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1.

Appendix 1

A METHOD FOR TESTING UNDERWATER
PROTECTIVE COATINGS
IN A MARINE ENVIRONMENT
UNDER CATHODIC PROTECTION

1. SCOPE

This method covers the determination of the resis-
tance to failure of underwater protective coatings in
a marine environment, when subjected to electrical
currents used for cathodic protection of the substrate.

2. APPARATUS

2.1. Steel panels of 150x150 mm, at least three per
paint system.

2.2. A cylindrical tank at least 20 cm deep and having
a diameter of at least 70 cm. A square or rectan-
gular tank of a minimum side of 70 cm can also

be used.

2.3. A cylindrical carbon/graphite anode, approxi-
mately 20 cin Jong and 5 cm diameter.

2.4. A cathodic protection circuit controlled
by a potentiostat.

2.5. A silver/silver chloride reference electrode.
2.6. A supply of clean natural sea water.

2.7. A high resistance voltmeter to record potential of
test panels.

3. COATING OF PANELS

Grit-blast the panels to preparation grade SA 2} of
the Swedish scale. Apply a piece of self-adhesive mask-
ing tape with a diameter of 16 mm in the middle of
each panel. Then apply the paint system evenly to the
panels by spraygun to the prescribed thickness. This
must be done as carefully as possible, because a dif-
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ference in film thickness may have a pronounced effect

on performance.

After application of the final coat, allow the panels
to dry at least for seven days at ambient laboratory
conditions. Remove the masking tape and protect the

‘edges of the panels by wax or a suitable coal-tar

epoxide paint to a depth of approximately § mm by
dipping. ‘

Affix a length of insulated flexible wire to the centre
of one edge of each panel, taking care to thoroughly
seal the connection with a suitable solvent-free
epoxide resin.

Use three panels per paint system.

4. PROCEDURE

Place the anode in the centre of the tank and make
the electric contact to the positive side of the low-
voltage supply. Suspend the test panels around the
inside of the tank

The panels should be in
such a position as to be 30 cm from the ceatre of the
tank, the lower edge 5 cm from the bottom of the tank
and at least 5 cm from the wall of the tank. Connect
the panels in parallel to the negative side of the low-
voltage supply. Test each paint 'system at least in
duplicate.

For comparison of the influence of the applied
potential, it is necessary to insert alongside the pro-
tected. panels one panel which is not connected to any
electrical supply and will therefore act as a control
unit.

Fill the tank with sea water to a depth of 20 cm and
switch on the cathodic-protection circuit adjusting the
current fliow by means of the variable resistor or
controlling poteriiostat so that the panels are main-
tained at a potential of — 850 millivolis £+ 5 millivolts
with reference 1o the silver/silver chloride electrode.

Keep the water at a controlled temperature of
25 °C 4+ 1 °C. Maintain a constant flow of sea water
either by introducing the water at the bottom of the
tank in the centre-and allowing it to overflow at the
20 cm height, so that a complete change of water takes
place in three days, or continuously aerate the water
and change it for a fresh supply every seven days.

Measure the temperature of the sea water and the
potential of the panels daily, making adjustments when
necessary. Contjnue the test for 26 weeks.

5. ASSESSMENT

Make an assessment of blister formation on thc
panels fortnightly, according to the procedure as
described in Appendix II.

Record any other paint defects observed.

6. PRECISION

It is impossible to give exact quantitative informa-
tion with regard to the reliability of the method. How-
ever, a semi-quantitative idea as to repeatability and
reproducibility has emerged during co-operative tests
between six laboratories.

Between panels in one series the maximum differ-
ence in blister formation can be illustrated by the fol-
lowing examples:

— no blister formation and -——/7-;/2/;_
—/1—5M10/1D and —/—/IMD

I/1F L=
The same results apply to the difference betwecen
series in one laboratory.
During the co-operative tests five out of six labora-
tories found the same order of performance with thrce
anti-corrosive paints. The sixth laboratory deviated in.

_this respect. For technical reasons, however, the results

of this laboratory were doubtful. Discarding the
results of this laboratory maximum differences between
the other five laboratories per paint are illustrated best
by the following examples:

IM/SF9/IMD | —/6FS/—
IM/1IMD S
1D/ID/ID —/—/1D

1D/ID —JI—2D

In general the differences were found to be much
smaller.

7. REPORT

Report the periodic assessment of the panels as
noted under section 5. Report also the film thicknesses
of the coatings applied and any deviations from the
procedure prescribed in this method.
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Appendix IT

ASSESSMENT OF BLISTER FORMATION

METHOD

Size of blisters

Record blister size in millimiters.
When different sizes occur record range e.g. 2-10.

Number of blisters

Record number of blisters as follows:
F = few, when 0-5%, of the surface is covered
M = medium, when 5-15% of the surface is
covered
MD = medium dense, when 15-409%; of the surface
is covered
D = dense, when more than 409, of the surface is
covered.

