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10919 SAGEWIND DRIVE & HOUSTON TEXAS 77089 TELEPHONE (713) 996-5031

13 April 1955

Mr. Owen Jones
Royal Chemical Corporation
P.O. Box 342

Gretna, Louisiana 70054

Dear Mr. Jones:

EFEH & Associates has completed a study of the various
coatings and thicknesses submitted to the laboratory on 9
December 1994. These coated plates were tested for corrosion
resistance using ASTM methods as detailed in the reports for

each sample,

If you have any guestions, please do not hesitate to contact
the laboratory.

Sincerely,

Edwin B. Smith, IIT
Quality Assurance Manager
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Test Type I Coating |  Blister Size Blister Density : Percent of coated i Appearance of
= Identification ° min/mav/avg, blisters/sq. cm. ; area removed by |  Rust Areas
: cm. exposure
i- e - H . - N Ce e .
: i . : . [, o
Atlas Cell E 10 mil Rust Kote  : Nene Found Not Applicable i 3% ! tight orange rust, oo
L ; ; { - substrate flaking
3 : [ ! P -
2000 Hour Salt Fog 7 mil Rust Kote 04461761 20 3% " light orange rust, no
[SO-D-624 substrate flaking
2000 Hour Sait Fog : 5 mif Easy Kotz 0./L103 7,114 [ 3% ¢ tight orange rust, no
[SO-D-4624 : i : i substrate flaking
2000 Hour Salt Fog 5 mil Easy Kote DRI ] 0g 1% tight orange rust, no
subsirate flaking
!
2000 Hour Salt Fog * 12 mil Easy Kote' | 6.1/0.500.2 0% "1 "no st aréas noted
ASTM D3359 S o P
{mmersion 1est 14 mil EasvKote  None Found Mot Apolicable 0% no rusi areas noted

2000 Hout Salt Fog

Immersion Test 16 mil Easy Kot None Found - 0% no rust areas noted
Im;ﬁe.;sien Test 17 mii Easy Kote 0.140.510.2 - 0% no rust areas noted
200G Howr Salt Fog 12 mil Easy Kotz 20 i 1a 3% no rust areas netad
2006 Hour Salt Fog ¢ 20 mil Easy Kote, 2 0.6/1 1/0.7 S0l 0% no rust areas noted
- mil Zine Primer : X
Immersion Test , 14 mal Easy Kote. 2 0 2+ 0/0.4 10 0% no rust areas noted
‘ mil Zine Primer
Adlas Cell i 4 mif Rust Kete, 2 ; 10/1.6/1.3 {06 0% | tight orange rust, no
"mil Zinc Primer ! ; - substrate flaking
r ' ! ' '
i | !
Atlas Ceall i 18 mil Rust Kote, 2 - | G/1.8/1.1 0.4 0% tight orange rust, ao

" mil Zinc Primer

substrate flaking
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Laboratory Number J-3345

Sample Identification 10 mils Rust Kote
Test Procedure Atlas Cell
PROCEDURE

This panel was maintained in an Atlas Cell for 2000 hours.
The test panel was examined at ‘1000 and 2000 hours. Test
chamber temperature was held constant at 35 C on one side of
the cesll and 98 C on the other (non-tassted) side of the cell
for the duration of the test. Filtered and circulated
artificial sea water was used as the corrosive medium.

The ar-ificial sea water was prepared by using 42 grams per
liter of "Sea Spray" brand sea salts, This is in accordance
with ASTM D1141 "Specification for Substitute Ocean Water”.

At the evaluation points of 1000 and 2000 hours, ASTM method
D16§54 "Method for Evaluation of Painted or Coated Specimens
Subjected to Corrosive Environments" was used a&s a reference.

FINDINGS

At the 1000 hour point, the coating passed visual inspectiocn
with only minor amounts of blistering and no portion of the
ccated plate area showing signs of corrosion.

A simple test for coating attachment was also performed at
1000 hours. This test was performed by moving a glass rod
over the coated surface while pushing against the coating with
a modarate degree of force. No coating was removed.

The coated plate was then placed back into the Atlas cell for
the remainder of the 2000 hours exposure.

The test specimen was evaluated at 2000 hours exposure, asing
the same method as discusssd above for the 1000 hour
evaluation. No corrosion was found to this exposure point.
Using the glass rod test less than 5% of the coating surface
area could be removed. This is considered by EFEH &
Associates to be a passing test specimen.
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Explanation of Test Procedures:
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'ﬁl ASSOCIATES

I. The 2000 Hour Salt Fog is a commonly used corrosion
resistance test governed by several ASTM Standards such as B11i7.
In this test, the test specimen is expossd in an environmental
test chamber to an atmosphere of ambient zir with anatomized sea
water mist. Various modifications.of the test can includs
Cemperature cycling and acid additions fo the sea water. For
these tests, the temperaua e was held constant at 35°C (93%F) for
the entire 2,000 hours oI sxposure.

