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Conversion Factors, Non-Sl to
S| Units of Measurement

Non-SI units of measurement used in this report can be converted to Sl (metric)
units as follows:

Multiply By To Obtain

Fahrenheit degrees 5/9 Celsius degrees or Kelvins®
gallons (U.S. liquid) 3.785412 liters

centipoises 1x10° pascal seconds

inches 254 millimeters

mils 0.0254 millimeters

pounds 453.6 grams

pounds/square inch 6.894 kilopascals

! To obtain Celsius (C) temperature readings from Fahrenheit (F) readings, use the following
formula: C = (5/9) (F - 32). To obtain Kelvin (K) readings, use: K = (5/9) (F - 32) + 273.15.

Vi



ABRASI ON RES| STANT, VOLATI LE ORGANI C

COVPOUND (VOC) COVPLI ANT COATI NGS

FOR HYDRAULI C STRUCTURES

PART 1: | NTRODUCTI ON

Backgr ound

1. The Corps of Engineers has used solution vinyl paints for the
corrosion protection of hydraulic structures on inland waterways for
many years. These coatings have an excellent service life; however, the
liquid paint contains high quantities of solvents. Recently enacted air
pol lution regul ations on volatile organic conpounds (VOCs) put severe
restrictions on solvents contained in paints. Specifically, these
regulations limt the anpbunt of organic solvents that may be contai ned
inthe liquid paint. Use of |ow solids paints, such as solution vinyls,
violate sone of the existing state regulations and future state regul a-
tions may, in effect, elimnate the further use of these coatings by the
Corps of Engineers. Therefore, to conply both with existing and anti ci -
pated regulations, it is necessary to evaluate potential coatings to
repl ace those currently used.

2. A previous study (Baker and Beitel nan 1992) eval uated a nunber
of coatings for use in nonabrasive areas on dans. The study included
the field application of a nunber of coatings, nostly epoxies, to
hydraulic structures. Continued field nonitoring of these test coatings
has revealed their extremely poor performance in nore abrasive areas
such as the downstream waterline areas of navigation dams. As a result,
additional work was initiated to deternmine if the application of an
abrasi on resistant urethane topcoat to one of the nost corrosion
resi stant epoxy systens would provide a |level of protection simlar to

that provided by the currently used vinyl systens.



hj ective

3. The investigation had the follow ng objectives:

a. Docunent the performance of proprietary, VOC conpliant,
pol yur et hane el astomers in a variety of |aboratory conditions designed
to emul ate real -world environments and identify specific coating systens
as candidates for field testing.

b. Conduct field evaluations to verify field application and
performance of the coatings.

c. Provide test nmethods and performance data for use in
writing performance specifications for pol yurethane-topcoated epoxy
syst ens.

Appr oach

4. A tel ephone survey and a review of manufacturers' data sheets
were used to select the specific comrercially avail able coating systens
to be tested in the investigation. The commobn epoxy basecoat chosen was
M L- P- 24441/ 29 F150, Type IV primer and M L-P-24441/30 F151, Type 1V
topcoat. This epoxy systemis the |atest and | owest-VOC version of ML-
P-24441. The el astoneric pol yuret hanes were chosen on the basis of
their generic types, the equi pnent requirenment for application (plural-
conponent applied systens were excluded), and their conmercia
avail ability from established nmanufacturers. Coati ngs showi ng the

greatest |level of performance in |aboratory testing were applied to

field structures. E

Products Tested

5. Ten coating systens representing the foll ow ng generic or
application variations of elastoneric pol yurethane internediate and
topcoats were tested over a common M L-P-24441, Type |V epoxy system
basecoat :

a. Atroweled elastoneric aromatic-aliphatic pol yurethane
over a brushed aromatic isocyanate adhesive primer.


Editor's Note
The list of products tested was not distributed in the original REMR report.  It is being added at this point at the request of the CERL Principal Investigator to identify the specific products and manufacturers tested in this study.


b. A sprayed el astoneric aromatic-aliphatic pol yurethane over
a sprayed aromatic isocyanate adhesive primer.

c. A brushed el astoneric aromatic-aliphatic pol yurethane over
a brushed isocyanate pol yol prinmer.

[

A brushed el astoneric aromatic pol yuret hane.

e. A brushed aromatic noi sture-cure pol yurethane over a
brushed noi sture-cure m xed aromatic i socyanate primer.

f. A sprayed elastoneric aromatic pol yurethane over a sprayed
one package isocyanate bondi ng pri mer.

g. Atroweled elastoneric aliphatic pol yurethane over a
sprayed two-package i socyanate aromati c pol yuret hane adhesive primer.

h. A squeegeed el astomeric aromatic asphalt pol yurethane.

A sprayed el astoneric aliphatic pol yurethane.

Detailed information on the individual coating systens tested

appears in Tables 1 and 2.



PART 11: LABORATORY EXPERI MENTAL DESI GN

Overvi ew

6. The design for laboratory testing of the coatings was as

foll ows:

a. Test panels of systens that could be applied by brush or
trowel were prepared by researchers in the | aboratory. The remnaining
systens were applied by the respective manufacturers.

b. Duplicate panels of each coating systemwere placed in
saltwater (SW imrersion, freshwater (FW i nmersion, and QUV-Prohesion
accel erated weat hering tests.

c. Single, unexposed panels of each coating systemwere
subjected to multiple pulls for the pulloff adhesion test and to

abrasive blasting for the abrasion test.

d. Single, unexposed panels of each coating systemwere
subj ected to the mandrel bending (flexibility) test.

e. Three unexposed panels of each coating system were set
aside for future testing.

Panel Preparation

7. Al test coatings were applied to panels cut from sheets of 24
to 38 ml (0.6 to 1.0 nm cold-rolled steel, Rockwell "B' hardness of 55
to 65, flat polished to 15 to 25 microinches (0.4 to 0.6 micronmeters) in
roughness, ASTM A 109, A 366 specifications. |Inmersion panels were 3 by
6 inches (76.2 by 152.4 mm) with a 1/4-inch (6.4 nm hole centered al ong
one 3-inch (76.2 nm edge, 1/4 inch (6.4 nm fromthe edge. Panels used
for QUV-Prohesion accel erated weathering tests were 2-5/8 by 6 inch
(66.7 by 152.4 nm) and had no hole. Al panels were cured for a mni mum
of 14 days in a controlled tenperature and humdity room (73 = 3 °F
[22.8 + 1.6 °C] and 50 £ 2 percent relative hum dity) before testing.

8. Al test panels were abrasive-blasted in the | aboratory using a
Uni -Bl aster, a totally enclosed bl asting cabi net manufactured by Inland
Manuf act uri ng Conpany. The bl asting nmedi a used Hunbl e Abrasive Flint,
Grade 3, produced by Hunmble Sand, Inc. The gun was operated at a

4



pressure of 90 I b/sq in (620 kPa) and had a 5/32-inch (4.0-mm) air jet
with a 5/16-inch (7.9 mm tip. Estinmated abrasive consunption was 0.628
pounds (285.1 grans) per mnute of operation. This figure was obtained
by dividing the estimated quantity of abrasive used, 150 pounds (68.2
kilograns), by the total m nutes of operation during the blasting nedia
i npact abrasion test, conputed to the nearest mnute. Abrasive was fed
to the gun by aspiration. Al test panels were abrasive-blasted on both
sides to a profile of 2 to 3 mls (0.05to 0.08 mm. Previous spot
checking with Testex tape indicated the abrasive blast achi eved an
average profile of 2.25 mls (0.06 nm). The panels of five of the
coating systens were both abrasive-blasted and coated in the | aboratory.
Application was with pol yfoam applicators (a putty knife type bl ade).
Laboratory basecoated panels were sent to the manufacturers for the
applicaton of coating systens No. 26, 31, 32, 33, and 34. Conpleted and
returned panels were marked on both sides (both sides were coated with
the conplete coating systens) with the coating systems nunbers, nunber
of a panel within a given coating system nunber, and the side nunber of
the panel (either 1 or 2).

9. Efforts were made to achieve the "target" or recomended dry-
filmthi cknesses (DFTs) of the coating system Both wet and DFT
neasurenents were used to nonitor the thicknesses of the coatings
applied in the laboratory. 1In no instance were fewer than the
reconmended mi ni nrum nunber of coats applied, although additional coats
were applied as necessary to ensure that the mnimum DFTs for a given
coating systemwoul d be achieved. Final total DFTs were neasured with
an El ectro-Physik mnitest 3001 with an F5 head using the average of
five readings taken at approxi nately the same | ocation on all panels.
The reading |l ocations forned the corners of a box with a dot at the
center. Panels were rejected if the reading in the i mersion area of
the panel was statistically, significantly bel ow average. The "testing
sides" of the four imersion panels for the imersion tests of an
i ndi vi dual coating systemwere chosen on the basis of proximty to both
the target total DFT and to one another. |If necessary, a "high" and a

"l ow' panel were paired in each test. The sane criteria were used to



choose the "testing sides" of the test panels for the QUV-Prohesion
accel erated weat hering test. The DFTs of the "back sides" as well as
the "testing sides" of the panels were recorded. The renmining panels
were put aside for use in testing adhesion, flexibility, and future
testing. Al panels selected for the imrersi on and QUV-Prohesion

accel erated weat hering tests were edge-seal ed and the inmersion panels
marked SWor FW The internal test nunbers of the duplicate panels, 1
or 2, were also marked. Initial color readings were taken on all of the
panel s sel ected for inmmersion or QUW-Prohesion testing follow ng the

m ni mum agi ng period in the constant tenperature and humidity room

Pot Life

10. Pot lives for the two component coating systens applied in the
| aboratory were checked during the application phases of panel prepara-
tion. The coating materials being applied to the test panels were
observed fromthe tinme of mxing until the time the materials becane
unusable. The time was adjusted for the tenperature of application and
checked agai nst the manufacturers' data for pot life. Pot lives were
agai n checked for all elastoneric polyurethane topcoats during the
i nvestigation of the viscosity profiles, which are described later in

the text.

