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Abstract

The Department of Defense spends billions annually on corrosion-related
maintenance. It has recently been estimated that at least 25 U.S. Army in-
stallations have severe corrosion problems with above-ground steel stor-
age tanks. Coatings are widely recognized as a “first line of defense” for
protecting these steel structures. Thus, the Office of the Secretary of De-
fense Corrosion Prevention and Control Program sponsored a project that
demonstrated and evaluated new technology with two thermally sprayed
coating systems for corrosion protection of steel structures in severely cor-
rosive environments. The technologies included metallizing a steel tank
with zinc-aluminum alloy and flame-spraying a polyolefin powder coating
on the legs of an elevated steel storage tank. This report documents the
materials and application of the two coating systems and subsequent per-
formance evaluations. Metallizing is more costly than traditional organic
coatings and is often overlooked as an option. However, life-cycle costs in
highly corrosive environments can actually be lower than using organic
coating systems. As this project demonstrated, the flame-sprayed polyole-
fin coating is too costly for use on large steel structures. Guidance docu-
ments are identified to help make decisions on the use and procurement of
metallizing coating systems. The project’s return on investment was calcu-
lated to be 2.94.
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1.1

1.2

Introduction

Problem statement

Billions of dollars are annually spent dealing with the effects of corrosion
on Department of Defense (DoD) infrastructure facilities (Herzberg, Kelly,
and O’Heara 2010). Coatings are widely recognized as a “first line of de-
fense” for protecting steel structures from corrosion.

Severe corrosion problems were identified on several above-ground steel
fuel- and water-storage tanks at Fort Bragg, North Carolina. These deterio-
rating structures needed to be rehabilitated before they begin to fail, which
would cause leaks or lead to other types of catastrophic failure. It is esti-
mated that 25 other U.S. Army installations have similar problems with
above-ground steel storage tanks. Further, because corrosion is inevitable
and all corrosion-control systems have a finite life cycle, it can be reasona-
bly assumed that similar corrosion problems on steel structures must be
addressed at virtually all U.S. military installations worldwide.

Fuel- and water-storage tanks are defined as critical infrastructure, so
there is an urgent need to evaluate emerging protective coating technolo-
gies that improve corrosion control and reduce maintenance costs. The
DoD’s Corrosion Prevention and Control (CPC) Program supports demon-
strations of emerging technologies for prospective implementation by the
military services. This report documents a demonstration and evaluation
of the effectiveness and cost of two innovative corrosion-control technolo-
gies, performed under the CPC Program by the U.S. Army Engineer Re-
search and Development Center, Construction Engineering Research La-
boratory (ERDC-CERL).

Objectives

The objective of this project was to demonstrate and evaluate two thermal
spray coating technologies and their performance for the corrosion protec-
tion of steel structures. The two demonstrated technologies were as fol-
lows:

« Thermal arc-sprayed zinc-aluminum alloy (to provide galvanic protec-
tion of the steel substrates)
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1.3

1.4

« Flame-sprayed ethylene acrylic acid (EAA)-modified polyolefin powder
coating.

Approach

The thermal arc-sprayed zinc-aluminum alloy was selected to be applied to
a steel heating plant fuel tank serving the 82rd Airborne Division at Fort
Bragg. The tank was grit-blasted to remove all corrosion and existing coat-
ings. After applying the zinc-aluminum alloy coating, an acrylic coating
was applied as a finish coating and sealer.

The EAA-modified thermoplastic polyolefin powder coating (hereafter re-
ferred to simply as the “polyolefin coating”) was applied to the support
legs of a steel above-ground water-storage tank next to the 82nd Airborne
Division Headquarters building. Grit blasting was performed prior to
flame-spraying the polyolefin coating, to remove all surface contaminates
and old coatings and to provide a surface profile to promote adhesion.

Steel panels measuring 6 x 12 in. were prepared, using the same surface
preparation and coatings application as the tanks, and they were mounted
on a test rack for outdoor exposure testing and evaluation. Site inspections
were conducted to evaluate coating performance on both the exposure
panels and the tanks themselves. In addition, select panels underwent fur-
ther laboratory analysis.

Metrics

The metrics used to assess the performance of the demonstrated systems
were as follows:

1. Ease of application was determined for both the metallizing and
flame spraying of the polyolefin coating, including surface preparation re-
quirements. Surface cleanliness, grit-blasted profiles of the steel, and
thicknesses of the applied coatings were measured during the demonstra-
tion phase. Overall ease of application was determined by observation of
the entire process.

2. Coating effectiveness was determined for corrosion prevention and
control on a steel structure. This assessment was accomplished by inspect-
ing the applied coatings on the steel tank structures after a time period of
exposure to the elements. Performance was also assessed using steel test
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panels that were coated with the same coatings as on the tanks and then
mounted on an atmospheric exposure test rack. A cut line down to bare
steel was purposely scribed in the test panels when first mounted on the
rack. Visual corrosion on the panel and along and away from the scribe
mark (called rust creepage) was used to assess the ability of the coatings
for corrosion prevention of the coated steel.

3. Cost benefits were assessed on the two different coating system com-
pared to a conventional wet-applied, high-performance coating system.
This assessment was accomplished by calculating and comparing the costs
per square foot for applying the coatings to the steel structures used in the
demonstration. A Project Return on Investment (ROI) was performed us-
ing methods prescribed by Office of Management and Budget (OMB) Cir-
cular, Guidelines and Discount Rates for Benefit-Cost Analysis of Federal
Programs (OMB 1992).

The following standards were used to execute this demonstration and to
assess the performance of the demonstrated coating systems:

« SSPC-SP5 (NACE No. 1) “White Metal Blast Cleaning” was the required
level of surface preparation for all surfaces of both the heating plant’s
fuel tank and the elevated water-storage tank’s legs.

« ASTM D1014 “Standard Practice for Exterior Exposure Tests of Paints
and Coatings on Metal Substrates” was used in the preparation and
coating of all test panels.

« ASTM D1654 “Standard Test Method for Evaluation of Painted or
Coated Specimens Subjected to Corrosive Environments,” Procedure A
was used in the evaluation of the scribed coating test panels.

o The flame-sprayed polyolefin coating was required to be free of pin-
holes when tested with a low voltage (67.5 V), wet sponge holiday
detector.

« ASTM D4417 “Standard Test Methods for Field Measurement of Sur-
face Profile of Blast Cleaned Steel” was used to measure the blast sur-
face profile.

« ASTM D4541 “Standard Test Method for Pull-Off Strength of Coatings
Using Portable Testers” was used in the preparation and coating of all
test panels.

o Average adhesion not less than 750 psi was required for the applied
zinc-aluminum alloy, with no single adhesion measurement less
than 80% of the specified minimum average adhesion.
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o The flame-sprayed polyolefin coating was required to have a mini-
mum adhesion to steel of 1000 psi, when measured at no more than
four locations on each column.

« ASTM D7091 “Standard Practice for Nondestructive Measurement of
Dry Film Thickness of Nonmagnetic Coatings Applied to Ferrous Met-
als and Nonmagnetic, Nonconductive Coatings Applied to Non-Ferrous
Metals” was used to measure coating thickness for both the zinc-alumi-
num and polyolefin coatings.

o For the zinc-aluminum coating, a minimum average thickness of
6 mil was required for the completed system with the thickness at
any one spot not be less than 5 mil.

o The flame-sprayed polyolefin coating, an average thickness of
15 mil was required, with the thickness at any one spot not less than
12 mil.
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2.1

Technology Demonstration

Technology overview
2.1.1 Metallized coating

Thermal spraying, also known as metallizing~ is a group of processes
wherein feedstock metals are heated and then propelled as individual par-
ticles or liquid droplets onto a surface. The thermal spray gun generates
the necessary heat by using combustible gases or an electric arc. As the
materials are heated, they are changed to molten state and are confined
and accelerated by a compressed gas stream to the substrate. The particles
strike the substrate, flatten, and form thin platelets (splats) that conform
and adhere to the irregularities of the prepared substrate and to each
other. As the sprayed particles impinge upon the surface, the particles cool
and then build into a laminar structure to form the thermal-spray coating.