IZ. An ATlas cell was used to simulate the eifects on the test
specimen cof a high temperaturs matsrial on the uncoated sides of
the test coupon while exposing the coated ;lQQ to a sea water
environmsnt. These tests are ultimately Zo simulate conditions
inside & marine ballast tank with & high temperature cargo in the
adjacent hold.

A diagra ul of the Atlas cell is attached. Water at 95°C
(ZOOOF) was Ci culabed on the uncoated sids of the test specimen.
This sids of the Soe imen was protected from corrosive attack by
attachinc a copper foil to it. The coated side of the test
specimen was exposed to circulated artificial sea water at
ambient temperature.

III. The immersion test is designed to simulate constant exposure
to sea water. The test specimen is immersed in constantly
circulated, filtered artificial sea water. The artificial sea
water was held at 35°C (95°F) for the test exposure duration.

iv Riter exposure to one of the three corrosive environments
described above, many of the test specimens were tested using a
coating adhesion test, either ASTM D3359 or IS0-4624. These
tests enceavor Lo remove coating irom the exposed test specimen
by using adhesive tape. Pass/Fail criteria or a rating are then
assignad o the test spscimen bv the percant area of coating
rzmovad versus the total arza pulled on ov the adhesive taps
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Laboratory Number J-3345
Sample Identification 7 mils Rust Kote
Test Procedure 2000 Hour Salt Fog fellowed by ISO-

4624 Pull off test

PROCEDURE

This panel was maintained in a-salt fog environment per ASTM
5117 for 2000 hours. The test panel was sxamined at 1000 and
2000 hours. Test chamber temperature was held constant at 35
C for the duration of the test,.

The artificial sea water was prepared by using 42 grams per
liter of "Sea Spray" brand sea salts. This is in accordance
with ASTM D1141 "Specification for Substitute Ocean Water".

At the evaluation points of 1000 and 2000 hours, ASTM method
D1654 "Method for Evaluation of Painted or Coated Specimens
Subjscted to Corrosive Environments" was used as a reference.

FINDINGS

At the 1000 hour pcini, the coating s2sssd visual inspection
with only minor amounts of blistering and less than 5% of the
coated plate area showing signs of corrosion. Said corrosion
was a light rust coating. The base metal in the corroded
areas was not significantly degraded; and ccating did remain
on these areas.

A simple test for coating attachment was also performed at
1000 hours. This test was performed by moving a glass rod
over the coated surfacs while pushing against the coating with
a moderate degree of force., No coating was removed.

The coated plate was then placed back into the test chamber
for the remainder of the 2000 hours exposure.

The test specimen was evaluated at 2000 hours exposure, using
the IS0-4624 coating attachment test. Areas near the edge of
the test specimen pulled away, but it is likely this is from

the coating process or edge corrosion causing disattachment.

Away from any edges of the test specimen, approximately 5% of
the coated area was removad by the pull off test.
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Laboratory Number J-3345

Ssample Identification 5 mils Easy Kote

Test Procedure 2000 Hour Salt Fog followed by ISO-
4624 Pull off test

PROCEDURE

This panel was ma2intained in a 'salt fog environment per ASTM

B117 for 2000 hours. The test pansl was examined at 1000 and

2000 hours. Test chamber temperaturs was na2ld constant at 35

C for the duration of the test.

The artificial sea water was prepared by using 42 grams per
liter of "Sea Spray'" brand sea salts. This is in accordance
with ASTM D1141 "Specification for Substitute Ocean Watesr".

At the evaluation points of 1000 and 2000 hours, ASTM method
D1654 "Method for Evaluaticn of Painted or Cecated Specimens
Subjected to Corrosive Environmsnts” was used as a reference.

FINDINGS

At the 1000 hour point, itz coating passed visual inspection
with only minor amounts of blistering and less than 5% of the
coated plate area showing signs of corrosion. Said corrosion
was a light rust coating. The base metal in the corroded
areas was not significantly degraded; and coating did remain
on these areas.

A simple tast for coating attachment was also performed at
1000 hours. This test was performed by moving a glass rod
over the coated surface while pushing against the cocating with
a moderate degree of force. No coating was removad.

The coated plate was then placed back into the test chamber
for the remainder cf the 2000 hours exposure.