Areas

Divide the panels in the following areas:
— Front: edges

holiday

rest of front
— Back: edges

rest of back.

Front-edges

Record blister formation due to poor protection of
the edges, also blisters covering an arca away from the
edges, but no doubt originating from poor protection
of the edges.

Record also size and numbers as indicated.

Record the number of blisters on a percentage basis
of the total perimeler covered by the edges.

Note. — Sometimes blisters are observed in or under
the extra proiective layer applied on the
edges wiinoul being in direct contact with
them. These have 1o be regarded as originat-
ing from the edges.

Front-holiday

Record blister formation starting from or in direct
Reighbourhood of the holiday. In many cases defects
are only observed in an area in the neighbourhood of
the holiday.

The rest of the panel in that case is often intact. Also
when this is not the case the area blistered around the

holiday can in most cases clearly be distinguished from
blistering on the rest of the panel.

Record, in mm apart from blister size and density,
the distance over which the paint film around the
holiday has blistered (measured radially outwards
from the edge of the holiday).

Rest of front

Record blister formation which is obviously not due
to an effect of the edges or holiday, or when observed
in the neighbourhood of these.

Back-edges/rest of back

Record blister formation in the way as pointed out

for the front.

REPORTING

Report as follows:

First example

edges / holiday / rest of front
Front “ioF / 10M25 /  10F

20M  / 1F
Back edges | rest of back

EXPLANATION

Panel shows in front on the edges blisters of 10 mm
diameter to an extent of 0-5% of the edges.

Around the holiday blisters are observed of 10 mm
diameter over a distance of 25 mm, measured radially
outwards from the edge of the holiday.

In this blistered area the blisters cover 5-15% of the
surface. The rest of the front shows blisters of 10 mm
covering 0-5% of the surface.

The back of the panel shows on the edges blisters of
20 mm covering 5-15%; of the perimeter. The rest of
the back shows blisters of 1 mm, covering 0-5% of the
surface.

Second example

—/10D10/—
—/4-10MD
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EXPLANATION On the back no blisters are observed on the cdpes.

On the rest of back blisters of a8 4-10 mm size canpe
This panel has no blisters on the cdges either on the are observed, covering 15409, of the surtace.

front and on the back. Around the holiday blisters

10 mm diameter are observed over a distance of 10 mm

measured radially outwards from the edge of the

holiday. In this blistered area the blisters cover 40-

1009, of the surface.
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ANNEX III

Conversion of the assessment of blisterformation into a numeral scheme

Conversion of blisterformation as assessed by the method described in

Annex II into a numeral one is done according to the following scheme.

Blisterformationx) Numeral
on rest of around holiday Rating
front

4
F D1 through DIO 3
MDI through MD20
Ml through M40

M D10 through D20 2
MD20 through MD40

MD D20 through D40 1

D D40 and more 0
x)

Blisterformation on the edges is not taken into account

When blisterformation occurs in one area the rating is given as indicated.

E.g. when blisterformation is only observed around the holiday and assessed

to be D5 a rating 3 is given.

F at the same time blisterformation is observed .on the rest of front the rating
is decreased by one. Eg the above example: D5 around holiday and F on rest

of front rating 2.

Is a blisterformation around the holiday observed to be D30 and at the
same time M on the rest of front rating ] and 2 respectively, the lowest

value is taken.
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R 3—1

TABELLA 2a prova dal 2/4/1976 al

LABGRATOR!S PER LA CORROSIORE MARINA pRHT=H

GENOVA,
(O test) at Zzo¢

SETTIMANA o GIORNO

LEACHING/xg/cmZ g

la
2a
3a
4a
Sa
6a
7a
8a

7
14
21
28
35
41
48

55

5,28
3,09
2,10
1,38
0,76
0,59
0,41
0,36

pel METALY

TABELLA 1a Prova dal 17/10/1975 al 6/2/19767 (

1 te.st) at 20°¢

SETTIMANA—0- GTORNO: - LEACHING}Lg/cmEg e
NGy Pans L (7

l1a 7 5,87

2a 14 2,24

4a 28 1,84

5a 34 1,79

8a 55 0,41

56 0,20

9a 62 0,20

12a 82 0,12

16a 110 0,07

2
LEACHINGS( pg/(cm-d))

n

7k
o I test
6- D . H e
®
5
T=20%

4}l
3r °
ol D\.

\\\ii O
1k

® \\\.\‘5
" 1 L i % 0 1 14 1 L
10 50 100
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& 3-2

RESEARCH CENTER OF NATIONAL DEFENSE

GALATSI - ATHENS - GREECE

Results of the laboratory tests at 30°¢C

------ Leaching.rate.pg.Sn/cal{day.