Recoating Tine

11. Recoating times for the systens applied in the [ aboratory were
checked as a part of the application phase of panel preparation. Manu-
facturers' suggested recoating intervals were closely adhered to and
recoating properties and curing tinmes were nonitored. All tinmes were
extrapolated to the tines required at the tenperatures of application

usi ng the manufacturers' data as a base. The panels were exam ned



visually for any signs of lifting, delam nation, etc., at the tine of

recoating and agai n before any additional coats were applied.

Curing Tine

12. Curing tinmes for coating systens applied in the |aboratory
were al so checked as a part of the application phase of panel prepara-
tion. The coatings were exam ned visually and by touch. Wen the
coatings were exam ned by touch, suitable solvents were used to cl ean

of f contam nants before any further coating application was permtted.

| nmer si on_Testi ng

13. Both the SWand FWimersion tests were based on ASTM D 870.
Both i mersion tanks had internal dinensions of 36 by 18 by 9-1/2 inches
(914.4 by 457.2 by 241.3 mm. Each tank was aerated with two aquarium
style air punps and di ffusers, and both were operated at a tenperature
of 100 £+ 2 °F (37.8 ° £ 1.1 °C). Both tanks were enptied and cl eaned
after 1,500 hours of operation and after the |last sets of panels had
experi enced 3,000 hours of exposure.

14. The SWused in the test conforned to ASTM D 1141. Fornula A
for substitute ocean water was used. To prevent disposal problens,
heavy nmetals were not added. The "sea-salt” in formula A was purchased
and m xed with deionized water according to the supplier's instructions.
The "sea-salt" solution was adjusted to pH 8.2 using a 0.1N sol ution of
sodi um hydroxi de. Deionized water with no additives was used in the FW
i mrersion test.

15. Al though ASTM D 870 describes the testing of scribed coatings
on ferrous substrates as being inpractical because of contam nation from
corrosion products, the panels were scribed with an "X' on the bottom
half of the "test" side so the effects of inmmersion could be observed on

the stressed (scribed) "test" sides as well as on the unstressed



(continuous film back sides of the panels. After the tanks were filled
to the reference mark, the suspended test panels were inmersed

approxi mately three-quarters of their length. A float-type controller
mai ntained the liquid level in the inmrersion tanks.

16. The test panels were exam ned weekly. The test panels exposed
to SWwere rinsed with deionized water before they were exam ned. Al
of the test panels were exam ned visually for rust along the scribe,
blistering, etc. Records of the elapsed hours of immersion were
carefully maintained. Al elapsed tinmes that were recorded are the
el apsed tines as of the dates the panels were checked, not the precise
tinmes at which the events (blistering, etc.) took place.

17. The basic inmersion period was 3,000 hours for both SWand FW
Laboratory experience with this test had indicated that nany failures
occurred between 1,000 and 3,000 hours. Test panels that had not
blistered by the end of the imrersion period were set aside for further
testing. Experience has shown that panels that survive 3,000 hours in
i mrersion testing usually survive |long periods of additional inmersion
testing. At the end of the 3,000-hour i mersion period, the test panels
wer e phot ographed and neasured for color. Any panels that exhibited
blistering on the scribed or "test" sides were checked for blistering on
the unscribed or back sides, also.

18. Color was neasured before and after inmmersion at the bottom of
the scribed portion of the panels. After imersion, the testing areas
were wiped with a tissue before the readings were taken to renove al
| oose soiling materials. Consequently, the color change data contain
several conponents. Anobng them are possible | eaching, staining, and

soil retention.



QUV- Pr ohesi on Accel er at ed Weat hering Testi ng

19. The QUV portion of the tests was conducted in accordance wth
ASTM D 4587 and ASTM G 53. QUV-Prohesi on accel erated weat hering testing
was conducted to determ ne the above-the-waterline behavior of the
coating systenms reported on in the imersion testing section (page 7).
Chal ki ng, gloss, blistering, and col or difference were checked to deter-
m ne the effects of ultraviolet exposure and a corrosive atnosphere on
aest hetic behavior and corrosion resistance. A rating of 10 is no
chal king, and a rating of 2 is very heavy chal king. Colorineter read-

i ngs were taken before and after exposure using Illum nant C for one set
of readings and Illum nant D65 for a duplicate set of readings for
conparison. Illum nant C sinulates an overcast day and Il um nant D65
simul ates bright daylight. 1llum nant D65 has the | ower col or tenpera-
ture and gives readings that are cooler (i.e., bluer) than those of
[I'lum nant C.  QUV-Prohesion accel erated weathering testing was
conducted using a QU unit manufactured by Q Panel Conpany. UVB-313
ultraviolet |anps were used. A 4-hour condensation and 8-hour

ul traviol et exposure cycle was used. The unit was operated continuously
during the QUV portion of the test. Operating tenperatures were 60 to
65 °C (140-149 °F) for the ultraviolet cycles and 40 to 45 °C (104-113
°F) for the condensation cycles. Lanp rotation and replacenent were
conducted at intervals of between 400 and 450 hours. The Prohesion
portion of the tests was conducted using a Q FOG cabi net, Mode

SF/ MP1000. The "Mebon Prohesion Test" was carried out as follows: a
cycle consisted of a 1 hour salt fog at anbient tenperature foll owed by
1 hour of drying at 35 °C (95 °F); atomization pressure for the salt
solution was 22 | b/sq in. (152 kPa); and punp speed was set at 1.1
liters of solution per hour. The salt solution consisted of 0.5
grans/liter Nad (sodiumchloride) plus 4.0 grans/liter NH,SO,(anmmoni um
sulfate). The reservoir held 114 liters of the solution. An overal

sequence of 1 week of testing in the QU cabinet followed by 1 week of



testing in the Prohesion cabinet was used. Total tinme of the conbined
tests was 3,000 hours, mnimum This type of conbined test has been
referred to as a "cyclic corrosion weathering nmethod." After 3,000
hours of testing, the test panels were exam ned for col or change,
chal ki ng, loss of gloss, and other damage. Duplicate test panels were
exposed for each coating system Al test panels were scribed with an
"X" on the bottomhalf of the "test" side and were visually inspected
for chal king or other defects once a week. Al recorded el apsed tines
were the dates the panels were checked, not the precise tinmes at which

the events (first evidence of chal king, etc.) took place.

Pul | of f (El coneter) Adhesion Testing

20. ASTM D 4541 was conducted using an El coneter adhesion tester
with a range of 0 to 1,000 Ib/sq in (0 to 6,894 kPa). An annul ar
bearing ring was used to keep the resultant force normal to the surface.
A circular hole cutter (dolly cutter) was used to score through to the
substrate around the |loading fixtures. The dollies were adhered to the
coating surfaces using the prescribed surface preparation nmethod and
Aral dite AWO06/HV953 epoxy adhesive, which cures in 24 hours. Pressure
per pendi cul ar to the surface was applied to the dollies for a m nimum of
24 hours during the epoxy's curing tinme. Shortly after the 24-hour cure
had been conpl eted, the adhesion tester was connected to a dolly on a
panel under test. Al panels were tested at approximtely the sane
el apsed time after the dollies were adhered to the coatings. The tests
were carried out at anbient |aboratory tenperatures. Control panels
were given triplicate (three dollies) testing. The degree of adhesive
versus cohesive failures, as well as the pulloff val ues, were noted.

21. After unexpected adhesion failures occurred in field testing,
an additional adhesion test was perforned on extra i mersion-type panels
remaining fromthe | aboratory investigation on Systens No. 26, 29, 30,

and 31. ASTM D 1151-90, "Standard Test Method for Effect of Misture
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and Tenperature on Adhesive Bonds," was selected as the guide for
testing. Both roomtenperature (RT)(Condition 1) [73.4 °F (23 °C)] and
boiling [212 °F (100 °C)](Condition 2) deionized water inmmersion tests
were run. After the conpletion of the imrersion tests, the panels were
checked for pulloff adhesion according to ASTM D4541. Since systens No.
26 and 31 were of the greatest interest, they were specially prepared
for testing by peeling one panel of each along the edges to expose the
interfaces of the coatings (Condition 3). Test conditions are as

foll ows:

Condition 1 Soaked at RT for 67 days (1,608 hours), allowed to dry,

t hen given pull off adhesion tests

Condition 2 Soaked at RT for 1,602 hours; boiled for 6 hours, all owed

to dry, then given pulloff adhesion tests

Note: Systens No. 29 and 30 bubbl ed badly during the
boiling test. The irregular surfaces created woul d not
permt the suction cup to seal. |In addition, System No.
29 becane gunmy. The term "bubbling" is used because the
irregularities in the filmwere caused by the expansion of
air bubbles within the film the "bubbles" were "dry," not

"wet . "
Condition 3 Soaked at RT for 962 hours, boiled for 28 hours, all owed
to dry for 73.5 hours, then given the pull off adhesion

test.

Note: The panels were peeled along the edges to expose

the interfaces of the coatings.

11



Mandr el Bend Testing

22. ASTM D 522, the mandrel bend test, was run on a spare coated
i mersion-type panel for each coating system A Gardner nandrel set was
used to run the tests. Each coating systemwas bent around a 1-inch

(25.4 mm) mandrel. The nature of any failure that occurred was noted.

Col or Measur enent

23. ASTM D 2244 was used to conmpute color difference data in CE
1976 CIELAB (L*, a*, b*) color space. The L*, a*, b* Col or System was
sel ected because of its ability to sinply and graphically describe the
nature and direction of color shifts between two panels. It can also be
used to describe the magnitude of the total color shift between the
panels. Briefly, the L*, a*, b* color nmapping system consists of L*
(lightness), +a (red), -a (green), +b (yellow), and -b (blue).
Consequently, an increase in L* indicates a |lightening of the color, an
increase in the +a direction indicates a reddening of the color, an
increase in the +b direction indicates a yellow ng of the color, etc.

Total color difference, or ) Efab, is neasured as foll ows:

) Erab = [() L*)? + () a*)? + () b*)? V2

[I'lum nant C was used to take the col or readings for the inmersion
tests, and both Illumnant C and Illum nant D65 were used to take the
col or readings for the QUV-Prohesion accel erated weat hering tests.
[llumnant Cis the nore widely known and used illumnant; IIlIlum nant
D65 gives nore realistic readings for actual exposure in daylight.