The test specimen was evaluated at 2000 hecurs expcesure, using
the IS0-4624 coating attachment test. The coating was removed
in blistered areas only (30 areas total), with no removed area
larger than 0,125 inches in diameter,
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Laboratory Number J-3345

Sample Identification 5 mils Easy Kote
Test Procedure 2000 Hour Salt Fog
PROCEDURE

This panel was maintained in a salt fog environment per ASTM
8117 for 2000 hours. The test 'panel was examined at 1000 and
2000 hours. Test chamber temperature was held constant at 33
C for the duration of the test.

The artificial sea water was prepared by using 42 grams per
liter of "Sea Spray" brand sea salts. This is in accordance
with ASTM D114l "Specification for Substitute Ocean Water'".

At the evaluation points of 1000 and 2000 hours, ASTM method
D1654 "Method for Evaluation of Painted or Coated Specimens
Subjected to Corrosive Environments" was used as a reference,.

FINDINGS

At the 1000 hour point, the coating passed visual inspection
with no blistering and none of the coated plate area showing
signs of corrosion.

A simple test for coating attachment was also performed at
1000 hours. This test was performed by moving a glass rod
over the coated surface while pushing against the coating with
a moderate degree of force. No ceating was removed.

The coated plate was then placed back into the test chamber
for the remainder of the 2000 heours exposure.

The test specimen was evaluated at 2000 hours exposure, using
the same method as discussed above for the 1000 hour
avaluation. The test specimen still showed no corrosion, and
only minor blistering. The glass rod test rzmoved coating
only in the blistered areas. This removal represented less
than 1% of the coated surface; and no removed area was greater
than 0.0625 inches in diameter.
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Laboratory Number J-3345
Sample Identification 12 mils Easy Kote
Test Procedure 2000 Hour Salt Fog followed by ASTM

D3359 tape pulloff test
PROCEDURE

This panel was maintained in a salt fog environment per ASTHM
R117 for 2000 hours. The test pansl was examined at 1000 and
2000 hours. Test chamber temperature was held constant at 35
C for the duration of the test.

The artificial sea water was prapared by using 42 grams per
liter of "Sea Spray" brand sea salts. This is in accordance
with ASTM D1141 "Specification for Substitute Ocean Water™.

the 2000 hour point the coating was subjectad to ASTM D3359

AL
attachment testing.

I]J
1

i

NDINGS

At the 1000 hour point, the coating passed visual inspection
with only minor amounts of blistering and less than 5% of the
coatsd plate area showing signs of corrosion. Said corrosiocn
was & light rust coating. The base metal in the corroded
areas was not significantly degraded; and coating did remain
on these areas.

A simple test for coating attachment was also performed at
1000 hours. This test was performed by moving a glass rod
over the coated surface while pushing against the coating witn
a moderate dsgres of force. No coating was removed.

The coated plate was then placed back into the test chamberxr
for the remainder of the 2000 hours exposure.

The :=st spacimen was evaluated at 2000 hours exposure, using
the ASTM D3359 coating attachment test. No ccating was
removaed, except in areas where edge corrosion had occurred.
This test specimen is considered to have passed ASTM D335385.
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Laboratory Number J-3345

Sample Identification 14 mils Easy Kote

Test Procedure Immersion test as described below
PROCEDURE

This specimen was exposed for 2000 hours to continuously
refreshed artificial sea water. The artificial sea water was
prepared by using 42 grams per liter oi "Ssz Spray" brand sea
salts., This is in accordance with ASTM D1141 "Specification
for Substitute Ocean Water". Ti ast chamber was held at 35
C for the duration of the test,

£
2 C

-

FINDINGS

This test specimen showed no coating removal or base meteal
corrosion during the test. At the 2000 hour point, the plate
was removed and subjected to moderate coating removal attempts
using a glass rod. Only minor flaking of the coating was
observed using moderate force on the glass rod. This tsst
speciman is considered to have passed.
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Laboratory Number J-3345

Sample Identification 16 mils Easy Kote
Test Procedure 2000 Hour Salt Fog
PROCEDURE

This panel was maintained in a salt fog environment per ASTM
5117 for 2000 hours. The test panel was examined at 1000 and
2000 hours. Test chamber temperature was held constant at 35
¢ for the duration of the test.

mha artificial sea water was preparad by using 42 grams per
liter of "Sea Spray" brand sea salts. This is in accordance
with ASTM D1141 "Specification for Substitute Ocean Watar".