The coating that is formed is not homogenous, and it typically contains a
certain degree of porosity; also, in the case of sprayed metals, the coating
will contain oxides of the metal. Feedstock material may be any substance
that can be melted, including metals, metallic compounds, cements, ox-
ides, glasses, and polymers. Feedstock materials can be sprayed as pow-
ders, wires, or rods. The bond between the substrate and the coating may
be mechanical, chemical, metallurgical, or a combination of these. The
properties of the applied coating are dependent on the feedstock material,
the thermal-spray process and application parameters, and the post-treat-
ment of the applied coating.

An 85% zinc and 15% aluminum alloy was selected for this demonstration.
(Note that the 85/15 designation is a weight ratio, and the metals are es-
sentially in a 50/50 ratio by volume.) Fort Bragg personnel identified sev-
eral above-ground steel fuel-storage tanks as candidate facilities for the
application of the zinc-aluminum alloy coating. The 33.5 ft diameter and
34 ft high steel fuel-storage tank shown in Figure 1 was selected for the
metallizing demonstration.

* Also sometimes spelled as “metalizing.”
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Figure 1. Heating plant fuel tank for application of the zinc-aluminum coating.

2.1.2 Thermoplastic polymer coating (flame spray)

Similar to the metallizing process described above, thermoplastic poly-
mers can be melted and propelled onto a prepared metal surface to form a
polymer coating. An EAA-modified polyolefin powder was selected to be
flame-sprayed onto a steel surface to demonstrate this type of thermal
coating process.

The flame-sprayed polyolefin powder coating was applied on approxi-
mately 625 sq ft of the potable water tank’s support legs, a tank that sup-
plies the 82nd Airborne Division at Fort Bragg. Each leg’s diameter is 2.5 ft,
and four legs were coated to a height of 20 ft to make the 625 sq ft total
area of application. Application of the powder coating requires abrasive
blasting of the substrate to remove original coatings and contaminants
from the surface as well as to provide an anchor profile for good adhesion.
The elevated water tank and support legs are shown in Figure 2.
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Figure 2. Elevated water-storage tank (left) with close-up (right) showing the support
legs on which the polyolefin powder coating was to be applied.

2.1.3 Material specifications

2.1.3.1 Abrasive blast

« Material description: “Blackblast,” Grade 20-40"
» Surface quality requirement: SSPC-SP5 (NACE 1), white metal
« Surface profile requirement: 2—4 mils (0.002—0.004 in.)

2.1.3.2 Zinc-aluminum alloy metallizing

« Application machine description: “Bridgemaster”*

« Material description: 85/15 zinc/aluminum alloy, 1/8 in. wire (tech-
nical data sheet in Appendix A)*

» Coating thickness requirement: 6 mils (0.006 in.), average (minimum
allowable, 5 mils [0.005 in.])

« Average coating adhesion requirement: 750 psi (minimum allowable,
600 psi)

* Opta Minerals, Inc., headquartered in Waterdown, Ontario, Canada.
T TMS Metalizing Systems, Ltd. of Bremerton, Washington, USA.
¥ The Platt Brothers and Company of Waterbury, Connecticut, USA.
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2.2

2.1.3.3 Top coat

« Material description: SHER-CRYL™ HPA, single component, high per-
formance, waterborne acrylic, FED STD 595B Color No. 23617 (semi-
gloss); " material technical data sheet in Appendix B

« Dry film thickness (DFT) coating requirement: 25 mils-4 miles (0.0025

in.-0.004 in.)

2.1.3.4 Flame-sprayed EAA-modified polyolefin coating

« Material description: EAA-modified polyolefin powder (technical data
sheet in Appendix C)*

« Application equipment description: Flame spray unit (legacy unit, no
longer in production)

« Coating thickness requirement: 15 mils (0.015 in.) average; 0.012 in.
minimum

Coating application
2.2.1 Heating plant fuel tank
2.2.1.1 Surface preparation of steel heating plant tank

Work began on the heating plant’s tank with the erection of scaffolding
and a tarp enclosure around the tank for containment of the grit blasting
and coating processes (Figure 3 and Figure 4). Proper surface profile is es-
sential for yielding the required metalized coating adhesion to the tank
substrate. Accordingly, the tank surface was visually inspected for SSPC
SP5 (white metal) continuously, and profile measurements were con-
ducted every 100 square feet to ensure proper surface preparation (cleanli-
ness and profile depth) had been achieved. The profile was measured with
replica tape according to ASTM D4417, using a test kit with replica tape.*
Measured profile depth typically ranged from 2—4 mil. Surfaces that did
not meet SSPC SP 5 requirements after inspection were reblasted and re-
inspected until compliance was achieved.

* Sherwin Williams Company, headquartered in Cleveland, Ohio, USA.
T PPA 571, developed by Plascoat, with U.S. distributor in Virginia Beach, Virginia.
* Test kit with Press-O-Film X-Coarse tape by Textex of Newark, Delaware, USA.
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Figure 3. Heating plant’s fuel tank with containment installed (background).
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2.2.1.1 Application of zinc-aluminum alloy

After proper surface preparation was completed, 85%/15% zinc-aluminum
alloy was arc-sprayed on the surface of the heating plant’s tank , as shown
in Figure 5. Abrasive blasting was coordinated with arc-spraying so that no
more than 8 hours had expired between the two processes to ensure opti-
mum adhesion of the metalizing coat to the prepared substrate. The arc-
spray coating was applied to achieve the required thickness by using at
least two half-lapped passes at right angles.

Metallized coating thickness was measured during application per ASTM
D70091 to ensure compliance with project requirements (average thickness
of 6.0 mils with no less than 5.0 mils at any measurement site).” For meas-
urement purposes, the tank surface was divided into areas of approxi-
mately 100 sq ft. The coating thickness was measured at six locations
within each designated 100 sq ft area. Final thickness was obtained by tak-
ing the average of three readings within a 4 in. square at each of the six lo-
cations. Average coating thickness ranged from 7.0—9.0 mil over the entire
tank. The minimum thickness measured was 6.1 mil, and the maximum
thickness measured was 15.0 mil.

Figure 5. Thermal arc spray application of 85/15 alloy.

* MicroTest FM6 gauge by ElektroPhysik, headquartered in Cologne, Germany.
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Metalized coating adhesion was measured per ASTM D4541 at three loca-
tions on the tank, using a hydraulic pull tester.” All three adhesion meas-
urements (dolly breakaway) exceeded 750 psi (required minimum 600 psi
at any measurement site). In addition, coating adhesion was measured on
three steel test coupons prepared identically to the tank surface. Measured
adhesion values (breakaway) on the three test panels were 975 psi, 967 psi,
and 940 psi.

The metalized coating was then coated with the high-performance, water-
borne acrylic in accordance with the manufacturer’s specifications (Appen-
dix B). Total coating thickness (85/15 plus topcoat) was measured by
gauge for compliance with project requirements. Total thickness measure-
ments indicated that the topcoat had been applied in accordance with the
manufacturer’s recommended specifications (2.5—4.0 mil over metalized
coating).

222 Elevated steel water tank legs
2.2.2.1 Surface preparation of elevated steel water tank legs

The polyolefin coating was applied to approximately 625 sq ft of surface
area that was distributed over four of the eight 2.5 ft. diameter legs of the
elevated water tank. The selected legs to be coated were first fitted with
scaffold and tarp to contain the abrasive blast process, as shown in Figure
6 and Figure 7. As with the heating plant’s fuel tank, the surface of the
steel was prepared by grit blasting to remove the existing coating and
other contaminants as well as to provide an aggressive surface profile for
enhanced adhesion. The blasted surfaces were inspected for compliance
with the requirements of SSPC SP 5 (white metal). Surfaces that did not
meet SSPC SP 5 requirements after inspection were reblasted and rein-
spected until compliance was achieved. Surface profiles were measured
and averaged at multiple sites on each leg with a test kit using replica tape
and associated micrometer to verify that the required 2—4 mil anchor pro-
file had been established.

* Elcometer 108 Hydraulic Adhesion Tester, with U.S. distributors in Rochester Hills, Michigan, and Hou-
ston, Texas.
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Figure 6. Water tower leg with containment being installed prior to abrasive blasting.

Figure 7. Water tower leg containment during abrasive blast.