Col or neasurenents were made with a Mnolta CR- 200b Chroma Meter

Readi ngs on the i mersion panels were taken before inmersion and after
3,000 hours of imersion on the test sides of the panels within the

scribes and below the intersections of the scribes. After exposure, the

12



test areas were wiped with a tissue to renove | oose contam nants.
Readi ngs on the QUV-Prohesion panels were taken on the test sides of the
panel s on the upper half above the scribes. They were taken before

exposure and after 3,000 hours of exposure.

Chal ki ng Test

24. Chal king was eval uated according to ASTM D 4214. A bl ack
cloth was used to test nmost of the coating systens. However, in a few
i nstances, it was necessary to use a white cloth because the chal ky

mat eri al was dark colored. Pictorial Standards of Coatings Defects

(Federation of Societies for Coatings Technol ogy, 1979) was used as the

source of the visual chal king reference standards.

Blistering Test

25. ASTM D 714 and the visual standards in Pictorial Standards of

Coatings Defects (FSCT 1979) were used to evaluate blistering.

Blistering on the extrene edges of panels was discounted. Blisters were
rated on both size and frequency. |If blistering occurred only in

certain limted areas, this fact was noted.

Brookfield Viscosity Studies

26. Brookfield viscosity studies were conducted on the el astoneric
pol yur et hane topcoats to establish the general viscosity |evels and
profiles of the materials and to conpare stated pot lives with
experimental ones. The testing was done on a Brookfield Digita
Vi sconeter, RVIDV-I1, with eight speeds, a choice of seven spindles, and
the guard leg in place. A water bath, Brookfield Mddel EX200, with a
nmodi fication in the lid to make the addition of cooling ice easier, was

used to maintain the tenperature of the sanples throughout the tests.
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The water in the bath was nechanically circul ated and mai ntai ned at a
tenperature of 76 to 78 °F (24.5 to 25.5 °C) during the tests. A
Brookfield Graph Plotter continuously plotted the percent of full scale
of the viscosities at the particular revolutions per mnute (rpm and
spi ndl e sizes being used. Test Methods A and B (ASTM D 2196) were

foll owed, except that no rest period was taken after a down "ranp" had
been conpleted. "Ranps" were periods where the rpmwere increased (up
"ranps") followed by decreased rpm (down "ranps”). Full ranps consisted
of rpmfromO0.5 to 100 in each direction. However, linmtations of the
viscosity-spindle relationships permtted only partial ranps in many

i nstances and none at all in one. Ranps were taken at the approxi mate
hal fway points of the stated pot lives of the elastoneric topcoats and
very close to the ends of their stated pot |lives or at the conclusion of
the tests. Only the half-way ranps are reported, since they accom
plished their purpose of establishing the viscosity characteristics of
the coatings (shear-thinning, etc.). Al of the coatings were tested in
their as-supplied (unthinned) condition. The basic rpmfor testing
(with the exception of ranps) was the slowest speed, 0.5 rpm This
speed was chosen to establish the apparent viscosities of the coatings
and to neasure the changes in viscosity of the coatings over tinme while
they were at the closest speed to an "undi sturbed” condition. Efforts
were made to take readings at 5 to 10 minute intervals, including 15,
30, 60, etc. mnutes, or as close to those benchmark tinmes as circum
stances permtted. Before running the viscosity studies, the equi pment
was checked with 1,000 cps and 5,000 cps Brookfield viscosity standards
and found to be within tolerances. At the end of the tests, the
coatings were checked enpirically for their application characteristics.

Figures 1 through 8 are graphs of the viscosity studies and ranps.
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Abr asi on Testing

27. Abrasion testing was carried out using a | aboratory desi gned
test. The abrasive blasting cabinet and bl asting nedia are described in
paragraph 8. Only fresh (no recycled) flint blasting nmedia was used for
this test. An apparatus was constructed that placed the blast nozzle 4
inches (101.6 mm) in front of the test panel and the test panel at a 45-
degree angle to it. Air pressure was set to 90 Ib/sq in (620 kPa). A
5/32-inch (4.0-mm air jet and a 5/16-inch (7.9-m) tip were used. The
test panels were wei ghed before and after testing and the wei ght | osses
recorded. Maxinmumtesting time was 30 minutes. |If a test panel failed
to conplete the full 30 mnutes, it was renoved fromthe test and the
el apsed time before renoval was recorded. Failure to conplete the test
was defined as the appearance of the epoxy basecoat anywhere in the
bl asted area. A panel of a wi dely used epoxy coating system (17.2 mls
thick) left over fromthe Baker and Beitel man (1992) study, was tested
for conparison purposes. Figure 9 shows results of the blasting nedia

i npact abrasion test on Systenms No. 26 through 34.

d oss Testing

28. The QUV-Prohesion panels were gloss tested before and after
exposure. A Mcro Tri-gloss neter with 20° 60° and 85° geonetries,
di stributed by Byk-Gardner, was used to take the gl oss neasurenents.

ASTM D 523 procedures were foll owed when taking the gl oss neasurenents.

15



PART 1'11: RESULTS

29. For a detailed consideration of the results, refer to Tables 1
through 10. For a summary of the results, refer to Tables 1la and 11b
Tabl e 12 shows avail able manufacturer's test results. Table 13 shows

the results of the post field test adhesion study.
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PART 1V: DI SCUSSI ON

Coati ng Syst em Perf or mance

30. System No. 25 is a trowelling conmpound intended for repair
work. Some test panels prepared in the | aboratory devel oped snall
shal | ow cracks. The manufacturer expl ained the cause as snall |ocalized
areas of inbal ance between the base and curing agent. Hand m xi ng was
used during the preparation of the panels. Overall, this system per-
fornmed well. However, as the manufacturer nade clear, nore thorough
than usual mxing is required. As would be expected for a troweling
conmpound, the viscosity was highest of any systemtested and too high
for a ranp. The workable pot |ife was appreciably shorter than the
stated pot life of 1.5 hours given in the data sheet. Blasting nedia
i npact abrasion resistance was very good at 13.8 ng/mn loss, the third
| owest | oss of any of the systens tested. Perfornmance in the SWand FW
imMmersion tests and in the QUV-Prohesion test was uniformy good, wth
no blistering. As with all the systens tested, there was undercutting
of nmore than 1/8 inch (3.2 m) at the top "V' of the intersection of the
scribes. For brevity, this will be referred to sinply as "unsati sfac-
tory undercutting” in the remaining paragraphs of Part IV. The systenis
chal k rating (QUV-Prohesion) was excellent (rating 10) and col or changes
()E,,) in the inmersion tests were 12.56 and 13.46, and in the QUV-
Prohesion test, 10.03. The col or change figures are anong neither the
hi ghest nor lowest for all systens. Topcoat recoating tines at 75 °F
(23.9 °C) are a mininmumof 20 minutes and a maxi mumof 1 hour, the
shortest tines of any systemtested. However, the cure tines would be
adequate for field application with a trowel. Cure tine at 75 °F (23.9
°C) before imrersion is a mninmm4 days. A mnimmof three coats is
required to achieve 60 mls (1.5 m DFT of elastomer (including a
primer/bond coat). Pulloff adhesion, although the |owest of all systens

tested at 205 Ib/sq in (1,413 kPa), should be adequate for practica
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purposes. Consultants have stated verbally that 220 to 250 Ib/sq in
(1,517 to 1,724 kPa) are adequate for sone applications but nay not be
sufficient where abrasion is extrene. Overall, System No. 25 perfornmed
satisfactorily in laboratory testing.

31. System No. 26 is a sprayed-on el astoneric pol yurethane from
t he manufacturer of System No. 25. Performance in the inmersion and
QUV- Prohesi on tests was good with no blistering. However, sonme "welts"
resenbling nosquito bites were observed in the SWimersion test.

Further inmmrersion will establish whether these develop into blisters.
Unsati sfactory undercutting was observed in the QUV-Prohesion test. The
viscosity of the system although high, was relatively stable. Its
viscosity vs. tine curve had a flat slope, and its ranp indicated a high
degree of shear thinning and near pseudoplastic flow The system
performed satisfactorily on the blasting nmedia inpact abrasion test.

Its value of 28 ng/mn | oss was near the mddle of the values for al
systens. The systenis chalk rating in the QUV-Prohesion test was 8.
After inmrersion in SW the color change ()E,) was only 4.38 Cl ELAB
units, the | owest of any system while the FWinmersion test produced a
col or change of 8.19 CIELAB units, the second | owest recorded. 1In the
QUV- Prohesion test, the )E,, was 10.63. Pulloff adhesion was excellent,
567 Ib/sqg in (3,909 kPa). Wirkable pot life was shorter than the stated
pot life of 1.5 hours; however, it should be adequate for application in
the field. Two coats, including the priner/bond coat, are required to
achieve an el astoner DFT of 60 mls (1.5 nm. Topcoat recoating tines
at 75 °F (23.9 °C) are a mninmumof 20 mnutes and a maxi mum of 4 hours.
Mnimimcuring tine at 75 °F (23.9 °C) before immersion is a m ni num of

4 days. Overall, the systemperforned well in |aboratory testing.

