N COMMITTEE NSRP 0329
IES
AL EFFECTS NATIONAL
IN AND COATINGS SHIPBUILDING
N INTEGRATION RESEARCH
SOURCES PROGRAM
ilY STANDARDS
G

(GINEERING
|ON

The Effect of Substrate Contaminates on the
Life of Epoxy Coatings Submerged in Sea Water

U.S. DEPARTMENT OF TRANSPORTATION
Maritime Administration and the U.S. Navy

in cooperation with
National Steel and Shipbuilding Company
San Diego, California



DI SCLAIMER

These reports were prepared as an account of government-sponsored work.
Neither the United States, nor the Maritime Administration, nor any person
acting on behalf of the Maritime Administration, (A) makes any warranty or
representation, expressed or implied, with respect to the accuracy,
completeness or usefulness of the information contained in this report/
manual, or that the use of any information, apparatus, method, or process
disclosed in this report may not infringe privately owned rights; or (B)
assumes any liabilities with respect to the use of or for damages resulting
from the use of any information, apparatus, method, or process disclosed
in the report. As used in the above, “Persons acting on behalf of the
Maritime Administration” includes any employee, contractor, or subcontractor
to the contractor of the Maritime Administration to the extent that such
employee, contractor, or subcontractor to the contractor prepares, handles,
or distributes, or provides access to any information pursuant to his
employment or contract or subcontract to the contractor with the Maritime
Administration. ANY POSSIBLE IMPLIED WARRANTIES OF MERCHANTABILITY
AND/OR FITNESS FOR PURPOSE ARE SPECIFICALLY DISCLAIMED.



/

~

The Effects Of Substrate Contaminants

On The Life Of Epoxy Coatings
Submerged In Sea Water

NATIONAL SHIPBUILDING
RESEARCH PROGRAM

Prepared By:
DR. GERALD CARL SOLTZ

G C S CORROSION CONSULTANTS INC.
3 COOPER DRIVE, HOWELL, NEW JERSEY 07731

In Cooperation With

NATIONAL STEEL & SHIPBUILDING COMPANY
HARBOR DRIVE & 28th STREET
SAN DIEGO, CALIFORNIA

MARCH 1991
TASK NO. 3-89-2



Research Project:

THE EFFECT OF SUBSTRATE CONTAM NANTS ON THE

LI FE OF EPOXY COATI NGS SUBMERGED | N SEA WATER

MARAD CONTRACT #MA-81-SACOLOO |, TASK 3-84-2

MARCH 1991

Submtted to: MR LYNAOOD P. HAUVSBCHI LT
Program Manager and Chairman
SNAME Panel SP-3
“ SURFACE PREPARATI ON AND COATI NGS’

NATI ONAL STEEL AND SHI PBUI LDI NG COVPANY
Har bor Drive & 28th Street
San Diego, California 92138

Research conducted by:

DR GERALD CARL SOLTZ pres.
GCS CORROSI ON CONSULTANTS | NC.
3 COOPER DRI VE, HOWNELL NEW JERSEY 07731
TELEPHONE # 908 363 8820



DISCLAIMER

These reports were prepared as an account of government-sponsored work.
Neither the United States, nor the Maritime Administration, nor any person
acting on behalf of the Maritime Administration, (A) makes any warranty or
representation, expressed or implied, with respect to the accuracy,
completeness or usefulness of the information contained in this report/
manual, or that the use of any information, apparatus, method, or process
disclosed in this report may not infringe privately owned rights; or (B)
assumes any liabilities with respect to the use of or for damages resulting
from the use of any information, apparatus, method, or process disclosed
in the report. As used in the above, “Persons acting on behalf of the
Maritime Administration” includes any employee, contractor, or subcontractor
to the contractor of the Maritime Administration to the extent that such
employee, contractor, or subcontractor to the contractor prepares, handles,
or distributes, or provides access to any information pursuant to his
employment or contract or subcontract to the contractor with the Maritime
Administration. ANY POSSIBLE IMPLIED WARRANTIES OF MERCHANTABILITY
AND/OR FITNESS FOR PURPOSE ARE SPECIFICALLY DISCLAIMED.



ABSTRACT

This research was conducted to study the effects that
contam nants, comonly occurring in the marine environment,
have on epoxy coating systens. Three standard ballast tank
coatings plus a clear epoxy coating were tested. Three
chemi cals and various size blasting grit particles were used
as contamnants. The two chloride contam nants (sea salt
and sodium chloride) were found to be nuch nore detrinental
to epoxy coatings, than was ferrous sul phate or the grit
particles.

It could be seen through the clear epoxy coating,
that chloride,ssurface contamnation |levels even as |ow as
0.25ug A /CM (.014 oz sodium chloride/ 1000 square feet),
could induce slight steel subsipgte corrosion. \Wen
chloride levels were 1 ug d (.0540z NaCl/1000Ft.*) or
hi gher, considerable under film corrosion was observable
under the clear epoxy. Visible surface roughening (mcro-
blistering) of both the clear and coal tar epoxy coatings
occurred when ever contamination was over 5 ug d /CM
(.280z NaCl/1000Ft. . Osnotic type blistering (ASTM size 8
and larger) occurred after the chloride ion levels had
exceeded a level of 10ug d /CM (0.560z NaCl/1000Ft. ) in
the case of coal tar and cl ear epoxies. Slightly higher
chloride levels were needed to cause osmotic blistering in
the other coatings. The original mcro-blisters coal esced
to formthe larger osnotic blisters. \Were this coal escing
occurred, wunder film corrosion stopped.

The larger size grit particles were found to cause
some coating failures, if they were left on surfaces and
then painted over. Small ampunts of very fine grit dust
di d not cause obvious coating problens unless they were
fromgrit that was highly contam nated with chloride.

The research found, that there is a critical need to
carefully check blasted surfaces for chloride contam nation,
bef ore applying coatings. Therefore several guides were
included in the report (see appendix B) , to help shipyards
and the coating industry, to better understand, detect and
correct problens arising from excess surface contam nation.
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EXECUTI VE SUMVARY

The purpose of the research work, was to exam ne how
envi ronmental contam nants, conmmobn in narine coatin?
operations, can adversely affect the service |life of epoxy
coatings, typically used to protect ship’'s salt water
bal | ast tanks. The research exam ned how steel surfaces
contam nated with: sodium chloride, sea salt, ferrous
sul phate or blasting grit dust particles, affect a coating' s
per f or mance. Four epoxy paint systems were tested over
control |l ed anobunts of these contam nants: coal tar, SovaPon,
Mare |sland and Aquapon. Aquapon is a clear (unpignmented)
pol yam de epoxy coating. \ile Aquapon is not normally used
for imrersion service, it was included in the testing
program to allow observation of subtle under film corrosion
reactions that are obscured by pignmented coatings. [t was
found that the Aguapon and coal tar coatings perforned
simlarly, and blistered to the same extent, at the
contam nation levels used in the test program The Sovapon
and Mare Island coatings were slightly nore resistive to
blistering when conpared to Aquapon or coal tar but they
al so suffered fromunder film corrosion at contam nation
levels well below that required to cause obvious surface
blisters.

The research work found that the w dely accepted
argument that, HGHd HUMD TY | S THE. CAUSE OF "STEEL RUST
BACK“, IS FALSE. In fact, PROPERLY CLEANED STEEL WLL NOT
RUST FOR THOUSANDS OF HOURS, EVEN AT 100% RELATIVE HUM DI TY
Problems W ith Surface rerusting after blasting,
indicates that there is still undesirable contam nation on
the steel’s surface.

The very common practice of lowering the humdity to
stop blasted steel surfaces fromrapidly turning, does not
correct the basic cause of the problem it only hides it.
Dehum dification only retards the flash rusting process
temporarily.

DAMAG NG UNDER FI LM CORROSI ON W LL QUI CKLY FORM

UNDER THE PAINT FILM EVEN |IF THE CONTAM NATED SURFACES
WERE TOTALLY RUST FREE WHEN | T WAS BEI NG COATED.

Under film rust (brownish color), was observed to
qui ckly devel op under clear coatings applied over steel that
was contam nated. This surface turning, started during the
air curing period. The rust color then turned black, after
the first few days of subnerged testing. This brown to
bl ack col or change indicated, that water had diffused
t hrough the coating, reached the contam nated steel, and
agueous under filmreactions were now occurring.

NOTE: These under film corrosion reactions did not occur
where ever the netal surface was contam nation free, even
after 4500 hours of subnmerged testing. An electrolyte is
needed for corrosion to occur and it does not diffuse

t hrough a sound coating system
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The research work also determ ned that:

1.

Not e:

Not e:

Chloride ion Eurface contamination levils below
.25ug. C1 /cm™ (0.0140z. NaCl/1000 Ft.”) of steel
surface, caused little or no visual steel substrate
corrosion under clear epoxy, even after 4500 hours
immersion in pressurized sea water.

I ncreasing the chloride ion surface coQ)tanination
levels, to between 0,25 & 8 ug. d-/cm’” (0.0140z. &
0.4402. NaCl/1000 Ft .) of surface area, caused
visible steel substrate corrosion reactions under
clear epoxy in pressurized seawater immersion. The
amount of under film corrosion that occurred was
proportional to the amount of contam nation placed
on the substrate.

Wthin these |evels of under film contam nation,
neither the clear or the opaque epoxies had physical
surface blistering. However, slight film surface
roughening (mcro-blistering) due to under film
corrosion, could be observed in both the clear
Aquapon and the coal tar epoxy_coating when
contaminatioy exceeded Sug.Cl /ecm® (0.280z.
NaCl1/1000 Ft”.), or in the case of Sovapon

and Mare |sland epoxy, when it exceeded

| Oug. CL-/cn2 (0.580z. NaCl/ 1000 Ft .).

Chloride ion surface contam nation Ievesls bet ween
8-16ug Cl/cn2(.44-.880z NaCl/ 1000 Ft. ) of stee
surface caused steel substrate corrosion
mcro-blisters, which could be seen under clear
epoxy. The micro-blisters coal esced to formthe

| arger osmotic blisters, and under film corrosion
stopped when this occurred. The sane size osnptic
blisters occurred in clear and coal tar epoxy. A
slightly higher,level of surface contamination
20-32 ug.d /cm (1-1.70zNaCl /1000 Ft.

was needed to cause blistering in the other coating
systens. However, eve n at the 10 ug. d /cm
(0.550z. NaCl/1000 Ft“.) level, these systens

had very slight surface roughening, indicating
consi derabl e under film corrosion was in progress.

Much hi gher |evels of sul phate contami nation

(>250 ug./cm) (8.5 0z/1000 ft .) are required to
cause coating blistering conpared to chlori de.

Wil e sea water does contain sulphate, it is at only
20% of the chloride level. Therefore, blistering
from sea water sul phate contam nati on does not

appear to be a primary problem

Sul phate in high sul phur coal slag grit is

al so a possible sul phate source.
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5. High chloride levels in blasting grit may al so
cause problens, if they transfer nore than a
critical anmount of contami nation to the netal
substrate, during blasting. It is therefore
advi sable to check, that the grit being used has a
| ow enough contam nation |level, to produce the
| evel of surface cleanliness specified.

The level of grit contam nation can be quickly
determined in the field, by using distilled water
and a | ow cost pocket conductivity meter.

6. pai nting over nedium or |large, |oose grit dust
particles (+40 mesh), can cause pin point rusting
failures. Smal | amounts of very fine grit dust did
not cause coating failures unless they also
contained chloride contam nation.

EXECUTI VE SUMVARY CONCLUSI ON

At the present tine there are no industry standards, to
define the safe levels of chloride contam nation for stee
surfaces being coated. This study has determ ned that
certain comonly occurring substances will cause surface
contam nation, that is very detrinental to an organic
coating’s life. The study has generated infornmation, that
helps to define the levels of chloride contanmi nation, that
are detrimental to the service life of epoxy coatings.
These are prelimnary contanmi nation danger |evels, that need
to be field confirned and refined over the next few years.
This conformation should be done, by making it standard
practice in the coatg industry, to take neasurements of
final surface contam nation levels prior to any coating

appl i cation. By routinely taking these neasurements, nmanY
Eotentlal coating problems will be caught and corrected
efore coating is applied, and sinultaneously it will build

up a record, of the actual |evels of contam nation, coatings
were applied over. These field generated nunbers, can be
used in the future to develop practical contam nation danger
l evel s, for various types of coatings and service

condi tions. This new Information will help to change
coating application work fromart to engi neering.

However until sufficient field nunbers are generated,
and confirmed, industry can still start engineering coating
surface preparation. This can be done by using the
contam nati on danger levels found in the present study, as
prelimnary gui de nunbers. By using these nunbers and
some of the equipnent listed in appendix B- GUDE III,
coating inspectors can neasure surface contam nation |evels
and decide 1f the steel surface is clean enough to coat.



It should be stressed that the critical contam nation
| evel may not be a single value, but a range, that is partly
dependant upon the intended end service use. Under severe
service conditions or when using less tolerant coatings, the
| oner end of the contami nation range should be observed.
However, under mld service conditions and/or if nore
tol erant coatings are being used, the higher end of the
contam nation range may still be acceptable. Each coating
manuf acturer nust help to determ ne what the all owabl e
contam nation range is for their specific products, when
used under specified service conditions. They shoul d be
willing to fully guarantee their products performance for
the intended service conditions, when applied over the
contamnation levels they claim are safe.

The grit used for surface preparation can transfer
contam nation to the surface, If 1t contains too nuch
chloride or sulphate. Therefore, the conductivity of the
grit being used should be nonitored, particularly if |ow
surface contami nation |evels are being specified.

In order to help stinulate and accelerate the coating
industry into doing routine contam nation testing of grit
and bl asted surfaces, ?rior to coating %%plication, we
have also included in this report, a nunber of guides that
can be used to better understand, measure and control
surface contamination problens:

1. QUEDE I:

THE PRI MARY CAUSES OF COATI NG FAI LURE
2. QUDE II:

THE EFFECT'S OF SURFACE CONTAM NATI ON
3. QUDE IIlI

METHOD S AVAI LABLE FOR DETECTI NG & MEASURI NG
SURFACE AND GRI'T CONTAM NATI ON

4. QUDE IV
SELECTI NG THE BEST SURFACE PREPARATI ON METHCD
TO REMOVE SUBSTRATE CONTAM NATI ON PROBLEMS

NOTE: These 4 guides, are in appendix B.
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6. OBJECTI VES OF THE PRESENT RESEARCH PROGRAM

The purpose of this research project, was to review
the technical literature and determne the key types of
marine surface contami nation that causes blistering in
organi ¢ coating systens.

The initial literature search, turned up a nunber of
references, that suggested that there were two inportant
contam nants that stinulated steel corrosion and induced
coating blister problenms. The two contaninants were:

A Chloride (reference#s 2,9, 11,13, 14,15, 18,20, 24, 27, 32, 33)
AND
B. Sul phate (reference#s 10,15, 20,23,27,31, 32, 33)

The above references did not define the level at which
these contam nants becone dangerous. The follow ng
references suggested sone danger levels for chloride and
sul phate in mcrogranms of contam nation per square
centineter:

A Chloride (reference #16(2ug), #38(10ug),#40(2ug))
B. Sulphate (reference #16(10ug), #38(50ug), #40(65ug))

Since the start up of the present research program
there have been a nunber of additional papers published,
that have confirmed the validity choosing these two
contam nants for study in our project:

A Chloride (reference#s 1,3,5,6,18, 28,29, 30,35, 36)
B. Sulphate (reference#s 1,3,5,6,28,29, 30,35, 36).

The level at which chloride and sul phate contam nation
damage coatings was not determned in the above references,
but it was suggested in the follow ng papers:

A Chloride (ref.#4(5-10ug), #8(3ug),#25&26(10ug), 39(10ug))
B. Sul phate (reference# 25 & 26 (100ug), 39 (50ug))

In addition to investigating the effects of chenical
contanm nants, the programalso tested for the effects that
smal |l quantities of spent grit had, if painted over. No
simlar testing work was reported in the literature. This
can be a mgjor contamnant, if the clean up after blasting,
i's not done conpletely.
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These contami nants, were then placed under standard
epoxy tank coatings and tested at environmental conditions,
that simulated those found in salt water ballast tanks.

The research programtested these contam nants, at many
different concentration levels, to see what effects each
| evel caused. The project’s original goal, was to
determ ne the maxi mum concentration level, for each type
contam nant, that could be tolerated by three standard
bal | ast tank coatings, before visible filmblistering
occurred.

This testing approach is a common one, in the paint
industry. However, this nethod over |ooks the fact,
that considerable paint system danage can occur, well
before visible blisters are formed. Therefore, in
addition to testing with standard (opaque) epoxy tank
coatings, a clear epoxy coating system was included in
the test program This clear coating, allowed us to
observe the normally hidden under film mcro-corrosion
and micro-blister reactions, along with the readily
seen osnotic blisters.

NOTE: It is very inportant to point out, that our
research work found a very close correlation, between
the extent of blistering in the coal tar epoxy and the
cl ear Aquapon epoxy, at the levels of contanination
tested. This correlation, helps to legitimze the use
of this clear epoxy, for the observation of substrate
corrosion and mcro-blistering. These subtle substrate
reactions occur, long before any osnotic blistering is
evident in the coating’s surface. The use of a high
performance, clear epoxy coating, to study these
substrate corrosion reactions, turned up nmany facts
that are obscured by the normally used opaque coatings.
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RESEARCH DESI GN

New hot rolled steel panels, were carefully cleaned of
all soluble contam nants, corrosion products and oil. These
clean panels, were then air blasted with new steel grit.
This blasting renoved all roil-scale, leaving a clean steel
surface with a anchor pattern of 1.5-2 roils. These ultra
clean steel test panels, were then carefully doped with
controlled amounts of contaminants. Various |evels of
contam nation were applied, in amunts that were neasured
in mcro-grams (ug) of contamnation, per square centineter
(C\V2) of surface area

The contam nants used during this study were; analar
sodi um chl ori de, ASTM grade sea salt m xture, analar ferrous
sul phate and various types of grit. After the controlled
application of contam nation was conpleted, the panels were
painted by airless spray. The coatings used were; standard
epoxy tank coating systens (three types tested) and a clear
epoxy coating. The standard tank coating systens were
applied at their manufacturers reconmended film thickness of
(12-16 mls)(300-400 microns) in 2 or 3 coats. The clear
epoxy systemwas built up in 5 coats, to a typical tank
lining thickness of, 12-14 roils (300-350 microns).

After the coatings were fully cured, the test panels
were tested subnmerged, in a pressurized salt water test
chamber, under the harshest conditions that would nornally
be expected in a ship’'s saltwater ballast tank, ie. 900F and
50 PSI pressure (115 ft head).

The panels were examned daily during the first week of
testing, and then once every few days, for the next 300
hours of exposure. Testing was then continued further until
1900 to 4500 hours of submerged exposure had occurred.

The ASTM D714-5 Degree of Blistering Scale was initially
used to record the extent of the coating’s blistering. The
ASTM D714-5 scale was then converted to a newer SSPC blister
rating system which produces single numbers fromO (tota
failure) to 10 (no blisters), and is much easier to graph.
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8. PRQIECT EXPERI MENTAL RESULTS

OVERVI EW
There are three parts to the experimental results.

1. Testing using chem cals as surface contam nants
under standard tank coatings.-------- PAGES 19-44

2. Testing using blasting grit particles and dust
as surface contami nar.ts under standard tank
Coatings. ---—=---sommeceiaeaaes PAGES 45-57

2. Clear epoxy contam nation studies.---PAGES 58-74

8.1 CHEM CAL SURFACE CONTAM NANTS:

There are eleven test series in this part of the
experinental work. The testing program used Sodium
Chloride, Sea Salt or Ferrous Sul phate as the chenica

surface contaminants. These contam nants were used
under :

A Coal Tar Epoxy—| Series 1 [through 5

B. Sovapon Epoxy- [Series 7|through 9

C. Mare |sland Epoxy- [Series 10 |Jand 11

The experimental results from of each of these test
series, are shown as both tables and graphs. Al so, sone
comrents on each test series are included under each graph.

NOTE: The ASTM D714 blister evaluation method and the
SSPC conversion nmethod used for evaluating these tests,
are listed in|Appendix A/| pages All & Al2.
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PANEL TEST SERIES # 1

COAL TAR EPOXY COATING OVER STEEL CONTAMINATED WITH VARIOUS
LEVELS OF SODIUM CHLORIDE.  TESTING WASDONE BY SUBMERGING
THE PANELS IN ARTIFICIAL SEA WATER AT 50 PSI PRESSURE & 90°F

LEVEL OF TEST PANEL * S

CHLORIDE PANEL ‘S AVERAGE THE BLISTER CONDITIONS
ION NUMBER D.F.T. OBSERVED AFTER TESTING FOR
ug.cl / & OF 24 65 175 500 1900
-7 SECTION  PAINT HOURS HOURS HOURS HOURS HOURS
0 12A 15 10 10 10 10 10
0 13A 15 10 10 10 10 10
*(0.00
(1 ) 12B 16 10 10 10 10 10
( 1 ) 13B 14 10 10 10 10 10
*(0.054
2 12C 10 10 10 10 10 10
2 13C 14 10 10 10 10 10
*(0.11
(4 ) 12D 17 10 10 10 10 10
(4 ) 13D 15 10 10 10 10 10
*(0.22
8 10A 17 10 10 9 8 8
8 11A 16 10 10 9+ 9 9
*(0.44
( 1 )6 10B 14 10 9+ 9 9 9
16 1B 16 10 10 9+ 7 5
*(0.88)
32 10C 16 10 8 7 5 5
(32 ) 11C 16 10 8 8 5 5
*(1.7
64 10D 16 10 T+ 7 4 4
(64 ) [1D 21 10 8 8 4 4
*(3.5
125 6A 16 10 7 7 5 5
125 7A 15 10 7 5 3 4
*(7)
250 6B 18 10 6 6 5 5
%50) 7B 15 10 6 5 3 3
*(14
500 6C 18 10 5 5 4 4
500 7C 15 10 5 5 3 3
*(28)
1000 6D 17 10 4 4 4 4
1000 7D 16 10 4 4 3 3
*(56)

*INDICATES THE EQUIVALENT LEVEL OF CHLORIDE ION FROM (*) OUN(
OF SODIUM CHLORIDE SPREAD EVENLY OVER 1000 SQ.FT. OF SURFACE
NOTE: THE PANEL BLISTERING WAS RATED BY THE SSPC MODIFICATIOI
OF THE ASTM D714 BLISTER SCALE. A 10 RATING IS PERFECT AND
ANY RATINGS 7 OR LOWER ARE JUDGED TO BE BELOW THE ACCEPTABLE
FAILURE LEVEL FOR SUBMERGED BALLAST SERVICE.
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PROJECTS EXPERIMENTAL RESULTS

COAL TAR/SODIUM CHLORIDE
SUBMERGED IN SEAWATER

BLISTER NUMBERS(SSPC)

10 |- &

[}

wa

; owours  24HOURS G HOURS 175 HOURS 500 HOURS 1300 HOURS
HOURS SUBMERGED AT 90deg.F & 50psig.

~0-4 UG.CHLORID + 8UG.CHLORIDE  "16UG.CHLORIDE . 32UG.CHLORIDE
"64 UG.CHLORIDE + 125 UG.CHLORIDE ‘250 UG.CHLORID E'500 UG.CHLORIDE
CONTAMINATION IN UG. CHLORIDE/SQ cw.

PANEL TEST SERIES #1- This was the first test series
performed. 24 tests were run using sodium chloride as

the contaminant and coal-tar epoxy as the coating. The
coal tar epoxy was applied at an average thickness of

16 roils (400 microns) in two coats as per manufacturers
instructions. The contamination levels ran from 0-1000
MICRO-GRAMS CHLORIDE PER. SQUARE CENTIMETER.  The submerged
testing in seawater at 90 deg. F.(33 deg. C.) ran 1900 hours.
Periodic examinations were made to observe changes in the
coating such as rusting or blistering. The blisters were
rated according to ASTM D714, however for %Iraftinlg gurposes
this scale was converted to the SSPC BLISTER NUMBERS.

The tests found that no blistering occurred if the
contamination was below 4 micrograms per square centimeter.
At 8 micrograms per square centimeter blistering slowly
increased with time, and the coating’s condition after 1900
hours of testing was just passable (#7 by SSPC standards).
Above this level of contamination the coating failed within
500 hours. The induction period before the onset of visible
blistering varied between less than 65 hours (heavy
contamination) to about 175 hours (light contamination)
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PANEL TEST SERIES # 2

COAL TAR EPOXY COATI NG OVER STEEL CONTAM NATED W TH VARI QUS
LEVELS OF SEA SALT. TESTI NG WAS DONE BY SUBMERG NG THE
PANELS IN ARTI FI CI AL SEA WATER AT 50 PSI PRESSURE & 90°F.

LEVEL OF TEST  PANEL ' S SSPC
CHLORI DE PANEL’' S AVERAGE THE BLI STER CONDI TI ONS

LON.  NUMBER D.F.T. OBSERVED AFTER TESTI NG FOR
ug.CL / & OF 24 65 175 500 1900 4500
Cn. SECTION  PAINT HOURS HOURS HOURS HOURS HOURS HOURS

0 19A 16 10 10 10 10 10 10

0 2 0 15 10 10 10 10 10 10
*(0. 00)

1 19B 17 10 10 10 10 10 10

1 20B 14 10 10 10 10 10 10
*(0. 054)

2 19C 19 10 10 10 10 10 10
(2 ) 20C 15 10 10 10 10 10 10
*(0.11

4 19D 20 10 10 10 10 10 10

4 20D 18 10 10 10 10 10 10
*(0.22)

8 17A 16 10 10 10 10 7 7

8 18A 13 10 10 10 8 6 6
*(0. 44)

16 17B 16 10 10 10 6 6 6

16 18B 16 10 10 10 6 6 6
*(0. 88)

32 17C 13 10 9+ 7 5 4 4

18C 15 10 10 6 5 5 5
*(1.7)

64 17D 14 10 8 6 5 2 2
(64 ) 18D 16 10 9 6 4 4 4
*(3.5

125 15A 14 10 5 2 2 2 2

125 16A 13 10 6 4 2 2 2
“(7)

750 15B 14 10 4 1 0 0 0
(25)0 16B 15 10 5 1 0 0 0
*(14

500 15C 14 10 3 1 0 0 0

500 16C 16 10 3 1 0 0 0
*(28)

1000 15D 18 10 3 1 0 0 0
1000 16D 18 10 3 1 0 0 0

*(56

*I‘\IDPCATES THE EQUIVALENT | EVEL OF CHLORIDE | ON FROM (*) OUNCES
OF SODI UM CHLORI DE EVENLY SPREAD OVER 1000 SQ FT. OF SURFACE.
NOTE: THE PANEL BLI STERING WAS RATED BY THE SSPC MODI FI CATI ON
OF THE ASTM D714 BLI STER SCALE. A 10 RATING | S PERFECT AND
ANY RATINGS 7 OR BELOW ARE JUDGED TO BE BELOW THE ACCEPTABLE
FAI LURE LEVEL FOR SUBMERGED BALLAST SERVI CE.
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COAL—TAR EPOXY/SEA SALT
SUBMERGED IN SEAWATER

BLISTER NUMBERS (SSPC)

10 t S

1 | | & P
OHOURS ~ 24HOURS  65HOURS  175HOURS 500HOURS 1900HOURS 4500140URS

HOURS SUBMERGED AT 90 deg.F & 50 psig.

"0 4UG CHLORI D + 8UG CHLORIDE * 16UG CHLORI DE "32UG CHLORI DE
"64 UG.CHLORLDE + 125UG.CH.QRI DE “250UG CHLORI DE “500UG CHLORE O

CONTAMINATION IN UG. CHLORIDE,/SQ.CM.

PANEL TEST SERIES #2- 24 tests were run using sea salt as
the contam nant and coal -tar epoxy as the coating. The
coal tar epoxy was applied at an average thickness of
16 roils (400 mcrons) in tw coats as per manufacturers
instructions. The contamination |levels ran from 0-1000
M CRO-GRAMS CHLORIDE PER. SQUARE CENTIMETER  The subnerged
testing in seawater at 90 deg. F.(33 deg. c.) ran 4500 hours.
Periodi ¢ exam nations were nade, to observe changes in the
coating such as rusting or blistering. The blisters were
rat ed according to ASTM D714, however for E(Hafti ng purposes
this scale was converted to the SSPC BLI STER NUMBERS

The tests found that no blistering occurred if the
contam nati on was bel ow 4 m crograns per square centineter.
At 8 micrograms per square centimeter blistering slowy
increased with tinme, and the coating’s condition after 1900
hours was not passable (#6.5 SSPC). However after another
2600 hours testing no further deterioration occurred.
Above this level of contamination the coating failed within
175-500 hours. The induction period before the onset of
visible blistering varied between 65 hours (heavy
contam nation) to | ess than 500 hours (light contam nation).
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PANEL TEST SERI ES #3

COAL TAR EPOXY COATI NG OVER STEEL CONTAM NATED W TH VARI QUS

LEVELS OF FERROUS SULPHATE.  TESTI NG WAS DONE BY SUBMERG NG
THE PANELS IN ARTI FI Cl AL SEA WATER AT 50 PSI PRESSURE & 90°F.