3
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2.2.2.2 Flame spraying of polyolefin powder coating

Flame spraying of the polyolefin powder was initiated at the conclusion of
the abrasive blasting activity for each tank leg. The coating material* con-
sisted of thermoplastic polymers, pigments, and other additives which
were melt-blended by the manufacturer prior to grinding into a powder
format for application through a propane gas flame. Table 1 lists the prop-
erty requirements of the polyolefin powder coating material.

Table 1. Polyolefin coating requirements.

Property
Melt Index Density Hardness
(@ 190°C, 2.16 Kg Load) - -g/cm3- -Shore D -
g/10 Minutes
Requirement 3+1 0.940to 55+ 2
0.970
Per ASTM Standard | D1238 * D792 ** D2240Q ***

* “Standard Test Method for Melt Flow Rates of Thermoplastics by Extrusion Plastometer.”

** “Standard Test Methods for Density and Specific Gravity (Relative Density) of Plastics by Displace-
ment.”

*** “Standard Test Method for Rubber Property—Durometer Hardness.”

Prior to applying the coating, the metal substrate was preheated to 150°F
(65°C) to promote adhesion and flow-out of the melted thermoplastic ma-
terial. A propane torch was used to heat and maintain substrate tempera-
ture ahead of the coating application. Surface temperature was measured
and monitored by using a digital handheld infrared (IR) thermometer. The
powder was dispensed from a storage hopper on the flame spray machine
cabinet. Powder is drawn from the conical hopper using a venturi nozzle at
the hopper base using compressed air. The air and powder mixture was
propelled through the application gun’s flame to melt the thermoplastic
material for spraying onto the substrate. Application activities are shown
in Figure 8—Figure 10.

*PPAST71
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Figure 8. Application of EAA-modified polyolefin powder coating (lighter color)
with flame spray.
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Figure 10. Polyolefin powder being added through a sifter to the hopper of a flame-
spray unit to remove any large particles.

Flame spraying was started at grade level and proceeded upward and
around the support leg by using multiple overlapped passes at right angles
to achieve desired thickness and to maintain thickness uniformity. Four
water tank legs were blasted with abrasive and coated to a height of 20 ft
over a period of four days. Coating thickness was measured by using a
digital instrument” at regular intervals by averaging multiple readings in a
small area at each measurement site. Coating thickness averaged between
13 mil and 20 mil.

Coating adhesion measurements were taken per ASTM D 4541 with the
Elcometer 108 instrument at three randomly selected sites. The three
break-away readings were 1864 psi, 1786 psi, and 1846 psi. Minimum
requirement was 1,000 psi. The coating of flame-sprayed polyolefin
coating was free of pinholes when tested with a low-voltage (67.5 volts),
wet sponge holiday detector.

2.2.3 Test panels

Twelve mild steel-coating test panels (6 x 12 x 0.125 in.) were prepared for
exterior exposure per ASTM D 1014. Six panels were prepared using the
same surface preparation, metallizing, and top coating as was used for the
heating plant’s fuel tank. Another six panels were prepared by using the

* Elcometer 456, Type Il
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same surface preparation and flame-spray application of the polyolefin
coating as used on the elevated water tank’s legs.

Performance monitoring

Performance monitoring of the two coatings was done by using the test
panels described above and by making periodic inspections of the facilities
to which the coatings were applied. The coated panels were mounted 2
February 2009 on a test rack for outdoor weathering exposure located at
the 82nd Airborne Power Plant. The panels, as mounted on the rack, are
shown in Figure 11.

Figure 11. Exterior exposure test panels: Polyolefin coating, bottom row from left;
zinc-aluminum metallized coating sealed with acrylic topcoat - bottom row, right.




ERDC/CERL TR-17-30 17

3.1

Discussion

Results
3.1.1 Field inspection

Field work on the heating plant’s fuel tank and the four legs of the water
tower began on 21 April 21 2008 and was successfully completed on 14
May 2008. ERDC-CERL personnel were on site during two periods in
2008, 29 April-1 May and 13—14 May, to observe the metallizing and
flame-spraying operations. The heating plant tank and water tower legs
were satisfactorily coated with the subject demonstration coatings.

Following 7 years of exposure, the heating plant’s fuel tank and the ele-
vated water tank’s legs were visually inspected by an ERDC-CERL engi-
neer on 06 May 2015. The mounted exposure panels were also inspected
on this date, after which randomly selected panels were removed for fur-
ther evaluation by the ERDC-CERL paint laboratory.

A thorough visual inspection of the heating plant’s fuel tank showed that
the 85/15 zinc-aluminum coating was still providing corrosion protection
after 7 years exposure. Particular attention was paid to areas of penetra-
tions and weld filets. No visible rusting was observed. Figure 12 shows the
heating plant’s fuel tank, as inspected.
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Figure 12. Heating plant’s fuel tank, as inspected on 6 May 2015.
The visible, dark areas are dirt and algae staining.

A thorough visual inspection was also performed on the elevated water
tower tank’s legs, showing the polyolefin coating was still providing corro-
sion protection after seven years exposure. Figure 13 shows one of the legs,
as inspected.

Visual inspection of the exposure panels on the test rack also indicated
that the coatings were providing excellent corrosion protection to the steel.
Randomly selected panels were brought back to ERDC-CERL and sub-
jected to further evaluation in the laboratory, as described in section 3.1.2.
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Figure 13. One of the elevated water tower’s legs finished with the flame-sprayed
polyolefin coating, as inspected on 6 May 2015.

f

1

3.1.2 Laboratory analysis

Of the panels selected for further laboratory analysis, four were metallized
with the 85/15 zinc-aluminum coating and acrylic topcoat, and three were
coated with the thermoplastic polyolefin coating system (panel designation
TPC). Table 2 lists the results of coating thickness measurements, gloss
measurements, and rust creepage per ASTM D1654.
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Table 2. Results of laboratory analysis of exposure panels.

Panel Designation Thickness, Gloss, Average | Rust Creep
Average (mil) | (specular gloss per | from Scribe

ASTM D523) (Grade per ASTM

D1654 Procedure A)

85/15- 07 7.5 2.5 10
85/15- 09 10.2 2.1 10
85/15- 10 13.0 2.2 10
85/15-12 10.4 2.0 10
TPC- 13 16.2 5.0 9
TPC- 15 17.8 3.1 10
TPC- 17 17.2 9.5 8

The rust creep results per ASTM D1654 are a very good indicator of the

coating performance. (Note that per ASTM D1654, a numerical rating of 10

is the highest rating, where rust creepage is at zero. At the other end of the
rating scale, a numerical rating of 0 means that the measured rust creep-
age was greater than 16 mm.) The zinc-aluminum coating system is still
providing excellent corrosion protection to the base steel even after seven
years of exposure to the elements. The polyolefin coating system is still
providing very good to excellent corrosion protection.

Lessons learned

While both the metallized and polyolefin coatings were applied to specifi-
cation, there were some issues encountered with the contractor achieving
minimum surface preparation and required profiles, and with coating
thicknesses. The contractor had to go back and reblast areas to achieve
minimum surface preparation (white metal) and/or surface profile re-
quirements. The contractor likewise had to go back and apply additional
coating to meet minimum thickness especially for the zinc-aluminum met-
allizing. The following insights are presented for further consideration.
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3.2.1 Application issues

Neither the metallizing nor flame-spraying operations lend themselves to
rapid application of the coatings. The metallizing was done with a
handheld gun that applies a small pattern of material. As such, it is easy
for the applicator to produce significantly different thicknesses within a
small areas. Measurements were therefore taken on virtually every square
foot. For this purpose, single measurements were taken (not triplicate as
required by ASTM D7091). Wherever the single measurement was below
the contract minimum, additional measurements were taken to accurately
define the deficient area. New-generation, dual-wire, high-deposition,
thermal spray equipment now allows for larger areas of freshly abrasive-
blasted surfaces to be coated within the prescribed time limits, whereas
older single-wire application rates allowed significantly less area to be
coated.

Both coatings must be applied over blasted, white-metal surfaces. The
blasting operation can prepare more surface area than the coating applica-
tors can cover in a given amount of time, raising the possibility that pre-
pared surfaces may flash rust if blast operations outrun the coating appli-
cators by too great a margin. Therefore, coating and blasting operations
must be well coordinated to prevent causing excessive rework.

