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ABSTRACT The characteristics and concentration depth profile of the corrosion product film of 70Cu-30Ni

alloy exposed to seawater in intermittent immersion were investigated. The results showed that the corrosion

product film of incompletely recrystallized 70Cu-30N1i alloy is uniform, rich in Ni and Fe and high in seaw ater

species such as O, Ca, Al, eic. This probably is related with the sufficient oxygen provided under such condi-

tion. Because of potential difference between deformed and recrystallized grains of incompletely recrystallized

Cu Ni alloy, corrosion develops in preference along the grain boundaries of the two kinds of grains and inter-

granular COTTOSIoN OCCUrs.
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1 INTRODUCTION

Cu-Ni alloys are important marine engineer-
ing materials for their good corrosion and bio-
fouling resistances. They are widely used as con-
denser tubes and other pipes in ships, heat ex-
changers of seashore power plants and seaw ater
desalination systems. The corrosion resistance of
CuNi alloys mainly depends on the protective
characters of the corrosion product film'" 2!

The formation of the corrosion product film
is closely related to the alloy nature and the sea
water environment. For the alloys, the main in-
fluence factors are iron content, microstructure

4 . .
]. Factors Of marine envr-

and initial surface >
ronment include flowing velocity, temperature,
oxygen dissolved, sulfides polluted and marine

5.6 . .
I3 o improve the corrosion

organisms, etc
resistance of the alloys, researchers applied some
surface pretreatments, such as the addition of

FeSO4 in exposure media and the pre-exposure of

[7. 8]

alloys in clean seawater , to the alloys so as

to form protective corrosion product films.

To explore new way of forming protective
corrosion product films of Cu-Ni alloys, the pre-
sent paper studied the influence of intermittent
immersion on the behavior of corrosion of com-
mercial 70Cur30N1 alloy in seawater by investr
gating the characteristics of its corrosion product
film formed in natural seaw ater.

2 EXPERIMENTAL AND RESULTS

The microstructure of 70Cu-30N1 alloy was
observed on optical microscope Neophot 2.

Electrochemical tests were carried out by
corrosion measurement system M351. The pH
value of corrosion media( 3. 5% NaCl) was regu-
lated between 8. 2~ 8.4 by adding HCl or NaOH
solution. Polarization resistance R, was mea
sured by weak polarization near the corrosion po-
tential £ ., 1.

0. 1 mV/s). Strong polarization was carried out

e. E.T20mV (scanning velocity

by scanning from cathodic part to anodic part
(scanning velocity 0. 166 mV/s).
Natural seawater corrosion tests were per-
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formed in Qingdao seawater corrosion station
/ . .
(36’03 N, 120°25 E), the main environmental

factors of which are shown in Table 1.

Table | Main environmental factors of
Qingdao seawater corrosion station

T emperature/ C

Salinity Oxygen Velocity Average
/mge  /mL* pH High Low Average / L tide
L~ L~ mes level/ m
32.23 5.57 8.16 27 1.1 13.6 0.1 2.7

Tubes of 70Cur30Ni alloy were cut into
d25 mm x 200 mm X 1 mm specimens, which
were then degreased and cleaned by acetone,
formaldehyde or other organic solvents. After
dried, specimens were put in drying containers
for 24 h, and then exposed to seaw ater.

The specimens were fixed on the test plat-
form with plastical tubes situated O~ 0. 3 m
above average middle tide level. The exposure
time is separately 3, 6, 24 and 48 months. The
corrosion product film was analysed by SEM
(JSM-800) and EPMA ( TN5500). The depth
profile of the elements of corrosion product films
was obtained by AES( ©®595) with Ar ion sput-
tering (accelerating voltage 4. 5kV). The rela
tive content of elements was ascertained by mea
suring the peak-to-peak height of prominent
auger lines and semiquantitatively computed with
sensitive factors for each element.
showed the
specimens consisting of deformed and recrystal

Microstracture observation
lized grains. After intermittently immersed for 3
and 6 months, the specimens formed corrosion
product films rich in Ni, Fe and O and contain-
ing a lot of seawater species( Fig. 1). The 6
months intermittent immersion film was thick
with cracks and high in Ni, Fe and S, on which
there were white crystallized seawater species
(Fig.2).

After 24 months intermittent immersion,
specimen was moved into 3. 5% NaCl solution,
in which its polarization resistance was deter
mined as 50k, while that of the specimen im-
mersed only in 3. 5% NaCl solution for 35d was
determined to be 17k Q. The polarization curves
of the two specimens are shown in Fig. 3. There
is a wide passive zone in the intermittently im-

mersed specimen, and the width of the current
platform stands for the polarization overpoten-
tial. The film can endure before it breaks down.
But the polarization curve of the specimen im-
mersed only in NaCl solution has no such current
platform, it shows that the alloy is in the active
state when immersed in NaCl solution or seawa
ter. Therefore, incompletely recrystallized alloy
can form the passive corrosion product film in
the intermittent immersion.
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Fig. 1 Depth profile of the concentration

of corrosion product film of
70Cwr 30Ni alloy after 6 months
intermittent immersion

Fig. 2 Corrosion product film of
70Cwr 30Ni alloy after 6 months
intermittent immersion

