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The present work addresses crevice and galvanic corrosion processes occurring at the cylinder head 
gasket/cylinder head interface and cylinder head gasket/cylinder liner interface of four-stroke medium-speed 
diesel engines for marine applications. The contact between these systems and the marine environment can 
promote formation of demanding corrosion conditions, therefore influencing the lifetime of the engine 
components. The electrochemical behavior of various metals and alloys used as head gasket materials (both 
ferrous alloys and copper alloys) was investigated. The efficacy of corrosion inhibitors was determined 
by comparing electrochemical behavior with and without inhibitors. In particular, crevice corrosion has been 
investigated by electrochemical tests using an experimental set-up developed starting from the requirements 
of the ASTM G-192-08, with adaptation of the test to the conditions peculiar to this application. In addition 
to the crevice corrosion resistance, the possible problems of galvanic coupling, as well as corrosive reactivity, 
were evaluated using electrochemical tests, such as potentiodynamic measurements. It was possible to quantify, 
in several cases, the corrosion resistance of the various coupled materials, and in particular the resistance 
to crevice corrosion, providing a basis for the selection of materials for this specific application.
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Fig. 1. Schematic representation of the Cylinder liner / engine block 
/ cylinder gasket head / cylinders head system.

1. Introduction

  Medium speed four-stroke diesel engines are commonly 
used to power marine propulsion systems. Similar to the 
engines equipping ground vehicles, “medium-speed en-
gines” consists in a cylinder liner-connected to the cylin-
der head by means of an head gasket interposed between 
the two components. The presence head gasket prevents 
the release of pressure gasses from the combustion cham-
ber, thus improving the engine efficiency, and accom-
modates the thermal expansion of the cylinders head and 
cylinder liner due to the heat generated during fuel 
combustion. Moreover, the gasket material is subjected 
to wear and fretting due to the relative sliding of the differ-
ent component during thermal expansion and/or shrinkage. 
Owing to the heat generated during combustion, the en-
gine components, as well as the head gasket, are cooled 
using a water based refrigerant. Fig. 1 depicts a schematic 
representation of a common strategy to control the engine 
temperature by cooling, at the same time, cylinders head, 

head gasket and cylinder liner. Observe that the gasket 
is affected by the combustion by-products, heat and pres-
surized gas on the inner side, while the outer side is di-
rectly in contact with the cooling fluid. In addition, notice 
that the cooling circuit is closed and is therefore expected 
not to be rich in oxygen. 
  The presence of a water based cooling fluid can pro-
mote severe problems of corrosion, influencing therefore 
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Table 1. Samples under investigation

Metal/alloy Label

Copper – Aluminium alloy Cu-Al
Copper – Nickel alloy Cu-Ni

Austenitic stainless steel without Mo S.S.
Austenitic stainless steel with Mo S.S.-Mo

Mild steel Mild steel

Fig. 2. Appearance of the metal samples: austenitic stainless 
steel without Mo (1), Nickel bronze (2) and lamellar cast 
iron (3).

the engine durability and reliability. The corrosion proc-
ess, not only promoted by the aggressiveness due to the 
possible presence of chlorides, is also enhanced by the 
activation of galvanic coupling phenomena1) among the 
different metal component in the engine. The present work 
deals with the study of crevice corrosion processes2,3) oc-
curring at the head gasket/cylinders head interface and 
head gasket/ cylinder liner interface of propulsion systems 
for marine applications. The phenomenon is expected to 
be influenced by the galvanic coupling between the mate-
rial of the gasket and the cylinder liner/cylinder head, 
since they are different due to specific mechanical proper-
ties requirements. Crevice and galvanic coupling phenom-
ena were studied in a laboratory scale with specific ex-
perimental set-up adapted to simulate harsh crevice con-
ditions as well as the effect of a galvanic action. For this 
purposes, different metals were investigated in terms of 
crevice corrosion resistance and electrochemical behav-
iour while forming a galvanic couple. In particular, copper 
alloys, austenitic stainless steels and mild steel were 
tested. These alloys were chosen among the most common 
head gasket materials because of their suitable mechanical 
and wear resistance for the specific application. Real por-
tion of effective gaskets were exploited. In addition, also 
the cylinder liner and cylinder head materials were tested: 
grey cast iron and ductile cast iron samples were subjected 
to the electrochemical analysis. Polarization curves have 
been performed in order to characterize the materials un-
der investigation. The electrochemical characterization of 
the different metals was carried out at 80 °C (temperature 
reached by the cooling fluid during normal operation) in 
both in a neutral electrolyte as well as in an electrolyte 
containing a corrosion inhibitor. Crevice corrosion tests 
were carried out following the guidelines of ASTM 
G-192-08 standard: the crevice re-passivation potential has 
been determined and used to compare the crevice corro-
sion susceptibility of the different metals. All the electro-
chemical measurements were carried out both in aerated 
as well as in de-aerated (by means of nitrogen bubbling) 
solutions. The effect of the galvanic action at the gas-
ket/cylinder head and gasket/ cylinder liner interface (see 
Fig. 1) was investigated by monitoring potential and cur-
rent flow evolution during about 20 of galvanic coupling 
in the electrolyte. 