LEVEL OF TEST PANEL * S SSPC

SULPHATE PANEL ' S AVERAGE THE BLI STER CONDI Tl ONS
[ON  _  NUMBER D.F.T. OBSERVED AFTER TESTI NG FOR

ug. §0, & OF 24 65 175 500 1900 4500

/ Cm SECTI ON PAI NT HOURS HOURS HOURS HOURS HOURS HOURS
2 26C 14 10 10 10 10 10 10
2 27C 15 10 10 10 10 10 10
4 26D 15 10 10 10 10 10 10
4 27D 15 10 10 10 10 10 10
8 23A 16 10 10 10 10 10 10
8 25A 13 10 10 10 10 10 10
16 23B 16 10 10 10 10 10 10
16 25B 14 10 10 10 10 10 10
32 23C 14 10 10 10 10 10 10
32 25C 10 10 10 10 10 10 10
64 23D 15 10 10 10 10 10 10
64 25D 13 10 10 10 10 10 10
125 21A 18 10 10 10 10 10 10
125 22A 12 10 10 10 10 10 10
250 21B 18 10 10 10 10 10 10
250 22B 17 10 10 10 10 10 10
250 27A 16 10 4 4 4 4 4
500 21C 13 10 5 5 5 5 5
500 22C 16 10 3 3 3 3 3
500 26A 15 10 10 10 9+ 6 6
500 27B 16 10 4 4 4 4 4
750 26B 16 10 3 3 3 3 3
1000 21D 16 10 5 5 5 5 5
1000 22D 17 10 3 3 3 3 3

NOTE: THE PANEL BLI STERI NG WAS RATED BY THE SSPC MODI FI CATI ON
OF THE ASTM D714 BLI STER SCALE. A 10 RATING IS PERFECT AND
ANY RATINGS 7 OR BELOW ARE JUDGED TO BE BELOW THE ACCEPTABLE
FAI LURE LEVEL FOR SUBMERGED BALLAST SERVI CE.
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COAL TAR/FERROUS SULPHATE
SUBMERGED IN SEAWATER

BLISTER NUMBERS (SSPC)

0gE =

| | 1 | | |
OHOURS ~ 24HOURS  65HOURS  175HOURS500HOURS 1900HOURS 4500HOURS

HOURS SUBMERGED AT 90 deg.F. & 50 psig.

~0-125 SULP.  "250SULP.  +500SULP.  + 1000SULP.
CONTAMINATION IN UG. SULPHATE / SQ.CM.

PANEL TEST SERIES #3- 24 tests were run using ferrous
sulphate as the contaminant and coal-tar epoxy as the
coating. The coal tar epoxy was applied at an average
thickness of 16 roils (400 microns) in two coats as per
manufacturers instructions. The contamination levels ran
from 2-1000 MICRO-GRAMS SULPHATE rPer. SQUARE CENTIMETER.
The submerged testing in seawater at 90 deg. F.(33 deg. C.)
ran 4500 hours. Periodic examinations were made, to observe
changes in the coating such as rusting or blistering. The
blisters were rated according to ASTM D714, however for
grafting purposes this scale was converted to the SSPC
BLISTER NUMBERS.

The tests found that no blistering Occurred if the
contamination was below 125 micrograms per square
centimeter. At 250 micrograms per square centimeter
blistering rapidly increased with time, and the coating’s
condition after 65 hours of testing was failing by SSPC
standards. The induction period was less than 65 hours.
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PANEL TEST SERIES #4-PART A

COAL TAR EPOXY COATING OVER STEEL CONTAMINATED WITH VARIOUS
LEVELS OF SODIUM CHLORIDE. TESTING WAS DONE BY SUBMERGING
THE PANELS IN ARTIFICIAL SEA WATER AT 50 PSI PRESSURE & 90°F.

LEVEL OF TEST PANEL * S

CHLORIDE PANEL‘S AVERAGE THE BLISTER CONDITIONS
ION.  NUMBER D.F.T. OBSERVED AFTER TESTING FOR _ _ __
ug.c17/ & OF 24 50 160 500 1900 4500
Cm. SECTION  PAINT HOURS HOURS HOURS HOURS HOURS HOURS
1.25  29A 9 10 10 10 10 10 10
1.25  30A 11 10 10 10 10 10 10
*(0.n67)
2.5 298 10 10 10 10 10 10 10
2.5 308 12 10 10 10 10 10 10
*(0.135)
5 29D 11 10 10 10 10 9 9
5 30D 11 10 10 10 10 9 9
*(0.27)
10 29C 9 10 9+ 7 7 7 7
10 30C 11 10 9+ 7 7 7 7
*(0.54)
16 32A 12 10 9 9 6 6 6
16 33A 13 10 10 10 6 6 6
16 388 16 10 9 9 7 7 7
16 398 15 10 9 9 6 6 6
*(0.88)
20 328 14 10 9 7 6 6 6
20 33B 13 10 7 7 3 3 3
20 38A 13 10 9 9 6 4 4
20 39A 13 10 7 8 5 5 5
*(1.1)
32 32C 12 10 5 4 5 5 4
32 33C 14 10 7 7 5 5 5
32 38C 11 10 4 4 5 5 5
32 39C 13 10 7 7 5 5 5
*(1.7)
40 32D 13 10 4 3 5 5 5
40 33D 15 10 6 6 5 5 5
40 38D 13 10 8 8 5 5 5
40 39D 15 10 5 5 5 5 5
*(2.2)

* INDICATES THE EQUIVALENT LEVEL OF CHLORIDE ION FROM (*) OUNCES
OF SODIUM CHLORIDE EVENLY SPREAD OVER 1000 SQ.FT. OF SURFACE.

NOTE: THE PANEL BLISTERING WAS RATED BY THE SSPC MODIFICATION
OF THE ASTM D714 BLISTER SCALE. A 10 RATING IS PERFECT AND
ANY RATINGS 7 OR BELOW ARE JUDGED TO BE BELOW THE ACCEPTABLE
FAILURE LEVEL FOR SUBMERGED BALLAST SERVICE.
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PANEL TEST SERI ES #4 PART B

COAL TAR EPOXY COATI NG OVER STEEL CONTAM NATED W TH VARI OQUS
LEVELS OF SODIUM CHLORIDE.  TESTI NG WAS DONE BY SUBMERG NG
THE PANELS I N ARTI FI Cl AL SEA WATER AT 50 PSI PRESSURE & 90°F.

LEVEL OF TEST  PAVEL‘ S SSPC
CHLORI DE PANEL * S AVERAGE THE BLI STER CONDI TI ONS
ION. NUMBER D.F.T. OBSERVED AFTER TESTI NG FOR
ug.cl”/ & OF 24 50 160 500 1900 4500
Om SECTI ON  PAI NT HOURS HOURS HOURS HOURS HOURS HOURS
64 34A 13 10 3 2 2 2 2
64 35A 13 10 3 2 2 2 2
64 37A 14 10 6 6 5 5 5
64 58A 12 10 7 6 5 5 5
64 59A 13 10 7 6 6 6 6
*(3. 5)
125 348 14 10 2 2 2 2 2
125 358 13 10 3 2 2 2 2
125 378B 16 10 6 6 2 2 2
125 58B 13 10 7 7 5 5 5
125 59B 13 10 7 7 5 5 5
*(7)
250 34C 14 10 2 | | | t
250 35C 12 10 3 2 2 2 2
250 37C 12 10 1 1 1 1 {
250 58C 13 10 3 2 2 2 2
250 59C 13 10 3 3 3 3 3
*(14)
500 34D 16 10 2 1 1 1 1
500 35D 14 10 1 1 1 1 1
500 37D 13 10 1 1 1 1 1
500 58D 14 10 2 2 2 2 2
500 59D 10 10 2 2 2 2 2
*(28)

* | NDI CATES THE EQUI VALENT LEVEL OF CHLORI DE | ON FROM (*) QUNCES
OF SODI UM CHLORI DE EVENLY SPREAD OVER 1000 SQ FT. OF- SURFACE.

NOTE: THE PANEL BLI STERI NG WAS RATED By THE SSPC MODI FI CATI ON
OF THE ASTM D714 BLI STER SCALE. A 10 RATING | S PERFECT AND
ANY RATINGS 7 OR BELOW ARE JUDGED TO BE BELOW AN ACCEPTABLE
FAI LURE LEVEL FOR COATI NGS USED I N SUBMERGED BALLAST SERVI CE.
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COAL TAR/SODIUM CHLORIDE
SUBMERGED IN SEA WATER

BLISTER NUMBERS (SSPC)

o -&

OHOURS  24HOURS 50HOURS 160HOURS 500HOURS 1900HOURS 4500HOURS
HOURS SUBMERGED AT 90 deg.F. & 50 psig.

~_~Erim Attt am —d— ;e rurapmr —¥—  10N0 CHIORIDE —8—  200G.CHLORIDE
G-2.50G CHLOR SUG.CHLORIDE —* 10UC.CHLORIDE

—%— 40UG.CHLORIDE —%— 64UG.CHLORIDE —2— 125UG.CHLORID —¥— 250UG.CHLORID

CONTAMINATION IN UG. CHLORIDE/SQ.CM.

PANEL TEST SERIES #4- This was the second test series

(44 tests) run with sodium chloride as the contam nant

and coal tar epoxy. The epoxy was applied at an average

t hi ckness of 14 roils (350 microns) in two coats as per
manuf acturers instructions. The contam nation |evels ran
from 1.25-500 M CRO GRAMS CHLORI DE PER. SQUARE CENTI METER
The subrerged testing in seawater at 90 deg. F.(33 deg. C)
ran 4500 hours. Periodic exam nations were made, to observe
changes in the coating such as rusting or blistering. The
blisters were rated according to ASTM D714. For grafting
purposes this scale was converted to the SSPC NUVBERS.

The tests found that no blistering occurred if the
chloride contam nation was below 2.5 mcrograns per square
centimeter. Under film corrosion (ASTM S9) without osnotic
blisters, was observed at the 5 microgram |level after 1900
hours of testing. At 16 micrograns per square centineter
blistering slowy increased with tine, and the coating' s
condition after 4500 hours of testing was just passable
(#7by SSPC standards). At the 32 mcrogram | evel of
contamination the coating failed within 175 hours. The
i nduction period before the onset of visible blistering
varied between |ess than 50 hours (heavy contam nation) to
about 500 hours (light contam nation).
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COAL TAR EPOXY\ SEA SALT
SUBVERGED | N SEA WATER

BLI STER NUMBERS ( SSPC)

10 |- &

=

=

0HOURS 24HOURS SOHEURS 160I:|CURS 500HCURS 1900HCURS 4500|-'0JRS
HOURS SUBMERGED AT 90 deg.F. & 50 psig.

~—— 0-25UG.CHLORI —+— SUG.CHLORIDE ~—*~ 16UG.CHLORIDE —5— 20UG CHLORIDE

—— 32UG.CHLORIDE —9— 64UG.CHLORIDE —— 125UG.CHLORID —=— 500UG.CHLORID
CONTAM NATION IN UG CHLORIDE/ SQ CM

PANEL TEST SERI ES #5- This was the second test series
(32 tests% run with sea salt as the contam nant and coal tar
epoxy. The epoxy was applied at an average thickness
O 14 roils (350 mcrons) in two coats as per manufacturers
instructions. The contam nation |levels ran from 0-500
M CRO- GRAMS CHLORI DE PER. SQUARE CENTI METER.  The subnerged
testing in seawater at 90 deg. F.(33 deg. c.) ran 4500 hours.
Peri odi ¢ exam nations were made to observe changes in the
coating such as rusting or blistering. The blisters were
rated according to ASTM D714, however for grafting purposes
this scale was converted to the SSPC BLISTER NUMBERS.

The tests found that no blistering occurred if the
chl ori de contam nation was bel ow 5 mi crograns per square
centimeter. Under film corrosion (ASTM S9-) wi thout osmotic
blisters, was just observed at the 5 mcrogram|evel after
1900 hours of testing. At 16 micrograms per square
centimeter contanmination, the blistering slowy increased
with time, and the coating’ s condition after 4500 hours of
testing was just bel ow passable (#6.5by SSPC standards). At
the 20 mcrogram | evel of contam natio,the coating failed
within 175 hours. The induction period before the onset of
visible blistering varied between | ess than 50 hours (heavy
contam nation) to over 500 hours (light contam nation).
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PANEL TEST SERI ES #5- PART A

COAL TAR EPOXY COATI NG OVER STEEL CONTAM NATED W TH VARI QUS

LEVELS OF SEA SALT. TESTING WAS DONE BY SUBMERA NG THE
PANELS IN ARTI FI CI AL SEA WATER AT 50 PSI PRESSURE & 90°F.

LEVEL OF TEST  PANEL ' S SSPC
CHLORI DE PANEL’ S AVERAGE THE BLI STER CONDI TI ONS

ION. NUMBER D.F.T. OBSERVED AFTER TESTI NG FOR
ug.c}7/ & OF 24 50 ' 160 ' 500 1900 4500
Cm SECTI ON PAI NT HOURS HOURS HOURS HOURS HOURS HOURS
DI STI LLED WATER ONLY

0 60A&B 12 10 10 10 10 10 10
METHYL ALCHOL ONLY

0 60C&D 11 10 10 10 10 10 10
*( 0. 00)

1.25 46A 13 10 10 10 10 10 10

1.25  48A 13 10 10 10 10 10 10
*(0.067)

2.5 46B 14 10 10 10 10 10 10

2.5 48B 13 10 10 10 10 10 10
*(0. 135)

5 46C 14 10 10 10 10 10 | 0-

5 48C 14 10 10 10 10 10 | 0-
*(0. 27)

10 46D 14 10 10 10 10 g 9

10 48D 14 10 10 10 10 g g
*(0. 54)

16 43A 13 10 10 10 7 7 7

16 45A 15 10 10 10 9 7 7

16 114A 13 10 10 8 6 6 6
*(0. 88)

20 43B 14 10 6 6 6 6 6

20 45B 14 10 7 7 7 7 7
*(1.1)

32 43C 13 10 6 6 6 6 6

32 45C 14 10 7 7 7 7 7

32 1148 13 10 4 4 4 4 4
*(1.7)

40 43D 14 10 4 4 4 4 4

40 45D 14 10 3 3 3 3 3
*(2.2)

* | NDI CATES THE EQUI VALENT LEVEL OF CHLORIDE | ON FROM (*) OUNCES
OF SODI UM CHLORI DE EVENLY SPREAD OVER 1000 SQ FT. OF SURFACE.

NOTE: THE PANEL BLI STERI NG WAS RATED BY THE SSPC MODI FI CATI ON
OF THE ASTM D714 BLI STER SCALE. A 10 RATING IS PERFECT AND
ANY RATINGS 7 OR BELOW ARE JUDGED TO BE BELOW THE ACCEPTABLE
FAI LURE LEVEL FOR SUBMERGED BALLAST SERVI CE.
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PANEL TEST SERI ES #5- PART B

COAL TAR EPOXY COATI NG OVER STEEL CONTAM NATED W TH VARI QUS
LEVELS OF SEA SALT. TESTI NG WAS DONE BY SUBMERG NG THE
PANELS | N ARTI FI CI AL SEA WATER AT 50 PSI PRESSURE & 90°F.

LEVEL OF TEST  PANEL' S SSPC
CHLORI DE PANEL’ S AVERAGE THE BLI STER CONDI TI ONS
10N. NUMBER D F.T. OBSERVED AFTER TESTI NG FOR
ug.c}”/ & OF 24 50 160 500 1900 4500
C. SECTION PAINT HOURS HOURS HOURS HOURS HOURS HOURS
64 41A 11 10 4 4 4 4 4
64 42 13 10 4 4 4 4 4
64 114C 16 10 4 4 4 1 1
*(3.5)
125 41B 13 10 2 2 2 2 2
125 42B 13 10 3 3 3 3 3
125 114D 16 10 2 2 2 2 2
*(7)
750 41C 10 10 1 1 | 1 |
250 42C 14 10 3 3 1 1 1
*(14)
500 41D 12 10 0 0 0 0 0
500 42D 16 10 2 2 1 1 1
*(28)

* | NDI CATES THE EQUI VALENT LEVEL OF CHLORI DE | ON FROM (*) OUNCES
OF SODI UM CHLORI DE EVENLY SPREAD OVER 1000 SQ FT. OF SURFACE.

NOTE: THE PANEL Blistering WAS RATED BY THE SSPC MCODI FI CATI ON
OF THE ASTM D714 BLI STER SCALE. A 10 RATING | S PERFECT AND
ANY RATINGS 7 OR BELOW ARE JUDGED TO BE BELOW AN ACCEPTABLE
FAI LURE LEVEL FOR COATI NGS USED | N SUBMERGED BALLAST SERVI CE.
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PANEL TEST SERI ES #6

COAL TAR EPOXY COATI NG OVER STEEL CONTAM NATED W TH VARI QUS

LEVELS OF FERROUS SULPHATE.  TESTI NG WAS DONE BY SUBMERG NG

THE PANELS IN ARTI FI Cl AL SEA WATER AT 50 PSI PRESSURE & 90°F.

LEVEL OF TEST PANEL * S

SULPHATE PANEL ' S AVERAGE THE BLI STER CONDI TI ONS
ION _ NUMBER D.F.T. OBSERVED AFTER TESTING FOR

ug. §0, & OF 24 50 “ 160 500 1900 4500
Cm. SECTION  PAINT HOURS HOURS HOURS HOURS HOURS HOURS
1.25  55A 13 0 10 10 10 10 10
1.25  56A 14 0 10 10 10 10 10
2.5 568 13 0 10 10 10 10 10
5 558 14 0 10 10 10 10 10
5 55C 14 0 10 10 10 10 10
5 56C 12 0 10 10 10 10 10
10 55D 12 0 10 10 10 10 10
10 56D 12 0 10 10 10 10 10
16 52A 13 0 10 10 10 10 10
16 53A 14 0 10 10 10 10 10
20 528 14 0 10 10 10 10 10
20 53B 14 0 10 10 10 10 10
32 52C 12 0 10 10 10 10 10
32 53C 14 0 10 10 10 10 10
40 52D 13 0 10 10 10 10 10
40 53D 12 0 10 10 10 10 10
64 49A 13 0 10 10 10 9 9
64 51A 15 10 10 10 8 8 8
125 34B 14 10 10 10 10 9 9
125 35B 13 10 10 10 7 7 7
250 34C 14 10 9 9 9 9 9
250 35C 12 0 10 10 10 9 9
500 34D 16 10 o+ 9+ 9+ 9 9
500 35D 14 10 7 7 7 7 7

NOTE: THE PANEL BLI STERI NG WAS RATED BY THE SSPC MODI FI CATI ON
OF THE ASTM D714 BLI STER SCALE. A 10 RATING IS PERFECT AND
ANY RATINGS 7 OR BELOW ARE JUDGED TO BE BELOW AN ACCEPTABLE
FAI LURE LEVEL FOR COATI NGS USED I N SUBMERGED BALLAST SERVI CE.
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COAL TAR/ FERROUS SULPHATE
SUBMERGED I N SEA WATER

BLI STER NUMBERS ( SSPC)

] 1 1 ! 1 1

OHOURS 24HOURS S50HOURS 160HOURS S00HOURS 1S00HOURS 4500HOURS
HOURS SUBMERGED AT 90 deg.F. & 50 psig.

——— 0-40UG. S04 —+— 64UG. S04 —¥—  125UG. S04 —&— 250UG. S04

—¥—  500UG. S04

CONTAMINATION IN UG.SO4(SULPHATE)/SQ.CM.

PANEL TEST SERI ES #6- This was the second test series
(24 tests) run with ferrous sul phate as the contam nant and
coal tar epoxy. The epoxy coating was applied at an average
thickness of 13 roils (325 mcrons) in tw coats as per
manuf acturers instructions. The contamination |levels ran
from 1. 25-500 M CRO GRAMS sul phate PER SQUARE CENTI METER
The subnerged testing in seawater at 90 deg. F.(33 deg. C)
ran 4500 hours. Periodic exam nations were nade, to observe
changes in the coating such as rusting or blistering. The
blisters were rated according to ASTM D714. For grafting
purposes this scale was converted to the SSPC NUNéERS

The tests found that no blistering occurred if the
sul phate contam nati on was 40 m crogranms per square
centineter or lower. Under filmcorrosion (ASTM 9) wi thout
osnotic blisters, was observed at the 64 microgram | evel
after 1900 hours of testing. Even at 500 micrograms per
square centineter contamination, the blistering only slowy
increased with time, and the coating' s condition after 4500
hours of testing was still passable (#8) by SSPC standards.
The induction period before the onset of visible blistering
vari ed between | ess than 50 hours (heavy contam nation) to
500 hours (Ilight contam nation).
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PANEL TEST SERI ES #7- PART A

SOVAPON EPOXY COATI NG OVER STEEL CONTAM NATED W TH VARI QUS
LEVELS OF SODI UM CHLORI DE. ~ TESTI NG WAS DONE BY SUBMERG NG
THE PANELS IN ARTI FI CIl AL SEA WATER AT 50 PSI PRESSURE & 90°F.

LEVEL OF TEST PANEL'S

CHLORIDE PANEL'S AVERAGE THE BLISTER CONDITIONS

ION_ NUMBER D.F.T. OBSERVED AFTER TESTING FOR
ug.C% / & OF 24 50 160 500 1900 4500
Cm. SECTION PAINT HOUR: HOURS HOURS HOURS HOURS HOURS

1.25 62A 9 10 10 10 10 10 10

1.25 63Aa 10 10 10 10 10 10 10

1.25 64A 11 10 10 10 10 10 10
*(0.067)

2.5 62B 8 10 10 10 10 10 i0

2.5 63B 10 10 10 10 10 10 10

2.5 64B 10 10 10 10 10 10 10
*¥(0.135)

5 62C 10 10 10 10 10 10 10

5 63C 10 10 i0 10 10 10 10

5 64C 11 10 10 10 10 10 10
*(0.27)

10 62D 11 i0 10 10 10 10 10

10 63D 10 10 10 10 10 10 10

10 64D 11 10 10 10 10 10 10
*(0.54)

16 65A 12 10 10 10 10 10 9

16 66A 11 10 10 10 10 10 9

16 67B 11 10 10 10 10 10 10
*(0.88)

20 65B 11 10 10 10 10 10 9

20 66B 9 10 10 10 10 10 9

20 678 11 10 10 10 10 10 10
*(1.1)

32 65C 11 10 10 10 9 9 9

32 66C 11 10 10 10 9 8 7

32 67C 10 10 10 10 9 9 9
*¥(1.7)

40 65D 10 10 10 10 7 7 6

40 66D 10 10 10 10 7 7 6

AN £n an an an Tn - 7 7

* | NDI CATES THE EQUI VALENT LEVEL OF CHLORIDE | ON FROM (*) OUNCES
OF SODI UM CHLORI DE EVENLY SPREAD OVER 1000 SQ FT. OF SURFACE.

NOTE: THE PANEL BLI STERI NG WAS RATED BY THE SSPC MODI FI CATI ON

OF THE ASTM D714 BLI STER SCALE. A 10 RATING IS PERFECT AND

ANY RATINGS 7 OR BELOW ARE JUDGED TO BE BELOW THE ACCEPTABLE

FAI LURE LEVEL FOR SUBMERGED BALLAST SERVI CE.
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PANEL TEST SERIES #7-PART B

SOVAPON EPOXY COATING OVER STEEL CONTAMINATED WITH VARIOUS

LEVELS OF SODIUM CHLORIDE. TESTING WAS DONE BY SUBMERGING

THE PANELS IN ARTIFICIAL SEA WATER AT 50 PSI PRESSURE & 90°F.

LEVEL OF TEST PANEL'S
CHLORIDE PANEL'S AVERAGE THE BLISTER CONDITIONS
ION_ NUMBER D.F.T. OBSERVED AFTER TESTING FOR
ug.C% / & OF 24 50 160 500 1900 4500
..... SECTION PAINT HOURS HOURS HOURS HOURS HOURS HOURS
64 6824 10 10 8 8 6 5 5
64 69A 11 10 10 7 7 7 7
64 70A 11 10 7 7 6 5 5
*¥{3.5)
125 68B 11 10 8 7 5 4 3
125 69B 12 10 10 8 8 6 6
125 70B 11 10 7 7 5 4 4
*(7)
250 68C 10 10 8 3 0 0 0
250 69C 11 10 5 2 2 1 0
250 70C 11 10 8 5 3 2 1
*(14)
500 68D 11 10 3 2 0 0 0
500 69D 10 10 5 3 2 0 0
500 70D 11 10 2 2 2 0 0
*(28)

* INDICATES THE EQUIVALENT LEVEL OF CHLORIDE ION FROM (*) OUNCES
OF SODIUM CHLORIDE EVENLY SPREAD OVER 1000 SQ.FT. OF SURFACE.

NOTE: THE PANEL BLISTERING WAS RATED BY THE SSPC MODIFICATION OF
THE ASTM D714 BLISTER SCALE. A 10 RATING IS PERFECT AND ANY
RATINGS 7 OR BELOW ARE JUDGED TO BE BELOW AN ACCEPTABLE FAILURE

LEVEL FOR COATINGS USED IN SUBMERGED BALLAST SERVICE.



SOVAPON /SODIUM
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OHOURS  24HOURS 50HOURS 160HOURS SOOHOURS 1900HOURS 4500HOURS
HOURS SUBMERGED AT 90 deg.F. & 50 psig.

—— 0-10UG.CHLORI — 16UG.CHLORIDE —%— 32UG.CHLORIDE ~—5— 40UG.CHLORIDE

*— 64UG.CHLORIDE —9— 125UG.CHLORID —2— 250UG.CHLORID —%— 500UG.CHLORID

CONTAMINATION IN UG.CHLORIDE/SQ.CM.

PANEL TEST SERIES #7- This test series (36 tests) run with
sodium chloride as the contaminant and sovapon epoxy. The
epoxy was applied at an average thickness of 11 mils (275
microns) in two coats as per manufacturers instructions.
The contamination levels ran from O to 500 MICRO-GRAMS
CHLORIDE PER. SQUARE CENTIMETER. The submerged testing in
seawater at 90 deg. F.(33 deg. C.) ran 4500 hours. Periodic
examinations were made, to observe changes in the coating
such as rusting or blistering. The blisters were rated
according to ASTM D714, however for graftingEF?urposes this
scale was converted to the SSPC BLISTER NUMBERS.

The tests found that no blistering occurred if the
chloride contamination was below 10 micrograms per square
centimeter. Under film corrosion (ASTM S9) without osmotic
blisters, was observed at the 10 microgram level after 4500
hours of testing. At 32 micrograms per square centimeter
blistering slowly increased with time, and the coating’s
condition after 4500 hours of testing was still passable
(#8 by SSPC standards). At the 64 microgram level of
contamination the coating failed within 500 hours. The
induction period before the onset of visible blisterin
varied between less than 50 hours (heavy Contamination) to
about 500 hours (light contamination).
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SOVAPON SEA SALT
SUBMERGED | N SEA WATER

BLI STER NUMBERS (sspc)

10 |- &

0 i ! 13 1] 1 'y
OHOURS 24HOURS  50HOURS 160HOURS 500HOURS 1900HOURS 4500HOURS

HOURS SUBMERGED AT 90 deg.F. & 50 psig.
—— 0-10UG CHLORI —— 18UG.CHLORIDE —*— 32UG.CHLORIDE —5— 64UG.CHLORIDE
—*— 125UG.CHLORID —®— 250UG.CHLORID —®— 500UG.CHLGRID

INATION IN UG.CHLORIDE/3Q.CM.

PANEL TEST SERIES #8- This test series (48 tests) run with
sea salt as the contaninant and sovapon epoxy. The epoxy
was applied at an average thickness of 11 roils (275 mcrons)
in two coats as per manufacturers instructions. The

contam nation levels ran fromO to 500 M CRO GRAMS CHLORI DE
PER.  SQUARE CENTI METER.  The subnerged testing in seawater
at 90 deg. F.(33 deg. C) ran 4500 hours. Periodic

exam nations were made, to observe changes in the coating
such as rusting or blistering. The blisters were rated
according to ASTM D714, however for %rafting £urposes this
scale was converted to the SSPC BLI STER NUMBERS.
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PANEL TEST SERIES #8- PART A

SOVAPON EPOXY COATING OVER STEEL CONTAMINATED WITH VARIOUS
LEVELS OF SEA SALT. TESTING WAS DONE BY SUBMERGING THE
PANELS IN ARTIFICIAL SEA WATER AT 50 PSI PRESSURE & 90°F.

LEVEL OF TEST PANEL ' S

CHLORIDE PANEL'S AVERAGE THE BLISTER CONDITIONS
ION_  NUMBER D.F.T. OBSERVED AFTER TESTING FOR
ug.c}”/ & OF 24 50 160 500 1900 4500
Cm. SECTION PAINT HOURS HOURS HOURS HOURS HOURS HOURS
NOTE: (S)=SINGLE COAT
1.25 71A 10(S) 10 10 10 10 10 10
1.25 72A 10(S) 10 10 10 10 7 5
1.25 73A 10 10 10 10 10 10 10
*(0.067)
2.5 71B 10(S) 10 10 10 10 8 7
2.5 728 11 10 10 10 10 7 5
2.5 64B 10 10 10 10 10 10 10
*(0.135)
5 71C 8(S) 10 10 10 10 8 6
5 72C 11(S) 10 10 10 10 7 6
5 73C 11 10 10 10 10 10 10
*(0.27)
10 71D 9(S) 10 10 10 10 8 6
10 72D 7(S) 10 10 10 10 6 4
10 73D 10 10 10 10 10 10 10
*(0.54)
6 74A 9(S) 10 10 10 10 8 6
16 75A 11 10 10 10 10 10 10
16 76A 9(S) 10 10 10 7 7 5
16 115A 15 10 10 10 10 9 9
16 116A 12 10 10 10 10 6 6
16 117A 13 10 10 10 10 9 7
*(0.88)
0 74B 9(S) 10 10 10 10 10 7
20 758 11 10 10 10 10 10 10
20 76B 10(S) 10 10 10 8 7 6
*(1.1)
32 74C 10(S) 10 10 10 10 7 4
32 75C 9(SQ) 10 10 10 10 7 5
32 76C 10(S) 10 10 10 7 6 4
32 1158 15 10 10 10 10 10- 9
32 116B 12 10 10 9 7 6 5
32 117B 13 10 10 l0- 10- 10- 10-
*(1.7)

* INDICATES THE EQUIVALENT LEVEL OF CHLORIDE ION FROM (*) OUNCES
OF SODIUM CHLORIDE EVENLY SPREAD OVER 1000 SQ.FT. OF SURFACE.
(S) AFTER DFT INDICATES ONLY A SINGLE HEAVY COAT OF PAINT INSTEAD

OF THE RECOMMENDED TWO COAT SOVAPON SYSTEM.
NOTE: THE PANEL BLISTERING WAS RATED BY THE SSPC MODIFICATION OF
THE ASTM D714 BLISTER SCALE. A 10 RATING IS PERFECT AND ANY
RATINGS 7 OR BELOW ARE JUDGED TO BE BELOW THE Acceptable FAILURE
LEVEL FOR SUBMERGED BALLAST SERVICE.
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PANEL TEST SERIES #8- PART B

SOVAPON EPOXY COATI NG OVER STEEL CONTAM NATED W TH VARI QUS
LEVELS OF SEA SALT. TESTI NG WAS DONE BY subnergi ng THE
PANELS I'N ARTIFI Cl AL SEA WATER AT 50 PSI PRESSURE & 90°F.