3.2.2 Operational issues

The EAA-modified polyolefin powder coating is not readily available in the
United States, and the color selection is limited. In addition, the powder is
expensive, and obtaining nonstandard colors requires minimum purchases
that may exceed the amount needed for small- or moderate-size projects.
Several boxes of powder went unused for this project.
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4.1

Economic Summary

Costs and assumptions

Total project costs for this project were $780,000, as shown in Table 3. An
estimated breakdown of costs for the field demonstration (contract) por-
tion of the total costs is shown in Table 4.

Table 3. Breakdown of total project costs for the demonstration
of long-life thermal spray coatings.

Description Amount, $K

Labor 242
Contracts 483
Travel 25
Reporting 20
Air Force and Navy participation 10
Total 780

Table 4. Long-life thermal spray coatings project costs for the contracted field work.

Item Description Amount, $K
1 Labor for project management and execution 63
2 Travel for project management 10
3 Abrasive blasting of fuel tank 175
4 Abrasive blasting of water tank legs 91
5 Arc spraying of fuel tank 83
6 Sealing fuel tank 21
7 Flame spraying water tank legs 21
8 Cost for EAA-modified polyolefin powder 19

Total 483

Not including ladders and piping fixtures, the heating plant’s fuel tank has
roughly 4,460 sq ft of surface area. Given costs for surface preparation,
materials, and labor for arc spraying per this demonstration project, the
total cost of metallizing comes to approximately $58 per square foot.
Given that 625 sq ft of the water tower’s legs were prepared and coated
with the flame-sprayed polyolefin system, the total cost of flame spraying
the polyolefin powder coating comes to approximately $210 per square
foot.
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The $58 cost per square foot for metallizing, as calculated under this
demonstration, is considered to be slightly higher than is typical for a sim-
ilar project. While many variables can go into establishing actual costs, a
$45 per square foot cost is considered by ERDC-CERL researchers to be a
more reasonable estimate for the work performed (approximately a 25%
reduction to account for contractor inexperience and having to redo grit
blasting to achieve the minimum surface profile and cleanliness and apply-
ing additional metallizing to achieve required coating thickness). There-
fore, $45 per square foot is used in subsequent analyses and calculations.

Given that metallizing provides a very high degree of corrosion protection
at a significantly lower cost over the flame-sprayed polyolefin coating, no
further economic analysis was considered at this time for the polyolefin
coating system. Due to a required minimum purchase amount and much
of the purchased powder material not used, the cost per square foot was
artificially higher than it should be. (A demonstration project only on ther-
mally applied thermoplastic coatings should be considered in the future.)

411 General assumptions

Each Army or other DoD installation can have dozens of steel tanks (e.g.,
water and fuel) that could be candidates for the metallizing technology.
For cost comparisons, assume 50 steel tanks of the type and size used in
this demonstration will be metallized at the rate of 10 per year, and each
tank has 4,460 sq ft of surface area to be coated. The total investment re-
quired for this demonstration project was $780,000 (as itemized in Table
3 above and entered in top line of Table 5 below).

4.1.2 Alternative 1 (baseline scenario)

Over a 5-year period (starting in year 10 to reflect present-day conditions),
10 steel fuel tanks will be coated each year with a high-performance or-
ganic coating system typically used in a corrosive environment. Using R.S.
Means data (Waier 2011), the total cost of applying a high-performance
coating system is $19 per square foot. At 4,460 sq ft per tank, coating costs
total $847,400 for 10 tanks per year. Starting in year 15 (5 years after coat-
ing), each group of 10 tanks will require repair and maintenance at
$10,000 per tank for a per-year maintenance and repair cost of $100,000
for 10 tanks. The repair and maintenance cycle continues through year 25,
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when each group of 10 tanks will need to be completely repainted. The re-
pair and maintenance cycle starts up again 5 years later. These costs are
shown in the Baseline Costs in Column B of Table 5.

Some already-existing tanks that had been coated 15+ years before the
start of this analysis (in year 10) are expected to begin leaking by years 10
through 14. This leakage will result in a $1,450,000 annual cost for years
10-13 due to environmental violations, environmental cleanup, and the
costs for trucking in fuel (cost figure is taken from original Project Man-
agement Plan [PMP]). Leakage on some tanks will occur again in years 25-
29, initiating the recoating of each group of 10 tanks in the year following
the leakage. The costs associated with the leakage and cleanup are in-
cluded in the Baseline Costs in years 25-29 in Table 5.

4.1.3 Alternative 2 (demonstrated technology)

Over a 5-year period (also starting in year 10), 10 steel fuel tanks will be
metallized with the 85/15 zinc-aluminum coating at a cost of $45 per
square foot. This assumption results in an annual cost per group of 10
tanks of $2,007,000, as shown for years 11—14 in Column D (New System
Costs) in Table 5. Since the Investment Required covered the cost of coat-
ing one of the ten fuel tanks, the first year costs (shown in year 10) are re-
duced by $200,700. No further repair or maintenance activity is required
over a 30-year period. These costs are shown in Table 5 under New System
Costs.

Projected return on investment (ROI)

The ROI for this technology demonstration was computed using methods
prescribed by Office of Management and Budget (OMB) Circular, Guide-
lines and Discount Rates for Benefit-Cost Analysis of Federal Programs
(OMB 1992). Comparing the costs and benefits of the two alternatives, the
30-year ROI after implementing the new technology (Alternative 2) is pro-
jected to be 2.94, as shown in Table 5.
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Table 5. Projected ROI.

Investment Required

Return on Investment Ratio

Return on Investment Calculation

780,000

Percent[ 294%

Net Present Value of Costs and Benefits/Savings 4,373,996 6,664,387 2,290,397]

B D F G H

Baseline Costs New System Present Value of Present Value of Total Present
Benefits/Savings Caosts Benefits/Savings Costs Savings Value

2,297,400 1,806,300 918,142 1,167,768 249,626
2,297,400 2,007,000 953,526 1,091,495 137,969
2,297,400 2,007,000 891,108 1,020,046 128,938
2,297,400 2,007,000 832,905 953,421 120,516
847,400 2,007,000 778,315 328,622 -449,693
100,000 36,240 36,240
100,000 33,870 33,870
100,000 31,660 31,660
100,000 29,580 29,590
100,000 27,650 27,650
100,000 25,840 25,840
100,000 24 150 24,150
100,000 22,570 22,570
100,000 21,090 21,090
100,000 19,710 19,710
1,550,000 285,510 285510
2,297,400 395,612 395,612
2,297,400 369,652 369,652
2,297,400 345,529 345,529
2,297,400 323,014 323,014
847,400 111,348 111,348
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51

5.2

Conclusions and Recommendations

Conclusions

The demonstration of the metallizing on the heating plant fuel tank and
exposure test panels shows that a 85/15 zinc-aluminum coating system
can provide excellent corrosion protection for steel in atmospheric expo-
sure. Metalizing costs more than conventional organic coating systems,
but it can provide a long maintenance-free life. Life-cycle costs must there-
fore be considered when making the final choice.

Based strictly on the results of this project, flame-spraying a polyolefin
coating on a large steel structure for corrosion protection is much too
costly compared to standard liquid-applied organic coating systems—$210
per square foot versus $19 per square foot.

Recommendations
5.2.1 Applicability

Based on the results of this project, thermally sprayed metallic coatings
are recommended for wider applications. Metallizing is an often over-
looked viable alternative in highly and severely corrosive environments to
using liquid-applied, high-performance organic coating systems. Prospec-
tive applications include atmospheric and immersion service. In addition
to the 85/15 zinc-aluminum alloy, other metallic coatings are also availa-
ble, such as 100% zinc, 100% aluminum, and 90/10 aluminum-aluminum
oxide.

While the flame-sprayed polyolefin coating system, as demonstrated under
this project, showed that total costs were prohibitively high compared to
conventional organic coatings and even metallizing, these polymeric coat-
ings are still thought to have value for corrosion protection in highly corro-
sive environments.