32. System No. 27 has an el astoneric pol yuret hane topcoat that was
tested as part of a total elastoneric coating systemfor Baker and
Beitel man (1992) (Systens Nos. 2 and 24). Perfornmance in the SW
i Mmersion test paralleled that of System No. 26-—welts but no definite

blisters. Perfornmance in the FWwater inmersion and QUV-Prohesion tests
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was good, with no blisters. As with all the systens tested, under-
cutting was unsatisfactory in the QUV-Prohesion test, although a good
chal k rating of 8 and relatively |low color change ()E,, of 5.34) was
achi eved. Color change for the SWand FWinmersion tests was an aver age
9.14 and 13.29, respectively. Stated pot lives for spray (1.0 hour) and
brush or roller (2.0 hours) were congruent with the workable pot |ives
for those nmethods of application. The viscosity of the system was
relatively | ow and stable. The seem ngly unusual rheol ogical behavior
of Systems No. 27 and 34, each of which had a |lower final than initia
viscosity, is because the coatings had not recovered froma final ranp
(values not reported at the conclusion of the tests). The "officia
ranp” reveal ed System No. 27 to be mldly thixotropic. Pulloff adhesion
was 333 Ib/sqg in (2,296 kPa). Loss in the blasting nedia inpact
abrasion test was 178.6 ng/mn, approximately 11.5 percent of the |oss
of the epoxy control. A mnimumthree coats, including a priner/bond
coat, were required to produce a DFT of 60 mls (1.5 m). The el asto-
nmeric topcoat recoating times at 75 °F (23.9 °C) are a mini numof 2
hours and a nmaxi mum of 72 hours. At 75 °F (23.9 °C), a minimumof 4
days is required for curing before i mersion. Although its blasting
nmedi a i npact abrasion resistance was | ow, System No. 27 perfornmed
satisfactorily overall in laboratory testing.

33. System No. 28 is a self-primng, elastonmeric, aromatic
pol yurethane. It is the only systemthat exhibited blistering during SW
iMmersion. Panel No. 1 had blistering on both the front and back, while
panel No. 2 had blistering on the front only. Wen the blisters were
cut open, the intact basecoat appeared. Renoval of the basecoat
reveal ed no corrosion; the surface was shiny. The coating system of one
panel was cut back fromthe scribe line and reveal ed that the basecoat
was tightly adhered. A sharp line of demarcati on exi sted between the
uncorroded coated area and the corroded scribe line; there was no rust
creep under the scribe. System No. 28 provided val uabl e i nformation

t hat woul d not have been obtai ned had blisters not appeared. No
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blistering occurred in FWimersion. Color differences in the SWand FW
i mersion tests were 10.44 and 11.77 CIELAB units, respectively. After
subj ecting the systemto the QUV-Prohesion test, the panel exhibited
unsati sfactory undercutting. The coating was given a chalk rating of 6
and showed a color difference ()E,) of 8.01 CIELAB units. The rheol ogy
of System No. 28 was very interesting. It had a prolonged dip in the
viscosity vs. tinme curve, probably due to elimnation of the rest period
after conpletion of a ranp. However, it had the best defined thixotropy
hysteresis | oop. The stated pot life of this systemwas 2.5 hours, but
wor kabl e pot life was found to be |less than 2.0 hours at the tenperature
of investigation. The blasting nmedia inpact abrasion test resulted in a
loss of 75.1 ng/mn, approximtely 5 percent of the | oss experienced by
t he epoxy control. Pulloff adhesion was 477 |b/sq in. (3,288 kPa),
nearly average for all of the systems. Recoating requires a m ninum of
6 hours of curing but cannot exceed 48 hours at 75 °F (23.9 °C). To
build a 60 ml (1.5 mm) DFT requires at |least 6 coats. Before imer-
sion, a mninumof 7 days curing time is required at 75 °F (23.0 °C).

The base coating is very heavy in the container, but hand stirring and
m xing with the curing agent produced a snooth, good flow ng coating.
The manufacturer of this systemplans to nodify and upgrade it.

34. System No. 29 is also a self-primng, elastoneric, aronmatic
pol yur et hane system It showed no blisters in either the SWor FW
imMmersion tests. Neither was there blistering of the coating during the
QUV- Prohesi on test, but there was unsatisfactory undercutting. 1In this
test, the systemhad a chalk rating of 8 and a )E,, of 7.54 ClELAB
units. Color differences in SWand FWtests were 24.18 and 25.02 Cl ELAB
units, respectively. Pulloff adhesion was a good 512 |b/sqg in. (3,530
kPa). Both the viscosity vs. time curve and the hysteresis | oop were
relatively flat. 1In the nedia inpact abrasion test, the | oss of coating
was cal cul ated at 39.6 ng/mn, approximately 2.5 percent of the epoxy
control's loss. Wrkable pot life for spray application was |ess than

the stated pot life of 1.25 hours; however, the paint was stil
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brushable at that point. Ar tended to be entrained in the liquid
topcoat as a result of the stirring and m xi ng process. The entrapped
air resulted in the formati on of a number of small "balloons"” in the
QUV- Prohesion test. Apparently, the heat of the QU ultraviolet cycle
expanded the air bubbles permanently. Exami nation of the bubbles
reveal ed themto be dry inside and conpletely contained within the

el astoneric topcoat. The danmage was strictly cosnmetic. Special care in
agitating and m xi ng the conponents of the topcoat woul d be advisabl e.
At 75 °F (23.9 °C), the coating cannot be recoated before 6 hours of
curing or after 168 hours. The coating was easily built to a DFT of 60
mls (1.5 nm) with just three coats. A mninumcuring tine of 7 days at
75 °F (23.9 °C) is required before i mersion. Overall, System No. 28
tested satisfactorily in the |aboratory.

35. System No. 30 is the only systemtested that has a noisture
cure (MC) el astoneric pol yurethane topcoat. Since it consists of only
one conponent, it does not have a stated pot life; however, as it reacts
with the nmoisture in the air, the viscosity can spike upwards very
qui ckly. The viscosity vs. tine curve had a flat slope until the 2-hour
mark, when it becane fairly steep. A crust that forned on top may have
accounted for this, since the coating was still brushabl e and borderline
sprayabl e bel ow the crust after 2.25 hours. MId thixotropy was
observed on the Brookfield viscosity ranp. No blisters forned in the
coating during the SWand FWinmrersion tests; however, blistering
appeared after 2,340 hours during the QUV-Prohesion test. Corrosion was

present under the blisters as well as under the "v" of the scribed x.

Al t hough the col or difference was high, 19.02 CIELAB units, the coating
showed little chal king and was given an 8 rating. The color differences
in the SWand FWinmmersion tests were also high at 17.28 and 39.55
CIELAB units, respectively. Performance in the nedia blasting inpact
abrasi on test was good; the topcoat disappeared at just 18.6 ng/m n.

The pul | of f adhesion was 320 I b/sq in. (2,206 kPa). Recoating tinmes at

75 °F (23.9 °C) are 1 hour, mninmm and 72 hours, naximum A mni mum
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of four coats is required to achieve a 60 m!| (1.5 nm) DFT, including a
prinmer/bond coat. Once the systemis applied, however, it requires only
8 hours of curing before it can be i mersed, the shortest time of any
systemtested. Wth the exception of the QUV-Prohesion test, System No.
30 tested satisfactorily in the |aboratory.

36. System No. 31 is a spray applied elastonmeric, aromatic
pol yurethane. It had the | owest overall Brookfield viscosity of any of
the systens tested, even though its Brookfield viscosity versus tine
curve was relatively steep. Consequently, the ranp was al nost a
straight line, with what little hysteresis appeared giving a fal se
i npression of dilatancy. The coating was still thin and sprayabl e at
the 1-hour mark, 15 minutes beyond its stated pot life; however, it
could not be applied after 1.5 hours. There were "welts" but no
blisters in the SWinmersion test, and no blisters in the FWi mrersion
test. )E,, for the SWand FWinmersion tests were 6.82 and 30.38 Cl ELAB
units, respectively. |In the QUV/-Prohesion test, blistering appeared
after 2,508 hours. The unsatisfactory undercutting displayed by all of
the ot her systenms was al so present. An excellent chalk rating of 10 and
a color difference of 15.38 CIELAB units were al so recorded after
exposure in the QU-Prohesion test. Pulloff adhesion was a | ow 240
Ib/sq in. (1,655 kPa). System No. 31 was very resiliant to the blasting
media losing just 13.4 ng/mn of topcoat, the second | owest recorded.
Including a primer/bond coat, the m ninmum coats required to achieve a
DFT of 60 mils (1.5 m) is five. At 75 °F (23.9 °C), the wi ndow of tine
for recoat is just 5.5 hours; the topcoat nmust cure for at |east 30
m nutes before coating, however. Seven days of curing at 75 °F (23.9
°C) are required before imersion. Wth the exception of the QUV-
Prohesion test, System No. 31 tested satisfactorily in the |aboratory.

37. SystemNo. 32 is a troweling and repair systemfromthe
manuf acturer of System No. 31. It trowels to a snooth senigloss finish,
whereas System No. 25 had a flat finish. System No. 32 had welts, but

no blistering in the SWand FWi mrersion tests and col or differences
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were a relatively low 7.37 and 13.78 CIELAB units, respectively. After
t he QUV-Prohesion test, the coating was given a chalk rating of 10;
however, the color changed by 22.23 CIELAB units. As with the other
systens, undercutting was unsatisfactory. Pulloff adhesion was the

hi ghest recorded, 570 Ib/sq in (3,930 kPa). Because the Brookfield
viscosity vs. tine curve was steep, the coating displayed anot her case
of pseudo-dil atancy. The systemwas heavy, and still leveling after 1
hour. The workable pot Iife was in line with the stated pot life of
0.75 hour. System No. 32 was the nobst abrasion resistant, |osing just
7.4 mg/mn of its topcoat. The urethane can be recoated after 16 hours
but nust be recoated before 96 hours of curing, when anbient tenperature
is 75 °F (23.9 °C). In addition, the systemrequires 7 days of curing
at 75 °F (23.9 °C) before being i mersed. Two coats, including the
primer/bond coat, are required to build a systemwi th DFT of 60 mls
(1.5 M. Overall, System No. 32 performed reasonably well in

| aboratory testing.