LEVEL OF TEST PANEL * S

CHLORI DE PANEL ' S AVERAGE THE BLI STER CONDI TI ONS
10N  NUMBER D.F.T. OBSERVED AFTER TESTI NG FOR
ug.Cl / & OF 24 50 160 500 1900 4500
Cm. SECTI ON PAI NT HOURS HOURS HOURS HOURS HOURS HOURS
NOTE: (S)=SINGLE COAT
40 74D | og s; 10 10 10 10 7 5
40 75D 11(S 10 10 10 10 g 8
40 76D 10(S) 10 10 10 8 7 6
*(2.2)
64 77A 10 10 10 | 0- 6 6 6
64 78A 9(S) 10 g g 6 6 4
64 79A 10 10 10 10 10 7 6
64 115C 15 10 4 4 4 3 2
64 116C 13 10 4 4 4 4 2
64 117C 13 10 6 6 6 5 4
*(3.5)
125 77B 11 10 7 6 5 4 3
125 78B 10(S) 10 6 6 3 1 0
125 79B 11 10 10 | 0- 8 3 0
125 115D 15 10 7 4 4 3 1
125 116D 13 10 7 6 4 2 0
125 117D 13 10 7 4 4 3 2
*(7)
750 77C 10(S) 10 4 4 4 0 0
250 78C 11(S) 10 4 4 2 0 0
250 79C 11 10 10 7 4 0 0
*(14)
500 77D 11(S) 10 2 2 2 0 0
500 78D 11(S) 10 3 2 2 0 0
500 79D 10 10 7 4 3 0 0
*(28)

* | NDI CATES THE EQUI VALENT LEVEL OF CHLORI DE | ON FROM (*) QUNCES
OF SODI UM CHLORI DE EVENLY SPREAD OVER 1000 SQ FT. OF SURFACE.

(S) AFTER DFT | NDI CATES ONLY A SI NGLE HEAVY COAT OF PAI NT | NSTEAD
OF THE RECOMMENDED TWO COAT SOVAPON SYSTEM

NOTE: THE PANEL BLI STERI NG WAS RATED By THE SSPC MODI FI CATI ON OF
THE ASTM D714 BLI STER SCALE. A 10 RATING | S PERFECT AND ANY
RATI NGS 7 OR BELOW ARE JUDGED TO BE BELOW AN ACCEPTABLE FAI LURE
LEVEL FOR COATINGS USED IN SUBMERGED BALLAST SERVI CE.
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PANEL TEST SERI ES #9- PART A

SOVAPON EPOXY COATI NG OVER STEEL CONTAM NATED W TH VARI QUS
LEVELS OF FERROUS SULPHATE. ~ TESTI NG_WAS DONE_BY SUBMERG NG
THE PANELS IN Artificial SEA WATER AT 50 PSI PRESSURE & 90°F.

LEVEL OF TEST PANEL " S

SULPHATE PANEL’ S AVERAGE THE BLI STER CONDI TI ONS
| ON NUVMBER D.F.T. OBSERVED AFTER TESTI NG FOR

U . SO & OoF 24 50 160 500 1900 4500
/ Cm SECTI ON  PAI NT HOURS HOURS HOURS HOURS HOURS HOURS

NOTE: (S)=SI NGLE COAT

o) 8 9A&B 11(9) 10 10 10 10 6 6
0 89C&D 11 10 10 10 10 10 10
0 90A&B 9(9) 10 10 10 6 6 6
0 90C&D 11 10 10 10 10 10 10
1.25 80A 9(S) 10 10 10 10 7 7
1.25 81A 9(S 10 10 10 10 9 9
1.25 82A 9§s§ 10 10 10 10 10 6
2.5 80B 1 0(S) 10 10 10 10 7 7
2.5 81B 1 0(S) 10 10 10 10 9 9
2.5 82B 11(9) 10 10 10 10 10 8
5 80C 9(S) 10 10 10 10 7 7
5 81C 7(S 10 10 10 7 5 4
5 82C 9}3; 10 10 10 10 10 7
10 80D 9(9) 10 10 10 10 6 6
10 81D 9(S 10 10 10 7 6 5
10 64D 11é sg 10 10 10 10 10 6
16 83A 11 10 10 10 10 10 10
16 84A 11 10 10 10 10 10 10
16 85B 13 10 10 10 10 10 10
20 83B 11 10 10 10 10 10 10
20 84B 11 10 10 10 10 10 10
20 85B 12 10 10 10 10 10 10
32 83C 12(9) 10 10 10 10 8 8
32 84C 11 10 10 10 10 10 10
32 85C 14 10 10 10 10 10 10

NOTE: THE PANEL BLI STERI NG WAS RATED BY THE SSPC MODI FI CATI ON OF
THE ASTM D714 BLI STER SCALE. A 10 RATING IS PERFECT AND ANY
RATINGS 7 OR BELOW ARE JUDGED TO BE BELOW THE Accept abl e FAI LURE
LEVEL FOR SUBMERGED BALLAST SERVI CE.
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PANEL TEST SERIES #9-PART B

SOVAPON EPOXY COATING OVER STEEL CONTAMINATED WITH VARIOUS
LEVELS OF FERROUS SULPHATE. TESTING WAS DONE BY SUBMERGING
THE PANELS IN ARTIFICIAL SEA WATER AT 50 PSI PRESSURE & 90°F.

LEVEL OF TEST PANEL’S

SULPHATE PANEL’S AVERAGE THE BLISTER CONDITIONS
ION  NUMBER  DFT. OBSERVED AFTER TESTING FOR

Ug. S0- & OF 24 50 160 500 1900 4500

/ICm?  SECTION PAINT HOURS HOURS HOURS HOURS HOURS HOURS

NOTE:(S)=SINGLE COAT

40 83D 12(9) 10 10 10 10 9 9
40 84D 10 0 10 10 10 10 10
40 85D 15 0 10 10 10 10 10
64 86A 12 0 10 10 10 10 10
64 87A 10(S) 10 10 10 10 10 6
64 88A 10(S) 0 10 10 10 7 6
125 868 11 10 10 10 10 10 10
125 878 9S) 0 10 10 10 7 3
125 888 10(S) 10 10 10 9 8 7
250 86C 11 0 10 10 10 10 10
250 87C 10(S) 10 10 6 6 2 0
250 88C 11(S) 10 10 9 9 9 9
500 86D 11 10 10 10 10 10 10
500 87D 10(S) 10 10 6 6 2 0
500 88D 7S 10 5 5 3 0 0

NOTE: THE PANEL BLISTERING WAS RATED BY THE SSPC MODIFICATION
OF THE ASTM D714 BLISTER SCALE. A 10 RATING IS PERFECT AND
ANY RATINGS 7 OR BELOW ARE JUDGED TO BE BELOW THE ACCEPTABLE
FAILURE LEVEL FOR SUBMERGED BALLAST SERVICE.

COMMENTS ON SERIES # 9 (Note: No graph was done for this series.)
This test series (36 tests) was run with various thickness
applications of Sovapon over Ferrous Sulphate contamination.
Where the coating was applied according to manufacturers thickness
specification and in the proper number of coats, there was no
blistering from sulphate even at 500 ug per square centimeter.
Severe coating blistering did occur in this series from
solvent entrapment, when the coating was not applied according
manufacturer’s recommended thickness and number of coats. At low
contamination levels, this type of blistering did not have active
corrosion under still sound blisters. Many of these blisters
broke open during testing and then active corrosion occurred.
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PANEL TEST SERI ES #10

MARE | SLAND EPOXY COATI NG OVER STEEL CONTAM NATED W TH VARI QUS
LEVELS OF SCDI UM CHLORI DE. ~ TESTI NG WAS DONE BY_ SUBMERG NG
THE PANELS IN Artificial SEA WATER AT 50 PSI PRESSURE & 90°F.

LEVEL OF TEST PANEL ' S

CHLORI DE PANEL’ S AVERAGE THE BLI STER CONDI TI ONS
ION  NUMBER DF.T. OBSERVED AFTER TESTING FOR
ug. G2 | & OF 24 50 200 600 2000

Cm SECTI ON  PAI NT HOURS HOURS HOURS HOURS HOURS
16 127A 12 10 g g 7 7
16 128A 12 10 g g 7 7
16 129A 13 10 g 9 7 7

*(0. 88)

32 1278 12 10 g g 6 6
32 1288 12 10 g 9 6 6
1298 13 10 g g 6 6

*(1.7)

64 127C 14 10 g g 4 4
64 128C 12 10 g g 4 4
64 129C 13 10 g g 4 4

*(3. 5)

125 127D 14 10 g g 3 3

125 128D 12 10 g g 3 3

125 129D 13 10 g g 3 3
*(7)

* I NDI CATES THE EQUI VALENT LEVEL OF CHLORIDE | ON FROM (*) QOUNCES
OF SODI UM CHLORI DE EVENLY SPREAD OVER 1000 SQ FT. OF SURFACE.

NOTE: THE PANEL BLI STERI NG WAS RATED BY THE SSPC MODI FI CATI ON
OF THE ASTM D714 BLI STER SCALE. A 10 RATING | S PERFECT AND ANY
RATI NGS 7 OR BELOW ARE JUDGED TO BE BELOW AN Accept abl e FAI LURE
LEVEL FOR COATI NGS USED | N SUBMERGED BALLAST SERVI CE.
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MARE | SLAND EPOXY/ SALT
SUBMERGED | N SEA WATER

BLISTER NUMBERS (SSPC)

0 . I 1 ! L
OHCURS S50HOURS 200HOURS 600HOURS 2000HOURS

HOURS SUBMERGED AT 90 deg.F. & 50 PSIG.

—— 16UG.CHLORIDE —+— 32UG.CHLORIDE —¥— B4UG.CHLORIDE —=— 125UG.CHLORID

CONTAMINATION IN UG.CHLORIDE/3Q CM.

PANEL TEST SERI ES #10- This test series ( 12 tests) run with
sodi um chloride as the contam nant and Mare |sland epoxy.
The epoxy was applied at an average thickness of 13 roils
(325 mcrons) in three coats as per manufacturers

i nstructions. The contamination levels ran from16 to 125
M CRO- GRAMS CHLORI DE PER. SQUARE CENTI METER.  The subnerged
testing in seawater at 90 deg. F.(33 deg. C.) ran 2000
hours. Peri odi c exam nations were nmade, to observe changes
in the coating such as rusting or blistering. The blisters
were rated according to ASTM D714, however for grafting
purposes this scale was converted to the SSPC BLI STER
NUMBERS
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PANEL TEST SERI ES #11

MARE | SLAND EPOXY COATI NG OVER STEEL CONTAM NATED W TH

VAR QUS LEVELS OF SEA SALT.  TESTING WAS DONE BY SUBMERG NG
THE PANELS I N ARTI FI CI AL SEA WATER AT 50 PSI PRESSURE & 90°F.

LEVEL OF TEST PANEL " S

CHLORI DE PANEL ' S AVERAGE THE BLI STER CONDI Tl ONS
ION. NUMBER D.F.T. OBSERVED AFTER TESTI NG FOR
ug.Cl7/ & oF 24 50 200 600 2000

Cm. SECTION  PAI NT HOURS HOURS HOURS HOURS HOURS

0 202 14 10 10 10 10 10
*(8 ) 203 14 10 10 10 10 10

1 130A 13 10 10 10 10 10
(1 | 131A 12 10 10 10 10 10
*(0. 054

2 130B 13 10 10 10 10 10
(2 | 131B 12 10 10 10 10 10
(0. 11

4 130C 13 10 10 10 10 10
*(3 ) 131C 13 10 10 10 10 10

8 130D 13 10 10 10 10 9

8 131D 13 10 10 10 10 10
*(0. 44)

16 134A 12 10 10 9 g 3

16 135A 13 10 10 g 9 3

16 136A 18 10 10 9.5 9 7
*(0. 88)

32 134B 12 10 9. 7 7 2

32 135B 13 10 9.5 7 7 2
(32 | 136B 18 10 10 8 8 7
*(1.7

64 134C 13 10 9.5 5 5 |

64 135C 12 10 9.5 5 5 1
(64 | 136C 14 10 9.5 6 6 1
*(3.5

125 134D 13 10 9.5 3 3 0

125 135D 12 10 9.5 3 3 0

125 136D 14 10 9.5 4 4 0

*(7)

* | NDI CATES THE EQUI VALENT LEVEL OF CHLORIDE | ON FROM (*) OUNCES
OF SODI UM CHLORI DE EVENLY SPREAD OVER 1000 SQ FT. OF SURFACE.

NOTE: THE PANEL BLI STERING WAS RATED BY THE SSPC MODI FI CATI ON
OF THE ASTM D714 BLI STER SCALE. A 10 RATING | S PERFECT AND
ANY RATINGS 7 OR BELOW ARE JUDGED TO BE BELOW AN ACCEPTABLE
FAI LURE LEVEL FOR COATI NGS USED I N SUBMERGED BALLAST SERVI CE.
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MARE | SLAND EPOXY/ SEA SALT
SUBMERGED | N SEA WATER

BLI STER NUMBERS ( SSPC)

M)
1

OHOURS S0HOURS 200EOURS 600HOURS 2000HOURS
HOURS SUBMERGED AT 90 deg.F. & 50 psig.

—— 0-4UG.CHLORID —F— BUG.CHLORIDE ~—*— 16UG.CHLORIDE —5— 32UG.CHLORIDE
—%— B4UG.CHLORIDE —>— 125UG.CHLORID

CONTAMINATION IN UG.CHLORIDE/SQ.CM.

PANEL TEST SERIES #11- This test series (22 tests) run with
sea salt as the contam nant and Mare Island epoxy. The
epoxy was applied at an average thickness of 13 mls (325
mcrons) in three coats as per manufacturers instructions.
The contami nation levels ran from1l to 125 M CRO GRAMS
CHLORIDE PER. SQUARE CENTI METER The subnerged testing in
seawater at 90 deg. F.(33 deg. C ) ran 2000 hours. Periodic
exam nations were made, to observe changes in the coating
such as rusting or blistering. The blisters were rated
according to ASTM D714, however for %raftisg gurposes this
scale was converted to the SSPC BLI STER NUVBERS.
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8.2 CGRIT PARTI CLE SURFACE CONTAM NANTS

The nost abundant potential contam nant during blasting
is the grit itself. Usually considerable effort is expended
to insure the blasted surfaces are cleaned free of all grit
particles and the fine dust produced during blasting. The
most effective method for grit renpval is by final vacuuning
over the entire surface. However, even with full attention
to details, it is very difficult to keep the horizonta
surfaces totally grit free. Gt particles tend to get stuck
between staging boards, inside pipe poles, in plastic covers,
and it is a hard job to get every particle up. The question
is, how clean do we have to be, to get good coating results.
Three series of tests were run using:

1.) Mare Island Epoxy— Series 12A-D

2.) Coal Tar Epoxy- Series 13A-D

3.) Polyam de Epoxy- Series 14A-D
Four types Of grit contam nation were use in each series:

1.) Copper slag, with an ASTM conductivity of 100uS

2.) Coal Slag with a ASTM conductivity of 210uS

3.) Coal Slag with a ASTM conductivity of 1400uS
Note: This grit was found to contain a |arge anount of chloride
contam nation and it was causing the high conductivity.
4.) Coal Slag with a ASTM conductivity of 100uS. This is the
sane coal slag as nunmber 3, but it had been washed free of
chloride with distilled water. After washing, it was dried.
The grits were sieved to four sizes:

1.) Larger than 20 mesh- +20

2.) Between 20 and 40 nmesh- +40

3.) Between 40 and 80 nmesh- +80

4.) Less than 80 mesh- -80

The testing found that it is very inportant to clean up
the grit properly. The larger size particles and the nore
contam nated grit had the highest tendency to cause probl ens.
The three coat Mare Island system performed better than the
two coat systems. This better perfornmance, may be due to the
better wetting action of the primer in Mare island’ s system
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PANEL TEST SERI ES #12A

MARE | SLAND EPOXY COATI NG OVER STEEL CONTAM NATED W TH
APACHE COPPER SLAG WTH A ASTM CONDUCTIVITY OF 100 uS.
TESTI NG WAS DONE BY SUBMERG NG THE PANELS I N

ARTI FICI AL SEA WATER AT 50 PSI PRESSURE & 900F.

LEVEL  TEST PANEL' S
OF PANEL' S AVERAGE CONDI TI ONS
RIT NUMBER DF.T. OBSERVED AFTER TESTI NG FOR
SIZE  ug. & & 24 50 200 500 2000

MESH  Om2 SECTION PAINT  HOURS HOURS HOURS HOURS HOURS

+20 3000 260A 15 10 10 10 10 10
+20 3000 262A 16 10 10 10 10 10
+40 3000 260B 15 10 10 10 10 10
+40 2000 262B 16 10 10 10 10 10
+80 3000 260C 17 10 10 10 10 10
+80 3000 262C 15 10 10 10 10 10
- 80 2000 260D 17 10 10 10 10 10
- 80 2000 262D 15 10 10 10 10 10

This test series using Mare |Island epoxy over Apache
copper slag as the contaminant |ooked very good. There was
no sign of break down in way of the grit particles. This
paint performed better than the other coatings in these tests,
but it is a three coat system The better wetting of priner
coat in this coating system nay have helped it to pass this
test.
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PANEL TEST SERI ES #12B

MARE | SLAND EPOXY COATI NG OVER STEEL CONTAM NATED W TH
POLYCRI T COAL SLAG WTH A ASTM CONDUCTIVITY OF 210 uS.
TESTI NG WAS DONE BY SUBMERG NG THE PANELS I N

ARTIFI G AL SEA WATER AT 50 PSI PRESSURE & ggop,

LEVEL  TEST PANEL’ S

OF PANEL' S AVERAGE CONDI TI ONS

GRIT NUMBER DF.T. OBSERVED AFTER TESTI NG FOR
S| ZE ug. & & 24 50 200 600 2000

MESH Cm2 SECTION PAINT  HOURS HOURS HOURS HOURS HOURS

+20 3000 263A 15 10 10 10 10 10
+20 2000 264A 14 10 10 10 10 10
+40 2000 263B 15 10 10 10 10 10
+40 2000 264B 14 10 20 10 10 10
+80 3000 263C 16 10 10 10 10 10
+80 3000 264C 16 10 10 10 10 10
- 80 2000 263D 16 10 10 10 10 10
- 80 2000 264D 16 10 10 10 10 10

This test series using Mare Island epoxy over Polygrit
Coal Slag as the contam nant |ooked very good. There was no
sign of break down in way of the grit particles. This paint
perfornmed better than the other coatings in these tests, but

it is athree coat system The better wetting of priner coat
in this coating system may have helped it to pass this test.
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PANEL TEST SERI ES #12C

MARE | SLAND EPOXY COATI NG OVER STEEL CONTAM NATED W TH
COAL SLAG WTH A ASTM CONDUCTI VI TY OF 1400uS ( FROM CHLORI DE)
TESTI NG WAS DONE BY SUBMERG NG THE PANELS I N

ARTI FI Cl AL SEA WATER AT 50 PSI PRESSURE & 900F,

LEVEL  TEST PANEL’ S

OF PANEL' S AVERAGE CONDI Tl ONS

RT NUVBER DF.T 0BSERVED AFTER TESTI NG FOR
SIZE  ug. & & 24 50 200 600 2000

MESH Cm * SECTI ON  PAI NT HOURS HOURS HOURS HOURS HOURS

+20 3000 265A 15 10 10 10 10 8*
+20 2000 267A 17 10 10 10 10 9
+40 2000 2658 15 10 10 10 10 10
+40 2000 267B 17 10 10 10 20 g*
+80 2000 265C 15 10 10 10 10 10
+80 3000 267C 17 10 10 10 10 10
-80 2000 265D 15 10 10 10 10 10
-80 2000 267D 17 10 10 10 10 10

*HAS RUST SPOTS AT GRI T PARTI CLES.

This test series using Mare |sland epoxy over a poor
quality Coal Slag as the contam nant had some failures at
| arger size particles. There was no visible sign of break
down in way of the finer grit particles but there may have
been hidden underfilm corrosion. This paint still perforned
better than the other coatings in these tests, but it is a
three coat system The better wetting of primer coat in this
coating system nay have helped it in this test.
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PANEL TEST SERI ES #12D

MARE | SLAND EPOXY COATI NG OVER STEEL CONTAM NATED W TH
COAL SLAG A ASTM CONDUCTIVITY OF 100 uS. (WASHED)

TESTI NG WAS DONE BY SUBMERG NG THE PANELS I N

ARTI FI CI AL SEA WATER AT 50 PSI PRESSURE & 900F.

LEVEL  TEST PANEL’ S

oF PANEL’ S AVERAGE CONDI TI ONS

RT NUMBER  D.F.T. OBSERVED AFTER TESTI NG FOR
SIZE g, & & 24 50 200 600 2000

MESH Cm’ SECTION PAINT  HOURS HOURS HOURS HOURS HOURS

+20 3000 200A 14 10 10 10 10 10
+20 3000 201A 15 10 10 10 10 10
+40 3000 200B 14 10 10 10 10 10
+40 2000 201B 15 10 10 10 10 10
+80 3000 200C 14 10 10 10 10 10
+80 3000 201C 15 10 10 10 10 10
- 80 2000 200D 14 10 10 10 10 10
- 80 2000 202D 15 10 10 10 10 10

This test series using Mare |sland epoxy over the sane
Coal Slag as used for However, it had been
cleaned of all chloride contamination. There was now no
sign of break down in way of the grit particles. This helps
to confirm the danger of using contaminated grit. This paint
perfornmed better than the other coatings in these tests, but
it is a three coat system The better wetting of primer coat
in this coating system nmay have helped it to pass this test.
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PANEL TEST SERI ES #13A

COAL TAR EPOXY COATI NG OVER STEEL CONTAM NATED W TH
APACHE COPPER SLAG WTH A ASTM CONDUCTI VITY OF 100 uS.
TESTI NG WAS DONE BY SUBMERG NG THE PANELS I N

ARTIFI CI AL SEA WATER AT 50 PSI PRESSURE & 90°F.

LEVEL  TEST PANEL’ S

OF PANEL' S AVERAGE CONDI TI ONS

GRIT NUMBER DF.T. OBSERVED AFTER TESTI NG FOR
SIZE ug. & & 24 50 200 600 2000

VESH Cm * SECTI ON  PAI NT HOURS HOURS HOURS HOURS HOURS

+20 3000 106A 12 10 10 " I I
+20 2000 107A 15 10 10 7* I r
+40 3000 106B 13 10 10 10 10 10
+40 3000 107B 15 10 10 10 10 10
+80 3000 106C 15 10 10 10 10 10
+80 3000 107C 16 10 10 10 10 10
-80 2000 106D 15 10 10 10 10 10
-80 2000 107D 16 10 10 10 10 10

*HAS RUST SPOTS AT GRIT PARTICLES.

This test series using Coal Tar Epoxy over Apache copper
slag as the contam nant |ooked good except at the larger grit
particles where failures occurred rapidly. There was no sign
of break down in way of the small grit particles. This two
coat systemdid not performas well as the three coat Mare
sl and System
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PANEL TEST SERI ES #13B
COAL TAR EPOXY COATI NG OVER STEEL CONTAM NATED w TH
POLYGRIT COAL SLAG WTH A ASTM CONDUCTIVITY OF 210 uS.

TESTI NG WAS DONE BY SUBMERG NG THE PANELS I N
ARTI FI Cl AL SEA WATER AT 50 PSI PRESSURE & 90°F

LEVEL  TEST PANEL’ S

OF PANEL' S AVERAGE CONDI TI ONS

RT NUMBER  DF.T. OBSERVED AFTER TESTING FOR
SIZE  ug. & & 24 50 200 600 2000

VESH Cm* SECTI ON  PAI NT HOURS HOURS HOURS HOURS HOURS

+20 3000 108A 17 10 10 10 10 10
+20 3000 109A 14 10 10 8* 8 8”
+40 3000 108B 17 10 10 10 10 10
+40 3000 1098 14 10 10 10 10 10
+80 3000 108C 14 10 10 10 10 10
+80 3000 109C 13 10 10 10 10 10
-80 2000 108D 14 10 10 10 10 10
-80 2000 109D 13 10 10 10 10 10

*HAS RUST SPOTS AT GRIT PARTICLES

This test series using Coal Tar Epoxy over Polygrit coal
slag as the contaminant |ooked good except at the larger grit
particles where failures occurred rapidly. There was no sign
of break down in way of the small grit particles. This two
coat system did not performas well as the three coat Mre
I sl and System
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PANEL TEST SERI ES #13C

COAL TAR EPOXY COATI NG OVER STEEL CONTAM NATED W TH

COAL SLAG WTH A ASTM CONDUCTI VI TY OF 1400uS ( FROM CHLORI DE)
TESTI NG WAS DONE BY SUBMERG NG THE PANELS I N

ARTI FI Cl AL SEA WATER AT 50 PSI PRESSURE & 900F.

LEVEL  TEST PANEL’ S

oF PANEL’ S AVERAGE CONDI TI ONS

RT NUVMBER  DF.T. OBSERVED AFTER TESTI NG FOR
SIZE  ug. & & 24 50 200 600 2000

MESH Cm SECTI ON  PAI NT HOURS HOURS HOURS HOURS HOURS

+20 3000 110A 14 10 10 10 8* 6*
+20 3000 111A 14 10 10 9* 8 9*
+40 3000 1108 14 10 10 10 10 4
+40 3000 111B 14 10 10 10 10 4
+80 3000 110C 17 10 10 10 10 I
+80 3000 I11C 15 10 10 10 10 10
-80 2000 110D 17 10 10 10 10 10
-80 2000 | 11D 15 10 10 10 10 10

*HAS RUST SPOTS AT GRI T PARTI CLES.

This test series using Coal Tar Epoxy over a poor
quality Coal Slag as the contam nant had some failures at
all size particles except the very fine ones. Wile there
was no visible sign of breakdown in way of these very fine
grit particles but there nay have been hidden underfilm
corrosion. This two coat systemdid not perforned as well
as the three coat Mare Island system
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PANEL TEST SERI ES #13D

COAL TAR EPOXY COATI NG OVER STEEL CONTAM NATED W TH
COAL SLAG A ASTM CONDUCTIVITY OF 100 uS. (WASHED)
TESTI NG WAS DONE BY SUBMERG NG THE PANELS I N
ARTI FI CI AL SEA WATER AT 50 PSI PRESSURE & 90°F

LEVEL  TEST PANEL’ S

oF PANEL’ S  AVERAGE CONDI TI ONS

GRIT NUMBER  D.F.T. OBSERVED AFTER TESTING FOR
SIZE  ug. & & 24 50 200 600 2000

MESH Cm°* SECTION PAINT  HOURS HOURS HOURS HOURS HOURS

+20 3000 1124 27 10 10 10 10 10
+20 3000 1134 15 10 10 9* 9* 9*
+40 3000 112B 17 10 10 10 10 10
+40 3000 113B 15 10 10 10 10 10
+80 3000 112C 16 10 10 10 10 10
+80 2000 112C 16 10 10 10 10 10
80 2000 112D 16 10 10 10 10 10
-80 2000 113D 16 10 10 10 10 10

*HAS RUST SPOTS AT GRIT PARTI CLES.

This test series used Coal Tar Epoxy over the sane
Coal Slag as used for[Series 13C. | However, it had been
cleaned of all chloride contamnation. There was now no
sign of break down in way of the smaller grit particles.
This two coat system did not performed as well as the
three coat Mare |sland system
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PANEL TEST SERI ES #14A

POLYAM DE EPOXY COATI NG OVER STEEL CONTAM NATED W TH
APACHE COPPER SLAG WTH A ASTM CONDUCTI VITY OF 100 uS.
TESTI NG WAS DONE BY SUBMERG NG THE PANELS I N

ARTI FI CI AL SEA WATER AT 50 PSI PRESSURE & 90°F.

LEVEL  TEST PANEL’ S

oF PANEL' S AVERAGE CONDI TI ONS

RIT NUMBER DF.T OBSERVED AFTER TESTING FOR
SIZE  ug. & & 24 50 200 600 2000

MESH Cm* SECTI ON  PAI NT HOURS HOURS HOURS HOURS HOURS

+20 3000 118A 14 10 10 10 10 5
+20 3000 119A 14 10 10 8* 8* S
+40 3000 118B 14 10 10 10 10 5
+40 3000 1198 14 10 10 10 10 6*
+80 3000 118C 14 10 10 10 10 10
+80 3000 119C 14 10 10 10 10 9*
-80 2000 118D 14 10 10 10 10 10
-80 2000 119D 14 10 10 10 10 10

*HAS RUST SPOTS AT GRIT PARTICLES.