It is recommended that a future demonstration project be considered for
flame-sprayed polyolefin coating technology, using the latest state-of-the-
art materials and equipment on a structure or facility that would make
best use of a thermally applied polymer coating.
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5.2.2 Implementation

Guidance documents are available to help determine if metallizing is the
best choice for a protective coating system and to procure the metallizing
system if selected for use. These documents include: Engineer Manual
(EM) 1110-2-3401, Engineering and Design — Thermal Spraying: New
Construction and Maintenance Proponent and Unified Facilities Guide
Specification (UFGS) 09 97 10.00 10, Metallic Coatings for Hydraulic
Structures.

Except for certain instances such as environmental restrictions relative to
volatile organics as used in most organic paint systems, the choice between
metallizing and conventional paint coatings should be based on life-cycle
costs. Chapter 4 in EM 1110-2-3401 covers “Thermal Spray Coating Cost
and Service Life.” Metallizing is often overlooked because of higher up-
front costs but it may be the most economical choice on a life-cycle cost
basis. A stepwise procedure is provided in Chapter 4 to the EM, to develop
a life-cycle cost comparison. Table 4-1 in this EM lists “Predicted Service
Life for Selected Thermal Spray Applications.”

Chapter 5 in this EM covers “Thermal Spray Coating Selection,” and Table
5-3 gives “Recommended Thermal Spray Systems for Atmospheric Expo-
sures.” While this EM is focused mainly on Civil Works hydraulic struc-
tures and components, the information is also relevant to military facilities
in related corrosive exposures.

UFGS 09 97 10.00 10 can be used to specify metallizing. This UFGS coor-
dinates with the EM for the various metallic coating systems. Again, while
the title suggests use for hydraulic structures, the guidance is relevant to
military facilities and structures that are located in severe corrosion prone
locations.
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Appendix A: Platt Bros. 85/15 Metallizing
Wire Technical Data
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Zinc/Aluminum Wire
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Zinc/ Aluminum Combination

Plattzinc® 85/15 is an alloyed wire of 85% zinc
and 15% aluminum by weight. When thermally
sprayed onto steel, the alloy produces a metallic
coating incorporating the best characteristics of both
metals for optimum corrosion protection.

Dual Phased Coating

Plattzinc 85/15 combines the galvanic protection properties of zinc
sacrificing itself in preference to the steel. The aluminum provides a
passive barrier protection. Together, the zinc and aluminum provide an
excellent corrosion resistant, thermal sprayed coating.

One Application = 15 + Years With No Maintenance

Steel highway bridges throughout North America have been sprayed with Plattzing
85/15. The test of time has shown that the alloy of 85% zinc,15% aluminum, sealed and
unsealed, provides superior protection against sodium chloride or sulphur dioxide
environments and the effects of marine exposure.

Thermat spraying with Plattzinc B5/15 can be easily applied to a properly blasted surface up to a
20 mil thickness in just one application. Typically, one pass applies approximately 2 to 3 mils. No
drying time is needed. The coating is dry on contact allowing sealers and/or topcoats to be applied
immediately when specified.

Plattzinc 85/15 Features

= Lab tests have yielded bond strengths for Platizing 85/15 of 3500 psi on properly prepared,
grit blasted steel: higher than both pure zinc (1300 psi) and pure aluminum (2800 psi).
Adhesion strengths will vary with application and equipment.

» Maximum Service Temperature is 600° F (315°C)

= Spray deposit density of 95%. Sealers and topcoats will adhere well due to the physical
nature of the coating.

» Deposition rate efficiency of Plattzing 85/15 is higher than other materials. Coating coverage per
pound sprayed is increased, thereby reducing overall spra gmg time and labor costs. Example:
Spraying a thickness of .006": Zinc covers 3.5 sq. ft/ Ibs. 85/15 covers 4.3 sq. ft/lbs.

= Plattzinc 85/15 has excellent machinabiity, equivilant to aluminum and superior to pure zinc.

CHEMICAL COMPOSITION:  15% Aluminum (iol. +/- 1%)
Balance Zinc

DENSITY: .207 Lbs. per cubic inch.
DIAMETERS AVAILABLE: .079",.091" (11 Gauge), 1/8" and 3/18"
PACKAGING: 50 Ibs coils

40 Lbs. plastic spools
450 Ibs. payoffpak fiber drums.

Applications:

« Steel Infrastructure: Bridges, Walkways, Bridge Bearings Railings, Piers

- Waterways, Gates, Locks - Repair of Galvanized Coatings - Exterior of Steel and Iron pipes
 Gas Cylinders « Boat Trailers and other Marine equipment « Tanks
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No Volatile Organic Compounds

With Federal, State and local regulations limiting |

VOCs, durable, cost effactive coating selection

has become increasingly difficult. A thermally sprayed FL“TT
coating of Plattzinc 85/15 has NO VOCs.

The Federal Highway Administration commissioned a fest

program in 1988 to investigate the performance of "low VOC"

coating systems for bridges. Lab tests and long term natural field
exposure testing was done and evaluated after 6 months, one, two,

three and four years. Other natural exposure evaluations were done

after 16 months. Among the coatings tested was Plattzinc 85/15. Tables

1 & 2 show the results of some popular systems with <340 g/l (low VOC).

The conclusions after 5 years of sludy were that both zinc and 85/15 provided

excellent long term performance. In terms of rusting and undercutting at intentional

scribes to the substrate, zinc and 85/15 showed superior corrosion control and
performed belter than a majorily of the paint systems tested. Based on this perfomance,

the report stated that the thermal sprayed coatings appear o be the coating of choice on
selected, highly corrosion prone bridge structures prior to erection or maintenance replacement.

Individual states have also conducted lab and field testing on Plattzinc 85/15.Their results
favored field applied thermal spraying with 85/15 over other maintenance options. The factors
making a thermal spray coating altractive include;

« Existing paint is in poor condition.

= Briage substructure is in good condition.

« Bridge deck is in good condition, new or recently rehabilitated.
« Steel is exposed to harsh salt spray or industrial atmospheres.
« High costs are anticipated for future maintenance operation.

B Waterbomne Zinc Acrylic G Zinc Thermal Spray (sealed)

C Epoxy Mastic Urethane H 85/15 Thermal Spray {unsealed)
D Epoxy Enamel | 85/15 Thermal Spray (sealed)

E Acrylic Latex

RTable 1* 16 Month Natural Exposure Test Table 2* 4 Year Natural Exposure Test
% Rust
1 10 -
0.8 -

7_
0.6 1

5_
0.4 il

37
0.2 )

17
0 0 -

3 it = Waterbor..e Epoxy Waterbome Thermal Thermal
A B c D E F G H | Inorganic Zinc  Mastic  Acylic Spray Zinc Spray 85/15

A Waterborne Inorganic Zinc F Zinc Thermal Spray (unsealed) Average from 3 Test Sites:

Rusting Performance 1= poor, 10= excellent

* "Comparing the Performance of Metaliized and Conventional Low VOC Coatings Applied to Steel in Marine Environments®,
R. Kogler and J. Peart, 1995.
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Guidelines for Thermal Spraying With Zinc and Zinc/Aluminum

Precleaning with by solvent, steam or power washing to remove dirt, grease
and soluable salts may be required.

. Blast cleaning to white or near white (SSPC-SP5 or SSPC-5P10) with an
angular grit to achieve an anchor-tooth 2-4 mil profile.

. Moisture cannot be present on the steel surface and spraying should not
take place when the steel temperature is less than 5°F (3°C above the dew
point).

. One layer or pass of the thermal spray coating must be applied within 4
hours of blasting the surface.

£ Spray pattern should be in block form. The coating should be applied in
multiple layers at right angles to the previous layer (box pattern).

. The sprayed coating should be visibly free of iumps, blisters and loosely
adhering particle.

. Typical coating thickness is from 4 mils to 20 mils, depending upon the
environment, use of sealers, longevity to be achieved and specifications.

. Jobsite coating standards, quality control standards, visual inspection and
adhesion conformance should be reguired.

. All government regulations, health and safety standards must be observed.

Association Specifications Related to Thermal Spraying

SSPC CS- Guide 23.00, June 1, 1991, Coaiing System Guide, Guide for Thermal Spray Metallic Coating Systems;
Steel Structures Painting Council.

ASTM B833-93, Standard Specification for Zinc Wire for Thermal Spray, American Society for Testing and Materials.
ASTM AT80-90, Standard Practice for Repair of Damaged and Uncoated Areas of Hot Dip Galvanized Coatings,
American Society far Taesting and Materials.