38. System No. 33 is a self-primng, squeegee- or spray-applied,
asphal t-nodi fi ed, elastoneric, aromatic pol yurethane; the only one of
its type in the testing series. No blisters or "welts" appeared in
either the SWor FWimersion tests. Color difference after the SW
i mersion test was 5.29 CIELAB units, the second | owest, and after the
FWimersion test was 6.90 CIELAB units, the | owest of all systens
tested. No blistering occurred, but unsatisfactory undercutting was
exhi bited after exposure in the QUV-Prohesion test. However, this
system had the | east corrosion in the "V'-shaped undercut area of any
systemin the test. The color difference in the QUV-Prohesion test,
2.63 CIELAB units, was the | owest of any systemtested, and its chal k
rating was 10, surprising for a bitunen-containing coating. The abra-
sion resistance of the coating was near the nmedian for all sanples, a
loss of 21.9 ng/mn. Pulloff adhesion, at 510 Ib/sq in (3,516 kPa), was
the fourth best of all the systens tested. System No. 33 had the third

hi ghest overall viscosity of the systens tested and a steep viscosity
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vs. time slope. Sone shear thinning occurred on the upside, and
viscosity increased relatively rapidly on the downside of the ranp. At
its stated pot life of 0.5 hour, the material was thick and unusabl e.
Recoating tine at 75 °F (23.9 °C) was between 30 minutes and 4 hours
after application. The systemwas easily built to the 60 m!| (1.5 nm
DFT in just one coat using a squeegee; however, three coats are required
when spray applying. The coating can be inmersed after 24 hours of
curing at 75 °F (23.9 °C). COverall, System No. 33 perfornmed well in
| aboratory testing.

39. System No. 34 is a self-primng aliphatic polyurethane. No
blisters or "welts" appeared in either the SWor FWimersion tests.
Col or difference in the SWinmersion test was 33.53 CIELAB units and in
the FWimersion test was 33.86 CIELAB units. Blistering occurred after
approxi mately 2,550 hours of exposure in the QUV-Prohesion test, and the
unsati sfactory undercutting was al so present. The color after QUV-
Prohesi on changed by 3.54 Cl ELAB units, the second | owest of the systens
tested, and was given a chalk rating of 8  Pulloff adhesion was 500
Ib/sq in (3,447 kPa), and the topcoat disappeared at a rate of 62.5
nmg/ mn. The overall viscosity of System No. 34 was the second | owest of
all of the systens tested and actually declined fromits starting |levels
because of the ranps. The viscosity vs. time curve was nearly a flat
slope. Its ranp indicates "normal" shear-thinning and mld thixotropy.
The coating was still sprayable and brushable after its stated pot life
of 2 hours. System No. 34 requires one coat to achieve an el astoneric
topcoat DFT of 60 mils (1.5 nmm). Recoating tine at 75 °F (23.9 °C) was
between 2 hours and 48 hours. Mnimumcuring time at 75 °F (23.9 °Q)
before imrersion is 5 days. Overall, System No. 34 perfornmed
satisfactorily in laboratory testing.

40. The post-imersion test was performed on systens 26, 29, 30,
and 31. Systens No. 29 and 30 had problens with "bubbling” in the
boiling water test and could only be tested at RT (Condition No.1).

Nevert hel ess, the node of failure for System No. 30 (100 percent at the
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interface of the bond coat and basecoat topcoat) duplicated the node of
failure observed in the field. System No. 29 exhi bited 80 percent
failure at the el astoner/basecoat topcoat interface and 20 percent
intracoat failure within the basecoat topcoat. Although not as defini-
tive as System No. 30 results, the tendency of the elastoner to disbond
fromthe epoxy was apparent. No difference was di scernable between
Systens No. 26 and 31, using Conditions No. 1 and 2. Condition No. 3
did produce a distinguishable difference on the mddle pull. Only the
m ddl e pull "remarks" were reported for all systens instead of the
customary average of three pulls. This was done because the mddle
pull s were reasonably close to the averages and seened to be as
significant. The mddle pull on Condition No. 3 gave a cl ear advantage
to System No. 26. Nunerical values of the pulloff adhesion in Ib/sqg in
(kPa) forma mxed pattern. The control values reported froma previous
test program do show System No. 26 as having the best adhesion

However, considering the accuracy of the nethod, System No. 29 can be
regarded as being in the sane adhesi on category as System No. 26.
Furthernore, System No. 29 exhi bited a hi gher adhesion value than did
System No. 26 under Condition No. 1 (the only condition under which
System No. 29 could be tested). System No. 26 exhibited decreasing
adhesi on val ues under all conditions. It is worth noting that the
predom nant qualitative node of failure for System No. 26 was between

t he pol yurethane el astomer and the bond coat. Wth the direct appli-
cation of System No. 29 elastoner to the epoxy, failure occurred between
the el astoner and the epoxy. System No. 30 was tested only under Condi -
tion No. 1, as was System No. 29. The adhesive strength of System No.
30 went down slightly after RT inmmersion, but its node of failure was
100 percent at the interface of the bond coat and the epoxy basecoat.
System No. 31 increased slightly in adhesive strength after all the

i mersion tests. However, an increase in adhesive strength in the

| aboratory did not translate into resistance to delamnation in the

field.
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Esti mated Costs

41. Table 2 contains figures on the estimated cost per square foot
in dollars for the coating systenms investigated. These figures were
supplied by the manufacturers of the coating systens and include mate-
rials and application, but exclude surface preparation. Because each
coating systemhas its own application and handling characteristics, an
i ndi vidual estimate is needed for each systemand the relative com
plexity of each feature to be coated. The figures presented are based
on "average" conditions and quantities and are presented only for the

nost unspeci fic conpari sons.
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PART V: RECOMMENDATI ONS FOR FI ELD TESTI NG

42. Based on laboratory testing, the follow ng coating systens
are recommended for field testing under either SW(w th reservations
noted) or FWi mersion conditions.

a. The basecoat for the systemused in | aboratory testing
consi sted of one coat of M L-P-24441/29 F150, type IV Green Primer
(Epoxy); two coats of M L-P-24441/30 F151, type |1V Haze G ay (Epoxy)
topcoat; target DFTs —3 mils primer, 6 mls topcoat, for a total 9
mls. The use of an epoxy zinc primer should enhance the corrosion
resi stance at breaks in the filmw thout otherw se affecting the
performance of the urethane topcoat. |If a 3-m | epoxy zinc primer is
used, one of the topcoats can be onmtted, thus resulting in a 9-ml
basecoat for the system

b. System No. 26 —Aromatic iscocyanate adhesive priner/bond
coat; elastoneric aromatic aliphatic pol yurethane topcoat. This system
performed reasonably well in all of the tests, although "welts" appeared
in the SWinmersion test.

c. SystemNo. 29 —Self-primng elastoneric aromatic pol yure-
t hane topcoat. This system perfornmed reasonably well in the tests and
requires no priner/bond coat. A tendency to entrain air in the mxing
process was noti ced.

d. System No. 30 —NMbisture cure m xed aromatic isocyanate
primer/bond coat; elastomeric aromatic noisture cure pol yurethane
topcoat. This systemis the only elastoneric noisture cure pol yurethane
topcoat tested in the series. It perforned reasonably well in the
tests, although blistering occurred at approximately 77 percent of the
QUV- Prohesion test. This system has the shortest time before i mersion,
one-third of a day at 75 °F (23.9 °C), of any systemtested.

e. System No. 31 —Isocyanate bondi ng priner/bond coat;
el astomeric aromatic pol yurethane topcoat. This system perforned
reasonably well in the tests, although it exhibited "welts" in the SW

i Mmersion test and blistering approxi mately 83 percent of the way

t hrough the QUV-Prohesion test. However, it had the |owest ng/mn | oss
(13.4) of any of the systens being reconmended for field testing in the
bl asting nmedi a i npact abrasion test.

f. SystemNo. 33 —Self-primng (no priner/bond coat) el asto-
meric aromati c asphalt pol yurethane. This systemis the only bitunen-
nodi fi ed el astoneric pol yurethane topcoat tested in the series.

Overall, it had the nbst consistent and reasonably good performance
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across the spectrumof tests of any of the topcoats tested. It had the
best performance in the QUV-Prohesion test of the topcoats tested;
however, because it is a bitunmen-containing coating, it could be
adversly affected by exposure to direct sunlight. A reflective topcoat
woul d be a possibility for this system
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PART VI: FIELD EVALUATI ON OF COATI NGS

Backgr ound

43. Three field applications were performed on tainter gates

| ocated on the M ssissippi Rver. Test nunber one was initiated during
August 1992 at Lock & Dam No. 5, M nneiska, MN. Surface preparation and
coating application were performed by | aboratory and district personnel
Test number two was initiated during October 1993 at Lock & Dam No. 16,
Muscatine, |IA and test nunber three was initiated during June 1994 at
the sane site. Procurenent of coatings and all surface preparation and
application at Lock & Dam No. 16 were conducted through nodification of

an existing contract for painting the gates.

Field Test Nunber One

Sur f ace Preparation

44. The test area consisted of a section of the gate's downstream
waterline area approximately 8 ft tall and across the entire face of the
gate. The steel surface was abrasive blasted using river sand. Except
around t he edges of several rivets, the quality of the blast net the
requi renents of SSPC-SP 5. The quality of the bl owdown was | ow because
only atom zation air fromthe spray gun was used to renpbve excess
abr asi ve.

Application of E-303d

45. A single kit of E-303d was m xed and sprayed using a conven-
tional agitator pot. The material was thinned approxi mately 20 percent
with ALG-50 and applied to the first 12 ribs and bays counted fromthe
Wsconsin end of the tainter gate. The anbient tenperature was recorded
as 70 °F with a relative humdity of 50 percent. Dry filmthicknesses

averaged 3.5 mls
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Application of ML-P-24441

46. After allowing the E-303d to cure for 16 hours, M L-P-24441
Formul a 150 Type IV epoxy was applied using airless spray. A wet film
of 5to 7 mls was applied without sagging and left to cure. After 4
hours, a coat of M L-P-24441 Formula 151 Type IV was applied uniformy
over the Fornula 150. Both Formula 150 and Formula 151 were supplied by
t he sane manufacturer to ensure conpatibility and uniformty. Wt film
t hi cknesses of the Fornula 151 nmeasured during application were found to
be 5to 7 mls. Once cured, the neasured DFT of the entire system
ranged from10 to 20 mls with nost neasurenments between 13 and 14 mls
The anbi ent tenperature ranged from60 °F to 72 °F with a relative
hum dity at 11: 00 a.m of 50 percent. The relative humdity reached 100
percent approximately 8 hours after application of the conplete system
whi ch del ayed application of the urethane topcoats for 40 hours.