This test series using polyan de epoxy over Apache Copper
Slag as the contam nant, |ooked poor except at the smaller grit
particles. There was no sign of break down in way of the very
fine grit particles. This two coat systemdid not perform as
well as the three coat Mare Island Systemin this test.
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PANEL TEST SERI ES #14B

POLYAM DE EPOXY COATI NG OVER STEEL CONTAM NATED W TH
POLYGRIT COAL SLAG WTH A ASTM CONDUCTIVITY OF 210 uS.
TESTI NG WAS DONE BY SUBMERG NG THE PANELS I N

ARTI FI G AL SEA WATER AT 50 PSI PRESSURE & 90°F,

LEVEL TEST PANEL’ S

OF PANEL' S AVERAGE CONDI TI ONS

QRIT NUMBER D.FT OBSERVED AFTER TESTI NG FOR
Sl ZE ug. & & 24 50 200 600 2000

MESH Cm * SECTI ON PAI NT HOURS HOURS HOURS HOURS HOURS

+20 3000 120A 14 10 10 10 " 4
+20 3000 121A 15 10 10 10 I 5
+40 3000 120B 14 10 10 10 " 3
+40 3000 121B 15 10 10 10 8* 5
+80 3000 120C 13 10 10 10 10 5
+80 3000 121C 15 10 10 10 10 6
-80 2000 120D 12 10 10 10 10 10

-80 2000 121D 15 10 10 10 10 10

*HAS RUST SPOTS AT GRIT PARTI CLES.

This test series using pol yam de epoxy over Polygrit coal
Slag as the contam nant, |ooked poor except at the smaller grit
particles. There was no sign of break down in way of the very
fine grit particles. This two coat system did not perform as
well as the three coat Mare Island Systemin this test.
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PANEL TEST SERI ES #14C

POLYAM DE EPOXY COATI NG OVER STEEL CONTAM NATED W TH

COAL SLAG WTH A ASTM CONDUCTI VI TY OF 1400uS ( FROM CHLORI DE)
TESTI NG WAS DONE BY SUBMERG NG THE PANELS I N

ARTI FI Cl AL SEA WATER AT 50 PSI PRESSURE & 90°F

LEVEL  TEST PANEL’ S

OF PANEL' S AVERAGE CONDI Tl ONS

RT NUVMBER  D.F.T. OBSERVED AFTER TESTI NG FOR
size g, & & 24 50 200 600 2000
MESH Om ° SECTION PAINT  HOURS HOURS HOURS HOURS HOURS
+20 3000 122A 13 10 10 10 * 5
+20 3000 123A 14 10 10 10 5* 3
+40 3000 122B 12 10 10 10 I 3
+40 3000 1228 14 10 10 10 5 1*
+80 3000 122C 14 10 10 10 10 o
+80 2000 123C 15 10 10 10 5 0*
-80 2000 122D 14 10 10 10 10 10

2000 123D 15 10 10 10 10 10

*HAS RUST SPOTS AT GRI'T PARTI CLES.

This test series using pol yam de epoxy over a poor quality
Coal Slag as the contami nant had some failures at all size
particles except the very fine ones. Wile there was no
visible sign of breakdown in way of these very fine grit

particles but there may have been hi dden underfilm
corrosion. This two coat system did not perforned as well

as the three coat Mare Island system
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PANEL TEST SERI ES #14D

POLYAM DE EPOXY COATI NG OVER STEEL CONTAM NATED W TH
COAL SLAG A ASTM CONDUCTIVITY OF 100 Us. (WASHED)
TESTI NG WAS DONE BY SUBMERG NG THE PANELS I N

ARTI FI Cl AL SEA WATER AT 50 PSI PRESSURE & 90°F.

LEVEL  TEST PANEL’ S

OF PANEL’ S AVERAGE CONDI TI ONS

GRIT NUVBER DF.T OBSERVED AFTER TESTI NG FOR
size g & & 24 50 200 600 2000
MESH Cm’ SECTION PAINT  HOURS HOURS HOURS HOURS HOURS
+20 3000 124A 15 10 10 10 6* o
+20 3000 1254 14 10 10 10 * 0%
+40 3000 124B 15 10 10 10 * o*
+40 3000 1258 14 10 10 10 I o*
+80 3000 124C 14 10 10 10 10 o*
+80 3000 125C 13 10 10 10 r* o*
-80 2000 124D 14 10 10 10 10 10
-80 2000 125D 13 10 10 10 10 10

‘HAS RUST SPOTS AT CGRIT PARTICLES.

This test series used polyam de epoxy over the sane
Coal Slag as used for [Series 14C. | However, it had been
cleaned of all chloride contamnation. There was still
consi derabl e break down in way of all but the smallest
grit particles. This tw coat system 'did not perforned

as well under this test.
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8.3 CLEAR EPOXY CONTAM NATI ON STUDI ES

1. | NTRODUCTI ON

A nunber of tests were run with clear epoxy, to observe
the subtle changes that occur underneath the paint filnms at
the metal surface, prior to and during osnotic blistering.
These observations were done wi th Aquapon pol yam de epoxy,
manuf actured by Pittsburgh Paints. Wile this clear coating
was not designed specifically for use in ballast tanks, it
was found to be equal in performance to standard coal tar
epoxy of simlar thickness.

The ability to observe changes at the netal surface,
during the slow corrosion and diffusion processes, was very
inportant, as it showed how the m croscopic corrosion
effects, originating from surface contam nation |ead first
to macroscopic subsurface blisters, and ultimately to the
obvi ous osnotic surface blisters. The initial mcroscopic
substrate reactions, are obscured by opaque paint films and
go unnoti ced.

The clean steel was contaminated with various |evels of
chloride and sul phate salts, simlar to those used under the
standard opaque coating. Contam nation was applied only to
the central part of the panels, leaving about a 1 inch clear
border. This approach was used, as it left a contamination
free netal standard, adjacent to contami nated nmetal for
conparison purposes. This configuration also elimnated the
tendency for coating failure at edges.
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2. OBSERVATIONS WTH CHLORI DE CONTAM NATI ON

A INITIAL EFFECTS OF CONTAM NATI ON ON BARE BLASTED STEEL

As soon as the contam nation application work started,
it was observed that relatively |Iow |l evels of contam nation,
woul d change the color of the steel surface slightly, if
applied by water solution. Therefore, sone initial work was
done using nethanol as a non aqueous solvent for dissolving
the contam nants. The nethanol worked well, and elim nated
the initial surface turning problem However after
application, the nmethanol applied chlorides induced greater
surface corrosion activity in air, than occurred from
simlar levels of chloride applied by water solutions.

This greater surface reactivity, may be due to the fact
t hat met hanol wets the steel better and this gets the
chlorides onto the surface better than from water. Also the
salt crystals deposited from nethanol solutions are finer
and nore nunerous.

It was therefore decided, to use only water solutions
for application of the contam nants. A hot air blower was
used to force dry the panels imedi ately after applying
contam nation, to mnimze the degree of surface turning.

The presence of a contam nation free border helped to
hi ghlight any surface color changes. Wthout this border,

a higher level of contam nation could have been required
before any col or changes coul d be observed.

In order to cause any inmmedi ate (30 seconds) surface
turning (rust back), the surface contam nation level had to
be at least lug Cl/cni(.0540z NaCl/1000Ft”). At higher
|l evel s of chloride, the inmmediate surface discoloration
becane nore obvious, but never very dark.
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When viewed closely, or with slight magnification (2X),
it could be clearly seen that the surface turning in the
case of chloride was not a snooth even color, but a distinct
pattern of light brown mcro spots (anodes), surrounded by
still white netal areas (cathodes) . Thi s uneven col or
pattern occurred even at the highest |evels of contam nation
used.

This spotty corrosion pattern is not surprising. It
occurs, because steel surfaces are not electro-chemcally

honogeneous. In fact, a steel surface is nade up of dozens
of mcroscopic potential mcro-corrosion cells per square
inch (6.5cnf). These potential mcro-corrosion cells, are

activated when ever an electrolyte covers them  The dark
spots, are the corrosion by-products fromthe m cro-anodes,
where corrosion (metal loss) is occurring. It is the
corrosion by-products that are creating the observed col or
change. There is no corrosion or color change in way of
cat hodes (bright metal) that surrounds each anode area.

An i mredi ate corrosion reaction starts up at each anode,
when ever the solution covering it and the cathode, is an
electrolyte. Wwen the solution is alcohol or distilled
water no reactions occur, because they are not electrolytes.
However, when chloride contamnation is added to distilled
water, it’s conductivity rapidly increases and it becomes an
el ectrolyte and then surface corrosion can occur.

If no contamination is present to create an electrolyte
corrosion can not occur. This is why a very clean surface
does not turn in air, even at 100% relative humdity (see
Photo Series A). Also see Appendix B, guide 11-2.2.1-3, for
nore details on these basic corrosion reactions.

The slight surface turning, that acconpanied the
application of the internediate and higher |evels of surface
contam nation, was stopped from proceeding any further by
i mredi ately placing the contam nated panel into an oven at
130°F(55°CQ).
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PHOTO SERIES A
EFFECTS OF HUM DI TY AND CONTAM NATI ON
ON UNCOATED STEEL

CLEAN NEW STEEL
NO EXPOSURE

TO HUM DI TY or
CONTAM NATI ON
Wiite neta

CLEAN STEEL after

1200 HOURS EXPOSURE
100% RELATIVE HUM DI TY
NO CONTAM NATI ON

Still white netal

CONTAM NATED STEEL

| UG Chloride /cwm

500 HOURS EXPOSURE
100% RELATIVE HUM DI TY
Even brown turning over
about 20% of the surface

PHOTO SERIES A- Testing of clean steel in a hunidity
chamber at 100% non-condensing relative humdity found
that clean steel did not rust, even after 1200 hours in
this test (3500 hours in other tests). However, if snall
amounts of chloride were put on simlarly cleaned steel
surfaces, turning would quickly occur. The ampunt of
corrosion caused by small anounts of chloride is
relatively large, as the chloride is not directly
consunmed in the primary corrosion reactions that are
taking place under the paint films. Therefore it is
important to try to get the contami nation levels as |ow
as is practical, if along coating life is required.
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This heating of the panels, has the sane effect as
lowering the relative humdity to about 15% It dries up
the electrolyte on the surface, and halts further
el ectrochenmical reactions, until surface noisture returns.
This procedure held the panels at the same |evel of slight
di scol oration for days, so that a conplete test series could
be contam nated in preparation for spraying.

B. SUBSTRATE CHANGES OCCURRI NG I N Al R AFTER COATI NG

Qobvi ously, surfaces painted with normal epoxy can not
be observed once they are coated. This fact has |ed nany
coating inspectors to be satisfied, so long as the coated
surfaces were white, or only slightly turned at the tine of
coating application. In fact, when turning is a problem
the Relative Humdity is often |owered and painting is done
as quickly as possible.

This is not a solution to the contam nation probl em
The contam nated steel nmay |look all right at the tine of
coating application, but it will still turn |ater under the
coating. The nyth about the power of dehum dification,
to solve the problem of rust back, nust be dispelled. If
a surface tends to rust back, it must be tested by swab or
linpet cell, to determne the level of contami nation. If
the contam nation |level tests too high, additional surface
preparation should be done.

When contam nated surfaces were painted with clear
epoxy, the netal surfaces were observed to noticeably darken
over the week long cure period. The amount of darkening
occurring under the coating in air, was greater at the
hi gher levels of contanmination. Note, no darkening could be
percei ved bel ow the lug Cl/cnf level. The darkening in
air, was always brownish in color, not black. These surface
changes can be seen in the Photo Series B.

NOTE: Unused contami nated panels are still only dark brown
after several years in air, but the brown is deeper in color
now, then it was after the first nmonth or two.
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PHOTO SERI ES B
EFFECTS OF CHLORI DE CONTAM NATI ON
UNDER CLEAR EPOXY COATI NG AFTER
AlR CURING BUT PRIOR TO
ANY SUBMERGED TESTI NG

1 UG. CI/cM2

4 UG CL/CM 8 UG Cl/CM

16UG. CI/cM? 32 UG. Cl/cM?

PHOTO SERIES B- Shows the rust back effects that increasing
| evel s of chloride caused under clear epoxy in air. At the
time of coating application there was no discoloration on
panel s contam nated with less than UG Cd/CM. Above this
| evel there was very slight brownish discoloration which
darkened noticeably during the week |ong air curing period.
This under filmrust back increases progressively mﬁtﬁ

hi gher levels of chloride, until nost of the surface is
covered with brownish colored rust back. This brownish
under film corrosion continues to get darker with tine in
air, but it does not get black until the panel is submerged
Not e: The phot ographs shown in series B-E were taken at
different times, but on the same panels. The photographed
surfaces are printed at full scale size in series B-E
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C. INITIAL SUBMERGED TESTI NG OBSERVATI ONS (| NDUCTI ON STAGE)
After proper curing, the panels were subjected to
submerged testing in seawater at 90°F(33°C) and a head

pressure of 115 feet. Examination of the panels after
24 and 48 hours, found themto be unchanged at this tine and
the surface discoloration was still brown (THE MJ STURE

| NDUCTI ON PERI CD) .

At the 70 hour inspection the fact that water had
permeated through the 12 m | (300 mcron) thick, sem -
permeabl e coating was clearly shown, by a marked col or change
at the metal substrate, fromlight rust brown to black. The
density of the black substrate discoloration, increased with
each higher level of contami nation. However in spite of
this darkening, there was still the distinct anodic
m cro-spots of corrosion by-product which
had turned from brown to black. These anodic spots were
surrounded by white nmetal areas (cathodes).

Photo Series C shows the surface corrosion pattern
occurring after seventy hours.
Note: Under submerged corrosion conditions, it is usual for
the cathode area to surround the anode area. This is a
typical way pits are formed. The area of pitting (anode)
is shielded from oxygen, by corrosion by-products and it
becomes |ower in oxygen. The open, corrosion free area
surrounding the anode, receives nore oxygen, and it becones
the cathode area. At the cathode, dissolved oxygen is
reduced to OHions (alkaline), no corrosion occurs and the
metal in this area stays white. |In fact, the white areas
are being protected from corrosion at the expense of the
anode ar eas.
NOTE: This type of anode stabilization process (pitting)
does not occur in atnospheric corrosion. Under atnospheric
conditions there is a constant shifting of anodic and
cathodic sites with time. This shifting leads to a nore
uni formpattern of surface corrosion, with an even rust film
form ng over the entire netal surface.
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PHOTO SERIES C
EFFECTS OF CHLORI DE CONTAM NATI ON
UNDER CLEAR EPOXY COATI NG AFTER
70 HOURS OF SUBMERGED TESTI NG

4UG. CI"/cM2 8 UG. C1/cM?

16UG. cI—/cmM2 32 UG. 1 /cM2

PHOTO SERIES C- shows the corrosion effects that increasing

| evel s of chloride caused under clear epoxy after 70 hours
subnergence in sea water at 90°F (33°C) at 50 psig (3.3 BAR).
At the time of coating application there was no discol oration
on panels contam nated with less than 1UG O -/CM. Above
this level there was very slight discoloration which darkened
noticeably during the week long air curing period. hi s

under filmrust increases progressively with higher Ievels

of chloride, until nobst of the contam nated surface is

covered with brownish colored rust. Thi's browni sh under
film corrosion continues to get darker wth tine in arr, but
it did not get black until the panels were subnerged.
transformation can be seen in this photographic series an&

i ndi cates that noisture has perneated through the sem -

permeabl e coating. Also slight discoloration could now be
seen at the 0.5 UG Cl/cnicontamination Ievel (not shown).
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D. EFFECTS OF LONGER TERM SUBMERSI ON ( EARLY GROWH STAGE)
After the dramatic col or change occurs at the netal
substrate, then slow aqueous corrosion occurs. Both water
and oxygen slowy diffuse through the sem -permable film and
this allows a slow mcro-corrosion pitting process to go on
underneath the sound paint film During this mcro-pitting
process there is a slow buildup of corrosion by-products
bet ween the micro-anode and the surrounding cathode. After
hundred of hours of these slow el ectro-chem cal reactions,
there is a noticeable buildup in the volunme of corrosion
by-product. The anount of corrosion by-product build up, is
relative to the amount of contam nation originally present,
but factors such as the oxygen diffusion rate through the
paint filmmy linmt the rate of the reaction. At the
hi gher levels of contam nation, some small osnmotic blisters
(liquid filled) are also beginning to form These osnotic
blisters caused noticeable surface blistering. Note, where
these larger blisters occur, there appears to be coal escing
of many mcro-corrosion cells into the larger osnotic type
blisters. These mcro-corrosion cells do not raise the
surface of the coating. Also at this tinme, very snal
amounts of corrosion by-product can be observed, starting to
bui I ding up on surfaces contami nated at only 0.5ug C1/cni.
The surface of the coating is still very snooth except
in way of the small nunmber of osnotic type blisters that
have occurred only on the heavily contam nated surfaces.
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PHOTO SERI ES D
EFFECTS OF CHLORI DE CONTAM NATI ON
UNDER CLEAR EPOXY COATI NG AFTER
800 HOURS OF SUBMERGED TESTI NG

1 UG. CI/cM? | 2 UG. C1~/cM2

32 UG CI/cM2

PHOTO SERIES D- shows the corrosion effects that increasing

| evel s of chloride, caused under clear epoxy after 800 hours
subnergence in sea water at 90°F (33°C) at 50 psig (3.3 BAR

At the time of coating application there was no discol oration
on panels contam nated with less than 1UG O -/CM. Above
this level there was very slight discoloration which darkened
noticeably during the week long air curing period. This
browni sh under film corrosion continued to get darker in

air, and then turned black when the panels were subnerged.
This transformation indicated that water had reached the
contam nated substrate. This water has now taken part in the
sl ow under filmcorrosion reactions for over 700 hours. p|
the contam nated surfaces showed nore corrosion than seen in
Series C. Also blisters were occurring at the higher

contam nation |evels and now sone discoloration could be
seen, even at the 0.25 UG O contami nation |eye|s.



E. EFFECTS OF LONG TERM SUBMERSI ON ( LATE GROMH STAGE)

The termlate growh stage, is only a relative one.
These tests were not intentionally run in a very accel erated
manner. Therefore our 4500 hour test (longest test run) nmay
still be only an early test by practical service life
st andar ds. In fact, ballast tank coatings are expected to
| ast about 100,000 hours, under conditions only slightly
| ess severe than the testing procedure used. It is
estimated that the subnmerged pressure test accelerated the
under film corrosion reactions by a factor of 3 times due to
the 50 PSIG air pressure used.

At the end of 4500 hours of testing the follow ng was
observed:

a.) Uncontam nated steel areas were still white netal.

b.) The |lowest chloride contam nation test |evel was
0.25ug Cl/cnf (0.0140z NaCl/1000Ft*). Very snal |
bl ack (anode) spots could be observed. The percent
surface area covered by m cro-anodes was about 5%

c.) A doubling of the amount of chloride contanmination to
0.5ug Cl1/cnf (0.0270z NaCl/ 1000Ft°, caused about
doubl e the amount of black (anode) area, so that about
10% of the surface was covered with mcro-anodes.

d.) Another doubling of the chloride contam nation to
lug Cl/cnf(0.0540z NaCl/1000Ft*) again caused
approxi mately doubl e the amount of black area, and
about 20% of the surface was covered wi th m cro-anodes.

e.) Another doubling of the chloride contam nation to
2ug Cl/cnf(0.110z NaCl/ 1000Ft?) increased the vol une
of under film corrosion noticeably, but the area covered
by m cro-anodes did not quite double (only about 33%.
It must be renenbered that the anode area and the
cat hode area nust coexist for under filmpitting
corrosion to continue. This slowing dowmn of the growth
of the anode area, indicates that the anode to cat hode
area ratio is reaching limts. The cathodic oxygen
reduction reactions usually need a larger surface area
than the anodic area they are receiving electrons from
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PHOTO SERIES E (part 1
EFFECTS OF CHLORIDE CONTAMINATION
UNDER CLEAR EPOXY COATING AFTER
4500 HOURS OF SUBMERGED TESTING

025 UG CI™/cM2 a5 UG. c1-/cM2

PHOTO SERIES E(parts 1 & 2)- show the corrosion effects that
increasing levels of chloride caused under clear epoxy,

after 4500 hours of subnmergence in sea water at 90°F (33°Q)
at 50 psig (3.3 BAR). At the time of coating application
there was no discoloration on panels contanminated with |ess
than UG A/CM . Above this level there was very slight

di scol oration which darkened noticeably during the air curing
period. This brownish under film corrosion turned bl ack

when the panel was subnerged. This transformation indicated
that water had reached the contam nated substrate. This

wat er has now taken part in the slow under film corrosion
reactions for over 4400 hours. Al the contaninated

surfaces showed nuch nmore corrosion than seen in Series D,
many blisters were occurring at contamination |evels above
8-16 UG CL/CM.  some black discoloration could clearly be
seen at the 0.25 UG O contam nation |evels, but, NO

UNDER FI LM CORRCSI ON WAS OCCURRI NG | N WAY OF CONTAM NATI ON
FREE AREAS EVEN AFTER 4500 HOURS SUBMERGENCE



f.) Another doubling of the chloride contam nation to
4ug Cl/cnf(0.220z NaCl/ 1000Ft? increased the
vol une of under filmcorrosion to an extent where it
slightly roughened the surface. The anode cathode
area was now about 1/1 with about 50% of the surface
covered by black corrosion reaction by-products.
No osnmotic blisters were forned at this |evel

g.) Another doubling of the chloride contam nation to
8ug Cl/cnf(0.440z NaCl/1000Ft* increased the
vol une of under filmcorrosion to an extent where it
slightly roughened the surface. The anode cathode
area ratio was still about 1/1 with about 50% of the
surface covered by black corrosion reaction
by-products. A few osmotic blisters were formed at
this level. \Were they occurred, there was
i ndications of corrosion cell coalescing.

h.) Another doubling of the chloride contam nation to
16ug Cl/cnf (.880z NaCl/1000Ft®) increased the
vol une of under filmcorrosion to an extent where it
noti ceably roughened the surface. The anode cathode
area ratio was still about 1/1 with about 50% of the
surface covered by black corrosion reaction
by- products, in areas where there was no osnotic
blistering occurring. However, in areas where osnotic
blisters had formed there was coal escing of the
corrosi on by-products from nunerous m cro-corrosion
cells into a larger osnotic blisters.

i.) Another doubling of the chloride contam nation to
32ug Cl/cnf (1.80z NaCl/1000Ft* reduced the area
of active under filmcorrosion to a few small areas. In
nost areas, there were |large scattered osnotic blisters
that had devel oped fromthe coal esced mcro-blisters.
The original mcro-corrosion pattern could be seen
under the osnotic blisters, but it appeared to be
inactive. The micro-anodes surface color had changed
fromblack to a rust brown. The whiter cathode areas
al so were still visible under the osnotic blister.
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PHOTO SERIES E (part 2)
EFFECTS OF CHLORI DE CONTAM NATI ON
UNDER CLEAR EPOXY CQOATI NG AFTER
4500 HOURS OF SUBMERGED TESTI NG

] s

4 UG. Cl/cM2 8 UG Cl/CM

16UG. Cl~/CM

“

» *

32 UG. C1 /cM

16UG. Cl~/cM2
NOTE:(obligque lighting used to highlight the blisters)
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PHOTO SERIES F
OSMOTI C SURFACE BLI STERI NG FROM CHLORI DE
CIRWANINATICN UNDER CLEAR EPCMY COKTING

16 UG. CI/cM2
T* L v.x*"—“'"yo "‘ j—‘ r, v:("' ‘i.

125 UG. CXI"/cM2 soo UG. c1-/cM2

PHOTO SERIES F- Shows the blistering effects that increasing

| evel s of chloride (sea salt), caused under clear epoxy

after 1900 hours subnergence in sea water at 90°F (33°C) at
50psig. (3.3 BAR). At the tine of coating application there
was slight surf ace discoloration in way of the contam nation
Thi s darkened during the curing period and turned bl ack soon
after the panels were subnerged. This color change indicated
that water had reached the contam nated substrate. Sl ow under
filmcorrosion reactions and osnotic blistering could now
take place. These pictures were taken with oblique |ighting
to highlight the surface changes, and not the substrate
corrosion. At the lowest contanination level (8 UG CL/CM)
shown, there is only slight surface roughening and no ASTM
size 8 blisters. W have rated this visible roughening as a
ASTM size 9 blister, however, this is not an official ASTM
size. The extent of under film corrosion, that can be seen
under clear epoxy with ASTM size 9 blisters is about 100%

It is very inportant to recognize that the same ASTM size 9
blisters also occur at this contam nation |evels under coa
tar epoxy and at slightly higher |evels under Sovapon or
Mare |sland epoxy.
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PHOTO SERI ES G
OSMOTI C SURFACE BLI STERI NG FROM SCDI UM CHLORI DE

CONTAM NATI ON UNDER COAL TAR EPOXY

3 oyt -_‘:.
cI/cM2

RS I
10 UG. CY /cM
g A e hd

h »

32 UG. C1~/cM2
M R R ~—
€« - - )

“ L WO SN b

D B A L
125 UG. CI~/cM2 250 UG. CI~/cM?

PHOTO SERIES G Shows the blistering effects that increasing

| evel s of chloride (sodium chloride), caused under clear

epoxy after 1900 hours submergence in sea water at 90°F (33°Q)
at 50 psig (3.3 BAR). At the tine of coating application

there was only slight surf ace discoloration in way of the
contamnation. Sl ow under film corrosion reactions and
osmotic blistering occurred in way of this contam nation.
These pictures were taken with oblique lighting to highlight
the surf ace changes. At the |owest contamination |eve

(5 UG CL/CM) shown, there is only very slight surface
roughening and no ASTM size 8 blisters. W have rated this
just visible roughening as a ASTM size 9+ blister, however,
this is not an official ASTM size. The extent of under film
corrosion, that can be seen under clear epoxy wth ASTM size
9 blisters is about 100% |t is very inmportant to recognize
that the ASTM size 9 blisters occur at simlar levels o
contam nation under coal tar epoxy and at only slightly

hi gher |evels under Sovapon or the Mare Island type epoxy.
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PHOTO SERI ES H
OSMOTI C SURFACE BLI STERING FROM CHLORI DE
(SEA_SALT) CONTAMINATION UNDER COAL TAR EPOXY

[ -

20 UG. CI"/cM2 ‘ 40 UG. CI/cM?
: * e 7 o

AP I

64 UG. CI /cM2 125 UG. CI~/cM2

* * -

PHOTO SERIES H Shows the blistering effects that increasing
| evel s of chloride (fromsea salt), caused under clear epoxy
after 1900 hours subnergence in sea water at 90°F (33°C)

at 50psig. (3.3 BAR). At the tine of coating application

there was only slight surface discoloration in way of the
contami nation.  Slow under film corrosion reactions and
osmotic blistering occurred in way of this contamnation.
These pictures were taken with oblique lighting to highlight
the surface changes. At the |owest contamnation level (5
UG CL/CM) shown there was no surface roughening. At the
next contam nation |evel shown (10UG CL-/ ) there was
slight surface roughening and no ASTM size 8 blisters, W
have rated this just visible roughening as a ASTM size 9+
blister, however, this is not an official ASTM size. The
extent of under film corrosion, that can be seen under clear
epoxy with ASTM size 9 blisters is about 100% It is very
inportant to recognize that the ASTM size 9 blisters occur

at the same contamination |evels under coal tar epoxy and at
only slightly higher |evels under Sovapon or the Mare |Island

type epoxy.
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9. DI SCUSSI ON OF EXPERI MENTAL FI NDI NGS:

THE PROCESSES | NVOLVED | N COATI NG BLI STERI NG

The 12-14 m| thick clear Aguapon epoxy, blistered the
sane as coal tar epoxy of simlar thickness. By using clear
epoxy, over contami nated surfaces, under filmreactions and
corrosion by-product color changes, could be observed in
situ.  These under film processes are normally obscured, by
conventional opaque coatings. The following coating failure
scenari o was observed:

9.1 DI SCUSSI ON BACKGROUND NOTES

These 4 background notes are useful, for better
understanding the parts that osnosis and el ectro-chem stry
both play in the coating blistering process
NOTE: For nore information, see appendix B, guide-11,
sections 2.1.2 (osnosis) & 2.2.(l,2&3) (corrosion &
el ectrochemstry).
L The surface of steel is not electro-chemcally
honmogeneous. It is conposed of dozens of mcroscopic anodes
and cathodes per square inch (6.5 cnR), that are potential
mcro-corrosion cells.
2. These m croscopi ¢ anodes and cat hodes are instantly
activated, into electro-chemcal cells, when they are
covered with a suitable electrolyte.
3. The presence of a soluble, hydroscopic salt on the
surface of steel, can create electrolyte from water
subnersion or noisture in the air. \Wen this occurs, it
activates any mcro-corrosion cells it is in contact wth,
and corrosion occurs. This is the normal cause of rustback
on contam nated steel
4, The presence of a soluble salt under the coating wll
al so create osmotic diffusion. This diffusion can drive
wat er through the coating and pressurize the underside of
the coating and create a blister.
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9.2 OBSERVATIONS AND COMMENTS ON COATI NG BLI STERI NG

A.) During the application of chloride contam nation, the
solutions used for the research caused slight surface
rusting. This was due to the fact, that the contam nation
solution was an electrolyte. Note, no rusting occurred when
distilled water or very dilute test solutions were used,
since they were not electrolytes

B.) A distinct corrosion pattern could be seen on the steel
panel, after it was contaminated. There were small [ight
brown spots (anode sites), surrounded by |arger white meta
(cathode sites). The cathode sites were interconnected to
each other, and the anode spots were isolated from each
other. The anodes spots becane |arger, at higher |evels of
surface contam nation, but they never exceeded about 50% of
the total surface area
Not e: There must al ways be both anodes and cat hode areas
present, for corrosion to occur.