2. Experimental Procedure 

  The metallic samples were cut from effective head gas-
kets for medium-speed engines made of aluminium bronze, 
nickel bronze, austenitic stainless steel without Mo, auste-
nitic stainless steel with Mo and mild steel (Table 1). 

  50 x 20 x 5 mm lamellar and spheroidal cast iron sam-
ples were cut from real engine components using a CNC 
cutter. Fig. 2 shows an example of the appearance of the 
samples.
  The electrolyte used to carry out the electrochemical 
measurements consisted in 80 g/l NaCl + 150 g/l Na2SO4 

water based solution. Measurements were carried out also 
in presence of a corrosion inhibitor. The corrosion in-
hibitor employed was added to the electrolyte at a 5 % 
v/v concentration. It contains benzotriazole compounds. 
The pH of the neat electrolyte was 5,3 (at 25 °C); when 
the corrosion inhibitor is added to the solution, the pH 
raises to 10.3 (at 25 °C). For the polarization curves a 
three-electrode arrangement was used: the working elec-
trode was the investigated sample while platinum rings 
were employed as counter and reference electrodes. The 
potential sweep ranged from -0.030 V vs OCP to the volt-
age corresponding to a current density value of 10-4 A/cm2, 
assumed as a threshold value beyond which the corrosion 
rate becomes noticeably high. The scan rate was set to 
0,167 mV/s. The immersed area was about 12 cm2. The 
crevice corrosion resistance was evaluated following the 
guidelines of the “Tsujikawa-Hisamatsu Electrochemical 
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Fig. 3. Two-part PEEK mask.

Fig. 4. Experimental set-up: the arrow indicates the PEEK 
mask exploited to promote crevice corrosion.

Fig. 5. Example of “Tsujikawa-Hisamatsu Electrochemical 
(THE) test method”, from4).

(THE) test method” 4). The test was carried out exploiting 
the experimental set-up proposed in ASTM G192–08 
standard, which was successfully exploited by other au-
thors5,6). A PEEK mask (Fig. 3) was used to produce the 
geometrical conditions to promote the occurrence of crev-
ice corrosion. The two-part mask consists of two PEEK 
circular crown with small gorges which are forced against 
the metal sample by means of a screw (Fig.ure 4). The 
two parts are connected by means of the screw which 
is loaded with a 0,20 N/m torque. 
  The “Tsujikawa-Hisamatsu Electrochemical (THE) test 
method” consist of a multi-step electrochemical test:

1. Polarization measurement starting 100 mV below 
OCP and progressing anodically (0,0167 mV/s) until 
a pre-specified current density is reached;

2. Galvanostatic conditioning at the end current in the 
previous step for 2 h (to grow the crevice corroded 
area) monitoring the potential output;

3. Potentiostatic conditioning at the end potential in the 
previous step minus 10 mV for 2 h monitoring the 
current density output;

4. If the current increases with time during the step 
3. another potentiostatic period of 2 h was applied 
subtracting another 10 mV to the previously applied 
potential: decreasing steps of 10 mV were repeated 
until the output current density decreased with time 
in the 2 h period;

  Fig. 5 depicts the example reported in4) to explain the 
“THE” method: potential and current density are col-
lected/imposed during the different steps of the electro-
chemical test method.
  All the electrochemical tests were carried out at 80 °C 
both in aerated and de-aerated conditions. De-aeration was 
obtained by means of N2 bubbling in the solution: the 

oxygen content decreased from 4,1 ppm to less than 1 
ppm. A Metrohm Autolab PGSTAT302N Potentiostat was 
employed. A Faraday cage was used to minimize external 
interference on the system. Eventually, galvanic coupling 
current was measured between the head gasket materials 
(Aluminium bronze, Nickel bronze, two austenitic stain-
less steels grades, and mild steel) and the cylinder head 
metal (ductile cast iron). The electrodes were immersed 
in the electrolyte containing the corrosion inhibitor at 80 
°C under nitrogen bubbling. The extent of the immersed 
area was maintained constant for each sample. A PAR 
Parstat 2273 was employed to measure the current flowing 
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(a)
(b)

(c) (d)

      

(e)

Fig. 6. Polarization curves: (a) Aluminium bronze, (b) Nickel Bronze, (c) S.S., (d) S.S.-Mo and (e) mild steel.

between the electrodes. 