ASTM C633, Standard Test Method for Adhesion cr Cohesive Strengih: for Flame Sprayed Coatings, American Society
for Testing and Materials.

ANSI/AWS C2.20-8X, Specification for Zinc Thermal Spray Coatings for Reinforced Concrete, American Welding
Sociaty.

ANSI/AWS A533-9X, Specification for Alloy Wires, Cored Wire and Ceramic Rods for Thermal Spraying, American
Welding Society.

ANSI/AWS C2.18.93, Guide for the Protection of Steel With Thermal Spraying Ceoating of Aluminum and Zinc, American
Welding Society

Mil 6712C, Military Specification, Wire, Metaliizing.

CSA Standard G189, Reaffirmed 1992, Sprayed Metal Coaling for Atmospheric Corrosion Protection, Canadian
Standards Association.

1SO 2063, Metallic and other inorganic coatings - Thermal spraying. Zinc, aluminum and their alloys, International
Standard, ANSI.

m . _ The Platt Brothers & Company
i 1997 ¥ 2670 Soulh Main Streel, .O. Box1030
1 797
Waterbury, Ct. 06721-1030
UKAS BRLATT ,
MARAGEVENT . Phone: 203-753-4184 outside Ct 800-752-8276
ik 200 Years of, Fax: 203-753-0709 www: Plattbros.com

Ingenui Imlﬂwﬁonﬁ“ tegrity
Quality Management System is ——r pn, il

ISO 9002 Registered/Certified.

This document, its contents and related information are submirted as suggestions with no warranty or other representation. The Plan Brothers & Company
shall have no liability of any kind, grants no license and assumes no responsibility as we have no control over the use of this information, environmental
conditions, structure chosen for coatings or application of the products or procedures recommended herein.
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Appendix B: Sherwin-Williams “SHER-CRYL”
Topcoat Technical Data

Industrial 1.26

& SHER-CRYL™ HPA

. Mari
SHERWIN arine HIGH PERFORMANCE ACRYLIC

1 B66-300 Series GLoss
VWL”AMS' Coatlngs B66-350 SeriEs Sem-GLoss
PRODUCT INFORMATION Revised 1108
Proouct DESCRIPTION REcoMMENDED UsES

SHER-CRYL HPA iz a new technology, ambient cured, one | For use over prepared: = )
component acrylic coating with superior exterior performance |+ Stesl + Galvanizing + Wood
properties. Provides performance comparable to high perfor- | * Auminum + Concrete * Mazanry

. - + Finc rich primers
manc= SF'IVEM h_ase:l coatings such ag urethanes and epoxies. | | Can be used as a dryfall coating under cartain environmental condi-
« Chemical resistant

| . tions (2= Application Bulsting
+ Superior color and glozz retention

+ Outztanding early moisture resistance Examples:

« Flagh rust/early rust resiztant « Buildings + Storage Tanks  « Water treatment plants

+ Suitable for uze in USDA inzpected facilties + Machinery + Egquipment + Hew Conatruction

+ Low odaor + Powsr planta = Piping + Structural Stee

. . . + Select Marine Structures

: FC ot rezistant Conforms ta AWWA D102-03 OCS #3

ast dry Acceptable for uze in high performance architectural applica-
fionz.
ProoucT CHARACTERISTICS PerrFormancE CHARACTERISTICS

Finish: High Gloze or Semi-Gloze System Tested: (unlesz otherwize indicated)

gusstmta: i SSEEC SP10
. 1 p urtace Preparation: -5P1
Color: Wide range of colors available iy her-Cryl HPA @ 3 mils dftict
Volume Solids: 38.5% £ 2%, Ultra White

Adhesion:
Iﬁ-lelhn?d: QSE;I'M D4541
- P ol = Das . ezuli: 46 pai
Weight Solids: 51%  29., Ulkra White Corrosion WeatherinﬁriﬁtﬁPro-CwlPrimer:

Method:  ASTM D5E 50 hours, 10 cycles
VOC (EPA Method 24): <200 g/L; 1.66 Ib/gal Beszuli:  Bating 10, per ASTM D714 for blistering

Rating 9 per ASTM D1654 for corosion
Direct Impact Resistance:

Recommended Spreading Rate per coat: Method: — ASTM D2794
Wiet mile: 6.0-10.0 Result:  =100in. lbe
Diry rmils: 25-40 Dry Heat Resistance:
Coverage: 154 - 247 aq ft'gal approximate H:EL?S: ?I:;Stpi-! D2485

— . ) . Exterior Durability:
MOTE: Brush or rel application may require mulSiple coats to achieve | Mathod: 3 years, 45° South

razimum i thickness and uniformy of appearancs. Bezuli:  Excellent
Flexibility: . .
Drying Schedule @ 7.0 mils wet 50% RH: Method:  ASTM D522, 130° bend, 1/2" mandrel
@ 50°F @ 77°F @ 120°F Humidity Resistance with Pro-Cryl Primer:
To touch: 1 hours 30 minutes 5 minutes Method:” ASTM D4585, 1250 hours -
Tack free- 8 hours 5 hours 15 minutes | Pesuli:  Bating 10 per ASTM D714 for bliztering

To recoat- 9 hours 5 hours 15 minutes Pating 10 per ASTM D1654 for corrazion

P il Hard B
Ta cure: 30 days 30 days 30 days Mi?l-?;d: ar An5‘$'|§f| D3363
Bezuli: B
iingtimeiat - i i = Salt Fog Resistance with Pro-Cryl Primer:
Dryingtimeiz temperature, humidsy, andfilm thickness depandent. Methog: ASTM B117. 1250 huuyra . .
) Bezult:  Bating 10 per ASTM D714 for bliatering
Shelf Life: 36 manths, unopened Pating 9 per ASTM D1654 for corrozion
Store ind t 40°F to 100°F Thermal Cycling:
ore incoore ° Methos: —ASTHA D2246, 10 eycles
Flash Paint: =230'F, Seta Flazh Resul:  Passes
Provides performance cumﬁrable to productz formulated to
ReduceriClean Up: Water federal specification: AAS0570. and Paint Specificaton: 55PC-

Paint 23 and 24.

Meets or exceeds performance of MIL-PRF-24596A Flame Re-
tardant Lates.

Aerylic 1.26 continued on back
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1.26
SHER-CRYL™ HPA

HIGH PERFORMANCE ACRYLIC

B66-300 Series GLoss
B66-350 Series Semi-GLoss

PRODUCT INFORMATION

RECOMMENDED SYSTEMS

Surrace PREFARATION

Steel:

2 o= Sher-Cryl HPA @ 2.6 - 4.0 mile dtics

Steel:

1 at. Pro-Cryl Univeraal Primer @ 2.0 - 4.0 mils dft
1-2 cta. Sher-Cryl HPA @ 2.6 - 4.0 mils dtfcr

Steel:

1ct. DTK Acrytc PrimenFinigh @ 2.5 - 5.0 mila dft
ar Kem Bond HS @& 2.0 - 5.0 mils dft

1] Zinc Clad Primer @ 3.0 - 5.0 mils dft

2 cts. Sher-Cryl HPA@ 2.5 - 4.0 mils ditict

Steel:
1 ct. Zine Clad X1 @ 3.0 - 4.0 mile dft
2 cte. Sher-Cryl HPA @& 2.6 - 4.0 mils dftfct

Aluminum:
2 ots. Sher-Cryl HPA @ 2.6 - 4.0 mile dftfcs

Aluminum:
1 at. OTM Wash Primer, @ 0.7 - 1.7 mils dft
2 o= Sher-Cryl HPA @ 2.6 - 4.0 milz ditics

Galvanizing:
2 o= Sher-Cryl HPA @ 2.6 - 4.0 milz ditfer

Concrete Block:
1ct. Heavy Duty Block Filler @ 10.0 - 15.0 mis dft
2 o= Sher-Cryl HPA @ 2.6 - 4.0 mile dtics

Concrete/Masonry:
2 o= Sher-Cryl HRA @ 2.6 - 4.0 mile dities

Prefinished Siding: (Baked-on finishes)
1 at. CTM Eending Primer & 2.0 - 5.0 mis dit
2 o= Sher-Cryl HPA @ 2.5 - 4.0 milz ditics

Weood, exterior:
1t A-100 Exterior Oil Wood Primer @ 1.5 milz dit
2 cte. Sher-Cryl HPA @ 2.5 - 4.0 milz dtict

Wood, interior:
1 at. PrepBRite Clazsic Latex Primer & 1.8 mils dft
2 o= Sher-Cryl HRA @ 2.6 - 4.0 mile ditics

The zystems lizted above are reprezentative of the product’s
uze, other syztemz may be appropriate.