Application of System No. 29

47. System No. 29 is a two-conponent el astomeric pol yurethane with
a conbi ned volune solids of 68 percent. It requires mxing in a four-
to-one ratio using an air driven stirrer. The paint was applied to the
first three ribs and bays counted fromthe Wsconsin side of the gate
using airless spray and was applied over the E-303d/ M L-P-24441 system
After allowing the coating to cure for 24 hours, total DFTs were
measured and found to range from35 to 50 mls with an average of 44
mls. The coating was soft and weak and coul d be easily scraped from
t he epoxy substrate using thunbnail pressure. The manufacturer's
techni cal support indicated that the coating woul d becone nore durable
as the curing process progressed.

Application of System No. 31

48. System No. 31 consists of both a bond coat and a urethane
topcoat. The bond coat is a two conponent coating mxed 1:1 and
containing 8 percent total solids; the topcoat is a two-conponent
el astonmeric sprayabl e urethane. The test section consisted of the

fourth through sixth ribs and bays, counted fromthe Wsconsin side of
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the gate, and the coating was applied over the E-303d/M L-P-24441
system Using a brush and roller, the clear adm xed bond coat was
applied and then left to cure for 10 minutes before being topcoated by
the urethane. The urethane requires nmxing in the ratio of 3:1 but does
not require thinning to be applied with airless spray. To build a
systemwith a 30-m| DFT, the painter had to apply four coats of the
urethane. After allowing a 24-hour cure tine, the material was found to
have cured sufficiently to be very tough with total DFTs ranging from 40
to 60 mls and nost nmeasurenments within the 40 to 45 nmi| range.

Application of System No. 26

49. System No. 26 consists of both a bond coat and a urethane
topcoat. The bond coat prescribed for use with this system consists of
t hree conponents m xed together and applied by brush and roller. The
bond coat was applied over the E-303d/M L-P-24441 systemon the seventh
through ninth ribs and bays of the gate, counted fromthe Wsconsin side
of the dam After allowing it to cure for 90 m nutes, the urethane
topcoat was applied using airless spray. The urethane was first applied
as a light tack coat and then left to sem -cure before proceeding with
heavi er buil dup. After 15 minutes, two additional passes were applied
successively to produce the targeted 30 m| DFT, which was free of
saggi ng. Total DFT measurenents 24 hours later ranged from40 to 65
mls with nost neasurenments in the 45 to 50 m| range.

Application of System No. 30

50. System No. 30 consists of both a bond coat and a urethane
topcoat that are single-conmponent, noisture-cure urethanes. The bond
coat was thinned 20 percent and applied over the E-303d/ M L-P-24441
systemwith airless spray to the 10th through 12th ribs and bays of the
gate, counted fromthe Wsconsin side of the dam After allow ng the
bond coat to cure for 20 minutes, the urethane was m xed thoroughly for
application; however, as the material was mxed, it began to cure. The
vi scosity rose quickly enough that application by airless spray was not

ef ficacious; therefore, the material was transferred to a pressure pot
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and conventional equi prent was used. Two coats were applied wthout
sagging and left to cure overnight. After curing for 24 hours, the
material was found to be very tough and had total DFTs ranging from 45
to 55 mils with nost neasurenents between 52 and 53 mils

Eval uation of Coatings in Field Test No. One

51. After application, the coatings were left to cure for 1 week
before the | ocknaster returned the gate to service. Lock & Dam No. 5
was revisited in 10 nonths to ascertain integrity of the coatings.

52. System No. 29 exhibited topcoat |oss on the |eading surface of
the ribs in the waterline area, edges were gone, and adhesion was fair
A portion of the topcoat was renoved and found to be soft and weak.

53. System No. 31 exhibited topcoat |oss on the |eading surface of
the ribs in the waterline area, edges were gone, and adhesi on was poor
A portion of the topcoat was renoved and found to be extrenely tough;
the toughest material applied at this site. The manufacturer's techni-
cal support personnel blane the adhesion failure on the sensitivity to
nmoi sture during cure of the poly-urea bond coat. It was stated that a
| ess noi sture-sensitive bond coat could be supplied if the test were
repeat ed.

54. System No. 26 exhibited topcoat |oss on the |eading surface of
only one rib in the waterline area. Overspray fromthe application of
System No. 30 may have caused the isol ated adhesion failure. El sewhere
in the test area the adhesion was excellent; the coating could not be
renoved fromthe gate during the knife test. A portion of the coating
was renmpoved and found to be extrenely tough

55. System No. 30 exhibited topcoat |oss on the |eading surface of
the ribs in the waterline area, edges were gone, and adhesi on was poor
with failure occuring between the bond coat and the epoxy. A portion of
t he topcoat was renoved and found to be soft and weak. The renpved
coating was stretched, and the bond coat cracked while the topcoat

stret ched.
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Field Test Nunber Two

Sur f ace Preparation

56. The steel surface was abrasive blasted to an SSPC- SP-5 grade
using silica sand; the average profile was 3.3 nmls

Application of E-303d

57. E-303d was m xed, thinned between 5 and 10 percent wi th nethyl
ethyl ketone, and sprayed with a 45:1 airless unit. It was applied to
both the upstream and downstream sides of the gate. During painting
operations, the anbient tenperature ranged from47 to 65 °F with a
relative hum dity between 27 and 86 percent. The coating was applied
over 7 workdays with the actual application |asting approximtely 15
hours. DFTs ranged from1l to 6 mls with nbst neasurenents averaging 5
mils.

Application of ML-P-24441

58. The E-303d was cured from 24 to 65 hours before being top-
coated with M L-P-24441 Formula 150 Type 1V epoxy. Wen applied with
the 45:1 airless unit, the Formula 150 required no thinning. The entire
gate was painted with Fornula 150 in 4 hours and not recoated for 48
hours. Application of the Formula 150 epoxy resulted in a neasured
total DFT of 6 to 10 mils. The Fornmula 150 was topcoated with M L-P-
24441 Fornmula 151 Type 1V epoxy. Both Formula 150 and Forrmul a 151 were
supplied by the sanme manufacturer to ensure conpatibility and uni -
formty. The Formula 151 epoxy was left to cure for 24 hours. Measured
total DFT for the systemranged between 10 to 14 mls. During applica-
tion and curing, the anbient tenperature ranged from50 to 53 °F with a
relative hum dity near 41 percent.

Application of System No. 35

59. The gate test area was divided in half with System No. 35
applied to the eastern end of both the upstream and downstream si des.
The contractor contacted the manufacturer for field guidance on the

application of the system but the manufacturer did not respond. System
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No. 35 is the sane as System No. 31 except with a different bond coat.
The bond coat is a 100 percent solids, two-conponent, epoxy prinmer; the
topcoat is a two-conponent, sprayable urethane. After m xing, the bond
coat was thinned with xylene and applied using a 45:1 airless punp.
After a 40-hour cure, the urethane topcoat was applied using the sane
application equipment. The systemdid not cure. The manufacturer's
reconmendati ons were reviewed along with the contractor's m xi ng
operation notes, and it was determ ned that the urethane topcoat had
been m xed 1:1 instead of 3:1, resin to curative, respectively.

Application of System No. 36

60. System No. 36 is the sane as System No. 26 but with a dif-
ferent bond coat. At the contractor's request, the manufacturer sup-
plied two on-site representatives to oversee the application. The bond
coat is a two-conponent, 100 percent solids, epoxy priner that can be
spray or brush applied; the topcoat is a two-conmponent pol yurethane.

The gate test area was divided in half with System No. 36 applied to the
western end of both the upstream and downstream sides. The bond coat
was m xed thoroughly, thinned with xylene, sprayed using a 45:1 airless
unit. The application was difficult. The manufacturer’s technical data
indicated the material could be applied at as |ow as 40 °F. Tenper a-
tures at the time of application were in the lowto mddle 50s °F
however, the material was so viscous it could not be punped or atom zed
satisfactorily. The manufacturer’s representatives agreed that thinning
was required and that methyl ethyl ketone (MEK), available at the job
site, would be acceptable for thinning. This allowed the material to be
punped, but atom zation was still |ess than adequate. Product informa-
tion recommended the bond coat cure from1l to 16 hours before topcoat-
ing. The material appeared to have cured properly by the foll ow ng
nmor ni ng, when the urethane was nmi xed and applied using the same appli ca-
tion equi pment. The anbient tenperature during application ranged from

44 to 50 °F with an average relative humdity of 66 percent.
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Eval uation of Coatings in Field Test No. Two

61. Due to the mxing error of SystemNo. 35, little usefu
know edge about the system was gai ned when the test site was visited 12
months later. The systemwas easily stripped fromthe gate using
t hunbnai | pressure and was still sonewhat gummy. The urethane topcoat
was conpletely mssing fromthe waterline area and fromthe edges on the
ribs. After 18 nmonths, the topcoat was conpletely gone fromthe
underwat er area of the upstream side of the gate; however, the epoxy
systemwas in near perfect condition with small areas of bare stee
vi sible on approxi mately 40 percent of the rivet heads. The upstream
area above the waterline was still gumy. On the downstream side of the
gate sone topcoat still remained in protected areas of the ribs but was
conpl etely gone fromareas that were easily abraded. The epoxy was in
excell ent condition with bare steel visible only on the sharp edges of
the ribs.

62. System No. 36 appeared to have del am nati on probl ens when
observed at the end of 12 nonths. The failures were observed both
bet ween the topcoat and the bond coat and between individual |ayers of
the topcoat. The adhesi on was poor between topcoats wherever a second
topcoat had been applied. Adhesion to the bond coat was fair to good.
Adhesi on of the bond coat to the epoxy was excellent, and the epoxy
system was perform ng superbly. After 18 nonths, little additiona
change was noted. The urethane was gone fromthe bond coat on the face
of the Iower downstreamgirder. (This is the nost abrasive area of the
gate.) Some |eading edges of the ribs in the downstreamwaterline area
were al so void of urethane. Erosion of the epoxy in these areas exposed

as much as 1/4 inch of steel on sharp edges of the ribs.
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Field Test Nunber Three

Sur f ace Preparation

63. The steel surface was abrasive blasted to an SSPC- SP-5 grade
usi ng sl ag abrasive. The bl omdown was adequate to renove the dust.