3. Results and Discussion 

3.1 Polarization curves
  Polarization curves were carried out in order to evaluate 
the effect of the electrolyte and the influence of the corro-
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(a) (b)

Fig. 7. Polarization curves for the engine components materials: (a) grey cast iron and (b) Ductile cast iron.

sion inhibitor on the different metals. Fig. 6 (a-d) shows 
the experimental results for the head gaskets materials.
From Fig. 6 it is possible to observe that the corrosion 
inhibitor seems efficient in decreasing anodic corrosion 
current for the Cu-Al alloy, Cu-Ni alloy and mild steel 
samples. The presence of the corrosion inhibitor shifts the 
anodic currents of the Cu-Al, Cu-Ni and mild steel sam-
ples to lower values, around 10-6 A/cm2. On the other 
hand, stainless steel substrates are not influenced by the 
presence of the corrosion inhibitor. However, it should 
be noted that the anodic currents measured on S.S. and 
S.S.-Mo samples are relatively low (10-6 ÷ 10-7 A/cm2) 
and, therefore, the corrosion inhibitor is not able to further 
reduce the corrosion rate. Since the cooling fluid is in 
contact with engine component (different from the head 
gasket) such as cylinder liner and cylinder head, the effect 
of the electrolyte with and without the corrosion inhibitor 
was tested also on grey cast iron and ductile cast iron 
samples. Fig. 7 shows the polarization curves for the cast 
iron samples.
  Considering Fig. 7, one can notice that the inhibitor 
promotes a certain reduction of the anodic current on both 
samples. However the beneficial effect (in terms of current 
reduction) is not as remarkable as for Cu-Al, Cu-Ni and 
mild steel samples. 
  Considering that the present work deals with the com-
parison of different metals, characterized by different elec-
trochemical properties, in order to perform a consistent 
comparison, 100 times the steady state current density 
measured by means of polarization curves was selected 
as the threshold value of the current density to be em-
ployed in step 1. and 2. of the “THE” test. The reason 

of this selection resides in trying to force crevice corrosion 
to occur on different metals in the most comparable way. 

3.2 Crevice repassivation potential determination
  Crevice repassivation potential determination test was 
carried out on the different metals both in aerated and 
de-aerated conditions. All the “THE” tests were carried out 
in the electrolyte containing 5v/v% of corrosion inhibitor. 
Fig. 8 depicts the appearance of a metal sample after the 
crevice repassivation potential determination test (in partic-
ular, the Cu-Al sample is reported). Notice that a crevice 
corrosion process took place in correspondence of the area 
which was partially covered by the PEEK mask in order 
to promote the formation of differential aeration cells.
  As an example, Fig. 9 (a,b) shows the crevice re-
passivation potential determination for mild steel (a) and 
S.S.-Mo (b) samples in de-aerated conditions. For mild 
steel in de-aerated conditions (Fig. 9a) it was possible to 
determine a crevice corrosion repassivation potential at 
-0.349 V, obtained after six decreasing step (10 mV each) 
of the potential conditioning. Considering S.S.-Mo sample 
(Fig. 9b), repassivation occurred immediately after the 
switch off of the galvanostatic conditioning at the constant 
current density. This behaviour is clearly related to a very 
high crevice corrosion resistance of S.S.-Mo substrate un-
der the conditions considered in the present study. 
  Considering the “THE” tests carried out in de-aerated sol-
ution on the different samples, the stainless steels, Cu-Al 
and Cu-Ni, showed a crevice repassivation potential imme-
diately after the switch off of the galvanos-tatic super-
imposition of the constant current density. On the other hand, 
mild steel and cast irons samples requested a multiple 10 
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Fig. 8. Appearance of the Cu-Al samples after “THE” crevice corrosion test.

  

Fig. 9. Crevice corrosion repassivation potential and corresponding currents for (a) mild steel sample and for (b) S.S.-Mo sample.

 

Fig. 10. Crevice corrosion repassivation potential and corresponding currents for (a) Cu-Ni and for (b) Cu-Al.

mV decreasing steps before reaching the crevice corrosion 
repassivation potential.
  The “THE” test to determine the crevice repassivation 

potential was performed also in aerated conditions. 
Increasing the oxygen content in the electrolyte from less 
than 1 ppm (de-aerated conditions) to about 4,1 ppm 
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Table 2. Crevice repassivation potential of the investigated samples; the symbol [*] indicates that repassivation occurred immediately 
after galvanostatic conditioning

Sample Crevice repassivation potential (mV)
De-aerated conditions (O2< 1 ppm) Aerated conditions (O2 ≈ 4,1 ppm)

 S.S.-Mo [*] [*]
 S.S. [*] [*]