At the evaluation peints of 1000 and 2000 hours, ASTM method
D1654 "Method for Evaluation of Painted or Coated Specimens
Subjected to Corrosive Environments' was used as a reference.

FINDINGS

At the 1000 hour poin%t, the coating passed visual inspection
with no blistering and none of the coated plate area showing
signs of corrosion.

A simple test for coating attachment was also performed at
1000 hours. This test was performed by moving a glass rod
over the coated surface while pushing against the coating with
a moderate degree of force. No coating was removed.

The coated plate was then placed back into the test chamber
for the remainder of tThe 2000 hours exposure.

The test specimen was evaluated at 2000 hours exposurs, using
the same method as discussed above for the 1000 hour
evaluation. The test specimen still showed no corrosicon., The
glass rod test removed coating onrly along the plate edge,
wnere a slight degrese of edge corrosion had begun. This
removal represented less than 1% of the coated suriace. This
test specimen is considered to have passed.
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Laboratory Number J-3345

sample Identification 16 mils Easy Kote

Test Procedure Immersion test as described below
PROCEDURE

This specimen was exposed for 2000 hours to continuously
refreshed artificial sea water. The artificial sea water was
prepared by using 42 grams per liter of "8ez Spray’" brand sea
saits. This is in accordance with ASTM D1141 "Specification
for Substitute Ocean Water". The test chamber was held at 335
C for the duration of the test.

FINDINGS

This test specimen showed nc coating removal or base metal
corrosion during the test. At the 2000 hour point, the plate
was removed and subjected to moderate coating removal attempts
using a glass rod. Only minor flaking of the ccating was
observed using moderate force on the glass rod. g§light
corrosion was found at the plate edge only. This test
specimen is considered to have passed.
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Laboratory Number J-33453

Sample Identification 17 mils Easy Kote

Test Procedure Immersion test as described below
PROCEDURE

This specimen was exposed for 2000 hours to continuously
refreshed artificial sea water. The artificial sea water was
prepared by using 42 grams per liter of "Sea Spray” brand sea

salts. This is in accordance with ASTM D114l "Specificatiocon
for Substitute Ocean Water”. The test chamber was held at 35
C for the duration of the test.

FINDINGS :

This test specimen showasd no coating removal or base metal
corrcsion during the test. At the 2000 hour point, the plate
was removed and subjected to moderate ccating removal attempts
using a glass rod. Only minor flaking of the coating was
observed using moderate force on the glass rod. This test
specimen is considered to have passed.
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Laboratory Number J-3345

sample Identification 12 mils Easy Kote
Test Procedure 2000 Hour Salt Fog
PROCEDURE

This pansl was maintained in a salt fog environment per ASTM
B117 for 2000 hours. The test panel was examined at 100C and
2000 hours. Test chamber temperature was hsld constant at 33
C for the duration of the test.

The artificial sea water was prepared by using 42 grams per
liter of "Sea Spray" brand sea salts. This is in accordancs
with ASTM Dl141 "Specification for Substitute Ocean Water'.
At the evaluation points of 1000 and 2000 hours, ASTM methcd
D154 “Method for Evaluation of Painted or Coated Specimens

Subjected to Corrosive Environments" was used as a reference.
FINDINGS

At the 1000 hour point, the coating passed wvisual inspection
with slight blistering and less than 1% of the coated plate
ar=a showing signs of corrosion.

A simple test for coating attachment was also performed at
1000 hours. This test was performed by moving a glass rod
over the coated surface while pushing against the coating with
a moderate degree of force. No coating was removed.

The coated plate was then placed back into the test chambex
for the remeinder of the 2000 hours exposure.

The test specimen was evaluated at 2000 hours exposure, using
the same method as discussed above for the 1000 hour
evyaluation. The test specimen still showed slight corrosion,
although the coating was blistered significantly (greater than
20% of the surface disattached). The glass rod test removed
coating along the plate edge, where a slight degree of edge
rrosion had begun as well as several of the blistered arsas.
is

co
Th ramoval representad 3% of the coated surface.
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Laboratory Number J-3345

Sample Identification 20 mils Easy Kote + 2 mil Zinc Primer
Test Procedure 2000 Hour Salt Fog

PROCEDURE

This panel was maintained in a salt fog environment per ASTM
B117 for 2000 hours. The test panel was examined at 1000 and
2000 hours. Test chamber temperature was hsld censtant at 35
C for the duration of the test.

The artificial sea watar was preparsed by using 42 dgrams per
liter of "Sea Spray" brand sea salts. This is in accordance
with ASTM D1141 "Specification for Substitute Ocean Water",

At the evaluation points of 1000 and 2000 hours, ASTM method
D1654 "Mathod for Evaluation of Painted or Coated Specimens
Subjected to Corrosive Environments" was used as a reference.