C.) |Imediately after contanination, the surface corrosion
reactions were tenporarily stopped. This was done, by
storing the panels under very |low humdity conditions.

This renoved the water fromthe electrolyte solution, and
left dry salt on the surface. Dry salt is not an

electrolyte by itself, but it can readily turn distilled

water or noisture fromthe air into an electrolyte. Also
since dry salt is hydroscopic, it tends to absorb water from
the atnosphere, except at low relative humdities. Salt

al so increases the tendency for osnotic diffusion through
the seni-perneable coating when it is subnerged. Therefore
having soluble salt on a metal surface usually causes active
corrosion, unless the humdity is kept very |ow
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D.) After coating application, the contam nated surfaces
absorbed enough noisture fromthe air (during the curing
period) to turn them a darker brown than they were at the
tine of coating. See upper photograph on page 78.

Not e, Even a heavy duty coating system is not a tota
barrier to noisture or oxygen transmssion, as it is a
sem - permeabl e nenbrane. However, it is a barrier to
chloride diffusion. This sem -perneable nenbrane wll
therefore protect a clean metal substrate fromthe
chloride in seawater. However if a contam nated surface
is coated, this prevents the chloride from |leaving the
surface, even if it is submerged in distilled water.

E) Once the coated netal is subnerged, there is an

i nduction period of 50-100 hours. This is the time needed
for the water to diffuse through the 12-16 roils (300-400
mcrons) of coating and reach the netal substrate. |f there
i's soluble contamination, such as chlorides, on the metal’s
surface, they dissolve in this pure water, and create an
electrolyte. This activates mcro-corrosion cells under the
coating. Aqueous under film corrosion then begins. This
transition to aqueous corrosion, is indicated by a change in
color, of the under film corrosion by-products, from brown
to black. Note, the under film corrosion cell pattern does
not change, only the color of the corrosion by-products

does.  See bottom photo[page 78]

F.) The aqueous corrosion process goes on relatively

slowy. Its reaction rate is controlled by two key factors:
1. The type and amount of contam nation present.
2. Diffusion characteristics of the coating.

Anot her factor that nust be considered is time. |[|f the
contam nation and diffusion factors are low, then the tine
to failure is usually very long (100,000 HOURS +). However
if either or both of the key factors are high then the tine
to failure will be much shorter.
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¥ %

esadie S

CONTAM NATED NONE CONTAM NATED CONTAM NATED
16UG CL/ oM VWH TE METAL 32UG CL/CM
(I'ight brown) (silver color) (darker brown)

O ose up photograph of sodium chloride contam nated and
non contam nated blasted steel, after coating with clear
epoxy and allowing a one weeks tine for air cure.

NOTE: Magnification is about 4 times original size.

T s e ‘ X R L s
CONTAM NATED NONE CONTAM NATED CONTAM NATED
16UG CL/CM VWH TE METAL 32UG CL/CcM
(black color) (silver color) (denser bl ack)

C ose up photograph of the same sodium chloride contam nated
and non contami nated blasted & coated steel shown above,
after it has been subnmerged in sea water at 90° F. (33° C.)
at 50 psig. for 500 hours. (4 X nmagnification)

NOTE: Wien the chloride contam nation |evels exceeds about
4UG / CM, then the general corrosion pattern covers 100% of
the contam nated surface. However, this pattern is not a
smooth even film of corrosion product, but one of many small
corrosion cells. These small active cells buildup corrosion
products under the coating, and this causes the initial film
roughening (S9 size blisters). Wth chloride contamination,
this usually occurs before larger osmotic blisters (liquid
filled) of the standard ASTM D714 size, are formed
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G) As the under film corrosion process continues
(TIME), there is a slow build up in the volume of
the mcro-corrosion cells and their by-products.
The higher the initial level of contam nation, the
greater will be the rate of this buil dup.

a) At very low levels of contam nation there was no
visible surface discoloration during the first 1000 hours
and only light discoloration, at the end of 4500 hours.

b) At lug Cl/cnR, there was barely visible black surface

discoloration after the induction period. After 4500 hours,

there was a noderate buildup of mcro-corrosion by-products
on the metal surface (20% of the surface).

NOTE: A MAXIMUN LEVEL OF 1 TO 1.5 M CROGRAMS OF CHLORI DE
PER SQUARE CENTI METER (.054-.(080z NaCl/ 1000 SQUARE FEET) 1S
SUGGESTED FOR HI GH QUALI TY COATI NG APPLI CATI ONS.

¢) At 2ug Cl/cnf, there was visible black surface

di scoloration after the induction period. By the end of

4500 hours there was considerable mcro-corrosion buildup on
the metal surface (33% of the surface).

d) At 4ug Cl/cnf, there was a visible amunt of black on
the surface after the induction period. After 4500 hours,
there was heavy micro-corrosion buildup on the surface(50%.

e) At 8ug Cl/cnithere was a very visible anmount of bl ack
di scoloration after the induction period. At the end of

4500 hours, there was very heavy mcro-corrosion buil dup, on
the metal's surface. This buil dup caused slight surface
roughening of the coating, and also a few osmotic blisters.
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Note: Osmotic blistering was not observed bel ow 8ug Cl-/cnf,

but coating surface roughening from mcro-blisters was
observed as |ow as 4ug C1/cnf.

f) At 16ug Cl/cni, there was heavy black discoloration at
the end of the induction period. At the end of 4500 hours
there was under filmcorrosion still going on in some areas,
while osnotic blistering was occurring in other areas.

9) At 32ug Cl/cnf, there was heavy black discoloration

on the metal surface at the end of the induction period. At
the end of 4500 hours, alnmost all mcro-corrosion cells, had
coal esced into osnotic type blisters.

H ) There is a transformation process, from under film
mcro-cell corrosion into osnotic blistering.

a) The underfilmcorrosion first builds up as distinct
mcro-cells, which can be seen through the clear epoxy.
These cells/blisters, build up over each mcro-anode

b) The total surface area of the mcro anodes, may
increase to about 50% of the total surface area, but not
much nore. The micro anode’s area depends on the initia
| evel of contam nation and the length of tine that
corrosion has been in progress. Wite metal areas

(cathodes), are also present surrounding the anode.

¢) At a latter stage of their devel opment the vol une of
the corrosion mcro-cells, become |arge enough to roughen

the coating originally snooth surface and becone just
visible to the eye (micro-blisters).

d) The micro-blisters finally reach a critical size and
then rupture the coating’s bond, to the netal substrate
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O ose up photograph through a clear epoxy coated surface,
with a nedium size (S4), clear liquid filled blister on it.
The steel surf ace was contamnated with 125 UG chloride
/ CM (sodi um chloride used) and exposed for 1900 hours in
seawater at 90° F. Note that the general corrosion pattern
(darker colors) extends through the blister. However, the
corrosion pattern color under the blister is a |light brown
color, while the rest of the corrosion pattern is black. In
between the corrosion are areas that appear to be white
netal. This is situation is probably due to the many
corrosion cells on the surface formng anodi c (corrosion
product areas) and protected cathodic areas (white netal).
Picture magnification is about 3X

AR Py

Ry

£ R 1)
{?‘1‘:“ 4

:!’5‘:}{’;‘3‘1‘ 5 2

%2‘13;&%};‘\';. A SV X
O ose up photograph through a clear epoxy coated surface,
with several medium size (S6), dark clear blue black liquid
filled blisters on it. The steel surface was contani nated
with 64 UG chloride /CM(sea salt used) and exposed for
1900 hours in seawater at 90° F. Note that the genera
surface corrosion pattern (darker colors) extends through
the blister. The corrosion pattern is black. |n between
the corrosion are areas that appear to be white netal.
picture magnification is about 3X
NOTE: Wth sea salt contamnation all liquid filled blisters
were clear/dark blue. Wth sodiumchloride contanination
some blisters were clear and sone were the dark type. The
cause of this difference was not investigated
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e) The micro-blisters then begin to coalesce into the
bi gger osnotic type blisters. This coal escing of the
mcro-blisters, is seen at the areas where the osnotic
blisters have formed. In fact the pattern of the origina
mcro-corrosion cells can still be seen under the osnotic
blister. See photographg Page 81.

f) The mcro-corrosion cell activity on the metal surface
stops, once the coating detaches fromthe nmetal and starts
to forminto osnotic type blisters.

These see through epoxy tests, have increased our basic
under standi ng of the negative effects, very snall anounts of
substrate contam nation, have on organic coating systens.

The testing found, that osnotic blistering will occur once

the contam nation exceeds a certain |evel.

Note: The osnotic blister initiation level, varied slightly
with each coating tested. However, these differences
may not be as great over a longer testing period.
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9.3 THE OBSERVED CHANGES | N THE AMOUNTS OF UNDER FILM
SURFACE CORROSI ON ( ANODE  AREA)
AND COATI NG BLI STERI NG
FROM VAR QUS LEVELS OF CHLORI DE SURFACE CONTAM NATI ON.
ALSO, THE RELATI ONSH PS BETWEEN
DI FFERENT SURFACE CONTAM NATI ON MEASURENENT SCALES

PERCENT OF <THE SAME LEVELS OF CHLORI DE CONTAM NATI ON >

METAL SURFACE < NEASURED ON 5 DI FFERENT SCALES A to E >

COVERED W TH A B C D E

UNDER- FI LM igd- md 0z.0- o0z NaQ

OORROS! ON CM LIMPET __ 1000FT° ___ 1000F
NO SURFACE

0%CORROS| ON 0.00  0.00 0,00 0,00 0,00
SURFACE

5% CORROS| ON 0.25  2.50 1.0 0,008 0,014
SURFACE

10% OORROS| ON 0.50  5.00 2.0 0.016 0,027
SURFACE

20% CORROSI ONF 10 10.0 4.0 0.033 0. 054
SURFACE

33% CORROSI ON 20 2.0, 8.0 0,066 0.11
SURFACE

50% CORRCSI ON 40 400 16.0 0,13 0.2

50% SURFACE CORROGT ON

TINY BLI STERS 80  80.0  32.0 0.26 0, 44

SOVE SURFACE CORROST ON &

VEDI UM BLI STERS 16.0  160.0  64.0 0.5 0,88

TTERED SURFA TON &
LARGER BLISTERS 30.0  300.0  120.0 1.0 1,65
NEASURENENT SCALES- A B C b E

MEASUREMENT SCALES AND LI MPET CELL READI NGS( CHART SCALES A-E)
A-Mcrograns (ug) chloride (C°), per square centinmeter(CM)

OR Grams (g) chloride (O°) per 100 square neters (100M)

B-MIligrams (ng) chloride (O°), per square neter (M)

C- CONDUCTIM TY IN M CRO SI EMENS (uS) OF SURFACE TEST SOLUTI ON
if obtained with 1X sensitivity LIMPET CELL.

D- Qunces %oz; chloride fCl) per 1000 square feet(1000Ft?)

E-Qunces (o0z) Sodium Chloride (NaCl) per 1000 square feet

Note, % surface corrosion refers only to area of anodes.
The cathode area (white metal) will be at [east as large
as the anode area, in a nicro-corrosion cell.

The above chart shows the relationships observed between
under film corrosion, osmotic blistering and various |evels of
sodium chloride contamnation, under 12-14 roils of a clear
polyam d epoxy. Testing was done in sea water at 90°F. (350C.)
and 50 PSI G (115Ft.Head). This clear epoxy perforned sinmlarly
to standard coal tar epoxy. It can be seen fromthe chart, that
consi derabl e under filmcorrosion can occur, wthout surface
blistering. The underfilm corrosion reactions stopped, when
osmotic blisters formed
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*NOTE: A suggested (preliminary) maximum level for chloride
contamination, to insure a good coating system life under
saltwater ballast conditions, is between 1 & 2 micrograms

per square centimeter. Considerably higher levels may not
cause short term blistering but they will increase under film
corrosion and probably cause osmotic blistering ultimately.

The chart shows the nunerical relationship between
several different scales, that surface contamination |evels
can be described by. The Internationally correct way to
describe the contami nation level on a surface, is in
m crograns of contam nation, per square centinmeter (see
colum A). However, it is hard to relate a large structure
such as a tank, to these tiny scientific nunmbers. Therefore, the
chart Lists some other possible non-standard scales to describe
contam nation |evels.

*These are shown as colums A through E in the above chart.

Colum A (mcrograns per square centineter)(STANDARD
| NTERNATI ONAL SCALE) can al so be labeled in an unorthodox
way, that is much easier for a engineer to understand.

Gans (1/28 of an ounce) of chloride per 100 square neters
(about 1076 square feet). This is a nunber nost people can
at least picture in their mind. It may help you to picture
the contam nation problemin grans per 100 square neters,
whi |l e taking neasurenments in mcrograns per square
centimeter, the nunbers are the sane.

Col um B shows the equival ent nunber scale if
contam nation levels are measured in mlligranms per square
meter. In fact this nmeasurement systemis used by sone
researchers. Its use has cause confusion, since this scale
reads 10 times higher than the scale for mcrograns per
square centinmeter. This difference occurs, because the
square neter is 10,000 square centineters and the mlligram
is only 1000 nmicrograns. This ten to one ratio difference
can easily confused people reading literature that uses it.
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Colum C shows a theoretical LIMPET CELL’S SOLUTI ON READI NG
in mcro-Sienens, if the surface contamnation was pure sodi um
chloride and the cell retrieved 100% of the chloride present.
Note, |aboratory experiments by SSPC have found that the various
retrieval methods (LIMPET cells and swabbing), do not reclaim all
the surface contami nants, and therefore the readings obtained,
are always |less than 100% of the contam nation present. The
Linpet cells were found to be nore efficient, than swabbing. The
Li rpet cell readings shown in colum C, are based on a cell that
tests a surface area (in square centimeters) that is equal to the
cell”s volume in mlliliters, this is considered a 1X type cell.
Usual |y nore sensitivity is recomended than 1X

Li mpet cells can be designed to have greater sensitivity, by
increasing the surface area being tested and mininmizing the
amount of distilled water used. Linpet cells with a ratio up to
about 8X can be nade up. If an 8X cell were used to take the
readings in colum C, they would be 8 times higher. Higher
sensitivity type cells are particularly desirable, when checking
that surfaces are below the recomended 1-2 m crogram MAXI MUM
RECOMMENDED LEVEL of chloride contam nation.

Colum D shows contami nation |evels expressed in ounces
(1 ounce=28 grans) of chloride per 1000 square feet (equal to
about 93 square neters). Wiile this is an unorthodox way to
describe chloride contam nation levels, it is nuch easier
for an engineer to understand. You can see fromthe nunbers
in colum D how careful we nust be, to prevent |eaving
dangerous amounts of chloride contam nation on surfaces
bei ng coat ed.

Col um E shows contam nation levels in ounces (28 grans)
of Sodium Chl oride per 1000 square feet (about 93 square
neters). When investigating contamination it is usually
easier to nmeasure specifically for chloride ions and ignore
t he presence of other ions. However you can't get chloride
ions alone. To get one ounce of chloride ions you need 1.65
ounces of salt. The nunbers in colum E are the sanme as
Colum D multiplied by a factor of 1.65.
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9.4 GENERAL DI SCUSSI ON:
THE EFFECTS THAT CHLORI DE CONTAM NATI ON HAS
ON SURFACES, DEPEND ON TWDO KEY FACTORS
1) Diffusion rate of water and oxygen through the coating.
2) Level and type of surface contam nation present.

1. Diffusion rate of water and oxygen through the coating.

Many people still believe, that a pinhole free coating
prevents water and oxygen from reaching the netal surface.
This belief is easy to come by, when one | ooks at a heavy
duty coating system that has been spark tested with severa
t housand volts and passed. The fact is, all organic coating
systens are sem -pernmeable to water and many other fluids.
They are also sem -pernmeable to oxygen transm ssion
Fortunately for the marine industry, they are inperneable to
the chloride ion. These noisture and oxygen diffusion rates
can vary fromcoating to coating. These diffusion rates can
also vary in the sane coating, when different type cargo is
carried, or with changes in tenperature and pressure..

In addition, osmotic diffusion forces can be induced in
a coating when substrate cleanliness is neglected.

Sem -perneability is a basic characteristic of organic
coatings that nust be understood and planned for.

2. Level of surface contam nation.
The level of chloride contam nation on the netal has
been shown to be a critical factor in the activation of

surface mcro-corrosion cells. Its presence is required to
i oni ze the deionized water, that is naturally diffusing through
the semi-perneable coating, to the netal substrate. If there is

no contam nation present, the water does not ionize and activate
the potential corrosion cells, present on the steel’s surface.

The clear epoxy experinents showed how little chloride
contamination is need, to start up these micro-corrosion cells.
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Under practical working conditions it will not be possible
to prevent or renmove all contamination, but it is very possible
to elimnate nmost of it. During new construction it is
relatively easy to keep contamnation levels low. Levels well
bel ow lug Cl1/cnishould be easy to achieve, by follow ng good

house keepi ng procedures.

The problems cone, with getting older steel clean enough
particularly if it is badly corroded. For high performance
coating work (ballast and cargo tanks, underwater hull etc.)
the goal should be between 1 and 2ug Cl1/cnfnmaxi num and
| ower if practical

Sone paint manufacturers feel a higher level is ok,
based on the fact that it usually takes about 10ug/cnichloride
contam nation, to produce osnotic type blisters during testing
progranms. The problemwith this approach is that an accel erated
test programs usually can not anticipate what will happen with
sl ow under film corrosion reactions, over the expected 100,000
hour working life of a epoxy coating system

It is usually not too difficult to get contam nation well
bel ow the 10ug Cl/cnflevel, if good blasting practices are
followed. |f dry blasting alone can not achieve the proper |evel
of contam nation renoval, then other, steps such as pre-blasting
and fresh water washing may al so be required.

TIME I N SERVI CE

The experinments clearly showed, that with tine there is a
steady deterioration in a coating system This is particularly
true if there is contam nation and active under film corrosion
occurring. To achieve the desired 100,000+ hour service life,
the final contamination |evel must be considerably |ower than, a
level that will cause blistering within a few t housand hours of
testing. It should also be recognized, that the contanination
salts are not rapidly consumed during the corrosion processes.
The chloride and sul phate ions recycle and therefore very small
amounts can keep the corrosion process going on for a very |ong
tim. This slow corrosion process creates nore and nore pressure
under the paint and ultimately leads to its failure.
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9.4 OBSERVATI ONS W TH SULPHATE CONTAM NATI ON
Only a limted nunmber of tests were done with Ferrous

Sul phate under clear epoxy. This contaminant requires about

10 tinmes the level to induce blistering as the chloride ion

does. In fact, to reach this level the panels becane so

discolored with ferrous sul phate that no inspector would
pass the surface. The clear tests showed sone differences
and simlarities between this contam nant and chl ori de.

1) Ferrous sul phate discolors the steel surface nuch nore
than sodium chloride or sea salt at all the |levels of
contam nation tested

2) The anode and cat hode areas are not activated by this
contam nant. The surface col or changes are uniform at
the time of contamination (like a coat of paint).

3y Similar to chloride contamnation, the netal surface
darkens slightly during the air curing period.

This indicates sone reactions are occurring, under the
coating

4 Simlar to chloride there was an induction period of
| ess than 100 hours for the moisture to diffuse through
the 12 mi| (300 micron) filmand cause a |large substrate
col or change

59 The col or change after induction was even dark grey to
bl ack, depending on the level of contamination. The
hi gher |evels of contam nation caused the black color.

6) There we no indication of formation of anode cathode
areas forming. This salt may passivate the surface.
NOTE: Wthout the nechanism of mcro-corrosion cells to help
bui l dup micro-blisters, only osmotic forces are available to

create blistering. This may account in part for the very
much higher levels of sulphate needed to induce blistering
compared to chloride.
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9.5 CONCLUSI ON:

The 4500 hour testing program found, that extensive
under film corrosion from chloride contam nation, can occur
wel | before any osnotic blistering is observed in the
coatings surface. In fact, the first signs of under film
mcro-cell corrosion, occurred at a contam nation |evel that
was only about 1/50 of that required to cause osnotic size
blistering. \Wen the contanmination |evel was about 1/5 the
l evel required to cause osmotic blistering, almst 25% of
the substrate was covered with under film corrosion
products. These under film corrosion reactions started
after less than 100 hours of subnerged testing.

The corrosion testing nethod used, was not unusually
aggressive. 4500 hours of testing at 90°F and 50 pounds per

square inch air pressure is probably equivalent to 2 years
in normal ballast service. This 2 year estimate is based on
the fact that the oxygen diffusion through the coating was
increased by a factor of 3, by the air pressure used during
the testing program

One of the nmpst common questions asked about coatings
is howlong will they last? This is a very difficult
question, to get an answer for. The typical estimte of about
10 years effective life (88,000 hours), would be a rationa
nunmber when discussing heavy duty ballast tank coatings.
However, wusually all the coating within a given tank, does
not last the sane amount of time. Coating failure usually
occurs in three stages.

First: there is usually sone very mnor breakdown w thin the
first 6 months to one year. This is normally due to human error
This type failure can be mininized by good inspection. However,
considering the conplexity of coating a tank, some mnor faults
may still occur, even with good inspections

If the epoxy coating systemis sound at the end of the
first year, it is usually good for at least 4 or 5 nore years of
bal | ast service (40-50,000 hours).
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Second: At the end of the first five year period, a few
norw weak spots may show up, even if the coating was properly
applied. Overall, the system should still be in very good
condition at this time. However, if the coating was inproperly
applied, serious breakdown may be occurring and total replacenment
may be warranted. Poor surface preparation, can be a major cause
of this type of premature coating failure.

If the coating is still in good condition at the first
five year stage, then it should |ast another 5 years.

At the end of ten years, even well applied epoxy systens start
showi ng their age and a nore general coating breakdown can be
expect ed.

NOTE: AT THIS TIME I T I'S NOT UNCOWON TO FI ND CONSI DERABLE
UNDER FI LM CORRCSI ON HAS OCCURRED | N SOVE AREAS, WH LE OTHER
SIM LAR AREAS ARE STILL TIGHT AND FREE FROM UNDER FI LM
CORRCSION. ONE OF THE MOST PLAUSI BLE EXPLANATIONS FOR THI S
DI FFERENCE | N PERFORMANCE, FROM THE SAME COATI NG SYSTEM

USED UNDER THE SAME SERVI CE CONDI TIONS; IS THAT THE LEVEL

OF SURFACE CONTAM NATION AT THE TIME OF COATI NG APPLI CATI ON
WAS DI FFERENT AT EACH AREA.

TO GET THE MAXI MUM SERVI CE LI FE OUT OF A COATI NG SYSTEM
IT IS I MPORTANT TO GET THE SURFACE AS CLEAN AND FREE OF
SOLUBLE CONTAM NATI ON, AS IS PRACTI CAL.

If a ten year PLUS service life is desired froma coating
system it is inportant to pay attention to surface contamni nation
levels. If in the future a practical organic coating system can
be devel oped, that has no perneability to water or oxygen, then
the inmportance of good contam nation renoval nmay becone past
history. Note, the success of an organic coating to work over
sol uble contam nation is doubtful, with anything |less than zero
perneability.

Until an inperneable coating is devel oped and proven,
our best approach will be to do careful surface preparation.
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9.5 CETTING GOOD QUALITY SURFACE PREPARATI ON

The practical goal of the present research project is
not to make surface preparation nore conplicated, but to
hel p the coating industry recognize and correct some conmon
practices that are detrimental to good coating practice.

It should be stressed, that in npbst cases it is not
that difficult to achieve the |ow |levels of contam nation
needed to prevent serious coating problems. The fact is
that the majority of the coating work done in the past, has
been relatively successful. This success is due to nany
factors, (including the fact that the_amunt of contamnination
left on the surface had not heen toa_high.

BLAST ACCORDI NG TO SURFACE PREPARATI ON WORK NEEDED:

In order to achieve a good surface preparation
standard, the blasting work effort nust be adjusted to
correct the existing surface contam nation problens. These
problems vary greatly, according to the initial surface
condi tions such as:
a. Cean new steel or lightly corroded new steel

This type surface is easy to dry blast clean.
Usual |y there are no surface contam nation problens after
conpletion of mneral grit blasting. Steel grit can al so be used
if the surfaces to be blasted are free of oil and salt deposits.
Steel grit or shot should never be used if oil or salt deposits
are present, as they can be contam nated easily and then
contam nate other areas. Al ways wash down
and degrease contam nated surfaces before bl asting.
b. Well coated old steel with linmted coating breakdown.

This type surface is easy to dry blast properly.
However, extra attention should be given to areas of coating
breakdown and corrosion, to help bring themup to the sane
cleanliness standard as the snooth areas. This extra
attention is needed, to get uniform coating perfornance.
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c. Coated old steel with: considerable coating breakdown, under
filmcorrosion, active corrosion and some scale covered pitting
corrosion.

This type of surface is nore difficult to dry blast
free of all contamnation, but it can usually be done to a
satisfactorily level, if the work is approached properly.

The first three conditions will usually respond well to
dry blasting as long as the surface is relatively snmooth and
free frompitting. The pitted areas present the greatest
chal l enge to obtaining good surface preparation.

It is difficult to get the grit particles into the bottom
of pits. The blasters nust be trained to work extra hard on
rough or pitted areas. They nust not nbve on as soon as it seem
clean, but instead they nmust blast a little |onger before
continuing on. If they follow this procedure in the rough and
pitted areas, much nore of the surface will be properly cleaned
on the first try. In spite of this extra effort, some pitted
areas Wil still turn while the rest of the tank is being
blasted. The npst conmon approach to this re-rust problem is a
qui ck sand sweeping to brighten up the turned surfaces. This
approach is totally wong, as it only tenporarily hides the
surface contamination problem wthout correcting it. It nust be
recogni zed, that if blasted areas turn, they are still hadly
contam nated. They need to be hard blasted. to renove the deeply
i nhedded corrosion products that are |aden with chloride and
sul phate contamination. The grit used for cleaning pitted stee

should be a mx of fine and medium coarse size grit. The fine
grit is needed to get into the bottons of the pits and renove
any contam nation trapped there.

d. Od steel, that is badly pitted and heavily scal ed

This type of surface may not respond well to dry
blasting alone. It may require pre-blasting, freshwater
washing and then re-blasting before a properly cleaned
surface is obtained. See GUDE IV
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APPENDI X A EXPERI MENTAL DESI GN AND TESTI NG PROCEDURES

Al

DESCRI PTI ON OF TEST PANELS

The 14 GAUGE steel test panels were cut from A 37
grade hot rolled mld steel. The panels were cut
by sheari ng. Two sizes were cut 6“X 12" and 6“x6”.

PRE- CLEANI NG PROCEDURES

Prior to any grit blasting, the panels were cleaned

of all oil and soil, by water washing with |aboratory
detergent, rinsing with fresh water and then drying.
Al the panels were then cleaned free of slight rust
and corrosion by disc sanding and at the sanme tine,

all edges were ground snooth, to inprove painting them
In order to renove all water soluble contam nants and
other | oose dirt picked up during disc sanding, the
panel s were rewashed with water and | aboratory

gl assware detergent. They were then rinsed in fresh
water and forced dried with hot air before any rusting
could occur. The panels were finally dip rinsed in
two acetone baths to renove any other soluble deposits.
At this point the panels were packed in brown paper in
preparation for transportation to be blasted. These
pre cleaned panels remained in these brown paper
packages about 6 nonths. Wen the packages were opened,
they were found to be still free of any corrosion.



A3

NOTE:

A4

BLAST CLEANI NG PROCEDURES

The pre-cleaned hot rolled steel panels were blasted to
SSPC SP5, white netal using new steel grit. Note prior
to being blasted, nost of the panels still had over 95%
of their surface covered with intact nill scale. The
bl asted panels had a final surface profile of about 2
roils. During the blasting process the new steel grit
was recycled. These ultra clean steel surfaces have
shown no tendency to rust, even when exposed to very
high relative humdity conditions (85-100% non-
condensing) for nmonths. This freedom from rusting,

even under long term high humdity conditions,
denonstrates the panels freedomfromionic surface

cont am nati on. However, when snall anounts of
contamnation i.e. lug Chloride/()ﬁz(0.05402.NaCI/
1000Ft %, ) are placed on these blasted surfaces

rusting will rapidly occur at 75% relative humdity.

The panels were handled with cotton gl oves after
blasting, to prevent chloride pick up from the hands.

PANEL STORAGE AFTER BLAST CLEAN NG

The ultra clean panels were individually wapped in
brown paper and then stored in sealed 5 gallon pails.”
Each pail held 20 panels, and al so had a package of
silica gel init to insure dryness. No vapor phase
inhibitor was used to protect these panels. A recent
check of panels found themto be still in rust free
condition after several years storage.
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A5.1 CONTAM NANTS USED FOR TESTS:

Three types of chem cal contam nation was used during
the testing work. Analar sodium chloride and a ASTM
grade synthetic sea water salt mxture were used for
the tests involving chloride ion levels. Analar
ferrous sul phate was used during the sul phate tests.
In addition to testing the effects of chemical, tests
were also run using different types and sizes of

bl asting grit particles as sources of surface
cont am nati on.

