered in many harbours, are
not well understood. The adverse effect
of dissolved sulphide on the corrosion of
copper-base alloys has been reported by
several investigators (Rowlands, 1965; Akol-
zin & Bogachev, 1969; Mor & Beccaria, 1974,
1975; Bates & Popplewell, 1975; Macdonald
et al., 1979; Efird & Lee, 1979). Fink & Boyd
(1970) reported that in polluted seawater
aluminium brass suffered severe corrosion
compared to 70/30 cupronickel whereas in
clean water the performances of aluminivm
brass and 90/10 cupronickel are similar.
Among the principle sources of sulphides
in seawater, those due to the action of sul-
phate-reducing bacteria under oxygen free
conditions, the natural sulphate content of
the seawater and putirefaction of sanitary
or industrial sewage are of importance.
When hydrogen sulphide is present in the
water, a non proteciive black film containing
copper sulphide can form on the surface
of previously unexposed alloys (Vreeland,
1976). This film is more noble (Gilbert,
1954, 1959) upte 50 mV (Kenworthy, 1965)
than the film normally formed in fresh water
and behave cathodically towards the under-
Iying metal. Ifthere are breaksin the sulphide
film, local attack is stimulated greatly by the

large area of active cathode (Schumacher,
1979). Bates & Popplewell (1975) concluded
that a corrosion product film of Cu,O with
small amount of Cu,S appears to be highly
defective and much less protective than one
in which Cu,S is absent. Sato (1970) has
noted that sulphide ion content of 0.05 p.p.m.
in seawater is active enough to cause severe
corrosion. The - susceptibility of copper-
nickel alloys to accelerated corrosion in
seawater, having low sulphide concentration,
was studied by Gudas & Hack (1979). Pillai
(1985) studied the behaviour of copper in
laboratory prepared samples of puitrified
seawater and found that the absence of
oxygen,in the polluted seawater, sulphide
jons favoured a reduction in the corrosion
rate. The mechanism of corrosion of copper
nickel alloys in sulphide polluted seawater
was studied by several workers (Macdonald
et al., 1978, 1979; Syrett et al., 1979; Syrett
& Wing, 1980). But there are no published
reports on the corrosion of admiralty brass
in putrid seawater. The present study was
made in putrid seawatsr under controlled
conditions, where several variables have
been reduced.

Materials  and Methods

The chemical composition of admiralty
brass used in the investigation is given in
Table 1. The panels of size 50 x 25 x 1.6 mm
were cut as per ASTM designation G31-72
(ASTM standards 1974b) from rolled sheets
of 2.4 x 0.9 m and were used in the tests.
The panels werecleaned by electrolytic method
as described in ASTM designation G1-72
(ASTM standards 1974a) and washed well
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Table 1. Properties of metal used
Metal used Nearest Sp. gravity Elements % elements
specification determined
Admiralty Inhibited 8.53 Copper 69.42
brass admiralty Zinc 28.41
CDA 443 Tin 2.10
Lead 0.35
Iron 0.06
Others remainder
Table 2. Composition of the test solutions
Cell Metal Designation Composition
1 Admiralty brass Control 1000 ml-seawater
2 Admiralty brass 5% plant 50 g-salvania
950 ml-seawater
3 Admiralty brass 59% meat 50 g-oyster meat
950 ml-seawater
4 Admiralty brass 2.59% plant 25 g-salvania

-+

2.5% meat

25 g-oyster meat
950 mli-seawater

with water, followed by methanol. They
were dried well in air and weighed. Four
specimens were used in each test. The test
solution was natural surface seawater collected
one day earlier at a place off Cochin where
the water depth was approximately 100
meters. The salinity and pH of the seawater
were 35.2 % and 8.4 respectively. To main-
tain a ratio. of volume of solution to area of
specimen at 20 ml cm ™2, 1000 m! of seawater
was taken in one litre glass beaker for immei-
sion of 2 panels. To keep the panel in up-
right posiiion, a supperting plastic device
was used. The small air column above the
test medivm was replaced by nitrogen and
the beaker was sealed airtight by using
aluminivm foil and adhesive tape. The
details of the medivm are given in Table 2.
The corrosion rate of panels and sulphide
concentration in the medium were measured
at intervals of 2, 5, 10, 15, 20 and 25 days.
Dissolved sulphide was determined by using
p- phenylenediamine method,  dissolved
oxygen by modified Winkler method as
recommended by Strickland & Parson (1968).
At the termination of the experiment, the
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panels were taken out from the medium,
washed well and nature of the metal surface
observed. On cleaning electrolytically (ASTM
standard 1974 a) the corrosion rate was com-
puted after applying the blank correction.