Application of E-303d

64. The E-303d was power mxed for 19 m nutes before bei ng added
to an agitator pot and applied with a 45:1 airless unit. The entire
gate was coated with E-303d and, once cured, measured DFT averaged 3.7
mls. During the painting operation, the steel ranged in tenperature
from90 to 112 °F, the initial anbient tenperature was 85 °F, and the
dewpoi nt was cal cul ated as 66 °F. The E-303d applied evenly and wit hout
i nci dent .

Application of ML-P-24441

65. After the E-303d had cured for 72 hours, the ML-P-24441
Formul a 150 Type IV epoxy was readied. The contractor nixed the
material for 20 m nutes and allowed 1 hour of induction time prior to
application. Using a 45:1 airless punp with the inlet pressure set at
80 psi, the Formula 150 was applied easily. The entire gate was painted
with Fornula 150 in 4 hours and left to cure for 48 hours. DFT of the
system after application of the Fornula 150 epoxy ranged from6 to 10
mls. The Formula 150 was then uniformy topcoated with M L-P-24441
Formul a 151 Type |V epoxy using the same application procedures. Both
Formul a 150 and Formula 151 were supplied by the same manufacturer to
ensure conpatibility and uniformty. The Formula 151 epoxy was left to
cure for 24 hours and DFT for the systemranged from10 to 14 nils
During curing the nighttine anbient tenperature dropped to 50 °F with a
relative hum dity near 41 percent.

Application of System No. 35

66. System No. 35 consists of both a bond coat and a topcoat.
Recomendati ons fromthe manufacturer suggest applying the bond coat to

a 2-m| DFT and allow ng the product to cure set-to-touch before
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topcoating. Two 45:1 airless units were used to apply the bond coat.
Control of coating thickness, especially in conplex areas, was diffi-
cult. After sufficient curing time, the DFT was neasured. |t was
cal cul ated the bond coat thickness ranged from2 to 12 nmls. Were
there was excessive filmthickness, the green colored material appeared
streaked. The topcoat then was m xed wi thout thinning and applied using
a 45:1 airless setup. An initial tack coat was applied to the gate
before major filmbuilding. The painters tried to apply the paint at 10
wet mils but the filmran and sagged. It was determned that only 5 wet
mls could be applied during a single pass. The steel tenperature
ranged from84 to 100 °F. Initial anbient tenperature was 78 °F and the
dewpoi nt was deternmined to be 68 °F. The contractor requested on-site
techni cal gui dance fromthe manufacturer; however, the manufacturer
of fered no personnel

67. A nunber of problens were encountered during application. The
pai nters conpl ai ned that the bond coat was seeping through their
clothing and burning their skin. The pot life of the urethane is
extrenely short (less than 20 minutes at 100 °F). The urethane requires
mxing ina 3:1 ratio, which makes it difficult to mx batches smaller
than a full 20-gallon kit. The m xing requirenments coupled with the
short pot life make it exceedingly difficult to apply the system w t hout
the material setting up in the pot or lines. After curing, the system
was too thin in places and therefore required an additional coat. To
topcoat the urethane, once cured, the surface nust be roughed up and a
bond coat different fromthe original material nust be applied.

Application of System No. 36

68. System No. 36 consists of both a bond coat and a topcoat. The
bond coat is a two-conponent, 100 percent solids, epoxy primer that can
be spray or brush applied; the topcoat is a two-conponent pol yurethane.
The bond coat has a pot life of just 20 mnutes; therefore, it is
critical to ensure that all access and equi pnent is ready before m xing.

After 15 mnutes of mxing wthout thinning, the bond coat was ready for
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application. A 45:1 airless setup was used and the material was applied
to a thickness which yielded a DFT of 4 nmils once cured. During
application of the bond coat, the tenperature of the steel ranged from
62 to 108 °F with an initial anbient tenperature of 68 °F and a dewpoi nt
of 62 °F. Once applied, the bond coat appeared nonuniformwi th |ight
and dark areas that corresponded to light and heavy fil mthicknesses,
respectively. The pol yurethane was then m xed w t hout thinning and
appl i ed using the sane equi pnent setup

69. An initial tack coat of the urethane was applied and left to
sem -cure before heavy building. Although the manufacturer's product
i nformation indicated that the urethane could be built up to "1/8 in

dry thickness...in 2 - 3 coats,"” the material exhibited severe sagging
when built up using only 10 mils of wet film To get the material to
adhere to the bond coat without sagging, the applicators reduced the

i ndi vi dual coat wet filmthicknesses to between 5 and 8 nmils and al | oned
for a cure tine of between 10 and 15 minutes between coats. On hori -
zontal surfaces, the urethane's appearance was satisfactory, but around
angl es, on the back sides of channels, and on the vertical gate itself,
excessi ve runni ng and saggi ng occurred. The onsite manufacturer's
representatives were unable to give explanations for the product's poor

performance during application.

Eval uation of Coatings in Field Test No. Three

70. Lock and Dam No. 16 was revisited 3 nonths after test
initiation. Large sheets of System No. 35 were intact but churning in
the waters bel ow the dam The coating had been torn from areas of high
abrasi on on the downstream side of the gate. Exam ned under a micro-
scope, the coating contained arrays of air bubbles. The bubbles confer
excellent flexibility upon the coating but offer little resistance to
tearing. The bubbles act alnost |ike a perforated page when faced with
a tearing type action. Cose exam nation of the gate reveal ed the bond
coat still was adhered to the E-303d/M L-P-24441 system but the

ur et hane topcoat had del ami nated fromthe bond coat in sone of the nost
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abrasive areas. In addition to adhesion failures between the bond coat
and topcoat, considerable intercoat adhesion failures occurred as well.
A knife test perfornmed on areas where the topcoat was still adhering
reveal ed that the coating could be stripped fromthe damw th medi um
force. The site was revisited 12 nonths after application and found to
have changed little fromthe 3-nonth visit. Loss of adhesion of the
urethane to the bond coat had progressed in the areas of abrasion
i ncludi ng sone areas along the | ower edge of the upstream side of the
gate. The systemrenained intact in the recessed areas between the ribs
as well as on the majority of the upstreamside of the gate.

71. System No. 36, although not degraded to the |evel of System
No. 35, exhibited many simlar failures. The coating was m ssing from
the edges of ribs and in the waterline area. 1In addition, the coating
was easily pulled fromthe bond coat during the knife test. Signs of
i ntercoat adhesion failure were obvious. System No. 36 was no nore
effective than System No. 35. After 12 nonths, little change was noted.
Loss of adhesion of the urethane to the bond coat had progressed in the
areas of abrasion on the downstream side of the gate. The system
remai ned intact in the recessed areas between the ribs as well as on the

upstream si de of the gate.
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PART VII: CONCLUSI ONS

72. The nost severe |aboratory test was the QUV-Prohesion test.
Three of the tested systens blistered (with corrosion under the conmon
epoxy basecoats) and all the systens had greater than 1/8-inch (3.2 mm
corrosion undercutting at the scribe lines. Danage to the coating
systens, both at the surface and at the substrate, was appreciably
greater than the danage done to the REMR-EM 7 (Baker and Beitel nan 1992)
coating systens, which experienced exposure only to the QUV-accel erated
weat hering test. The appreciable corrosion danmage at the substrates was
the result of the corrosive atnobsphere present during the Prohesion
cycl es.

73. Al the systens tested passed the 3,000+ hour FWi nmersion
test. Only one systemblistered in the 3,000+ hour SWimersion test,
al t hough no corrosion was observed at the substrate under the blisters
and there was no corrosion undercutting of the scribe lines. An addi-
tional four systens had "welts" but no definite blisters.

74. In the post-imersion adhesion tests, exposing the interfaces
of the coatings in a system whereby the waparound coating |ayers on
the sides of the test panels were peeled off, nade the test nore severe.
More investigation will be needed to determne if exposing the inter-
faces alone will enable the use of a nodified Condition No. 1 (RT only)
i nstead of Condition No. 3. The use of RT instead of boiling deionized
water would elimnate the "bubbling" problens experienced with Systens
No. 29 and 30. The dom nant adhesive failure was at the interface of
t he epoxy basecoat and the bond coat or, in the absence of a bond coat,
the el astoneric polyurethane. Wth the exception of System No. 30,
whi ch had 100 percent Condition No. 1 disbonding of the bond coat/base-
coat interface, the proportions of the planes of failure were m xed.
Only Condition No. 3, with the interfaces on the panels exposed, repli-
cated the same Systens No. 26 and 31 separation observed in the field.

The nmovenent of water laterally under the filmwould, therefore, appear
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to be inportant, as well as novenent vertically through the film
Systenms No. 26 and 31 were the ones that perforned best overall in the
series of imrersion tests conducted in this test program The diffi-
culty of obtaining separation between the two would indicate that System
No. 31 was close to continuing the capability of resisting del am nation
inthe field. Conditions No. 1 and 2 produced sonewhat contradictory
results when the two systens were conpared. Condition No. 3, with the
i nterfaces exposed, produced the only indication of separation. System
No. 26 had denonstrably better intercoat adhesi on and adhesi ve val ues
than did System No. 31. Although somewhat successful in correlating
| aboratory and field performance, the tests are still not definitive at
this point. Mre developnent work will be required to optimze the
testing nmethod and to establish the expected degree of correlation with
field exposure.