Weaks Days Teat 3 Test {1

1 5,60

0,70

1 ] 0,66 0,57
2 14 0,56 -

3 21 - 0,40

4 28 0,46 0,34

8 56 0,37 0,30
12 a4 0,11 --

water level

fig.1

4,5 m
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1.2

2.1

2.2

2.3

FRICTIONAL RESISTANCE OF ROTARY
CYLINDER IN WATER

by Prof. T. MIYAJIMA. TUMM

It is proceeding to examine fricticnal resistance of some
paint films on surface of a rotary cylinder which rotates in
water by a driven motor, in the 172 committee of Japan Ship
Building Reserch Association in 1978.

Procedure of the Investigation

Test Equipment of Frictional Resistance

The equipment was produced experimentally in 1975 by professor
Miyajima at the Tokyo University of Marcantile Marine.

It's outline is shown in Fig. 1.

The rotary cylinder which size is 114 mm in diameter and 198 mm

in length, is made of vinyl chrolide pipe and coated by some bottom
paints on its surface. When the rotary cylinder rotates in
water, skin friction on the painted surface will twist the driving
shaft of the cylinder in rotating.

The -twisting moment is picked up by a torque converter coupled with
strain gauges, and the strain is recorded on the oscillo recorder
through on amplifier.

Kinds of paint testing’
In first experiment, some kinds of bottom paint shall be selected
to measure their skin friction in water by the 172 committee.

Some Results of Pre-experiments (abstract)

Effect of Roughened Surface

Some sizes of sand which are shown in Table 1 were coated on surface
of the cylinder with vinyl paint.

Result of the experiment are shown in Fig. 2.

If a relation in expression (1) will exist probably it will be
di fficult to prove, coefficient of frictional resistance against
its roughness of surface of cylinder is shown in Fig.3, Fig.h and
Fig.5.

g d
> R.S.V¢ ..., 1)

f .... coefficient of frictional resistance
R .... frictional resistance on the surface
£ .... density of water
S .... surface area of the cylinder
V .... surface speed of the cylinder
d --.. coefficient of surface speed
Effect of Fouling Surface
Some cylinder were immersed in sea water and fouled on their
surfaces by barancles, algae and etc.
Frictional resistance of the fouled cylinder were measured.

Result of them are shown in Fig.6. We can see that frictional
resistance increases on the fouled surface.

Frictional Resistance on Usual Bottom Paints Films

Frictional resistance on surface of the cylinder which are coated
with generally used bottom paints, incleased 3 - 4 % more than no
coated surface.

Some results of their experiment are shown in Fig.T.
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FIG. 1
EQUIPMENT OF
SKINFRICTION
JIIEASUREMENT

motor

torque
speed convert
=

counter
. . .
strain
ampliphire

0-3000

bearing

rpm. y

~—

AN

oscillo
recoader \\\\\
= — —

? ( driving )‘\\\ motor
desk speed
contorol(r

-=r

rotary
cylindel

el

water bath
(1 ton )

Fig. 2

151 TORQUE OF SHAFT ON ROUGH SURFACE

Table 1

No, o a veight
xperd, b Dis.of sand | ¢ sana

smooth surf. 08T
0~ 0201 140
Jar o~ g 340
090) ~ 0991 i
0991 ~ 1981 "
1981 ~ 279 140
0991 ~ 1981 600
1.981 2794 . -340
2.794 3.967 "
1981 2.794 600

s
1

4

lefe i

N
=
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Studies on the biological accumulation of
TBTF and TPTF.

by Prof. Dr. OSAMU WADA.
GUNMA UNIVERSITY.

After a given dose of TBTF or TPTF ( approximately one fifth of LD 50 )
is administered to rats orally, concentrations of the chemicals or
their metabolites in various organs ( liver, kidney, brain, blood etc.)
are measured by a function of time for a month.

Assay methods are now being developed in our laboratory by uses of
gas-chromatography, liquid-chromatography or atomic absorption
spectrometry.

On the basis of the obtained data, We can estimate their biological
half-time or their accumulation in organs or bodies.
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Figure 2. Varidtion of environment with depth at STU sites.
)
Table 1. Exposure Site Locations and Seawater Characteristics
Site | Latitude | Longitude | Depth | Exposure | Temperature | Oxygen | Salinity pH 2::::?:
No. N w f o
(ft) (day) C) (ml/1) (ppt) (knot)
I-1 33%¢’ 120°37° | 5,300 1,064 2.6 1.2 3451 | 7.5 0.03
I-2 33%4¢’ 120°45" | 5,640 751 2.3 1.3 3451 | 7.6 0.03
1-3 33%4 120945’ | 5,640 123 2.3 1.3 3451 | 7.6 0.03
14 33%¢’ 120°46' | 6,780 403 2.2 1.6 3440 | 7.7 0.03
1-5 339s1" 120°35' | 5,900 189 2.3 1.6 34.6 7.4 0.03
-1 | 34%6' 120°42' | 2,340 197 5.0 0.4 3436 | 7.5 0.06
-2 | 34%¢’ 120°42' | 2,370 402 5.0 0.4 34.36 | 7.5 0.06
v 34°06' 119%7" 5 | 181-763 12-19 3.9-6.6 33.51 | 8.1 | variable
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