Surface muet be clean, dry, and in zound cendition. Pemove all o,
dust, grease, dirt, loose rust, and other foreign material to enzure
adequats adhesion.

D mot use hydrocarbon salvents for cleaning.

Pefer to prodect Application Bulletin for detailed surface preparation
infermation.

Minimum recommended zurface praparation:

Iron & Steel: S5PC-5P2
Alurninumn: E5PC-EP
Gahanizing: SE5PC-5F
Concrete & Mazonry: SSPC-SP13NACEE, or

ICRI 03732, C5P 1-2
* Wood: Diry and sandad smoath
Prefinizhed Siding: S5PC-SP1
* Pequirss primer

TINTING

Tint with EnviroToner Colorants at 100% strength. Free minutes mini-
mum mixing on & mechanical shaker iz required for complete mixing of
color,

Do not uae Blend-A-Color Toner.

ArFLICATION CONDITIONS
Temparature: 50°F manimuwm, 120°F maximum
{air, surfaca, and material)
Atleast 3°F above dew point
Pilativa humidiy: B5% madmum

Pefer to prodect Apglication Bulletin for detailed application informa-
tion.

ORDERING INFORMATION

Packaging:
Weight p=rgallon:

1 and 5 gallan containars
10.30=0.21b

SAFETY PRECAUTIONS

Petarto the MSDS shest bafore vze.

Publizhad :echnical data and instructions are subject to change with-
out notice. Contact your Sherwin-Williams reprezentative for addi-
tional technical data and inztructionz.

DiscLAIMER

WarraNTY

The informetion and receremeandations set forth in this Prodect Deta Shest are
Eased vpon tests conducted by or on bekalf of The Sherwin-Williams Company.
Such intermation and recorsmendafions st forth berein ere subject fo chesge
and pertain to the product offered af the time of publication. Gonsulz your
Sherwin-Williams represen te obiain the most recent Product Data Infor-
mation and Application Bulletin.

The Sherwin-Wiliares Company warrants cur products fo be free of menvfactur-
ing dafects in nccord with applicable Sherwis-Williams qualty costrol procedures.
Linkility for products preven defective, # any, is limited o replacerseat of the
defeative product or the refund of the purchase price paid for the defeciive
product as determined by Sharwin-Williarms. NO OTHER WARPANTY OR GUAR-
ANTEE OF ANY KIMD |15 MADE B SHERWIN-WILLIAMS, EXPRESSED OR
IMPLIED, STATUTORY, B OPERATION OF LAW OR OTHERWISE, INCLUD-
ING MERCHANTABILITY AND FITHESS FOR A PARTICULAR PURPOSE.
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APPLICATION BULLETIN Peved 108

SurrAcE PREPARATION

APPLICATION CONDITIONS

Surface muat be clean, dry, and in 2ound condition. Remaws all oil,
duat, grease, dirt, leose rust, and other foreign material to ensure
adequats adhesion.

D'z not use hydrocarbon solvents for cleaning.

Iron & Steel

Kinimum surfacs preparation is Hand Tool Clean per S5PC-5PZ2. Re-
move all oil and greass from surface per S5PC-5P1. For better per-
formance, vee Commercial Blast Cleaning per SSPC-5PE. Primer rac-
ommended for beat pedformance.

Aluminum

Pamove al oil. grease, dit, cxide and other foreign material par S5PC-
SR

Galvanizing

The gurface should be weathered for & monthe prior to painting.
Pamove all oil and grease per S5PC-5P1. Busty galvanizing raquires
aminimum of Hand Toel Cleaning per S3PC-5P2. Prime areathe same
day as cleanad with Pra-Cryl.

Concrete and Masonry

Foraurface preparation, referto SSPC-SP13MACE 6 or ICRID3732,
C5P 1-3. Surfaces should be theroughly deaned and dry. Surface
temperatures must be at least 53°F before filling. If required for a
amoather finizh, uze Heawy Duty Block Filler, B42W46. Filler must be
thoroughly dry betore topcoating per manufacturer’s recommeanda-
fiona.

Weathered masenry and soft or porous cement board musat be brush
blastad or powsr tool cleaned to remove loosely adhering contamina-
tion and te get to a hard, frm surface. Apply one coat Loxon Condi-
tigner, fellowing labal recommendations.

Waood

Surface must ba clean, dry and gound. Prime with recommendsd
primer. Mo painting should ba dons immediately aftar a rain er during
toggy weather. Kneta and pitch streaks musat be scraped, sanded
and apot primed before full coat of primer iz applied. All nail holsz or
amall openings must be properly cavlkad.

Pre-Finished Siding:

Remove oil, grease, ditt, oxides, and other contaminants from the
zurface by cleaning per S5PC-5P1 orwater blasting per MACE Stan-
dard BP-01-72. Always checka for compaftibility of the previously
painted surface with the new coating by apphying a test patch of 2 -
Faguare fest. Allow to dry thoroughly for 1 week befors checking
adhegion. DTH Bonding Primer iz required.

Previcusly Painted Surfaces

Ifin zound conditizn, clean the surface of all foreign material. Smooth,
hard or glossy coafings and surfaces should be dulled by abrading
the surface. Apply a t=at area, allowing paint to dry one waek bafore
tesfing adhesion. [ adhesion iz poor, additional abragion of the sur-
tace and'or removal of the previeus coating may be necaasary. Pe-
teat surface tor adhesien. |f paint iz peeling or badly weathered,
clean surface to sound substrate and treat as a new surface as
above.

50°F minimum, 120°F maximuem
(air, surface, and material|
At lzaszt 5°F above dew point

Temperature:

85% maximum

Relative humidity:

ArprLicaTION EQUIFMENT

The followang iz a guide. Changea in pressures and fip sizes
may be needed for proper spray characienstics. Ahways purge
spray equipment before uze with lizted reducer. Any reduction
muzt be compliant with exizting VOO regulations and com-
patible with existing environmental and application conditions.

Reducer/Clean Up ... Water

Airless Spray

Prezzure

Haoze ... .

Tip.... 1) 4

Filter .. .. 50 mesh
Reduction .. Mot recommended

Conventional Spray
Fluid Mozzle.
Air Nozzle ... .
Atomization Pressure ... 50 pai
Fluid Pressure

Peduction -. As needed up to 1212%by volume
Brush
Brush ... ... Nylon/polyester
Reduction ......ccooceceeeee. Mot recommended
Roller
Cover .. .. 3/8" woven with phenslic core
Beduction - Mot recommended

If epecific application equipment iz not heted above, equiva-
lent equipment may be zsubstituted.

Acrylic 1.264

continued on back
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SHER-CRYL™ HPA

HIGH PERFORMANCE ACRYLIC

B66-300 Series GLoss
B66-350 Series Semi-GLoss

APPLICATION BULLETIN

ArpPUCATION PROCEDURES

PerFormance TIPS

Surfacs preparation must be completed az indicatsd.

Mixing Instructions: Mu paint thoroughly by boxing and stirring
befors ves.

Apply paint ar the recormmended film thicknezs and apreading rate as
indicated below:

Recommended Spreading Rate per coat:

Wet mils: 6.0-10.0
Diry mite: 25-410
Coverags: 154 - 247 aq ft'gal approximate

MWOTE: Bruzhormollappication mayreguire muliipleceatstoachieve maxmum
film thickmess and uniformity of appearance.

Drying Schedule @ 7.0 mils wet 30% RH:

i@ S0°F @ TT°F i 120°F
To touch: 1 hours 0 minutes 5 minures
Tack free: 5 hours & hours 15 minutea
To recoar 8 hours & hours 15 minutea
To cure: 30 days 30 days 0 daya

Dnying time ia termperarure, humidhy, and film thickness dzpendent.