After intermittently immersed in seaw ater
for 48 months, the specimen formed corrosion
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product film rich in Ni (Fig. 4(a)) and inter
granular corrosion appeared where the film scaled
off (Fig. 4(b)), which indicates that although
the incompletely recrystallized alloy can form u-
niform and protective corrosion product film un-
der intermittent immersion conditions, inter
granular corrosion of the matrix after long time

exposure still occurs beneath the film.
3 DISCUSSION

In intermittent immersion, specimens were
taken out of seaw ater half a day and immersed in
it half a day repeatedly. Oxygen provided for the
specimens is dissolved in seaw ater when they are
immersed, and the content of oxygen is equiva
lent to that in marine atmosphere. From the E-

91

vans’ pH-potential figure!®’, CirNi alloys can

form a layer of protective corrosion product film,

2Cug+ 2[ OH™ |= Cu0+ [H20]
or the following reaction takes place on the sur-
face of the specimen:

4Cu+ 02: 2CU20

The oxide film adheres solidly to the mar
trix. With the increase of exposure time, the
corrosion product film thickens, Ni and Fe dif-
fusing to the film increases the resistance of an-
odic process but the resistance of cathodic process
has no obvious change. When the IR drop of the
corrosion product film is big enough and the cor-
rosion potential reaches K cu0/cuy(om 1,  the

outer layer of the film comes to form, i.e.

2[ Cudi [+ 3[OH™ |+ Cl” = Cup(OH)3CL

When the specimen is taken out of seawater,
dissolved alloying elements and dehydrated sea
w ater species precipitate on its surface and oxy-
gen in the air diffuses to the surface film, so that
the film contains a great amount of O, Al Si,
Ca and S. Sulfides are of advantage for adsorp-
tion of carbides on the surface, and carbon in the
film will increase electronic conductivity and so
improve the cathodic process' '

The microstructure of the incompletely re
crystallized Cu-Ni alloy consists of deformed and
recrystallized grains. The alloy exists in the ac
tive state in seawater. Chloride can adsorb on
the surface of the alloy:

Cu+ CI” = CuClygs+ e

and form dissolvable copper complexes:
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Fig. 3 Polarization curves of
70Cu 30Ni alloy film

1 —intermittent immersion for 24 months;

2 —immersion for 35d

Fig. 4 Corrosion morphology of 70Cu 30Ni alloy intermittently immersed for 48 months
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CuCl+ CI" = CuCl;

There are different potentials between the
deformed grains with residual strain and high
density of dislocations and recrystallized grains in
seawater, so they compose corrosion cell. Be
cause the distance of electronic transfer at the in-
terface of deformed and recrystallized grains is
short, corrosion develops in preference along the
grain boundaries, resulting in intergranular cor
rosion. The deformed grain produces deforma
tion potential which changes both the overpoten-
tial of ionic release and the adsorption of ions on
the electrode surface and thus influences the ca

HO1 - Dislocations of the deformed

thodic process
grain as diffusion channels accelerate the corro-
sion of the deformed grain and so intergranular
corrosion develops quickly.

Since short distance of the transportation of
electric charge is preferred at the interface of de-
formed and recrystallized grains, the control step
of anodic dissolution in T afel zone depends on the
diffusion of CI” to the surface of the alloy or Cu-

Cl; to seaw ater' 11

When the concentration of CuCl, on the
surface of the alloy is high enough, CuCl; would
hydrolyse to form CuyO''':

2CuCl; + Hy0= Cu0+ 4CI° + 2H"

The CuxO film precipitates on the surface of

the alloy, and CuyO is further oxidized to form
Cup(OH) 3ClL:

Cu20+ 1/202+ CI" + 2H,0=
CUQ(OH) 3C1+ OH™
The diffusion of CI” or CuCly through the

film gradually makes the film porous and loose.
The residual strain and high density of disloca
tions accelerate the diffusion of ions and the for-
mation of cracks in the film, which makes the
film scale off and the intergranular corrosion ap-
pears in the matrix. Therefore, although the in-
termittent immersion favors the formation of
protective product films and can be used as a pre-
treatment method for 70Cuw30Ni alloy, it can
not prevent intergranular corrosion resulted from
the inhomogeneous microstructure.

4 CONCLUSIONS

(1) Incompletely recrystallized 70Cu30N1
alloy intermittently immersed in seaw ater forms
protective corrosion product film which is unr
form, rich in Ni and Fe and high in seaw ater el
ements such as O, Ca, Al, etc. The intergranu-
lar corrosion of the matrix appears where the
surface film scales off.

(2) The passive corrosion product film
formed on the alloy intermittently immersed in
seaw ater is more protective than that immersed
in NaCl solution in laboratory, which is related
to the oxygen content provided.

(3) The microstructure of incompletely re-
crystallized 70Cu30N1 alloy consists of deformed
and recrystallized grains. Because there is poten-
tial difference hetween two kinds of grains, cor
rosion develops in preference along the grain
boundary of the two kinds of grains. Besides,
the intermittent immersion can not prevent the
intergranular corrosion resulted from the inho-
mogeneous microstructure.
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