 Cu-Ni [*] 282
 Cu-Al [*] 109

 Ductile cast iron 275 92
Mild steel -349 -361

Table 3. Galvanic coupling current after 20 h of immersion in the electrolyte containing the inhibitor

Galvanic couple Galvanic coupling current (µA/cm2)

 S.S.-Mo / ductile cast iron 2,62
S.S. / ductile cast iron 2,34

 Cu-Ni / ductile cast iron 1,33
Cu-Al / ductile cast iron 3,91

Mild steel / ductile cast iron 3,17

(aerated conditions), it is possible to observe that differ-
ently from the previous case, Cu-Ni and Cu-Al samples 
need a certain number of 10 mV decreasing steps to reach 
a crevice corrosion repassivation potential after the galva-
nostatic conditioning (Fig. 10). In fact, in aerated con-
ditions, only stainless steels samples are able to re-
passivate immediately after the switch off of the galvano-
static current superimposition. 
  The crevice corrosion repassivation potentials for the 
samples under investigation are reported in Table 2. As 
previously anticipated, the stainless steels samples show 
an almost immediate repassivation after the end of the 
galvanostatic conditioning both in aerated and de-aerated 
conditions. The presence of higher oxygen content seems 
to promote the formation of a harsher environment, prob-
ably due to the more significant oxygen gradient which 
is formed in correspondence of the artificial crevice. In 
particular, compared to the behaviour in the de-aerated 
solution, samples Cu-Ni and Cu-Al do not show crevice 
repassivation potential immediately after the end of the 
galvanostatic conditioning and a certain number of 10 mV 
decreasing steps is required to repassivate.

3.3 Galvanic coupling
  Galvanic coupling current was measured between 
Cu-Al, Cu-Ni, S.S.-Mo, S.S. and mild steel samples cou-
pled with ductile cast iron, thus simulating the real operat-
ing conditions, where engine components and head gas-
kets are in contact. Table 3 shows the steady state current 
measured after about 20 h of coupling in the electrolyte 
containing the corrosion inhibitor.

  Considering the galvanic coupling currents, first of all 
it is worth to notice that the positive values in Table 2 
indicates that the anode of the galvanic couple correspond 
to the ductile cast iron electrode. Therefore, it seems that 
in the corrosion inhibitor containing electrolyte the gasket 
material are cathodically protected by the cast iron of the 
engine components. In addition, the experimental data re-
ported in Table 2 indicates that the lower currents are 
related to the Cu-Ni / ductile cast iron couple which seems 
the less active. Stainless steels coupled with cast iron 
shows intermediate values of the current flowing between 
the metals, while the highest currents are observed for 
Cu-Al / ductile cast iron and Mild steel/ ductile cast iron 
couples. Comparing the two copper alloys, relatively low 
corrosion current of the Cu-Ni / ductile cast iron couple 
compared to Cu-Al/ ductile cast iron is likely to be related 
to the presence of Ni in the alloy. Considering that the 
crevice corrosion takes place at the interface of two differ-
ent metals, the driving force for the galvanic corrosion 
is expected to play an important role for the initiation 
and propagation of the localized phenomena.

4. Conclusions

  In this paper different metals were investigated as po-
tential candidates as head gaskets materials. In particular, 
an aluminium bronze, a nickel bronze, two austenitic 
stainless steels grades and mild steel samples were inves-
tigated due to their suitable mechanical and wear resist-
ance for the specific application object of the study. the 
stainless steels samples proved to be the most efficient 
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metals, among the studied ones, in terms of corrosion re-
sistance as well as the less susceptible to crevice corro-
sion, both in aerated and de-aerated conditions. However, 
relatively high corrosion currents were measured when 
stainless steels samples are coupled with the engine com-
ponents metal (cast iron) thus indicating a certain tendency 
to promote corrosion of the cast iron at the interface be-
tween the two metals. Cu-Ni sample showed a relatively 
good crevice corrosion resistance (actually very high in 
de-aerated conditions), good corrosion resistance in pres-
ence of the inhibitor (anodic current in the 10-6 A/cm2 
range) and the galvanic coupling current were the lowest 
among the studied materials. In this sense, the austenitic 
stainless steels and the Cu-Ni alloy seems to be suitable 
materials to be used as cylinder head gaskets for four 
stroke medium speed engines. Among them, stainless 
steels seem slightly more effective, in particular concern-
ing the crevice corrosion resistance. The other alloys, 
Cu-Al and mild steel, showed relatively good corrosion 
resistance in presence of the corrosion inhibitor and, at 
least for Cu-Al alloy, a relatively good crevice corrosion 

resistance. However, both samples showed the highest gal-
vanic coupling currents, thus suggesting that the tested 
composition cannot be considered suitable for the specific 
application object of the present study.
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