Results and Discussiom

The experimentally determined corrosion
rates of the admiralty brass exposed to
putrid seawater for different duration and
concentrations of sulphide during the tenure
of the experiment and summary of obser-
vations of the surface of metals after each
test are given in Table 3. From the second
day onwards of the test, the metal surfaces
showed varied appearances ranging from
bright through dull to a lustrous black colour.
Control panels changed from bright to dull
on the second day and no further change
was noticed thereafter. The sulphide con-
centration registered a rapid increase evi-
dencing putrification reactions occurring in
the media. The sulphide content showed
steep rise in animal putrified medium than
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Table 3.
Cell

1
(Control)

2
(Plant +
seawater)

3
(Meat -+
seawater)

4
(Meat +
plant +
seawater)

Period of
exposure days

0
2

10

15
25

10
15
25

10

15

20
25

0
0

o

—o coo

30.0
48.0
54.0
60.1
79.2

108.0
168.0

209.0

220.0
235.0
228.0

81.6
96.5
108.2
130.4

135.2
138.8
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mgl !

Corrosion
rate pm yr~ ¢

0
74.68

25.26

14.16

14.01

12.83
9.86
0

56.32

[7.17
11.61
8.47

6.49
6.49

0
21.5

13.58

2.69
2.39

1.75
1.19

14.01
14.01

8.64

4.27

3.58

2.22
1.47

Results of the exposure of admiralty brass in the putrid seawater

Sulphide
expressed
as ST~

Nature of

panel after
test (visval)

Bright :
Slightly tarnished,
underlying metal
visible

Tarnished,
underlying metal
slightly visible
Tarnished,
underlying metal
slightly visible
Bright

Tarnished, partially
underlying

meial visible
Tarnished, paches of
black deposits
Shiny tlack
adherent coating
Bright

Tarnished, partially
underlying metal
visible

Tarnished,
underlying metal
slightly visible
Shiny, black
adherent coating

Bright

Slightly tarnished
underlying metal
visible

Tarnished,
underlying metal
slighly visible
Tarnished, patches
of black shiny
coating

Adherent shiny
black coating

2
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Table 4. Correlation matrix

Cell No. Log period Hydrogen sulphide
of exposure content
Corrosion 1 ~-0.90* -
rates 2 -0.91% =0.77
3 —0.86** -0.08**
4 —0.94%* ~0.94%*
Log period 1 -
of exposure 2 0.05%%
3 0.98**
4 0.98%*

in the set up that contained plants. Ana-
Iytical results show that the oxygen deple-
tion progresses from the Znd day and after
5 days the oxygen content is reduced to zero.
In the absence of oxygen, the sulphate redu-
cing bacteria act upon the organic matter.
The putrification sets in a sequence of events,
mainly the depletion of oxygen followed by
denitrification, sulphate reduction and finally
results in the formation of sulphide (Richards,
1965). In the putrified media, the presence
of Desulfovibrio spp. was detected using
Starkey’s medium by the method described
by Skerman (1959). A perusal of results
in Table 3 shows that when the dissolved
oxygen has attained very low value, the
corrosion rate showed a decreasing trend
inspite of increased level of sulphide. The
metal suffers some attack by the reaction
with hydrogen sulphide forming sulphide
or hydrogen or equivalent reaction to which
HS—1ions are the reactive species. Several
factors may be expected to contribute to the
decreased corrosion rate. In the highly
oxygen depleted medium Syrett (1977) has
pointed out that the presence of hydrogen
sulphide ensures reducing conditions which
might account for reduced corrosion rate.
Yet ancther factor is the formation of sul-
phides of the metal which form on imper-
vious layer shielding the metal from the
reactants. The works of Giuliani & Bombara
(1973) suggested this. Syrett (1977) has
also reported that the presence of either (1)
sulphide (48 to 1940 ppb) plus low oxygen
(29 to 60 ppb) or (2) oxygen alone (865 to
6950 ppb) lends to low corrosion rates.
When both sulphide and oxygen are present
in certain concentrations, dramatic increases
i the corrosion rate result. The present
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study has shown that the increase in cor-
rosion rate is very small with increase
of sulphide concentration 21.2 to 228 p.p.m.
when the oxygen concentration falls below
0.53 p.p.m.