A5.2 M XING OF CHEM CAL CONTAM NATI ON SCLUTI ONS

The chemnical contamination solutions used during the
experimental work were made up by mXxing a neasured
wei ght of the contaminant (+/-.01 gram) in 0.5 liter
of distilled water. This initial base solution was
then divided in half, and one half was then diluted
with an equal quantity of distilled water to reach
the next desired solution strength. This dilution
process was repeated until the |owest required |evel
of solution concentration was reached.
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A5.3 PANEL CONTAM NATI ON PROCEDURES:

The panels were contam nated using water solutions of

ei ther sodium chloride, synthetic sea water or ferrous
sul phate.  The appropriate solution concentration

was chosen to obtain the desired surface contam nation
|l evel s.  The contam nant was applied by evenly spreading
0.25 mlliliter of solution over 150 cm2(25 i nch®) of
surface area, and then drying the surface with a hot

air blower for about 15 seconds. It was observed that,
except when using distilled water or very dilute
chloride solutions, the surface becones slightly
discolored. In an attenpt to elimnate this surface

di scol oration, a number of sanples were made up using
only methanol to dissolve the sodium chloride. This
method did elimnated the imrediate surface turning,
occurring from water/sodi um chloride solutions.

However, after 24 hours of air exposure at 85%rel ative
humi dity, the panels contam nated by solutions of

sodi um chloride in methanol, developed nore rust than
the panels contam nated at simlar chloride levels in
wat er sol utions.

Note, the application of pure nethanol over an area
previously contam nated by a water/chloride mxture,
al so appears to increase the intensity of rusting. The
use of nethanol instead of water to distribute chloride
over a surface, appears to make the chloride

contam nation nore active. This increased activity,

may be due to the fact that the nethanol solutions
wetted the steel surface better than water, and thereby
gets the chlorides deeper into the surface roughness
profile. Also the salt crystals deposited by methanol
evaporation, appear to be snmaller and nore evenly

di stributed, than crystals deposited from water

sol utions.
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A5. 4

A5.5

GRIT CONTAM NANTS USED FOR TESTS:

In addition to the chem cal contam nation tests, other
tests were run to check what effect inconplete renova
of blasting grit from bl asted surfaces, would have on
paint filns sprayed over them Three coal slag grits
and one copper slag grit were used for contam nants.
Each grit was sieved to obtain four different nesh
sizes (+20, +40, +80 & 80). The four test coatings
were painted over controlled anounts of each type and
size grit, to see how they would be affected by this
type of contam nation

STORI NG OF CONTAM NATED PANELS PRI OR TO COATI NG THEM
The chemically contam nated panels were held in an air
convection oven at 130° F (55°C), until just a few
mnutes before paint application. The oven prevented
t he panels from having visible surface changes, for
several days. On the other hand unheated contani nated
panel surfaces quickly deteriorate due to rust back.
This heating procedure is very anal ogous to the
standard practice of dehumidification, normally used
to prevent the turning of blasted steel in tanks.
The panels inside the convection oven were about 65F
above the air’'s dew point. This is equivalent to about
15% relative hunmidity. |IT IS IMPORTANT TO STRESS, THAT
THE USE OF DEHUM DI FI CATI ON TO PREVENT SURFACE
TURNI NG, | NDI CATES A M SUNDERSTANDI NG OF THE SURFACE
CONTAM NATI ON PROBLEM  Dehum dification only
tenporarily stops the contam nation fromreacting with
the surface. Under film corrosion starts up soon after
the tank is put :ack in service, wherever contamination
is present.
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A6.2

AT

TYPES OF PAINT USED DURING TESTING -

Four types of two component epoxy coatings were used

for the test program:

1. Coal tar epoxy, a 2 coat system from Valspar.

2. Sovapon epoxy, a 2 coat system from Valspar.

3. Mare Island epoxy, this is a standard government
3 coat epoxy system, it was made by Devoe Paint.

4. Aquapon polyamide clear epoxy, Pittsburgh Paints.

PAINTING PROCEDURES -

The epoxy paints were applied by airless spray.

No solvents were added to thin the paint. The panels
were sprayed one at a time, and then hung to dry,
between coats. Proper inter coat timing was followed
based on the temperature conditions occurring during
drying. After the final coat was applied, the system
was allowed to cure for at least one week, before
any submerged testing was done.

DESCRIPTION OF TEST TANK -

The testing work was done in a modified 60 gallon
pressure paint pot, manufactured by Devilbus. This pot
can be pressurized up to 110 psi. The galvanized
inside of the tank was coated with coal tar epoxy. The
test racks for holding the painted panels were made of
1 inch thick plexiglas. The rack is secured to the
tank’s removable top cover. The cover and the test
rack are raised and lowered by a 1/2 ton chain fall.
The test rack holds up to 140 12 X 6 inch panels. The
temperature of the tank can be raised above ambient by
the 1600 watt electric heating band located on the
outside of the tank. The heater can raise and hold
the tank’s temperature up to 100 degrees Fahrenheit
above ambient. The tank and heater are covered with a
fiberglass blanket to reduce heat losses.
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PRESSURE TESTI NG TANK

VI EW OF CLOSED PRESSURE TESTI NG TANK
The tank is a nodified 60 gallon DeVil bus paint pot.
It has been coated inside with coal tar epoxy.

It has a 1600 watt band heater on the outside that
permts heating to about 100° F (45° C) above the
anbient tenperature. Tests were run at 90° F(33° O
and 50 PSIG (3.3 Bar)(equivalent to about a 115 ft
head of water). Conpressed air was used to
pressurize the tank.
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PANEL TEST RACK
& SUB- TANK
) 1 N

_., X
VI EW OF TANK COVER FI TTED WTH TEST RACK & SUB- TANK
The test rack is permanently attached to the cover
of the tank via 4 support rods and a support plate.
It consists of three 1 inch thick plexiglas plates
that have been slotted to hold Up to 144 - 12 x 6"
test panels. The test setup can also hold |ess
panel s and a plexiglass sub-tank, ‘which can be seen on
the upper test rack. A different fluid is put into the
sub-tank.  This arrangenent permits sinultaneous
testing of panels in two media such as salt water
in the main tank and distilled water in the sub-tank.
The sub-tank is partly submerged in the main tank's
test liquid to keep tenperatures constant.
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TESTI NG PROCEDURE

Panels were tested in the pressure tank after
they were fully cured. The tank was filled with ASTM °
grade synthetic sea water. The testing conditions used
for nmost tests was 90°F (35°C) and 50 PSIG (3.3 BAR
(115 foot head). This testing procedure was chosen, as
it closely simulates real ballast tank conditions. It
was not desirable to use accelerated type testing
procedures for the present study, as the coating is
al ready under stress from surface contam nation

To run a test, new test panels were inserted into
the test rack. The tenperature of the tanks salt water
was checked and adjusted if necessary. Wen the water
conditions were at the proper tenperature, the tank’s
cover and test rack unit were lowered into the tank and
the tanks closure clanps were secured. Air pressure
was admtted to the tank via a pressure regulator, to
build up the pressure inside the tank to 50 PSIG
(3.3 BAR) (115 ft. water head). The tank was kept
cl osed and pressurized for 24 hours periods at the
start of a test. At the end of 24 hours the tank was
opened and the panels were exam ned for signs of
blistering, and in the case of clear coatings also for
signs of under film corrosion. After inspection, the
tank was closed and | eft pressurized for another 24-36
hours. A second examination was then nade, to | ook for
any new changes. After this inspection the tank was
again closed and pressurized. Athird inspection was
made after several nore days of subnersion to check for
addi tional changes. Several nore inspections were made
as the test continued until about 2000 hours of testing
was conpleted. Because of the |large capacity of the
tank sone panels were left in the tank for as nuch as
4500 hours while later test series were also being run.
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A9 ASTM D714 NMETHOD FOR DETERM NI NG DEGREES OF BLI STERI NG
I N PAINTS.

Note: This visual ASTM evaluation nethod is not precise.

Judgi ng the ambunt of blistering in a paint systemis very

difficult. Different inspectors will perceive each |evel of

blistering slightly differently. Also, the ASTM nethod

measures only two factors: blister size and blister

frequency. The ASTM blister scal e does not account for

the very inportant substrate corrosion reactions that occur

before and during blister formation.

ASTM PAI NT BLI STER SI ZES:
ASTM SI ZE 10- NO CHANGES | N SURFACE TEXTURE OBSERVED
*SEE NOTE 1 (SIZE 9) surface roughening (not an ASTM Sl ZE)
ASTM SI ZE 8- BLISTERS ARE PI NPO NT Sl ZE
ASTM SI ZE 6- UP TO 1/16 I NCH BLI STERS
ASTM SI ZE 4- BETWEEN 1/16 & 1/8 I NCH DI AVETER BLI STERS
ASTM SI ZE 2- 3/8 INCH OR LARGER SI ZE BLI STERS

ASTM PAI NT BLI STER FREQUENCY NUMBERS:
ASTM FREQUENCY NUMBER 10- NO BLI STERS OBSERVED.
ASTM FREQUENCY NUMBER 8- FEW BLI STERS

(one or a few blisters per unit area)
ASTM FREQUENCY NUMBER 6- MEDI UM BLI STERS

(several blisters per unit area)
ASTM FREQUENCY NUMBER 4- NMEDI UM DENSE BLI STERI NG
(many blisters but with some flat areas between themn
ASTM FREQUENCY NUMBER 2- DENSE BLI STERI NG
(continuously blistered over the entire surface)

Note 1: In the present research we al so used some non ASTM
blister size nunmbers. Size 9 was used to represent
t he roughening of a coating’ s surface by under film
corrosion, before the formation of ASTM size osnotic
blisters.
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A1O SSPC CONVERSI ON OF ASTM D714 BLI STER RATI NG METHOD

This chart was devel oped by the STEEL STRUCTURES PAI NTI NG
COUNCI L. It helps to sinplify the doubl e nunbers of the
ASTM blister rating method (BLISTER SIZE AND BLI STER
FREQUENCY) into an easier to use single number scale. An
ASTM or SSPC rating of 10 indicates there are no blisters.

A rating below 7 on the SSPC scale is usually considered
failure, but this choice is arbitrary. The acceptable |evel
of failure should depend nore on the intended type of
service the coating systemis to be used in.

Note: This SSPC conversion nmethod still does not address the
fundanmental limtations of the ASTM blister rating system

A better method is needed to properly study coating system
failure nechani snms when under film corrosion is also
occurring.

ASTM <--ASTM D714 FREQUENCY SCALE---->
D714 FEW MEDI UM MEDI UM DENSE
BLI STER DENSE
SIZE (F8) (F6) (F4) (F2)
SSPC CONVERSION NUMBERS FOR ASTM D714

S9 9 9 8 7
S8 9 8 i 6
S6 ! b 5 4
A 5 4 3 2
2 3 2 1 0

NOTE: THE FOLLOWN NG PATTERNS ARE USED TO CONVERT THE ASTM
D714 MULTI PLE BLI STER RATINGS TO A SI NGLE SSPC NUMBER

1. IF THERE ARE TWO SI ZES OF BLI STERS WTH SI M LAR FREQUENCI ES

THE AVERAGE RATI NG BETWEEN THE TWO | S USED.

2. |F THERE ARE DI FFERENT SI ZES AND VERY DI FFERENT FREQUENCI ES

OF BLISTERS ON A PANEL, THE SI TUATION THAT IS THE WORST,
| S REPORTED.
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APPENDI X B- FOUR GUI DES FOR BETTER UNDERSTANDI NG AND
CORRECTI NG THE SURFACE CONTAM NATI ON PROBLEM

AN OVERVI EW OF APPENDI X B GUI DES:

The use of paint filns to protect steel fromthe marine
environnent has a long history. In the early days surface
preparation was usually very sinple; just scrape, wire brush or
grind off most rust and scale. Possibly, if the surface was
initially very dirty, it may have al so been washed off by hose
(hopefully with fresh water). These limted types of surface
preparation, were usually adequate for the nore contaminatio,
tolerant oil base paints, used in the past. Also, the life
expectancy of these earlier paints was short by todays standards.
However, with the advent of |arger nmarine structures and better
coating systens, it has beconme very inportant, to inprove both
the productivity and the cleaning effectiveness of the surface
preparation nethods used by the nodern coatings industry.

1s a general discussion of the three primary reasons

for coating failures. These are; inproper surface preparation,

i nproper application procedures and choosing an inproper type of
coating systemfor the service environnent in which it is to be
used.

QU DE II|- Lists the main environnents coatings are used in,

and the types of contanmination present, that can adversely affect
coatings. The different physical and corrosion effects that the

sol ubl e contam nants can cause, are then revi ewed.

Presently, the three nost w dely used surface preparation
standards (Swedish, SSPC & NACE) all fail to address the fact,
that nearly invisible surface contam nation can be a potenti al
cause of coating failure problenms. It is even nore surprising
that at this time only one mgjor paint nmanufacturer protects their
products reputation and performance, by always checking that the

surface chloride level is below the nmaxi mum all owed.
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Also, in the past few years, the Steel Structures Painting
Council, has been publishing nmore and nore articles on the
i nportance of properly renoving substrate contam nation, to help
stinulate the paint industry into much nore awareness of the
pr obl em However, at the present tine the painting industry is
only just starting to look into the surface contam nation problem
During the next few years, it should becone routine for
coating inspectors to continuously take grit and surface
contam nati on neasurenents during a coating project. However,
to do this easier, we need to develop sinple to use testing
met hods. W also need to standardize the methods used for
detecting and measuring grit and surface contam nation.

Di scusses nost of the PresentlY used contanination

detection and nmeasuring methods. The purpose of this guide is to
tell you what nethods are available and where you can get nore
informati on on various pieces of equipnent to do the testing.

- I's a discussion on nodern surface preparation

net hods and their limts, when renoving surface contam nation.

Presently dry blasting (using steel grit/shot or mneral
grits), is the nost common surface preparation nethod used for
large structures. This method is very productive, and is usually
ef fective when done properly. However, it's effectiveness in
removi ng deeply inbedded corrosion product contam nation is not
al ways adequate. The surface contami nants that remain after
bl asting, are of prime interest to the present research.

There is still nuch m sunderstanding throughout the painting
i ndustry as to:

VHEN A SURFACE | S CLEAN ENOUGH FOR COATI NG APPLI CATI ON
or

VHY CONTAM NATION IS SOVETI MES NOT EFFECTI VELY
REMOVED, BY DRY GRI T BLASTI NG PROCESSES ALONE
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There is also wide spread denial in the paint industry, of
the contamination problem even when it becones obvious. For
exanple, it is a comon practice to just ignore the presence of
dangerous |evels of contam nation and solve a rapid re-rusting

pr obl em by

PAI NTI NG A BLASTED METAL SURFACE QUI CKLY BEFORE | T CAN TURN
or by
USI NG DEHUM DI FI CATI ON TO HOLD THE BLAST IN A TANK

These comon industry practices, do not address or correct the
basi ¢ cause of the steel turning problem

Steel turning is nornally due to inconplete renoval of the
deeply enbedded surface contamination, by the surface preparation
nmet hods bei ng used and NOT BECAUSE OF HUM DI TY.  This
contam nation is alnost invisible to the eye just after blasting.
However, as the contam nation is usually both hydroscopic and
ionic, it rapidly nakes it’s presence known, by causing very
visible surface corrosion by-products. It is these corrosion
by-products that are being described as flash rusting ar rustback.
The usual cause that is argued for the rust back problemis Ha
HUM DI TY rather than the true cause of the probl em HYDROSCOPI C
SURFACE CONTAM NATI ON.

The present research program found that noisture will diffuse
through 12-16 roils of epoxy coating in less than 100 hours after
it is subnmerged in sea water. Once the noisture reaches the
contam nated substrate, it then dissolves any sol ubl e contam nants
present. This dissolution process creates an ionic solution at
the metal surface under the paint. The ionic solution causes
osnmotic diffusion reactions and corrosion processes to begin

Note: The noisture passing through the coating does not carry
chloride contam nation with it fromthe salt water, to the netal
surface. The chloride substrate problemis only due to the_

i nconpl ete renpval of corrosion contam nation fromthe netal
surface prior to coating application.
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The coating industry nust begin to routinely check for the
presence of the invisible surface contam nation, before applying
any coatings. If this is done, many potential failure problens
will be prevented. As this nonitoring practice becones routine,
it will becone nore obvious where the serious contamnination
probl ens are. In many cases a contam nation source can be easily
elininated once it is recognized to be a problem Al coating
i nspectors nust learn to routinely check for contam nation
sources. This checking can be done easily, with |ow cost ($50
and up) pocket conductivity meters that have only recently become
wi dely available. These rugged nmeters soon will becone a key
coating inspection tool. A coating inspector using only a
conductivity nmeter and distilled water, can quickly determ ne
whet her a contanination problem exists, and how serious it is.
These inspections should be made during all stages of the coating
application program Inspectors nust also |earn how to neasure
the grit’s specific chloride and sul phate levels, in case the
prelimnary conductivity readings indicate there is a serious
contam nation problem that needs to be further identified.
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| NDEXS OF GUI DES IN APPENDI X B

GU DE |- THE PRI MARY CAUSES OF COATI NG FAI LURE
| NDEX :

|-1 Inproper Surface preparation----—--—-------- PACE |-1
-2 I nproper application procedures--------------- PACE | -4
-3 Using a coating systemin

the wrong environnment--—------————--—-------PACE | -6
QU DE Il- THE EFFECT' S SUBSTRATE CONTAM NATI ON HAS ON .

ORGANI C CQATI NGS

| NDEX
-1 Sources of environnmental contam nants------ PAGE II-1

[1-2 Coating problens caused by under film contam nation
11-2.1 Blistering in organic coatings----------—- PACE 11-2
11-2.1.1 Diffusion of liquid through the coating--PAGE 11-2

11-2.1.2 OGsnoSiSiS— ——--- ——----------—-----PAGE II-3
11-2.1.3 Effects of soluble salts left on the

Steel Substrate-----——----------—------ PACE 11-5
11-2.1.4 Effects of solvent retention in coatings-PAGE |l-6
11-2.1.5 Effects of soluble salts left on

old coatings being re-coated--------------- PACE 11-7
11-2.1.6 Effects of soluble paint Conponents------ PACE 11-7
11-2.1.7 Effects of Endo-osnobsis on blistering----PAGE 11-7
11-2.2.1 Corrosion reactions at

the netal/coating interface-*------------- PACE 11-8
[1-2.2.2 The parts of a corrosion cel

and their functions------------------------ PAGE 11-9
|1-2.2.3 Basic electro-chemical reactions--------- page |I1-11
[1-3 The effects of relative humdity

conditions on blasted steel---------------- PAGE 11-12
Il-4 Loss of coating adhesion

due to surface contamnation--------------- PAGE 11-13
[1-5 Surface tolerant coating systems---—----- PAGE 11-14

I1-6 Proper coating applicgéion ---------------- PAGE 11-15



GUDE Ill- A GUDE TO THE METHODS AVAI LABLE FOR DETECTI NG
AND MEASURI NG SURFACE AND GRI'T CONTAM NATI ON

| NDEX :
[11-1 SURFACE CONTAM NATI ON DETECTI ON METHODS
[11-1.1 Visual detection

(The turning of blasted Steel)---------- PAGE Il1-1
[11-1.2 Linpet conductivity cell

measurenents on surfaces----------—---- —PAGE II1-3
[11-1.3 Swab testing for

surface contam nation------------------- PAGE 111-6
[11-1.4 O her detection nethods-----—--------- PAGE IIl-7
[11-1.5 Discussion on the different

detection nethods------------------------ PAGE II1-8
[11-2 TEST METHODS FOR MEASURI NG CONTAM NATI ON LEVELS
111-2.1 Conductivity meter—-------——--------- PAGE 111-11
111-2.2 Chloride testing strips---------------- PAGE II1-14
[11-2.3 Chemical vacuum anpoule---------------- PAGE II1-14
[11-2.4 New wet chenistry tests

for chloride-----------------e---- PAGE I11-15
[11-2.5 Methods for neasuring

sul phate contamination------------------- PAGE |11-17
[11-3 METHODS FOR TESTI NG AND MEASURI NG GRI T CONTAM NATI ON.
[11-3.1 Mneral grit testing------------------- PAGE |11-18
[11-3.2 Steel shot or grit testing------------- PAGE I11-19
GUDE IV - Mthods to renbve contami nation and properly

prepare steel surfaces for coating.

| NDEX
IV-1-Dry blasting------------------ IR PAGE V-1
IV-2-Wet blasting------------------------------ pACGE | V-2
| V-3-Hi gh pressure water washing--------------- PAGE | V-4
| V-4-Procedure for cleaning

badly contam nated tank Steel------------- PAGE IV-5
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I-1.5

I-1.6

-1.7

-1.8

Chl oride and water contam nation can cone from
poorly dried blasting air. Blasting air may al so
contain oil. The ventilation air system also can
pi ckup chl oride contam nation and transfer onto the
bl asted surfaces if it is not filtered properly.
Note: The anounts of salt needed to cause problens
are extrenely small. Less than 1 ounce of salt
contam nation per 1000 square feet of steel surface
can cause serious blistering problens. To get good
coating performance, we nust keep salt contam nation
bel ow 1/20 of and ounce per 1000 square feet.

Hori zontal surface contamnation is very often
caused by workers wal king on horizontal steel
surfaces such as blasted tank bottons with dirty
shoes. Contam nation also occurs on vertical stee
surfaces from sweaty hands or by body contact. A
persons wal king on bl asted steel must wear clean
shoes with plastic shoe covers. Also the painters
must wear clean shoes and covers,
to prevent inter-coat contam nation problens.

Unusual | y rough areas, rough welds, weld splatter,
very sharp edges etc should be ground or disked

smooth before starting blasting work. Al welding
work in areas to be coated should be conpleted

before blasting is started.

| mproper clean up of all the heavy grit and fine
dust and particles of spent grit left by the
bl asting work.

Massive coating failure can also result from many of

the factors listed in I-2|or|l-3.




[-2.1

[-2.2

[-2.3

[-2.4

[-2.5

[-2.6

FOLLON NG | MPROPER COATI NG APPLI CATI ON PROCEDURES

This is a commobn stage of a coating application
program to create serious coating problems. The

careful workmanship and efforts of many people are
required fromthe earliest steps in the manufacturing
of the coating, until the coating systemis applied
and cured. Any breakdown in this long chain of events

can lead to serious and expensive coating failure:

| nproper raw nmaterials or inproper manufacturing
pr ocedur es.

| nproper shipping, or inproper storage of coatings
prior to using, particularly in hot climates. Storage

at high tenperatures can greatly shorten a coating’s
useful shelf life. The use of an over aged epoxy, can

create problens during application and during service.

| nproper tenperature control of the coating material
just prior to mxing, can lead to a very short pot
life if it is too high. On the other hand in cold
weat her there is a high tendency for painters to add
excess thinners to inprove spraying and this can |ead
to serious solvent entrapnent problens. This solvent
entrapnent can cause coating blistering after the
tank is put into service.

| nproper or inadequate m xing of coating.
Wong or excess solvent added to paint during m xing.

| nproper induction time between m xing and spraying.
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1-2.7

1-2.8

[-2.10

[-2.11

[-2.12

Poor painter workmanship can cause uneven,
i nadequate or excessive film thickness, over spray,
dry spray, runs, sags, pin holes etc.

Lack of proper stripe coat applications in way of
edges, cutouts, corners, pitting and surface defects.
Poor or no color between full coats and stripe coats.

| nproper ventilation during coating spraying and
curing. Both adequate volunes of ventilation air and
proper relative humdity nust be nmaintained until the
coating has released all entrapped solvents and is
cured.”

| mproper steel surface tenperatures during spraying
& curing. Too hot can cause paint system danage.
Toocold will retard or even stop the curing process.

| mproper over coating times (tenperature dependant).
In hot weather, it is very inportant to insure
inter-coat application tines are correct. A delay in
application can | ead serious inter-coat adhesion
probl ens. This factor is particularly inportant if

the coating has a very short over-coating tine limt.

| mproper testing of the total coating system for:
proper thickness, runs and sags, pin holes, proper
cure etc. A good final inspection includes visual,

magnetic filmthickness and electrical continuity
testing.



l-3 USI NG A COATI NG SYSTEM I N THE VWRONG ENVI RONVENT:
The inability of the coating systemto wthstand the
environment it is being used in, will usually result
in massive failure in a relatively short tine if any of
the following factors are true:

I-3.1 Inadequate solvent resistance.

I-3.2 Inadequate ultraviolet resistance.

I -3.3 Poor chemical resistance/saponification.
| -3.4 I nadequate tenperature resistance.

|-3.5 Poor water resistance

|-3.6 Inadequate electrical resistance for cathodic
protection.

-3.7 Using nmany inhibited coating systems under subnerged
conditions, wusually leads to osnmotic blistering.



GU DE II- THE EFFECTS THAT SUBSTRATE CONTAM NATI ON
HAS ON ORGANI C COATI NGS

[1-1 SOURCES OF ENVI RONMENTAL CONTAM NANTS:

The followi ng summari zes the environnments that
coated steel is used in and the contam nants found in
t hese environnents, that are known to be detrinmental
to the service life of organic coating systens applied
onto steel
Marine environment - Chlorides, sulphate and oil.

Bri dges - Amonia, chlorides and sul phate.

I ndustrial atnmosphere - Amonia, chlorides & sul phate
d. Industrial subnersion - various chenmicals & oils

e. Rural - there is usually no contam nation problens

unl ess de-icing salts are used on the structure.

o @

(@]

In addition to these every day environmental sources
there are several other ways for contam nation to get on
netal surfaces prior to and during coating application:

a. Contam nation fromwash down water - chlorides & oil

b. Contamination from the blasting grit - Chloride,
sul phate, and fluoride (only in coal slags).
c. Contam nation frominhibited wash water - Inhibitor
d. Contamination fromthe coating material - priners can

contain soluble chronates etc.

e. Contamination fromsolvent entrapped in the cured filns.

f. Contamination from workers- Chloride from body sweat,
hands, dirty shoes, sitting on steel, food, soft drinks,
wor ker urination etc.

g+ Contamination from recycled steel grit or shot. Once
contam nation gets into reusable grit it can be
transferred fromit onto otherw se clean steel
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I1-2 COATI NG PROBLEMs ASSOCI ATED W TH THE PRESENCE OF
UNDER FI LM CONTAM NATI ON

I1-2.1 BLI STERI NG I N ORGANI C COATI NGS
Blistering is the nost wi dely recognized problem

that is associated with the presence of substrate
cont am nati on. Blisters can vary in size from
small er then the head of a pin, to 6 inches (150mm
or nore in dianeter. Typically blisters are between
1/16” to 3/8 (2mmto 5nm in dianeter. They can
have a frequency between a few blisters per square
yard/ sq. meter to many per sqg.in./sgq. cm. Usual | y
the larger the blisters, the lower their frequency.
The large blisters are liquid filled and they are
caused primarily by osnosis. The smaller fully
devel oped blisters, usually contain very little
liquid. These smaller size blisters are filled
mai nly with corrosion product buildup. The larger
size liquid filled blisters usually are caused by
the followng factors

I1-2.1.1 D FFUSI ON OF LI QU D THROUGH THE CQOATI NG
Li quids can diffuse through all organic paint
films, because they ARE SEM - PERVEABLE. \ater
noi sture and many (but not all) fluids will slowy
di ffuse through all organic coatings. During this

swelling of the coating, w thout any blistering.
This swelling normally reverses, if the fluid is
allowed to slowy diffuse out. This normal film

di ffusi on should not permanently change or danage
the coating, provided the coating is chemcally and
solvent resistant to the fluid it is immersed in.
Since coatings are SEM - PERVEABLE nenbranes, they
are also subject to a special diffusion phenonenon

. called osnosis.
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2.1.2 OSMOSI S
This is the termused to describe a special diffusion

process, common to sem -perneable nmenbranes. In the basic
diffusion process, there is no net flow of solvent, once the
menbrane absorbs sufficient fluid to reach equilibrium

HOAEVER, |F THERE IS A SOLUTI ON CONCENTRATI ON
DI FFERENCE ON OPPOSI TE SI DES OF A SEM - PERVEABLE MEMBRANE,
THEN THI' S EQUI LI BRI UM SI TUATI ON (  NO NET FLOW ) CHANGES.

Note: by definition, a solution consists of a solvent
such as water and a solute such as sodium chloride.

| DEALLY, ONLY THE SCOLVENT PASSES THROUGH THE MEMBRANE.
THE SODI UM CHLORI DE I N SEA WATER DOES NOT PASS THROUGH SOUND
PAI NT FI LMVS. THE SOLUBLE SUBSTRATE CONTAM NATI ON ALSO DCES
NOT DI FFUSE OUT FROM THE METAL SURFACE | NTO THE SEA WATER

A differential force called osnotic pressure, is
created whenever there are solvent/solute concentration
di fferences on opposite sides of a sem -perneabl e nenbrane.

THE EFFECT OF THIS OSMOTI C PRESSURE | S TO CAUSE SOVE OF
THE SOLVENT FROM THE MORE DI LUTE SOLUTI ON, TO DI FFUSE
THROUGH THE SEM - PERVEABLE MEMBRANE, TOWARD THE MORE
CONCENTRATED SOLUTION SIDE AND SLOALY DI LUTE IT.

This one direction diffusion, will continue until the
two sol utions have the same concentration, or if the nore
concentrated solution is pressurized enough to physically
oppose the osnotic diffusion process. In fact, if the
pressure on the nore concentrated side of a sem -perneabl e
menbrane is increased enough, reverse osnpbsis can occur and
NET SOLVENT FLOW W LL REVERSE DI RECTI ON AND SOLVENT W LL
BEG N TO LEAVE THE MORE CONCENTRATED SCOLUTI ON.

