




















pitting corrosion frequency in S/H and D/H was also
.carried out. It will be worthwhile that pitting corrosion
fréquency and maximum corrosion depth or rate are
independent par_ameteré completely. Therefore, these

parameters should be analyzed separately.
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Fig. 14 Piting frequency of S/H and DIH

Frequent pitting corrosion looks like very sever cor-
rosion, and deep corrosion pit looks like very sever
corrosion also. However, the meanings of these two
severifies are largely different. Even only one pit exists,
if its depth being very deep, it will lead to perforation
of bottom plate resulting spilling out of crude oil.
Therefore, the importance of these parémeters varies
with the priority of the problem to be solved. This must
be noted in capital letters, because many misunder-
standings are frequently found with the severity of
corrosion by "looks like".

As shown in F:g 14, at the first dock, pittmg fre-
quency IS very Iow in the case of S/H. Nevertheless 1t

increases in se_ccmd dock. On the cher hand, pitting

frequency in the case of D/H is very high even at the
first dock.

The reason for this difference in pitting frequency by
ship structure is supposed as follows. The large fre-
quency of pitting in D/H is estimated to come from flat
structure of bottom in D/H. As illustrated in Fig.15, at
bottom in S/H, inner longi is furnished. This inner
longi works as shield to COW and makes COW
shadow, On the contrary, in D/H, there is no long. on
upper surface of bottom plate in COT. This difference
will be the reason of high frequency of pitting corro-
sion in D/H.
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3.2.1.4 Summary on detrimenial factors to cil coat defect
Main results on oil coat defect are as follows.(Fig.16)

1) Wetting and removél are the cause of oil éoat defect,

wetting by water, and removal by COW.

2) Both decreases insulating resistance of oil coat and it

results pitting corrosion.

3) Concerning COW, it is found that flat structure of

bottom in D/H is a!so detrimental for pit‘tmg frequency
| @ Water : by wetling SN
fg‘) COW Lby rﬁmnva]

Boih decreases ansuiatmg ;emstance
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Flg 16 Detrimental Factors to Oil Coat defect

3.2.2 Investigation resulté on acceleration fa(':'tor'fc'r pitting
corrosion rake

As described in previous section, pitting cbrrésion is
initiated by defect on oil coat, and its propagatioh stops
at the chance of dock inspection. From the measure-
ment of pit depth, observed pitting corrosion rate was
very high, In this section, investigated results on cor-

rosion acceleration factors are described in detail.

3.2.2.1 Acceleration effect of co-existence of H,S and oxy-
gen

In COT, high concentration of HZS is detected cofn~
monly as shown in Tab]e 1. At the same time, oxygen
co-exists, and th:s COm ex:stmg environment is very rare
case in corrosion science. For that reason, the effect of

this co- -existence to corrosion rate is not clear up to now,
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To make clear the effect of co-existence of H,S and
oxygen, laboratory experiment was carried out. The
result is shown in Figl7, and it is found that coexis-

tence of HpS, oxygen etc. accelerates corrosion rate

largely.
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Fig.17 Corrosion acceleration factor - 1 Coexisterice effect of HzS
Furthermore, to conform this _coéXi_st:enge effect to
pitting corrosion, another laboratory té’st was carried
out. As shown in Fig.18 in this experiment, water drop

is placed in or on crude oil.

GOT gas

Specimen | |_Specimen
Full Load Baflast
Fig.18 Laboratory corrosion test with water droplet placed infon srude ol

The gaseous space is filled with simulated TCOT gas
with composition noted in the Fig.19. In one case, full
load condition is supposed, and in another case, ballast
condition is supposed. In both case, localized corrosion
is observed at the place of water droplet with high

corrosion rate as shown in Fig.19 and Photo.§.
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Fig.19 Laboratory corrosion test resulf with water droplet
placed infor: crude oil (60days)
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Photo. Laboratory corrosion test result with water droplet
placed infon crude oif (60days)

At the same time, this laboratory test supposing ballast
condition is repeated with MS and TMCP steel
specimen$. The result is shown in Fig.20, and it was
reconfirmed that there is no difference in corrosion rate
between MS and TMCP steel.
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Fig.20 Comparison of MS and TMCP steef by Laboratory corrosion test
(60days)

3.2.2.2 Acceleration effect of elemental S

On the other hand, elemental § is detected in high
concentration in COT, as described in Fig.1-a. Fig21
shows the analysis result of oil coat sampled from
COT.

It is clear that sulfur concentrates on the steel surface
side of oi] coat. Based on this finding, the effect of
elemental S to corrosion rate is investigated by labo-
ratory corrosion test. As a result, it is found that Ele-

mental S accelerates corrosion largely as shown in



Fig.22.
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Fig.22 Corrosion acceleration factor-2  Coexistence effect of 8
By the way, at the bottom of COT, large amount of

sludge accumulates. Table.4 shows chemical analysis

result of sludge sampled in COT.
Table.4 Che{hicaf analysis of sludge sampled in COT

| Watar solubles
o TotatFe | pH cr 50,7 g*
- Wit 1100100ce| mokg | mokg | moks
Sludge-A 18.7 4.5 _83 151 4
Sludge-B 228 6.8 786 2570 310

From the result, sludge contains very high concen-
tration of sulfur. Based on the result laboratory corro-
sion test shown in Fig.23 is carried out with this sludge.

Specimen is placed as the bottom plate, at the bottom,
sludge sampled from COT was placed, and after that,
seawater is filled. The air space is filled with simulated
COT gas.

In this experiment, deep pitting corrosion is observed
as shown in Fig.24, and the very high pitting corrosion
rate is observed, reconfirming the acceleration effect of

elemental S,

fsurface side of ol coat
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Fig.24 Laboratory simutated corrosion test resuli {180days)
As described in this section, acceleration effect by

coexistence of HaS and Q; and/or elemental § was

found.

3.2.2.3 Acceleration effect of temperature

As well known, temperature also affects to corrosion
rate, Fig.25 shows measured temperature change of
COT in 8/H and D/H.

Temperature of D/H and 3/H at ballast condition is
almost same to that of seawater, No diﬁ“erence is ob-

served between them. As for in full load condition,
temperature of D/H is higher than that of S/H by 10 °C.

However, it is still not clear when the pitting starts and
grows (whether ballast condition or full load condition).
Therefore, the effect of temperature is not clear up to

now,
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Fig .25 Measured temperature in COT {about 5§ m from bottom)

3.2.24 Summary of investigation results on acceleration

effect

1} Defect of oil coat and acceleration factor are the

cause of pitting.

2y As for defect of oil coat, wetting and physical re-

moval are the main subject.

3) Moreover, these relate existence of water and effect

of COW. The effect of COW is also in relation with

ship structure.

4} As for acceleration factor, existence of water is the

base. Moreover, coexistence of H;S and O,, and/or

coexistence of 5 accelerates pitting corrosion rate.
Overview of new findings on pitting corrosion of

VLCC is summarized in Fig.26.
i Pitling Corrosion on botter plate !

]
Acceleration Factor

Fig.26 Summary on pitling cerrosion of VI.CC

4.Conglusion

1) It is found that pitting initiates and propagates in the
interval between docks to dock.

2} It is proposed that pitting corrosion behavior should
be analyzed on maximum corrosion rate and occcur-
rence frequency separately. From the analysis, no sig-
nificant difference between S/H and D/H in maximum
pitting rate was observed. It is also found that the
combined effect of COW and simple structure of I/H

causes frequent ocourrence of pitting corrosion.
3} No noticeable difference between MS and TMCP

steel is reconfirmed in pitting behavior.
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