75. Filmthickness was not a significant factor in determning
coating performance in the laboratory tests. In the blasting nedia
i npact abrasion test, it was factored out of the conparison data. Film
thickness is nore significant in the field. |If two coating systems have
the sane yearly rate of chal king erosion, etc., the thicker coating wll
have a greater remmining thickness at any given tinme. For elastoneric
pol yur et hanes, penetration of the filmby a "stabbing" or "cutting"
action to a given depth will be a snmaller percentage of the total depth
for a thicker filmconpared with a thinner film

76. The data fromthe investigation, plus Table 12, can be used to
wite performance specifications. Perfornmance specifications for the
exposures envisioned for the coating systens tested include pertinent
data obtai ned experinmentally or fromthe coating manufacturers. The
nore pertinent val ues obtained experinentally are those fromthe
i mrersi on, pulloff adhesion, and blasting nmedia i npact abrasion tests.
The nmore pertinent values and information obtained fromthe coating
manuf acturers are those for generic type, elongation of topcoat,

recoating tine at a standard tenperature, and the mnimumcuring tine
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requi red before imrersion after the fina

a standard tenperature.
tenperatures are at,

vol ume solids, maxi mum VOC, etc.

or in the vicinity of,

coat has been appli ed,

The nost commonly referenced standard
75 °F (23.9 °C). Data on

are also included. Exanples of

m ni mum and/ or maxi mum t opcoat values for the itens nentioned are as

foll ows:

Test

Test Val ue

SW | nmer si on
ASTM D 714- 87

FW | mrer si on
ASTM D 714- 87

(El coneter)
Pul | of f
Adhesi on test:
ASTM D 4541- 89

Bl asting Medi a
| rpact Abrasion
Test

(par agraph 27)

Passes 3, 000 hours,
m ni mum at stated
testing conditions

Passes 3, 000 hours,
m ni mum at stated
testing conditions

400 Ib/sq in (2,758
kPa), m ninum
coating system
applied to a m ni num
1/8-inch thick stee
pl at e.

A maxi mum 30 ng/ mn

at stated testing
condi tions
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Remar ks
For coating systens
to be exposed to SW
(Systems No. 26,
27, 31, and 32 are
guesti onabl e and
shoul d not be
speci fied w thout
further and successful
SWinmersion testing.)

Al'l coating systens
tested passed the FW

i Mmersion test. Three

t housand hours have
been used for the SW
and FWimersion tests
because experience has
shown that a coating
systemthat passes 3, 000
hours w Il al nost

i nvariably continue to
pass for many thousands
of additional hours.

Based on the consensus
of opi nion anbng coati ngs
t echnol ogi sts consul t ed.

Based on observed
filmtoughness

pl us tested abrasion
resi st ance.

al so at



Generic Type

Data simlar to that
in Table 1

An exanple is

System No. 26:

Pri mer/ bondcoat —aromatic
i socyanat e adhesi ve.
Topcoat - el astoneric
aronatic-aliphatic

pol yur et hane.

El ongati on: 350 percent, mnimum

ASTM D 412- 87

Die'B or 'C

Recoating Tine 0. 33 hours, m ni mum Overal | range.

at 75 °F 72 hours, maximm Some systenms will fall in
(23.9 °Q bet ween the overal |l range.
M ni mum Curi ng 1/ 3 day, m nimm Overal |l range.

Time after the 7 days, maxi num Sonme systens wil |

final coat has fall in between

been applied t he overall

bef ore i nrersi on range.

at 75 °F (23.9 °Q

Vol urme Sol i ds: 56 percent, m ninmm See "note" bel ow

VCOC 406 g/l
(as supplied) maxi mum

(3.4 Ib/gal), See "note" bel ow
Note: Priner/bond coats for elastoneric pol yurethanes tend to be high
in VOC. Mst manufacturers contacted stated either that they could

supply the same coatings at a |lower VOC, or that they were working on
new, |ower VOC, primer/bond coats.

The 406 g/l (3.4 Ib/gal) figure was

t he highest of any el astomeric pol yurethane topcoat tested. The same
manuf acturers stated that they either had avail able, or were devel opi ng,
| ower VOC el astomeric topcoats, as well.

77. A though half the systens had relatively small () E*,) color
changes in the QUV-Prohesion test, all had next to no gloss retention.
This indicates that where appearance above the waterline is inportant, a
conpati bl e good weat heri ng topcoat

may be necessary. The severity of

t he UVB-313 | anps on pol yuret hane coatings (paragraph 19) indicate field
trials will be needed to establish the degree of topcoat aesthetic

durability in a definitive manner.
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78. None of the elastoneric pol yurethane topcoats investigated
requi re plural conponent spray. Sone do, however, require adequately
si zed and powered punps and ot her spraying equipnment. The best appli-
cation technique for one may not be suitable for another. Consequently,
t horough attention to the manufacturers' instructions and to the entire
application process is required for satisfactory performance of the
coat i ngs.

79. The total initial costs of the coating systens tested are
hi gher than those of the systens tested for Baker and Beitel man (1992).
This is not surprising, considering that a heavy (60 mls [1.5 mm)
topcoat of a costly coating material is being applied over a coating
systemsinmilar to those in Baker and Beitel man (1992). Field experience
will determine if aless frequent need for waterline coating repairs and
an extended satisfactory service life will result in equal or |ower
life-cycle costs. Also, the devel opnent of better and nore econom ca
conbi nati ons of base and topcoats woul d have a favorable effect on
costs.

80. The data acquired in this investigation provide control points
for the performance recorded for the coating conbinations and under the
sets of conditions and filmthicknesses in force at the time of testing.
These control points will prove useful for future investigations of the
ef fects of changing coating conbinations, filmthicknesses, conditions
of testing, etc., for any of the coating systenms in the investigation

81. The systens were chosen for field testing based on | aboratory
performance data; however, once placed in the abrasive environnment of
the inland waterways, failures were noted. The failures observed ranged
fromlocalized del am nation to absol ute del am nation of the entire poly-
uret hane topcoat. In general, the gross adhesion failures were due to
interface probl ens between the bond coats and the respective topcoats.

82. Wien attenpting to adhere two unlike coatings such as an epoxy
and a urethane, success is often inpeded by the difficulty in nmanipul at-

ing the chemistry of one coating to acconmpbdate that of another. Bond
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coats are typically enployed to cenent the two coatings together, but

t hey nust be specifically developed to enulate the chem stry of both
subor di nate coati ngs. The bond coats used in each of the field tests
were prescribed and fornmul ated by the respective nanufacturers to adhere
t he pol yurethanes to an epoxy substrate. However, the extrenme abrasion
and i nmpact that exists on the river creates an environnent in which
intercoat adhesion is easily destroyed. Until stronger adhesion can be
ef fected between the pol yurethane and the bond coat, pol yurethanes wil |
remai n ineffective as a topcoat over epoxies in high abrasion areas such

as tainter gates.
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Table 8. - One-inch Mandre!f bend test data

System No. Average Description of
(one panel tested) dry-film thickness convex immediate
{mils) bending area
25 73.6 NC!
26 106.8 NC
27 71.2 NC
28 71.2 NC
29 71.4 NC
30 69.6 NC
at 59.6 NC
32 96.2 NC
33 63.6 NC
34 68.4 NC

Notes

NC = No cracking or loss of adhesion,
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Table 13. Results of post-immersion pulloff adhesion tests.

Pulloff adhesion - 3 pulls
System | Condition - - Middle Pull,
No. No. Post-immersion | Main Report Post-immersion Remarks
: Ibfin? (kPa) | Ibfin*  (kPa)

26 1 283 1951 567 3909 90% to bond coat; 6% to basecoat topcoat;
4% to basecoat primer

26 2 493 3389 567 3909 80% to basecoat topcoat; 20% intracoat,
basecoat topcoat

26 3 410 2827 567 3909 | 40%to basecoét topcoat; 60% to substrate

29 1 572+ 3943+ 512 3530 80% to basecoat topcoat; 20% intracoat,
basecoat topcoat

29 1 --em - - s Could not be tested because of topcoat
condition

29 3 Not tested

30 1 275 1896 320 2206 100% to basecoat topcoat

30 2 -—- --- -ees - Could not be tested because of topcoat
condition

30 3 e - Not tested

31 1 258 1779 240 1655 Only the middie pull gave a result. 8% to
basecoat topcoat; 80% intracoat, basecoat
topcoat; 12% to basecoat primer

31 2 375 25685 240 1655 | Primarily glue line failure. Only the top pull
gave a result. it was 20% to bond coat;
80% intracoat, basecoat topcoat

31 3 318 2192 240 1655 20% intracoat, basecoat topcoat; 65% to
basecoat topcoat; 10% to basecoat primer
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Technical Report REMR-EM-9
Abrasion Resistant, Volatile Organic Compound (VOC)
Compliant Coatings for Hydraulic Structures

Key
Manufacturer System Number System
Ameron Basecoat for all MIL-P-24441/29
P.O. Box 1020 systems F150 Type IV
Brea, CA 92621 Green Epoxy Primer
(714) 529-1951 MIL-P-24441/30
F151 Type IV
Haze Gray Epoxy Topcoat
Online Systems 25 Irathane FW-40 Primer
30 Endicott Street Irapair 255NM Topcoat
Danvers, MA 01923
1-800-876-2543
Online Systems 26 Irathane FW-40 Primer
Irapair 155NM Topcoat
United Coatings 27 Primer 302
East 19011 Cataldo Uniflex 455 Topcoat
Greenacres, WA 99016
1-800-541-4383
Tnemec Company, Inc. 28 Series 143 Elasto-Shield
P.O. Box 411749 Beige and Gray
Kansas City, MO 64141-1749
(816) 483-3400
Ameron 29 Amerthane 487
Wasser High-Tech Coatings 30 MC-Conseal Primer
8041 South 228", Bldg. 103 MC-Elastothane Topcoat
Kent, WA 98032
(206) 850-2967
Thane-Coat 31 Primer 300
10400 Westoffice Drive Ultrathane CS-150-S
No. 120 Topcoat
Houston, TX 77042
(713) 780-0990
Thane-Coat 32 Primer 400
Ultrathane CS-100 Topcoat
CIM Industries, Inc. 33 CIM 1000
94 Grove Street
Petersborough, NH 03458
1-800-543-3458
Futura Coatings, Inc. 34 Futura-Thane 585

9200 Latly Avenue
Hazelwood, MO 63042
(314) 521-4100


Editor's Note
Attachment referred to in the Approach section of this report.
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