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Abstract: The corrosion behavior of B30 Cu-Ni alloy in a sterile seawater and a SRB solution was investigated. The results show
that the corrosion potential of specimen in the SRB solution is much lower than that in the sterile seawater. The polarization
resistance of specimen in the SRB solution decreases quickly after a period immersion and becomes much lower than that in the
sterile seawater. It is concluded that the SRB accelerates the corrosion process of B30 Cu-Ni alloy greatly. An anti-corrosion
electroless Ni-P coating was produced and applied to the alloy. The results show that specimens coated with Ni-P plating exhibit
favorable corrosion resistance property in SRB solution. Severe pitting corrosion appears on the uncoated specimens in the SRB
solution when the coated specimens are still in good condition. The anti-corrosion mechanism of Ni-P plating was analyzed. It is
concluded that coating the B30 Cu-Ni alloy with electroless Ni-P plating is an effective technique against the attack of SRB in marine
environment.
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1 Introduction

A variety of microorganisms in the marine
environment may cause microbiological influenced
corrosion (MIC), one of the most serious forms of
degradation. The MIC failures exit in many industries
and the cost of such damage may reach billions of dollars
annually[1-3]. Among them, the sulfate-reducing
bacteria (SRB) influenced corrosion is one of the most
severe one in marine environment as it is rapid and
complex[4—5].

Copper alloys have been applied
environment for a long time due to their excellent
properties. Cu-Ni alloy is widely used in the marine
pipeline system which is often attacked by the SRB
influenced corrosion[6—7]. Some techniques for
controlling such corrosion are used, such as biocides, UV
irradiation, corrosion inhibitor, and coating. Among them,
the electroless Ni —P plating is known as a useful method
and it has been applied over various materials in many
fields[8—13]. The anti-corrosion performance of
electroless plating Ni-P coatings has been investigated

in marine

extensively[14—18]. However, few corrosion data for
the Ni-P coating used in the marine microbiological
environment is available.

In the present work, the corrosion behavior of
marine pipeline material B30 Cu-30% Ni-base alloy, and
the protection efficiency of electroless Ni-P coating in
the sterile seawater and SRB solution was investigated.

2 Experimental

The chemical composition of the B30 Cu-Ni alloy
used in the present investigation is shown in Table 1. The
size of uncoated test sample is d11.3 mm X 6 mm with
working area of 1 cm’. It is 20 mmX 15 mmX2 mm
with working area of 2.4 cm’ for sample coated with
electroless Ni-P plating. A copper wire was soldered to
the lower surface of the test sample for potential
measurements. Samples were polished up to grit 400 and
then cleaned with deionized water. All samples were
sterilized under UV for 3 h before test.

Table 2 lists the plating solution composition and
the plating condition for preparing the electroless Ni-P
coating.
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Table 1 Chemical composition of Cu-Ni alloy(mass fraction,
%)

Cu Ni Fe C O
60.32 28.81 1.11 6.67 3.09

Table 2 Bath composition and operating condition for
electroless Ni—P

Parameter Value
p (NaH,PO,-H,O)/(g'L™") 60.00
p (NiSO, - 6H,0)/(g'L ™) 50.00
p (CH;COONa)/(g-L ™" 16.00
p ((CH;COO),Pb)/(g'L ™) 0.004
p (C,HsCOOH)/(mL-L™") 10
p (C3H 0 3)/(mL-L ™) 50
pH 4.80-5.00
Temperature/'C 80—90

Tests were carried out in two solutions: the
sterilized seawater and the SRB solution. The SRB
strains were isolated from the sea-mud in Qingdao
seashore. The composition of the SRB solution is listed
in Table 3.

MIC behavior of sample in different media was
investigated by electrochemical impedance spectroscopy
(EIS), energy dispersive spectroscopy (EDS), X-ray
diffractometry (XRD) and scanning electron microscopy
(SEM). The corrosion potential and impedance
measurements were performed wusing the IM6
electrochemical workstation of ZAHNER. Tests were
carried out at ambient temperature using a three-
electrode system where the working electrode was the
tested sample. A platinum niobium wire was used as the
counter electrode, and a saturated calomel electrode
(SCE) was the reference electrode. The applied voltage
amplitude of 20 mV was used at frequencies between
0.005 Hz and 105 Hz.