During the formation of coating blisters, osnosis
causes pressure to build up at contam nation sites. If this
pressure exceeds the adhesion of the coating, it lifts the
coating at that point and forns a blister. The blister then
continues to grow until equilibriumis reached either by
solution dilution, or the pressure builds up inside the

blister, to resist further flow into it.
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The pressure needed to stop osnostic diffusion from

occurring through a sem -permable menbrane is called the
osnotic pressure. The approximte osnotic pressure (Po)

of a solution is usually expressed in atnospheres.

Note: 1 Atm= 14.7Psi.

(1 BAR)

Csnotic pressure can be calculated if the solution’s
OSMOLALITY (osnol) and also the solution s absolute
tenperature in degrees Kelvin (K)

Note: 25°C (76°F) = 298°

i's known.
K (absol ute).

The fornmula for calculating Osnmotic Pressure (Po) is:
OSMOTI C PRESSURE Po = OSMOL# X 0.082 X TEMP. | N DEGREES K
OSMOLALI TY (OSMOL)#S OF KEy CONTAM NANTS, | N AQUEQUS

SOLUTI ONS:  (from Handbook of Chemi stry and Physics)

W.%N SOLUTION 0.5% 1.0% 2.0% 5.0% lo0.% 20.% 40.%.
SODIUM CHLORIDE 0.16 0.32 0.64 1.63 3.51 8.84 ----
SEA WATER SALTS 0.14 0.28 0.56 1.45 ---- ---- ----
SODI UM SULPHATE 0.09 0.17 0.33 0.73 ---- ----  ----
METHYL ALCOHCOL 0.15 0.30 0.61 1.62 3.53 8.09 20.1
FERRIC CHLORIDE 0.10 0.20 0.44 1.02 2.56 ---- ~----
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G1-2.1.3 EFFECTS OF SOLUBLE SALTS ON THE STEEL SUBSTRATE

When there are sol uble contam nants on the netal
surfaces, or within the coating itself, they can cause
serious osnotic blister problems. Osnobsis will occur when
wat er, or any other solvent that is diffusing through the
coating, cones in contact wth a substance it can dissol ve.
If there is soluble contam nation such as chloride on the

netal’s surface or a water soluble solvent entrapped within
the coating itself, then a osnotic pressure gradient wll

devel op. This osnotic pressure gradient then causes the
solvent fromthe nore dilute exterior solution, to diffuse
through the coating and dilute the contamnant. This
pressure/diffusion gradient will continue so |ong as any
concentration difference remains. Asthe soluble substance
continues to dissolve under (or within) the paint film
hydraulic pressure builds up, due to an increase in the
solutions volume. If enough pressure builds up and
overcones the adhesion of the paint to the netal substrate,
then a blister will develop

NOTE: OSMOTI C PRESSURE NUMBERS ARE EXPRESSED OPPCSI TE TO
NORVALLY UNDERSTOOD PRESSURE NUMBERS.  THE SOLVENT FLONG
FROM THE LOW OSMOTIC NUMBER SIDE OF THE SEM - PERMABLE
MEMBRANE TO THE HI GH OSMOTI C NUMBER SI DE

For exanple the osnotic pressure froma 20% sodi um
chloride solution at 20 deg.C is about 212 atnospheres or
3125 PSI G In conparison, the osnotic pressure of nornmnal
sea water is only 25 atnospheres (375psi) and distilled
wat er has the | owest possible osnotic pressure O Distilled
water is a pure solvent. The solvent flows through the
sem - perneabl e nenbrane to dilute the nore concentrated
solution (higher osnotic nunber).
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The total percentage of dissolved solids in sea water
is about 3.5% solids (2.5% sodium chloride, 0.5% nmagnesi um
chloride & 0.4% sodi um sul phate). This is usually |ower
than the initial solution concentration under the paint
film when a soluble substance first starts to dissolve.
However, after this dilution process has continued for a
period of time, the blister’'s solution concentration will be
reduced toward the outside seawater’s concentration.

However, if distilled water is on the outside of the
blister, solution equilibriumwll take much |onger to
occur. This is because of the negligible osnotic pressure
of distilled water. To reach equilibriumin distilled water,
all soluble products will have to react and form insoluble
corrosion products, or the pressure inside the blister nust
i ncrease enough to balance the blister solution’s osnotic
pressure.

Therefore, the tendency for coating blistering is |ess
when it is subnerged in salt water, conpared to fresh water
and the highest tendency for osnotic blistering will be in
distilled or demineralized water service. This is why paint
blister problens are nore common in ship's distilled water
storage tanks, than in saltwater ballast tanks.

A1-2.1.4 EFFECTS OF SOLVENT RETENTI ON | N COATI NGS

Sol vent retention can occur in paint filns for many
reasons such as; excess film thickness, poor ventilation,
insufficient curing between coats, putting the coating
systeminto imrersion service too quickly, poor coating

fornul ation, use of inproper solvents etc. |f the retained
solvent is mscible with water, it wll create an osnotic
pressure and probably induce filmblistering. |n chenical

tankers, severe blistering can also occur, if prior solvent
cargos are water soluble and not enough time is allowed for
full release of the solvent that has diffused into the
coating. This problemis very cormon with methanol. Note
that the osnotic pressure for a 40% by wei ght nethanol /water

solution, is alnost 500 atnospheres (over 7000 PSIG).
I1-6



Fdl1-2.1.5 EFFECTS OF SOLUBLE SALTS LEFT ON AN
OLD COATI NG THAT IS BEI NG RECOATED

The presence of soluble salt on the surface of an old
coating can cause inter-coat blister problens, for the sane
reasons expl ained for soluble contam nation on the netal
substrate [see page I1-5)] However, the blisters in this
i nstance shoul d not have any corrosion reactions with the
metal surface. painters walking on the paint with dirty
shoes can also cause this problem they nmust wear clean shoe
covers at all tinmes.

G1-2.1.6 EFFECTS OF SOLUBLE PAI NT COMPONENTS

Sol ubl e inhibitor in primer fornulations can help
reduce under filmcorrosion in atnospheric exposures.
However, the use of these inhibitors for subnerged service
conditions is not recommended, as their presence in the
coating can create osnotic pressure and paint blistering.
Note, if an inhibitor is to be used under subnerged service
conditions, it should have |ow osmolality nunber

Al1-2.1.7 EFFECT OF ENDO OSMOSIS ON COATI NG BLI STERI NG
Endo-osnosis is a special form of osnosis. It is
caused by el ectro-chenical potential differentials, created
by cathodi c protection or anodic corrosion processes and not

solution concentration differences. The effect of these
potential differences, may increase or decrease the rate of
sol ution diffusion, depending on the potential direction and
the electronic charge nature of the coating itself. The
subtl e effects of endo-osnobsis, have not been well exam ned
for various coatings. It is generally considered a problem
only associated with cathodic protection. However, if this
phenonenon was better understood, and the proper

anode/ coating system could be found, we nmay be able to use
endo-osnosis to our advantage, and Prevent corrosion and

bl i stering problens from contam nation sinultaneously.
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Al-2.2.1 CORROSI ON REACTI ONS AT THE METAL/COATING | NTERFACE

The presence of chloride contam nation under a coating,
wi Il cause underfilm corrosion to occur, even though the
netal is visually free of corrosion at the time of coating
application. This factor is not understood by nany people
in the coating industry. Therefore, it is comon for people
to want to paint surfaces quickly, before they can turn.
Thi s approach does not correct the problem

Testing was done with a clear epoxy, that perforned
equal ly to conventional coal tar epoxy in submerged testing.
The tests were run with both sodium chloride and sea salt
surface contanmination. Underfilm rusting” (brownish color)
was observed devel opi ng under the clear coating, during the
one week air curing period. This rusting was observed wth
contamnation levels of 2ug d-/cm (0.11 oz NaCl/ 1000Ft°)
and higher. This is about 1/5 the |evel of contam nation
needed to cause osnotic blistering. After 70 hours of
subnerged testing, the brownish color was observed to turn
bl ack, and nore corrosion was occurring. Even the |owest
| evel of contamination tested, 0.25ug Cl/cni, caused some
surface corrosion after 4500 hours. However, contamination
free surfaces were observed to be still corrosion free after
4500 hours of testing. The higher the level of surface
contam nation trapped under the coating, the greater the
extent of underfilm corrosion observed.

The diffusion of noisture . . d oxygen through the
organic coating, is a natural physical property of
sem - per mabl e nenbranes. Until a practical inperneable
organi ¢ coating systemis devel oped, the nost effective
approach to the under film corrosion problem is reduction
of contanmination by good surface preparation. The surface
contam nation provides one of the key el ements needed for
corrosion to take place. This elenment is the soluble salt

required for making the corrosion cell’s electrolyte.
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G1-2.2.2 THE PARTS OF A CORROSI ON CELL AND THEI R FUNCTI ONS

Not e:

In order for corrosion to occur an el ectro-chemni ca
cell must form There are 6 key parts to this cell:

Cathode sites- This is where the dissolved oxygen (a2)
in the water and the water (H+ O4) itself, are

el ectro-chemcally reduced to form excess hydroxide
ions (OH). Electrons are required in this process.

El ectron path. The electrons needed for the cathodic
site reactions cone from anodic areas. The electrons
travel to the cathodic sites via the electron path
This is the netal connecting the anodic area to the
cathodic area. Electrons (e-) can only travel via
metallic or sem-netallic conductors.

Anodic sites - this is where the soluble netal
ions (M++) (oxidation) are released fromthe

i nsoluble netal surface(M and enter into the
el ectrol yte.

In order for reactions 1 & 3 to take place,

el ectrons (e-) nust sinultaneously |eave the

anodic sites via the netal (electron path).

The same nunber of electrons are consumed during the
formation of the OHions at the cathodic sites.

Di ssol ved oxygen nust be present in the water and be
reduced to OHions for the corrosion process to

conti nue.
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5)

El ectrol yte-

This is the ionically conductive path between the
anode and the cathode sites.

In the case of under film corrosion, the liquid
for the electrolyte is transported to the sites via
the coating, either by normal diffusion or by osnosis.
This liquid is free of salt and can not act as an
el ectrolyte. However when contam nation is present at
the steel surface, it changes this situation by mxing
with the pure water, and making it an electrolyte.

The el ectrolyte can be liquid or sem-Iiquid.

El ectrons do not pass through the electrolyte, but
i ons do.

During the corrosion process, the electrolyte near
the anode area is acidic (Ht), high in the corroding
netal’s ions (Mt+) and low in dissolved oxygen (02),
when conpared to the electrolyte near the cathode.

The el ectrolyte near the cathode is nore
al kaline (O+), high in dissolved oxygen and
low in netal ions (Mt+).

These electrolyte conditions are unstable. The
sol uble netal ions and hydroxide ions diffuse towards
each other, and neet at some internediate zone al ong
the electrolyte path that connects the anode and
cat hode. A stable precipitate forns at this point.
This precipitate is typically called rust.

Cat hodi ¢ reactant concentration-
This is the oxygen that is physically dissolved in
the electrolyte. It is required for corrosion to occur.

The coating does not permt rapid replenishment of this
necessary elenent, therefore when it is in good

condition, the corrosion reaction rates are very |ow
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6)

NOTE:

Gl-2.

El ectrolyte ions- (Chloride)

The chloride ion is very effective in raising the
el ectrolyte’s conductivity. The higher the
conductivity, the the greater the corrosion rates
possible (all other factors remaining the sane).

The chloride ions do not get used Up in the prinary
anodi ¢ and cathodic reactions. Because of this, the
limted chloride ion concentration in the substrate
sol ution does not change rapidly. Therefore, even a
smal | amount of chloride contam nation can keep the
underfilm corrosion reactions going a long tine.

It has al so been found that the chloride and
sul phate ions tend to nigrate and concentrate at netal
surface beneath the bulk corrosion products. This is
why it is so inmportant to renove all the old corrosion
fromthe netal’s surface. A very small anmount of
corrosi on by-product left on the surface, will still
cause a consi derabl e amount of underfilm corrosion.

2.3 BASI C ELECTRO CHEM CAL REACTI ONS

The excess electrons (e-) fromthe anodic reaction
el ectro-chenically conmbine with dissolved Oxygen (o)
in the water and with the water (H+ O4) to form
excess hydroxide ions (OH) ions, which |ater react
with the excess nmetal ions produced at the anode area.
During this electro-chem cal reaction electrons from
the anode are consuned.
The anodic reactions for iron or steel are:
2Fe (metal )---> 2Fe™ (ions) + 4 electrons (4e-)
The cathodic reactions are:
di ssol ved oxygen (0°) + 2 water (H + OH) +4e- ->40H

A third reaction occurs later within the el ectrolyte:
2Fe + 40H ~-.--> 2Fe(OH),ferrous hydroxide
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G 1-3 THE EFFECTS OF RELATIVE HUM DI TY CONDI Tl ONS
ON BLASTED STEEL SURFACES

It is well known in the coating industry that |ow
hum dity conditions will stop steel from turning. In fact
this “LOER THE HUMDI Tyl approach is w dely used when
bl asting tankage. Wiile it is not as necessary to use this
approach when bl asting new steel, it is usually done out of
force of habit for all tank work.

Low humidity is not_required to prevent very clean
steel surfaces from turning. Testing showed that clean
steel does not turn for thousands of hours even if the
humidity is at 100% (non-condensi ng). However, stee
turning will rapidly occur under much |lower humidity
conditions, if hydroscopic salts are present on the surface.
These hydroscopic salts absorb noisture fromthe air when
ever the relative humdity is above a certain |evel.
Different salts respond to different levels of relative
humi dity before beconing noist. The hydroscopic salts that
come from the seawater are sodium chloride and nmagnesi um
chloride. Corrosion by-products can also be hydroscopic.

The use of excess dehum dification to hold the steel is
not a good practice during the early stages of blasting.

The natural turning of contaninated steel should be used to
find out where the problens are. Hgh dehumdification nmakes
themnore difficult to find. The practice of sweetening the
surface by sweeping just before inspection, is also counter
productive as it only hides the problemtemporarily.

The turning problemthen shows uw hours l|ater, even
with good dehunidification, after the tank is free of dust.
In order to conpletely renove deeply enbedded contam nation,
the areas of turning nmust be hard bl asted.

NOTE: Good dehumidification nust alwaYS be used to insure
the clean steel surfaces are kept absolutely dry
during the coating application and cure period.
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G1-4 LOSS OF COATI NG ADHESI ON DUE TO SURFACE CONTAM NATI ON

a) INNTIAL LOSS - It is well known that nany surface
contam nants reduce the adhesion of paint filns.
An obvi ous exanple is grease and to a | esser
extent oil. The better the initial adhesion of
the paint systemthe nore it can resist blistering

b) ONCE IN SERVICE - The presence of under film
contam nation can quickly reduce coating adhesion
through blistering and under film corrosion. Heavy
under film contam nation can show up as blisters
after a few weeks of subnmerged service. Loss of
adhesion due to under film corrosion takes |onger
but it is not unconmon to find serious coating
breakdown after a few nonths of service

Note: Initially very little osmotic blistering occurs in a
coating system from contami nation. The originally very
snooth coated surface first becomes slightly rough. This
roughening is due to slight filmlifting fromunderfilm
corrosion cell by-productsj that are physically nuch |arger
then the netal they cone from

It is very useful to carefully exam ne ol der coating
systenms for this type of surface roughening. The genera
presence of filmroughening, can indicates that the coating
systemis reaching the end of its useful service life. If
it is noted, then the coating s adhesion should al so be
checked. These adhesion tests will also expose the neta
substrate so it can be exam ned for under film corrosion.
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adl-5 SURFACE TOLERANT COATI NG SYSTEMS

Under ideal conditions the steel surface should be dry,
clean and free of all contam nation (VISIBLE & INVISIBLE) at
the time of coating application. If this is done and the
surface has the proper anchor pattern, then a nmaxi num
coating systemlife can be expected. However, from a
production stand point, it would be desirable if we can
devel op coating systens that are tolerant to |ess perfect
condi tions. The devel opnent of a long life, contam nant
tol erant coating systemis the ultimate goal. Some coatings
are nore tolerant than others, but none of the organic
coating systems seemto be fully inmune to prenature failure
in inmersion service when surface preparation is mnimal.
The forces of osnpbsis and under film corrosion are difficult
to hold back by using a sem -pernmeable barrier coating.

It would appear that an organic filmalone is not the answer
and sone type of inhibitor is needed to stop at |east the
corrosi on process.

In the past inhibited organic priners’ have been used
to counteract the corrosion, fromsurface contam nants.
However, the inhibitor chenicals thenselves have caused
bl istering problens under submerged conditions and this
approach was abandoned in recent years. Even if the perfect
corrosion inhibitor is found, it will not prevent the
osnosi s problens that can occur from contam nation.

It should also be Loted, that many of the inorganic
zinc coatings appear to be nore tolerant to chloride surface
contamination than organic coatings. Al so the conbination
of zinc anodes and inorganic zinc coatings, appears to be a
very good ballast tank protection system
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Gl-6 PROPER CQOATI NG APPLI CATI ON

A well applied coating system designed for ballast tank
service can last a long time. A good epoxy system shoul d
not have any blisters or |oss of adhesion during the first 5
years of service. After this it is not unusual to have
m nor problens at inevitable weak spots in the system but
overal|l the system should remain in very good condition for
at least 5 nore years. It should be pointed out that this
ten year projected life is not an absolute nunber but one of
general experience in the marine industry when better epoxy
coating systems are applied properly. However, there is
good reason to expect that this life can be significantly
extended by paying nore attention to reducing invisible
surface contam nation presently ignored in nmost coating
surface preparation and application specifications. It
shoul d al so be pointed out that when a coating system begins
to fail many parts are still in very good condition. [f we
can determ ne why these areas have |asted so nuch | onger
under the same service co' ' nditions, we will l[earn how to
i nprove our coating application procedures even nore.

11-15



GQUDE I'll- A GJDE TO METHCDS AVAI LABLE FOR DETECTI NG AND
MEASURI NG SURFACE AND GRI'T CONTAM NATI ON

Note: part of the information given in this guide was
researched for a FEDERAL H GHWAY ADM NI STRATI ON
PRQIECT- “EFFECT OF SURFACE CONTAM NANTS ON COATI NG
LI FE" (DTFH61-88-C 00027). This project was done
jointly by Steel Structures Painting Council and
GCS Corrosion Consultants Inc..

[11-2.1 VISUAL DETECTI ON (THE TURNI NG OF BLASTED STEEL)

Salt and other forns of ionic contam nation Usually are not
vi si bl e. However their presence on freshly blasted surfaces,
rapidly becomes apparent, Wwhen these contam nants cause visible
surface corrosion products. The problemis there is a conmon
m sunder standing, that the rapid re-rusting of recently bl asted
steel is due to high anbient humidity. Therefore, it is standard
practice to reduce humdity to a level that tenporarily
interrupts the corrosion reaction. The general use of
dehum di fication, wthout also checking the steel for surface
contanination, is dangerous. This commpn practice, can hide the
fact that there is a contanination problem In fact
WHEN FRESHLY BLASTED STEEL TURNS QUICKLY, IT IS A VERY
POCSI TIVE SIGN, THAT THERE IS A SURFACE CONTAM NATI ON PROBLEM

Clean steel will not turn for thousands of hours, even at
100% relative humdity.

Quickly painting the surface before flash rusting occurs,
does not resolve the problem It nust be recognized that the
surface contam nation remaining, will still induce corrosion and
osnotic reactions. These reactions occur, as soon as noisture
passes through the sem -perneabl e organic coating system Once
the tank is put into ballast service, it takes only a few days
for the noisture to pass through the coating and reach the steel.
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The fact that the steel was still white at the time of
coating application, does not stop the reaction, it only sloms it
down .  The steel will still corrode underneath the coating if
contamnation is present. However, if you decide to coat over
contamnation, than it is better to do it while the surfaces are
still dry and white, rather than after they have turned.

NOTE : This last statenent is not nmeant as an endorsenent, for

pai nting over contanmination. It is just acknow edgi ng that
initial coating adhesion is better, when a contami nated surface
is painted over while it is still white, rather than after it has

turned. Coating over contam nation does not stop the corrosion
reactions, it only slows them down and delays the failure.

DEHUM DI FI CATI ON SHOULD NOT BE USED TO H DE THE PRESENCE
OF STEEL CONTAM NATI ON BY STOPPING I T FROM TURNI NG
It should be used primarily
TO INSURE THE CLEAN STEEL SURFACES ARE
VERY DRY AT THE TIME OF COATI NG APPLI CATI ON

The turning of steel after blasting, nust be recognized as
the synptom not the problem The steel surface must be properly
cl eaned of contamination, in order to insure good coating
per f or mance.

The actual level of contamnation left on the surface, can
not be judged by eye. Therefore, proper instrunment testing of
surfaces nust also be done, to back up visual detection.

Properly trained inspectors, can spot signs of contanination
at a fairly low level, once they know what to look for. The
detection instrumentation helps the inspector naeke better
techni cal evaluation, of what he is observing.

There are also other invisible contam nants, that are not
corrosive. O is a good exanple of this type contam nation
Note, the presence of oil on a chloride contam nated surface,
could stop the flash rusting process and give an inspector a
fal se sense of surface cleanness. However, instrument testing

woul d detect this contami nation in nost cases.
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[11-1.2 LI MPET CONDUCTIVITY CELL MEASUREMENTS ON SURFACES

It is possible to detect the presence of ionic surface
contam nation, by neans of Linpet cell neasurenents. The idea
for this type of surface test cell was suggested over 30 years
ago by J.E. O NhynéB’ but very little work was done. Recently

at least two instrunents have been devel oped using this
principle. They permt relatively sinple testing for surface

contam nants directly on painted or bare steel. These
instrunents incorporate a conductivity neter with the |inpet
cell. They are tenporarily attached to the steel surface by

strong nmagnets:

1 SCLUBLE SALTS DETECTOR by DATA ACQUI SI TION LI M TED
El ectron House, H gher Hillgate, Stockport, Cheshire
SK13@ Engl and, Tel #01-44-61-477 3888.

2. SOLTZ DETECTOR by GCS CORROSI ON CONSULTANTS
3 COOPER DRIVE, Howell, N.J. 07731, Tel #608-363 8820

These cells are first sealed against the netal surface, by a
built in soft rubber O ring. Proper sealing can be a problemif
the steel is very rough. Distilled water is then injected into
the cell, to dissolve the soluble contam nation fromthe netal’s
surface. This field test takes about 3 mnutes. The cell’s
built in nmeter gives an inmediate reading, which indicates the
| evel of surface contam nation by neasuring solution conductivity.

Note, this conductivity neasurenent is non-specific, so it
is advisable to also run specific chemstry tests for chloride
and sul phate later, with the solution that is renoved from the
cell.
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The sensitivity of the linpet cells to detect contam nation
is good. A properly designed cell can detect chloride
cont am nati on bel ow |ug/cni. However, when doing readings this
low, it is better to have a high sensitivity type cell. The
cell’s sensitivity, is determned by the ratio between the
surface area covered by the cell (in Cnf) and”the volunme (in
milliliter) of test solution used. Cells with area ratios up to
8 times their water volunme can be built, but a 4 times ratio cel
shoul d be sensitive enough for nost inspection work.

The cell nust be cleaned carefully before use, to avoid
false readings. A good grade of distilled water nmust be used.
Once an inspector is practiced in using these neters, he can take
about 10 neasurements per hour, to back up his visual inspections.

At the present tine these linpet neters are just beginning
to be used in the field. There are still no industry standards
for what is or isn't a passable contam nation |evel. It was the
goal of this research project to help determ ne the contam nation
nunbers. They are discussed in the experinmental part of the
report. The present research has devel oped sone prelimnary
nunbers. These nunbers can be use as a guide until nore in field
contami nation test data can be recorded. These field generated
nunbers, should be conpared with the actual performance of the
coatings, over various levels of contamnation. This field
performance testing will take many years, to conplete. Therefore
at the present tine, the nunbers generated by the current study
and simlar studies can be used as guides.

It should be noted, that the current study differs from many
of the earlier studies, as it addresses the effects of underfilm
corrosi on, on the devel opnent of osnotic blistering. The levels
of contam nation needed to produce serious underfilm corrosion,
are much |ower than those needed to cause rapid film blistering.
The present study therefore recommends tighter contam nation
control standards, than sone earlier studies that considered only
osmotic blistering as the sign of failure.
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A VIEW OF A LIMPET CELL TESTING
BLASTED STEEL THAT 1S STILL CONTAM NATED

The linpet type cells attach thenselves to the stee
surf?ce bgbnﬁ%géﬁs- tThese unitsleeal agai nst the steel with
a soft rubber ring to forma ce
is a Soltz Cell, w& ch has overall d|ﬂ£ﬂ§|chgp8t %ehncﬁhomm
(15cm) X 6 inches. The area tested for contamination with
this cell is about 9.5 square inches (60 square centineters).
Testing is done with 25 mlliters of distilled water for 3
mnutes. The dark area to the right of the cell Wsjust
tested for it's contamnation level. The conduct|V|ty of
the retrieved solution was 117 mcro-Si emens and
contained 20 ppm chloride, 12 ppm sul phate and 25ppn1|ron.
Tests on clean steel areas produce solutions W th
conductivity well below 10 mcro-Sienens. se | owe
conductivity solutions had chloride levels beIo 1 pp. m and
no .sulphate or ircm The cel| nust be kept very clean when
taking the lower level readings, to avoid getting falsely
high readings. This Iinpet type cell can detect chlorlde
contam nation to below 1 Ug cl Ic™. The cel
have built in conductivity neters to detect tWP presence and
approxi mate |evel of any type ionic contam nation, but they
do not tell which type ions are present. Qher tests nust
be used to determ ne the specific ion types and their
solution concentration. Note: The solutions fina
ion pickup concentration, is affected by the total area
tested and the volume of test solution used. g |er
anounts of solution per unit area of surface produce a
hi gher ion concentration conpared to using |arger vol unes.
This factor nust be accounted for, when determning the |eve
of contamination present per unit area. total anount
of contam nant present is not fully retrleveg 8 correction
factor to account for this |loss should be |ncluded
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[11-1.3 SWAB TESTI NG FOR SURFACE CONTAM NATI ON -

Swab testing has been used for a nunber of years by a
relatively small nunber of coating inspectors, to test surfaces
for soluble salt contamnation. At the present time only one
maj or paint manufacturer requires that surfaces be tested for
their chloride level, and that contam nation nust be |ower than a
specified maxi mum | evel before application can proceed.

Wiile the swab test is relatively sinple to do, it is very
prone to operator error. The nore a person does swab testing,
the better skilled they beconme. The swabs are usually made of
high quality cotton balls (these nust be checked that they are
free fromchloride) or small clean sponge cubes. Using carefully
cl eaned sponge cubes instead of cotton is recomended by SI GVA
Coat i ngs. Sponges are easier to use than using cotton swabs,
since they don’t tear apart on the rough steel. Al so obtaining
very low chloride cotton swabs, can be difficult.

Attention nust be taken not to introduce extraneous chloride
contam nation from the person doing the test. Cean throw away
surgi cal gloves nust be used when handling the swabs or sponges.
Every thing nust be handled very carefully, to prevent chloride
pi ckup from the hands. There is enough chloride on a person’s
hand to cause high false readings.

The contam nation nust be swabbed from a specified surface
area (square centineters) with a known anmount of distilled water
(inmlliliters). The area divided by the volunme, determ nes the
test sensitivity. The sensitivity of this test, can be increased
by increasing the area swabbed, w thout increasing the anount of
wat er used. This increase in test sensitively, nust be corrected
for, when you calculate the level of contamnation. This |evel
is expressed in mcrograns of contam nation, per square
centimeter. The lower the |level of surface contam nation, the
hi gher the swab test sensitivity needed. The retrieved solution
can be tested imediately in the field with a pocket conductivity
meter. The solution is then saved for later testing by the sane
anal ytical nmethods used for the linpet cell solutions. There is
a kit (SCAT), for swabbing surfaces, put out by KTA-Tator Inc.,
115 Technol ogy Drive Pittsburgh, PA 15275, Tel,.# 412-788-1300.
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G11-1.4 OTHER DETECTI ON METHODS

Gl1-1.4.1 ADHESI VE STICK ON CELL (BRESSEL CELL)

There is a single use, Band-Aid type patch called a Bressel
cell, that was recently developed in Sweden. This type cell, is
stuck on to the surface being checked, by it’'s self contained
adhesi ve edges. Distilled water is then injected into it’'s
rubber center by a hypoderm c needle. The patch fills up like a
large paint blister. The liquid is then retrieved fromthe patch
and tested the sane as from the other detection nethods. This

cell is simlar in principle to the linpet cells, but it can only
be used once. There are no reports yet on the effectiveness of
this type cell. This cell is being devel oped by:

EXPERTUS KEM TEKNI K AB - Kungsvagen 1 S, 182 75 Stocksund,
Sweden Tel ephone# 01-46-08-85 68 55

Gl1-1.4.2 SALT CONTAM NATI ON METER

This is a new type of neter, called the SCM 400 (Salt
Contam nation Meter), that uses absorbent paper to pick up salt
from a surface. The paper is then inserted into a special neter
that gives a reading related to the level of contam nation. This
unit is also very new and there are no reports available on its
accuracy. This unit is made by: NNC Limted -VWarrington Road
Ri sl ey, Warrington, Cheshire WA36BZ, ENGLAND TEL#OL- 44-925-51291

G1I1-1.4.3 TREATED PAPERS

There have been a nunber of attenpts to develop a chemcally
treated paper that can be put on a surface and i nmedi ately detect
the absence or presence of contam nation. Potassiumferricynide
paper has been used to detect the presence of iron salts on the
surface, but it too sensitive and hard to interpret what is being
I ndi cat ed.
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[11-5 DI SCUSSI ON ON THE DI FFERENT DETECTI ON METHODS

It should be realized that neither linpet cells nor the
swabbi ng tests, can retrieved all the contam nation present on a
surface. Testing done by the Steel Structures Painting Council
found that there is only about a 50%retrieval rate when using a
l'inpet cell and even less with cotton swabbing. Limted field
tests found that the sponge swabbing retrieval rate, was simlar
to the linpet cell. Therefore when neasuring surface contam nation
the inspector nust realize the readings obtained, are on the |ow
side. In spite of this limt, the present detection nmethods are
still much better than what was being done before, i.e. just
ignoring the problem In fact. if used properly the present
detection nethods can give the inspector very good information,
on the extent and the |evel of surface contam nation.