FINDINGS

A= tha 1000 hour point, the ccating passed visual inspection
with slight blistering and no area of the coated plate showing
signs of corrosion.

A simple test for coating attachment was also performed at
1000 hours. This test was performed by moving a glass rod
over the coated surface while pushing against the coating with
a moderate degrese of force. No coating was removed.

The coated plate was then placed back into the test chamber
ftor the remainder cf the 2000 hours exposure.

The test specimen was evaluated at 2000 hours exposure, using
the same method as discussed above for the 1000 hour
evaluation. The test specimen showed slight edge corrosion,
although the coating was blistared significantly (greater than
20% of the surfacsz disattached). The glass rod test removed
no coating.
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Laboratory Number J-3345
Sample Identification 14 mils Easy Kote + 2 mil Zinc Primer
Test Procedure Immersion test as described below
PROCEDURE
This specimen was exposed for 2000 hours to continuously
refreshed artificial sesa water. The artificial sea water was
prepared by using 42 grams per liter of "Sea Spray” brand sea
salts This is in accordance with ASTM D1141 "Specification
for Substitute Ocean Water". The test chamber was held at 35
C for the duration of the test.

NDINGS '

This tes:t specimen showed no coating removal or base metal
corrosion during the test. At the 2000 hour point, the plate
was removed and subjected to moderate coating removal attempts
using a glass rod. Only minor flaking of the coating was
observed using moderate force on the glass rod. This test
spacimen is considered to have passed.
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Laboratory Number J~3345

Sample Identification 18 mils Rust Kote + 2 mil Zinc Primer
Test Procedure Atlas Cell

PROCEDURE

This panel was maintained in an Atlas Cell for 2000 hours.
The test panel was examinad at 1000 and 2000 hours. Test
champer temperature was held constant at 35 C on one side of
the cell and 98 C on the other (non-tested} side of the cell
for the duration of the test. Filtered and circulated
artificial sea water was used as the corrosive medium.

s artificial sea water was prepared by using 42 grams per
ter of "Sea Spray" brand sea salts. This is in accordance
th ASTM D1141 "Specification for Substitute Ocean Water".

Th
1i
wi
At the evaluation points of 1000 and 2000 hours, ASTM method

D1654 "Method for Evaluation of Painted or Coated Specimens
Subjected to Corrosive Environmente" was used as a reference.

At the 1000 hour poin%t, tha coating passed visual inspection
with only minor amounts of blistering and no portion of the
coated plate area showing signs of corrosion.

A simple test for coating attachment was also performed at
1000 hours. This test was performed by moving a glass rod
over the coated surface while pushing against the coating with
a moderate degree of force. No coating was removed.

The coated plate was then placed beck into the Atlas cell for
the remainder of the 2000 hours exposure.

uyated at 2000 hours exposure, using
ad above for the 1000 hour
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Laboratory Number J-3345

Sample Identification 4 mils Rust Xote + 2 mil Zinc Primer
Test Procedure Atlas Cell

PROCEDURE

This panel was maintained in an Atlas Csll for 2000 hours
The test panel was examined at .1000 and 2000 hours. Test
chamber temperature was held constant at 353 C on one side of
the and 98 C on the other (non-tested} side of the cell
duration of the test. Filtered and circulate

ial sea water was used as the corrosive medlum
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2 artificial sea water was preparaed Dy using 42 grams per
iter of "Sea Sprav" brand sea salts. This is in accordance
*h ASTM D1:41 "Specification for Substiiuis Ocean Water".

At the evaluation points of 1000 and 2000 hours, ASTM method
54 "Method for Evaluation of Painted or Coated Specimens
Subjected to Corrosive Environments' was used as a reference.

FINDINGS
At the 1000 hour point, the coating passed visual inspection
with only minor amounts of blistering and no pertion of the

coated plate area showing signs c¢f corrosion.

A simple test for coating attachment was alsc performed at

1000 hours. This test was performed by moving a glass rod
over the coated surface while pushing against the coating wiztn
a moderate degres of force. No coating was removed.

The coated plate was then placed back into the Atlas cell for
the remainder of the 2000 hours exposure,

The test specimen was evaluated at 2000 hours exposure, using
the same method as discussad above for ths 1000 hour
evaluation. Slight corrosion was found to this exposurs
point. Using the glass *od test none of the coating suriace
arsa could be removed. This is considered by EFEH &
2cssociates to be a passing test specimen.