Correlation coefficients between corrosion
rates and logarithm of period of exposures,
corrosion rates and hydrogen sulphide con-
tent and also logarithm of period of expo-
sures and hydrogen sulphide content were
worked out. Significant correlations (nega-
tive) were observed between corrosion rates
and long period of exposure (Table 4).
Correlation coefficient (negative) between
corrosion rates and hydrogen sulphide con-
tent were found to be significant tor the cell
numbers 3 & 4. For cells 2 to 4, highly
significant (positive) correlations between
period of exposure (log) and hydrogen sul-
phide content weie observed. As the period
of exposure (log) and hydrogen sulphide
content are highly correlated (positively)
corrosion rate is found to be related to either
the days of exposure (log) or the hydrogen
sulphide content.
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by Shri A.K. Kesavan Nair, Scientist in the statis-
tical treatment of the data is gratefully acknowledged.

References

Akolzin, P. A. & Bogachev, A. . (1969)
Protection of Metals, 5, 262

ASTM Standards, Part 10 (1974a) Designa-
tion GI-72, American Society for Testing
& Materials, Philadelphia, USA, 489



26

ASTM Standards,Part 10 (1974b) Designation
G31-72, American Society for Testing
& Materials, Philadelphia, USA, 575

Bates, J. F. & Popplewell, J. M. (1975)
Corrosion. 31, 269

Efird, K. D. & Lee, T. S. (1979) Corrosion,
35, 79

Fink, F. W. & Boyd, W. K. (1970) The
Corrosion of Metals in Marine Environ-
ments, DMIC Report 245, Defence
Metals Information Centre, Battle
Memorial Institute, Columbus, Ohio,
USA

Gilbert, P. T. (1954) Trans. Inst. of Marine
Eng. 66, 1

Gilbert, P. T. (1959) Chemistry and Indus-
try, 888

Gudas, J. P. & Hack, H. P. (1979) Corro-
Sion, 35, 67

Giuliani, L. & Bombara, G. (1973) 2Br.
Corr. J. 8, 20

Kenworthy, L. (1965) Inst. Marine Engi-
neers, 71, 149

Macdonald, D. D., Syrett, B. C. & Wing,
S. S. (1978) Corrosion, 34, 289

Macdonald, D. D., Syrett, B. C. & Wing,
S.S. (1979) Corrosion, 35, 367

Mor, E. D. & Beccaria, A. M. (1974)
Corrosion, 30, 354

A.G. G. K. PILLAI AND K. RAVINDRAN

Mor, E. D. & Beccaria, A. M. (1975) Br.
Corr.J. 10, 33

Niederberger, R. B., Gudas, J. P. & Danek,
G. J. (1976) Paper No. 76, Presented
at NACE Corrosion/76, Houston, Texas

Pillai, A. G. Gopalakrishna (1985) Fish.
Technol. 22, 35

Richards, F.A. (1965) in Chemical Oceano-
graphy, Yol. 1 (Riley, J. P. & Skirrow,
G., Eds.) p. 623, Academic Press, London

Rowlands, J.C. (1965) J. App!l. Chem. 15, 57

Skerman, V.B.D. (1959) A4 Guide to the
Identification of the Genera of Bacteria.
The Williams & Wilkins Company
Ballimore 2, Maryland, USA, 192

Sato, S. (1970) Japan Journal of Thermal
Power, Z1, 295

Schumacher, M. Ed. (1979) Seawater
Corrosion Handbook, Noyes Data Corp.
Park Ridgs, New Jersey, USA

Strickland, J.D.H. & Parson, T. R. (1968)
A Practical Handbook of Seawater Ana-
Iysis. Bull. Fish. Res. Bd Canada. 167

Syrett, B. C. (1977) Corrosion, 33, 257

Syrett, B. C., Macdonald, D. D. & Wing,
5. 8. (1979 Corrosion, 35, 409

Sysett, B. C. & Wing, S. S. (1980) Corrosion
36, 73

Vreeeland, D. C. (1976) Materials Perfor-
mance, 15, 38

FISHERY TECHNOLOGY