When checking surfaces for contam nation problens, it is
inmportant to differentiate the contam nation |levels on snmooth
surfaces and rough surfaces. The mninmum | evel of contam nation
I's usually obtained on very snooth areas, that are well blasted
and | ook cl ean. In fact, properly cleaned steel, will remain
white netal for weeks, even under very high humdity conditions.
These snooth areas are representative of, the |owest practica
| evel s of contam nation that can be achieved, with the quality of
grit being used. The cleaner the grit, the |ower the reading
that can be obtained.

The m ni mum contam nation level will be slightly higher on
rough. or pitted steel, even if they are properly blasted. This
is due to the fact, that it’'s harder to renove contam nation from
these areas. Therefore, rough and pitted areas need much nore
attention during blasting, conpared to snoother or intact painted
areas. Also, the rough and pitted surfaces should be checked
nore closely for contam nation, after blasting (but before
application of coating), than smoother areas, as this is where
the contam nation is nore likely to be. This is also the reason
that it is very inportant to stress to the sandbl asters, that
they nmust take extra effort, and properly blast rough and pitted
areas nore than snooth areas.
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Another factor it is inportant to get the blasters to
understand, is that areas which are turning fast, are still
contam nated. These specific areas and not satisfactory, in
spite of the fact that the rest of the steel is satisfactory for
coating. These still contam nated rough or pitted areas, need
hard blasting and not the quick sand sweeping that is typically
done. The common practice of re-sweeping the entire area, rather
than properly cleaning just the turned areas, is another good
exanpl e of people not understanding the contam nation problem
In fact, the natural turning of contam nated blasted steel, is
probably the nost practical detector we have for |ocating the
still contam nated areas.

STEEL TURNI NG VI SUALLY SHOAS US WHERE THE CONTAM NATED AREAS ARE.
STEEL TURNI NG SHOULD BE USED AS AN | NSPECTION TOOL ( LIKE AN
AUTOVATI C CHALK MARKER ) TO TELL US WHERE TO BEST DI RECT OUR
EFFORTS TO REMOVE THE CONTAM NATI ON PROBLEM

If this positive use of steel turning, can be brought home
to paint inspectors and the blasters, much time and effort can be
saved and they can start cleaning up the badly contam nated areas
properly and nore quickly. This targeting of the problem areas
mght be called ‘' SMART BLASTING'.

The testing of surfaces for contam nation w th swabbing or
the use of linpet cells, is a very inportant part of a good
coating application procedure. Careful testing, changes the
process froman art to engineering. This change fromart to an
engi neering approach is long over due. Coating work represents a
very large part of the total cost of ship construction or repair.
The largest single cost in coating work is surface preparation

The linpet type cell is a quicker and nore controllable
met hod to check for surface contam nation, particularly under
poor working conditions, conpared to swabbing. Swabbing on the
other hand needs very little equiprment. Regardless of which
method is used, it is nmuch better to test for contam nation, than
doing nothing at all.
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The linpet cell can be used in tanks that are in the process
of being blasted, to better determ ne where nore blasting work
is needed. The ideal tine to test for renmining contam nation is
when the tanks are free of heavy grit build up and are roughly

bl own down. It is usually better to wait until the end of the
rough grit renoval, as contam nated surfaces will have had tine
to re-rust and be easier to find. It is also better not to use

too nmuch dehum dification, in the early stages of blasting as
this inhibits re-rusting and nmakes it harder to visually inspect
for contam nation. Low humidity conditions will not affect
testing for contam nation by swabbing or linpet cell, it only
makes it harder to find the contaninated areas. Hi gher hunmidity
conditions (70-80% Rh.) will not cause properly cleaned steel to
re-rust, only the contam nated areas w |l show up.
NOTE: The tenperature of the steel surface, not the dry air
t enperature, should be considered the dry bulb tenperature when
measuring for % relative humdity.

proper inspections for contam nation, should always be done
before final grit clean up work is started and not at the final
dust free inspection. The spot areas tested by swabbing or
inmpet cell should be re-blasted at the sanme tine the final

bl asting touch up work is done. If a careful pre-inspection is
made and the blasters properly reblast all the areas marked up
the tank shoul d be ready for final dust renoval. |If there are a

| ot of areas marked up at this pre-inspection, it would pay to

do a second pre-inspection, before final dust pickup and fina
inspection. Turned surfaces at the tine of final inspection,
indicate that the blasters did not follow the final blasting
instructions and properly reblast the nmarked up contan nated
areas, or that nore detailed pre-inspections are needed to mark
up the contami nated areas, before final blasting and cl eanup work
is started.

Good dehunidification is highly reconmended just prior to
and during coating application. This insures the cleaned neta
surfaces are absolutely dry at the time of application and
that the coating cures, under dry and well ventilated conditions.
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[1-2 TESTI NG METHODS FOR MEASURI NG CHLORI DE CONCENTRATI ON

[11-2.1 CONDUCTIVITY METER

This method is very sinple and very sensitive. [t can
easily detect chloride levels below 1 PPM  However, this meter
is NON SPECIFIC in its nmeasurenents, i.e it does not determ ne

whi ch contaminants are present. This factor is not a problem as
the neter should be used to alert field inspectors of potentia

contamination problems. If the meter shows unusual high |evels
of conductivity, then nore specific tests for chloride and
sul phate should be made. If the meter shows |ow conductivity,

then chloride, sulphate or other ions are not_present.

Wth the advent of |ow cost ($45-%$90), pocket size & rugged
conductivity neters, field testing of conductivity can now becone
as common as neasuring film thickness.

An inspector using one of these nmeters and distilled water,
can regularly check the conductivity of the grit going into the
hoppers. This grit testing should be done through out the job
to insure no contamnated or off specification grit is being
used. The neter can also be used in the field, to inmmediately
check the conductivity of the water retrieved from surfaces by
swabbing or froma linmpet cell. The conductivity test does not
contam nate the solution for further chloride or sulphate testing
that may be required, if the conductivity is found to be high

NOTE : The conductivity nmeter should be rinsed in distilled
water before it is introduced into the next sanple to
prevent transfer from one sanple to another

NOTE : SAMPLES SHOULD NOT BE TESTED WTH A pH METER before
testing for chloride, SINCE THIS METER WLL | NDUCE CHLORI DE
| NTO THE SAMPLE

NOTE : By checking the swabbing or linpet cell solution’s
conductivity at the test site, the inspector can
i medi ately conpare the reading with the appearance of the
surface it came from This gives the inspector better
feedback on the contam nation problem Also it is very
useful to be able to show the blast foreman and the workers
that there is a contam nation problem even though they
can’t see it clearly. Contam nation can usually be seen
once you learn what signs to look for. The conductivity
neters and linpet cells are very useful for hel ping confirm
what you see
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Pocket conductivity neters are now avail able from several

sources from about $50 and up incl uding:

Col e Parmer tel. #1-800-323-4340

Mar kson tel. #1-800-528-5114

Orega tel. #1-800-826-6342

The pocket conductivity meters cone in several types. They

can measures in mcro-Sienmens (sane as mcro-Chns) or dissol ved
solids. The micro-Sienen (uS) range is preferred, and is the
standard term used to indicated conductivity. A meter with a
range of 0-100 US is recommended for testing sanples from
surfaces by swabbing or linpet cells. The Pure HO neter nade
by HANNA | NSTRUMENTS and avail able from Col e Parnmer nodel number
N-01491-80 has this low range. This neter has been found to be
very useful for both the laboratory and field work. This digital
neter can reads up to 200us on over range) but it is not as
accurate above the manufacturer recommended 100uS level as it is
bel ow 100uS. However, the 100 200US range is usually accurate
enough for nost grit contam nation neasurenents in the field if
hi gh grade, |ow conductivity grit is being used. [|i higher range
nmeter 0-2000 US (Cole Pal mer #N-01491-62) is better for checking
grit, and it is definitely. required if a nedium or higher
conductivity grit is being used. \Wen ordering conductivity
neters also order conductivity calibration solutions
(Col e Parmer #N-01491-85) for the |low mcro-Sienen neter and
(Col e Parmer #L-01482-70) for the’ 2000 micro-Siemen neter. These
solutions will allow you to check and adjust these neters.

NOTE: If the neters stop reading properly, or won’'t go to zero in
air, check that the batteries are not weak and that the
neter is properly rinsed in distilled water.

NOTE: The neters from Col e Parner are tenperature conpensated,

t herefore when adjusting themin the calibration solution
let themsit for a mnute and then set the reading to the
sol utions conductivity value at 25°C

NOTE: Distilled water with 1 ppmof chloride ions in it, has a
conductivity of about 4uS. This is a useful number to use
in the field as a rough estimate of the chloride in the
solution up to about 400uS i.e. divide the conductivity
nunber read on the neter by 4 to get chloride in PPM
Note this is only a rough estimate of chloride level, as
other salts may also be presenltl.1 15



A TYPI CAL POCKET CONDUCTIVITY METER
& CHLORI DE TESTING STRIPS
The nodern pocket digital conductivity has only been

available a few years. It is very conpact (about 6 inches
long) rugged and easy to use. However, its use is not yet
wide spread in the coating industry. It is a very useful

tool to quickly spot if there is a contamination problem
with the grit or on a blasted surface. Depending on the
instrument nodel, conductivity measurements as low as 0.1
m cro-Si emens(uS) (0.1 mcro-GChm) to over 20,000uS can be
made. The |ower reading nmeters nmeasure in increnents of
O 1US, while others read in increments of 1, 10, or 100 uS
There are al so some pocket neters with dual ranges. A
range of 0-100 or 200 US is very useful for checking
distilled water, surface contam nation and better quality
grit. A 0-2000 US neter is very useful for testing wash
water and grit.

Two chloride test strips are also shown on the
phot ograph. These strips can give you a good idea of the
chloride level in a solution if it is between 30 and 180ppm
The strips are not sensitive enough for testing |inpet cel
solutions but are ok for some swab testing solutions and are
good for grit testing. Note the 1 inch scale (white part is
one inch) just below the two strips to see how conpact the
strips and conductivity meters are.

111-13



[11-2.2 CHLORIDE TESTING STRIPS

These are chenmical sensitive test strips, that can roughly
nmeasure chloride ion |evels between 30-180 parts per mllion
While this chloride level would seemlow it is not sensitive
enough for linpet cells. It is sensitive enough for some swab
tests provided the volunme of fluid is kept small and the area
swabbed is relatively large. This is a good range for testing
chloride in grit.” Aso, as this test strip uses only a drop of
solution, it can test the chloride level within a blister. A
conveni ent size bottle of these strips can do about 50 tests at
about $.50 per test. Note these strips are light sensitive and
should be kept in their dark container. They are nanufactured by
Environmental Test Systems, Inc. ,Elkhart, IN Tel. #219-262 2060

[11-2.3 CHEM CAL VACUUM AMPOULE-

This is a quick and sinple test nethod to check chloride
levels. This method is sensitive dowmn to 2 PPMchloride. The
test requires about 15 m of test solution. This test nethod is
suitable for all the retrieval nethods. Note: The measuring
scale on the anmpoule is logarithmc, this causes very crude
readi ngs above 10PPM therefore it may be necessary to dilute
sol uti ons above 10PPM down to a better to read range of 2-8PPM
Note al so that these high sensitivity anpoules have a limted
shelf life. Simlar anpoules are also available for testing
20- 200PPM chl oride levels. This is the recommended range for
testing chloride in grit. These higher range anpoul es al so have
a logarithmc reading scale, and a limted shelf |ife. There are
30 gl ass anmpoules in a box costing about $20 from
CHEMetricts Inc. Rt. 28 Calverton, VA 22016 TEL. #703-788-9026
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[11-2.4 NEW VWET CHEM STRY TESTS FOR CHLORI DE-

Wiile this nethod is not as easy for the occasional user as
the strips or vacuum anpoul es described earlier, it is nore
practical and economcal if a routine testing programis being
set up. This nmethod uses a Hanna Instrunments chloride kit that
has a Di phenyl carbazone-Bronophenol ” Blue indicator and a Mercury
Nitrate titrant. The kit costs about $25 and has sufficient
chem cals for hundreds of tests.

This kit is used in conjunction with a Hach digital titrator

(costs $90). Wth this conbination, 5 milliliters of

solution can be neasured for chloride | evels between 1 PPM

and 200 PPM with an accuracy of 1 PPM This test nethod is
also linear. The test method was devel oped for the DEPT.

OF FEDERAL H GHWAYS, as there was no single source chloride

test available for checking the small volunmes involved in

the surface contamination tests.

EQUI PVENT NEEDED:

A) Hanna CHLORIDE TEST KIT available from
Col e Palner Instrunent Conpany Chicago, Illinois 60648
(tel. #1-800-323-4340) Catalog No. N O2652-10

B.) Hach digital Titrator #16900-01 (titrator only) or

Hach digital Titrator kit #22709-00 (note this kit cones

with a much better size storage case that hold ot her

equi pnent needed for contam nation testing)

c.) 6 Enpty Titration Cartridges #14495-01
D.) Spare Delivery Tubes 90° #17342-00

10 glass tubes marked for 5 M. #1926-00 from (items B, C, D]

Hach Co., PO Box 389, Loveland, CO 80539, TEL#l -800-227-4224
PROCEDURE:

The enpty titration tubes are filled with the mercury
nitrate solution (HANDLE CAREFULLY PO SON) supplied in the Hanna
kit, after it has been diluted to 80% and 8% of original by
volume with distilled water. This odd dilution is required to
mat ch the Hanna solution to the Hach digital titrator which reads
800 digits per mlliliter discharged.
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The 80% Hanna nmercury nitrate is for chloride testing above
25 PPM at this strength it requires 1 digits per PPM O in a
5 M. sanple

The 8% Hanna nercury nitrate solution is for chloride
testing below 25 PPM It requires 10 digits per PPMC in a
5M. sanpl e

A5 M sanple is prepared for titrating, by first putting in
2 drops of Hanna solution A and then 2 drops of solution B. *

The digital titrator is then used to test the sanple for
chloride. Mercury nitrate is added, until the solution changes
color from pale brown to pale blue.

Di vide the nunber on the titrator by 10 to read solution C
in PPM when using the 8% Hanna nercury nitrate sol ution.

Read ppmdirectly, when using the 80% sol ution.

Note, also refer to instructions given by Hanna and Hach.

It is very useful to practice testing for chloride on
distilled water sanples and the 84 micro-Seinen conductivity
meter sol ution. By testing these solutions a nunber of tines,
one gets use to detecting the color changes that occur. Also,
after practicing, you get a better feel as to the limts of this
method. You will see that when testing distilled water the color
change is not instant, and about 10 digits of 8% Hanna nercury
nitrate solution is added before a strong change occurs. This
slack will always occur and a correction factor is needed, to
account for the mssing 1 PPM Therefore when readi ng unknown
solutions, it is proper to subtract a few digits fromthe fina
reading to account for this color change error. The color change
error varies from person to person, depending on how they
perceive the color change. This reading of the color change is
also a problemw th the CHEMetricts anpoul es.

The advantages of this nethod is that it is |low cost to
setup, low cost per test, rapid per test (less than a mnute),
relatively easy to |earn, reasonably accurate and conpact.

The di sadvantages are diluting the mercury nitrate sol utions
accurately and putting the nercury nitrate (PO SON) into the Hach
cartridges.
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[11-2.5 METHODS FOR MEASURI NG SULPHATE CONTAM NATI ON

Sul phate is another recognized contamnant. It was found
that a considerable higher anount of sulphate than chloride
contam nation, is required to cause blistering problens.
However, some of the tests with clear epoxy also found that there
could be a lot of substrate discoloration from sul phate, without
blister formation. Sulphate can come from several sources;
seawater, grit and atnosphere.
At this tine there are no suggested nmaximum | evel s for sul phate
contamination in grit. But since sinple nethods are available it
shoul d be checked for, particularly if the chloride ion
neasurements are found to be much snaller, than is indicated by
the conductivity neasurenent.

Sul phate can be tested for with one of several test nethods.
The easiest nmethod of quickly checking for the presence of
sul phate is by turbidity. A small anount of barium chloride
(POSON) is added to a sanple and if it turns cloudy, sulphate is
present. The degree of cloudiness indicates the anount of
sul phate present. The sinplest way to measure the degree of
cloudiness is by optical conparator

LaMbtte Chemical Products Co. PO Box 329, Chestertown,
Maryl and, 21620. Tel. #1-800-344-3100 makes a device called the
Cct et Conpar at or . It is included in their Sulfate Test Kit,
Mbdel PSAT, Code 7778. This kit costs about $50. The conparator
reads sul phate only to the nearest 15ppm , between 0 and 200 ppm
This is good enough at the present tine.

If a nmore accurate sul phate reading are desired, then $200
calorimeters are available from either LaMdtte Chemical or
Hach Conpany PO Box389, Lovel and, Col orado 80539,
tel. #1-800-227-4224
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[11-3 METHODS FOR TESTI NG AND MEASURI NG GRI T CONTAM NATI ON
[11-3.1 MNERAL GRIT TESTING

The testing of mneral grit in the field, is a very sinple
procedure that should be done regularly, while blasting is being
done. The test is non disruptive and sinple to do.

The only equi pnent needed is distilled water, sone snall
clean containers and a |ow cost conductivity neter. The range of
the conductivity meter should be fromOto 2000 US in nost cases.
The normal ASTM grit test calls for using one volume of grit and
one volune of distilled water. These are m xed together and
shaken.  The solution conductivity can then be neasured after
about a minute, with reasonable accuracy.
Note that the high sensitivity Hanna Fto
a maxi mum of 200 uS. To use this nmeter on a higher conductivity
grit, you nust use two or even nore volunes of distilled water,
per volume of grit. Each doubling in solution volune, halves the
conductivity reading. Git with very high conductivity, nust be
checked with a conductivity neter able to read 0-2000 uS.

The grit can also be tested specifically for chloride by
strip, anpoule, or wet chenmistry. |If the majority of the grit
conductivity is caused by chloride then you can make a rough
judgenent as to the chloride level in PPM by dividing the
conductivity reading in US by 4. Therefore a 200uS reading,

i ndi cates about 50 PPM of chloride in the solution.

Note the above | KiTM nethod is used to check grit
conductivity in a standard manner, but it does not actually
neasure grit contamnation in terms of PPM chloride per unit
wei ght of grit.

The quality of the grit can affect, the average |evel of
contanmination on the blasted steel surface. The effects of grit
contam nati on can be measured by swabbing or by linpet cell
These readi ngs should be taken on snooth, none corroded surfaces,
rather than corroded areas. By taking readings in snooth areas,
you can better judge what amount of contamination the grit itself
is putting on the surface. These readings should be conpared
with the level of contamination in the grit and recorded for
future reference.

meter, can read only to
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[11-3.2 STEEL SHOT OR GRIT TESTI NG

The testing of steel grit or shot for contam nation has not
been a common practice. However this testing should be done on a
routine basis, to make sure the reusable grit has not pickup -
contam nation unknowi ngly. The chloride can be picked up by
seem ngly uninportant factors, such as vehicles bringing
subassenblies into the blast shed. The wheels of the vehicle can
pick up chloride, particularly in the winter time, and deposit it
on the floor of the shed. From here it can be picked up by the
grit, and then transferred to the new steel. At first it may
appear that very little chloride could be picked up this way, but
it would only take a few ounces of road salt to contam nate many
tons of grit. The sane nethods used to check for chloride in
mneral grit can be used for steel grit. Steel grit should also
be checked for oil pick up.

The use of steel grit to blast old structures has been
propose as a method to reduce grit disposal problems. Using
steel grit for old structures must be done with great caution as
the grit may becone contam nated during use. The grit should be
monitored to make sure it stays clean enough. The surfaces woul d
al so have to be checked to see how nmuch contam nation remnained
and if the grit was transferring contamnation to the steel
while it was renoving scale. Surface testing should be a key
part of any job using steel grit on contam nated old surfaces.
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QU DE | V- METHODS TO REMOVE CONTAM NATI ON AND PROPERLY
PREPARE STEEI SURFACES FOR COATI NG APPLI CATI ON

V-1 DRY ABRASIVE BLASTING

This is the nost commonly used nethod for preparing
surfaces for painting. This nmethod is very productive and
relatively effective in renoving the majority of surface
contam nation normally present. However ,

TH'S METHOD |'S NOT ALWAYS EFFECTI VE FOR REMOVI NG

DEEPLY | MBEDDED CONTAM NATION, O L or GREASE
FROM HEAVI LY PI TTED AND ROUGH STEEL SURFACES

Sol ubl e corrosion products still remaining at the
bottom of pits after blasting, are a prine cause of early
coating breakdown in these harder to clean areas. In fact,
it is this still trapped contam nation that causes the very
common problem of rapid steel turning (rust back) in way of
pitted areas, very soon after they have been bl asted. Si nce
the pits are natural points of coating system weakness, they
tend to get deeper and deeper and therefore harder to clean.
A different nethod of surface preparation nust be enpl oyed
to effectively renove the nore deeply inbedded contam nation
frompits and stop the pit/coating failure cycle.

Fortunately the answer to the problemis relatively
sinple. The nechanically difficult to renove contam nation
is water soluble and high pressure fresh water can be used
to renove it from surfaces. However, the use of fresh water
al one, even at pressures high enough to renove hull fouling
(2,500-4000 psi/150-250 bar), will not renove the soluble
contam nation, if it is hidden under hard scale. Therefore,
the hard scal e corrosion products mnmust be renoved first by
normal dry or wet blasting procedures, to allow effective
wat er washing of the corrosion products at the bottom of
pits.
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I V-2 WET BLASTI NG

Wet bl asting was devel oped as a nodified sand bl asting
met hod, to help reduce the dust problens associated with dry
blasting. This nmethod is also better than dry blasting
al one, for renoving the deeply inbedded sol uble chloride
contam nation found in way of pits. The use of wet blasting
i nside tanks however, is not practical because of the
difficulty of renoving the wet grit fromtanks.

Wet bl asting can be used effectively for the initial
surface preparation in way of badly pitted exterior hul
st eel
Note: unless an inhibitor is used in the water, the wet
bl asted steel will turn brown very quickly. It is
recommended practice to dry sweep, or dry blast these
re-rusted surfaces back to near white, before painting
them Because of this extra sweep blast step, wet blasting
is usually considered | ess productive than dry bl asting.
However, wusing sinple productivity analysis alone is
incorrect, since it does not take into account, that the wet
bl asted surface is free of both the visible and invisible
soluble contamination. In fact if only dry blasting was
used, much nore time and grit would be needed to achieve the
sanme degree of surface cleaning particularly in way of
pitting. However, as extra equipnment and steps are needed
for wet blasting, its use should be limted to pitted steel
It is not being recommended for new steel surface
preparation, or for renoval of paint systens in fair to good
condition. Wt blasting should also be considered for
removal of marine paint systenms that are failing by under
film corrosion.
When underfilm corrosion is extensive, it is not unusual for
the steel surface under the paint, to be rough and highly
contam nated with corrosion products high in chloride.
These may be difficult to renmove by dry blasting al one.
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On a typical large scale hull recoating jobs, there are
usual |y deeply pitted areas where active corrosion is
occurring. This localized corrosion will continue in these
pitted areas, unless special corrective action is taken.

The problem is caused by the deeply inbedded sol uble
corrosion products that mgrate to the rough corroding netal
surfaces during the normal corrosion process. Dry blasting
al one does not reach all of these contam nants, unless the
area being blasted per hour, is |low enough to insure very
conplete blasting in way of pitted areas. Even if
considerably nore tine is spent dry blasting the heavily”
pitted areas, it may not fully correct the problem since
grit still does not always reach to the very bottom of some
pits. Note: it is advisable to dry blasting with a grit

m xture that contains mainly nedium and fine mesh, when
active deep pitting is present. The mediumgrit is needed
to renmove the heavy corrosion products and the finer mesh
grit helps to renmove the contam nation from the bottons of
pits on rough surfaces. On the other hand, very heavy grit
tends to upset the netal’s surface and its use helps to
entrap some surface contamination and grit particles.
Therefore, very heavy mesh grit should only be used when #
very thick hard scale is present. Wt blasting should be
considered nore often as a prelimnary step in older hul
surface preparation. |t should be done prior to dry

bl asting of the hull, particularly in way of active pitting
areas. \Wen possible, this [imted wet blasting should be
done before high pressure water washing of the entire hull
to further insure nore conplete renoval of the soluble
cont am nant s.



V-3 H GH PRESSURE FRESH WATER WASHI NG
Hi gh pressure water washing has been used for many
years to renove surface contam nation such as marine fouling
and other dirt prior to dry blasting. Utra-high pressure
(10- 35,000 psi) washing can even be used to whiten netal
surfaces, but productivity is very low and no surface profile
is created. The netal whitening productivity can be inproved
by injecting small anounts of sand into the water stream
Medi um hi gh pressure washing (2500-4000 psi) is
probably the best nmethod available to properly prepare a
fouled hull paint system for recoating. This pressure is
al so very good for renoving the deeply inbedded sol uble
contam nants found at the bottom of active pits. However,
in order to renove this contamination quickly, it is
necessary to first clean steel surfaces free of all hard
scale, by hard grit blasting or comercial blasting. It is
necessary to renmove all the solid corrosion products, to get
the water to the underlying soluble contam nation.

Therefore wet (outside hull only), dry spot blasting
in way of limted badly corroded areas or if the problem
is extensive, heavy commercial blasting of all surfaces, are
necessary first steps, for renoving a deeply enbedded sol uble
salt contam nation problem fromsurfaces to be coated.

Hi gh pressure water washing, in way of the blasted steel
surfaces, can renove all of the contam nation if done
correctly. The high pressure nozzle nust be held closely to
the surface, particularly if it is rough and pitted. A hand
hel d high pressure nozzle is not effective on pitting, if it
is held more than 6 inches fromthe pits being washed out.
The workers washing the surface, mnmust understand that it is
inmportant to wash all the surfaces very well. It can be a
probl em visually checking that the washing is done right, as
all surfaces turn brown or black after getting wet. However
you can quickly spot check the steel with a linpet cell. The
linmpet cell can test if an area has been properly washed in
a few seconds. The dry clean surfaces are then re-bl asted.
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| V-4 PROCEDURE FOR CLEANI NG BADLY CONTAM NATED TANK STEEL

If an old tank that is scheduled for recoated, is known
to be or is suspected of being badly contam nated wth
soluble salt, it may be nmuch quicker to do the follow ng
steps and not try to use dry blasting al one:

a. Plan to blast off all old coating and corrosion to a
comrercial blast level or higher. The higher grade blast is
needed in rough and pitted areas. Use a grit mx that has
fine, medium and heavy grit init. The fine grit is needed
to help clean out the bottons of pits. Do not use too
coarse a grit, unless the scale conditions are 'very bad, as
it tends to enmbed corrosion products deep into the surface
making themdifficult to wash out. Concentrate on those
areas that have active surface/pitting corrosion or
extensive under filmcorrosion. At this tinme it is not
necessary to renove deeply enbedded sound coating. Also
during this rough blasting work it is not necessary to use
any dehumidification. The pitted areas should be checked to
see that they have been bl asted enough. If scale is still
seen nore blasting is recommended. It is inportantto do
this step right, so the follow ng steps can be done easier

b. The tank is then cleaned of all grit and paint debris.
It is not necessary to vacuum the surfaces for dust, only
the grit particles.

¢c. The tank’s surfaces are then high pressure (2-3000
psi) washed with good grade of fresh water. Distilled water
is not required for this washing, but industrial grade water

shoul d not_be used_ Fresh water with a conductivity bel ow
400uS and chloride below 100 ppm should be all right. If
the water quality is poor, extra effort should be nade to
prevent the puddles that formon the tank’s bottom and ot her
flat surfaces from drying up and |leaving salt deposits.
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If necessary the flat bottom can be quickly rinsed with
distilled or dem neralized water or better grade fresh water
after all other washing is conpleted to renove any puddl es
or salt deposits. The steel should be checked by |inpet
cell particularly in pitted areas for proper cleaning.

d. The tank is then dried with fresh air or
dehum di ficati on.

e. The tank is finally blasted with a nediunmfine grit
m xt ure.

This blast work can be done relatively quickly if all the
prior steps were done properly. However, if some of the
first steps were not done properly, extra effort is needed
at this stage to renove any pockets of heavy contani nation.
This must be done by hard blasting not sweeping.

Note: The conductivity of the blast grit used during the
final blast nust be relatively low or it can raise the |evel
of soluble surface contam nation. The conductivity of the
bl ast grit used during rough blasting can be higher but it
is nore desirable to use low conductivity grit through out
all phases of blasting. Poor quality grit should n“ot be
used for the first blast as contam nation nmay becone
enbedded under it and this could be hard to wash out.

Note: The above rough blasting/debris renoval/high pressure
washi ng/ drying/final blast procedure has been used very
successfully on several chemi cal tankers and other vessels
with very contaminated steel surfaces. This procedure was
used when even repeated dry blasting could not |ower the
contam nation | evel enough to permt safe coating
appl i cation.
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