Table 3 Composition of SRB solution

Parameter Value

p (K,HPO,. -3H,0)/(g'L ™) 0.50
p (MgSO04.7H,0)/(g'L ™) 2.00

p (CaCL)/(g'L ™) 0.10

p (N2,S0,4)/(g'L™h 0.50

p (NH,CD/(g'L™) 1.00

p (Sodium lactate)/(g-L™") 3.50
p (yeast)/(gL ™" 1.00

» (VolgL™ 0.10

3 Results and discussion

Fig.1 shows the variation of corrosion potential over

time of uncoated B30 Cu-Ni alloy samples in different
test solutions and Fig.2 shows the variation of charge
reaction resistance which came from the data of
equivalent  electrical circuits (EEC) in the
electrochemical impedance Nyquist plots (Figs.3 and 4).
The results of EDS of samples original and after 30 d
exposure in SRB solution are given in Table 4. Fig.5
shows the XRD of coated samples original and after 30 d
immersion in SRB solution. Fig.6 and Fig.7 show the
surface micrographs of samples.
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Table 4 EDS results of specimens original and after 30 d
immersion in SRB solution (mass fraction, %)

Specimen  Cu Ni Fe C (0] S P
Original
Cu-Ni  60.32 28.81 1.11
alloy
Cu-Ni
alloy after 60.61 16.75 0
immersion
Original
Ni-P 0 8324 0
plating
Ni-P
plating
after
immersion

6.67 3.09 0 0

2.80 3.57 1627 0

0.00 6.86 0.00 9.90

0 7127 0 6.06 180 14.15 6.72

-~— Original coated sample
—— Coated sample after immesion

Ni-P

20/(°)

Fig.5 XRD pattern of coated samples original and after 30 d

immersion in SRB solution

From Figs.1 and 2, we see that the corrosion
potential of uncoated sample in the SRB solution is much
lower than that in the sterile seawater. The polarization
resistance of specimen at the first several days in the
SRB solution is higher than that in the sterile seawater,
and then it decreases quickly after a period immersion
and becomes much lower than that in the sterile seawater
in which the polarization resistance of specimen

increases continuously. It is concluded that the SRB
accelerates the process of corrosion greatly for the
uncoated B30 Cu-Ni alloy samples.

Results of energy dispersive spectroscopy (EDS)
gave the same conclusion. From Table 4, we can see that,
compared with the original uncoated sample, the content
of element Ni and Fe of the Cu-Ni alloy decreases
greatly and the high content of element S appears after

Fig.6 Surface micrographs of uncoated samples: (a) Original
sample; (b) In sterile seawater; (c) In SRB solution
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Fig.7 Surface micrographs of samples: (a) Original sample;
(b) In steril seawater; (c) In SRB solution

30 d immersion in the SRB solution. It suggests that the
SRB promotes the dissolution of B30 Cu-Ni alloy and
the de-alloy corrosion may have happened in SRB
solution.

However, experimental results show that samples
coated with Ni-P plating in SRB solution exhibits
favorable corrosion resistance property.

From Table 4, we see that the main elements of the
original Ni-P plating are Ni, P, and O. After 30 d
exposure in the SRB solution, the content of these
elements decreased obviously and the element S
appeared and reached to 14.15% in mass fraction. It
means that the SRB also promoted the dissolution of the
Ni-P plating. However, the lower potential of Ni-P
plating may provide cathodic protection to the B30
copper-based alloy at first when exposed to the corrosive
environment. After a period immersion, the corrosion
products of Ni-P plating formed, and barrier type
protection will therefore be offered by the plating. With
increasing nickel consumption and corrosion product
depositions, the base B30 alloy is protected with
improved physical barrier.

From Fig.5, we may see that there is no crystalline
peak value presented in the XRD for the coated sample
after 30 d immersion in the SRB solution. It suggests that
the structure of the Ni-P plating still kept un-crystalline,
and that the B30 Cu-Ni alloy under the Ni-P plating was
not corroded for the structure of the base material is
crystalline.

The micrographs of samples (Figs.6 and 7) show
that severe pitting corrosion appears on the uncoated
specimens in the SRB solution when the coated
specimens in both the sterile seawater and SRB solution
were still in good condition. This confirmed that the Ni-P
plating protected the B30 copper alloy effectively in the
microbiological environment.

The anti-corrosion mechanism of Ni-P plating is
that besides it may offer both barrier and cathodic
protection to the base metal as we analyzed above, the
structure of Ni-P plating is high uniform and amorphous
without the structure defects. The passive film on the
surface of the Ni-P plating is also high uniform and
non-crystalline  structure[16]. The non-crystalline
structure will therefore improve the corrosion resistance
because it does not have crystalline defects such as
dislocation, grain boundary, twin and so on which may
cause corrosion easily. The P element in the plating also
plays an important role by improving the stable potential
of the plating, and reduces the risk of being corroded.

It was concluded that coating the alloy with
electroless Ni-P plating is an effective technique against
the attack of SRB in marine environment. It is obviously
valuable for the marine pipeline system material used
in the marine microbiological environment.

4 Conclusions

1) The specimens in the sterile seawater and SRB
solution show that the SRB accelerates the corrosion
process of B30 Cu-Ni alloy greatly in marine
environment.
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2) An anti-corrosion electroless Ni-P coating is
produced and applied to the B30 Cu-N alloy. The coated
specimens exhibit favorable resistance
property in SRB solution. It is therefore concluded that
coating the B30 Cu-Ni alloy with electroless Ni-P plating
is an effective technique against the attack of SRB. This
method is obviously valuable for the marine pipeline
system material used in the marine microbiological
environment.

corrosion
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