Application of coating above mazimum or b=low minimum recommended
apreading rate may adversely affect coating peformancs.

CLean Up InsTRUCTIONS

Clean epils and apaters immediately with zoap and warm water. Clean
hands and tecls immediataly after uge with soap and warm water.
After cleaning, fluzh apray sguipment with Minaral Spirits ta prevent
ruating of the equipmant. Fallow manutacturar's satety recommenda-
tiznz when waing Minsral Sgirits.

NOTE: lf coating iz allowesd to "set-up’. Peducer #54, R7HS4, may be
required for cleaning. Follow manufacturers safety recommendationz
when uzing Peducer #54.

Stripe coat all crevices, weldz, and zharp angles fo pravent early
tailurz in theze areas.

When uzing spray application, ua= a 50% overlap with each paze of
the gun te avoid holidays, bare areas, and pinholes. if necessary,
cross spray at a right angle

During the early stages of drying, the coafing is sensitive to rain, dew,
high humidizy, and maizture condenzation. Plan painting schedulesto
avoid thess influencea during the firat 18-24 hours of curing.

Spreading rates are calculated on volume zolidz and do notinclede an
application loes factor due to surface profile, roughness or porosity of
the surface, akill and technigue of the applicator, method of applica-
tien, various surfacs iregularties, material lest during mixing, spillage,
overthinning, cimafic conditions, and excessive film build.

Excezsive reduction of material can affect film build, appearancs, and
adhesion.

Application temparature above 95°F may cavee dry spray, ungven
aheen, and poor adhesion.

Application temperature below 50°F may cavze poor adhesion and
lengthen the drying and curing time.

Sher-Cryl Acrylic iz extremaly sensitive to hydrocarbon containing
aolvente. When cleaning the surface per S5PC-5P 1 use only an smul-
aifying industrial detergent, followed by a water rings. Do not uezs
hydrocarbon containing sohrents.

Do mot use hydrocarbon solvents for cleaning.

Petarte Product Information shestfor addifional performance charac-
teriztics and proparties.

Sher-Cryl can be veed as a dndall coating in certain environmental
conditiana. Test product betore each application. Test by spraying
15-25 fest toward paint container. All material zhould readily wips
clean. Temperatura and humidity will affect ability to dryfall. Hot
aurface will causs overzpray to bond fo surfacs. Abways cl=an
overspray immediately from hot suttaces.

SAFETY PRECAUTIONS

Pizfer to tha MEDS sheet before uze.

Publizshed technical data and inatructions are subjact to change with-
autnotice. Contact your Sherwin-William s reprezantative for addi-
tional technical data and instructions.

DiscLAIMER

WarrANTY

The informetizn asd recemmendations set forth in this Product Data Shest are
based upon iests conducied by or on behalf of The Sherwia-Williams Company.
Swch intormation aad recemmendations set ferth herein are subject to chenge
and pertain to the product offered at the time of pubfication. Censult your
Shersia-Williams represeniative te ebiaia the mest recent Product Data Infor-
mation and Application Bulletin,

Wiliares Company warrenis our prodests fo be free of manufaciur-
rooerd with applicakle Sherwis-Williams quality costrol procedarss.
v for products proves defmetive, if any, is limitzd to replacerest of the
defective preduct or the refund of the purchase price paid for the defective
product as dsbarmined by Sharwin-Williams. N3 OTHER WARRANTY OR GUAR-
ANTEE OF ANY KIND 15 MADE BY SHERWIN-WILLIAMS, EXPRESSED OR
IMFLIED, STATUTORY, B OPERATION OF LAW OR OTHERWISE, INCLUD-
IHG MERCHANTAZILITY AND FITHESS FOR A PARTICULAR PURPOSE.
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Appendix C: Plascoat PPA 571 Ethylene
Acrylic Acid-Modified Polyolefin
Thermoplastic Powder

PLASCOAT PPA 571 PLASCG AT

&

The Arf of Protection

Performance Polymer Alloy Coating

TYPICAL PROPERTIES OF THE COATING

The following data applies to a 350 micron coating appled under standard conditions onte 3mm thick steel or aluminium. The pretreatment
consisted of degreasing and grithlasting unless othenwise stated

Recommanded Coating Thickness 300-T50 microns
Appearance - SmoolGlessy
Glozs 150 2813 Tn T
Irnpaact Strength Gardner {drop weight) 150 G272
Direct 23°C 2.7 Joules
Indirect 0°C 18.0 Joules
Abrasion " Taber ASTIM DADGHEA 60 mg welght loss
H18, 500g load, 1000 cycles i
Salt Spray 150 7253 i Results after 1000 hours
Stesl - Seribed Loss of adhesion less than 10mm from scribe.
Under film corrasion 2-2mm
- Unscribed Mo boss of adheslon
Alurminium = Scribed Mo koss of adhesion
- Unscribed Mo loss of adhesian
Chemical Resistance® - Dilute Acids 60°C Gooxd
- Dilute Alkeli 80°C Geod
- Balts (except peroxides) B0°C Good
- Solvents 23°C Poor
Adhesion P3L, 1M 18 ) A1 ] ]
Weathering QU ASTM GB3-77 2000 hwrs - No significent change in colour or
loss of gloss.
Flarida 45° facing South 3 years - No significant change in colour or
loes of gloss.
Burning Characlerisiics
Ignitabdity BS47E: PL5: 1979 P - net easily ignitable
500 micran coating
Surface spread of flama BS4TE: PIT: 1879 Class 1
500 macron coating
Fira Propagation BS4TE: PiE: 1989 =02
500 micren eoating
Flammability ULod s (see also Properties of Material)
Safa Working Temperaiure (Continuous i air) &0°C max

“Furthar lechnical advice may be abiained from Plascoat conceming the effects of particular chamicals of mixlures,

QUALITY

Plascoat |s commitied to the manufacture and supply of a wids range Plascoat can also offer, through Its many factaries in Europe,

of thermoplastic coating powders. This sarvice is backed by the spacialist plastic coating equipment, an extensive cuslom coating
unrivalled experience of over 40 years of powder coating apphcation service and a siza raduction service for plastics and other materiale,
‘With a policy of eontinugus Improvement to is range al praducts

Plagcoat reserves the right to alter or amend any ibem. Stringant Plascoat is a subsidiary member of the IPT Group of companies.
guality control procedures are carmied out at every relevant stage of

manufaciure and Plascoat operates a qualily management system Plaseoat is a UK registerad trade name.

approved by BSHin ascordance with 1S0 0001:2000.
it shioukd be aporecisted that the information glven here iz, to the best of
our knowledge, frue and accurale, However, since condllions under
which our maferdals and equipmant may be used arg boyong our
contrel, recammendalions are mede withau! warranty or guarantee,

Plascoat Systems Limited Plascoat Europe BY Plascoat Corp Plascoat Corp (Sales & Dist)
Trading Estata, Farmham Kerkweg 11, Crown Center Puncia Mercantile Inc
Surrey, Postbus & Suite BO0 4115 Sherbrooke Str West,
GUS aNY 32142G Zuidland 5005 Rockside Rd B2h Fioor, Montreal,

United Kingdem The Netherands Clevaland Qusbec H3Z 1K9

Tel +44(011 252 723777 Tel+31(0y181 458 888 OH44131 ULS.A, Call- 80D 489 7235

Fan: +44(0)1252 721250 Fax+31(01181 458 877 Tal: 600 469 7256 Tek +1 514 931 7278

Web site: www. plascoat com Fac 216 520 1273 Fax: +1 514 931 7200

email: sales@plascoal com salespea@plascoat.nl plascoatf@nls net sales@punds.com

PPASTI1LDG00 8GO
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PLASCOAT PPA 571

Performance Polymer Alloy Coating

GENERAL DESCRIPTION

PLASCG AT

The :{.{JI.LF of Protection

Plascoal PPA 571 has beaen specificaly designed 1o provide a long lasting, teugh coating for exterior apphications to mild stee], gahvanised steel and
gluminium. It is based an an alloy of acid modified polyolefins. Therofore it is Halogen free and the combustion fumes ara low in smoke and have a

T boxicaly index,

Plascost PPA 571 is resistant to siress cracking, adverse weather condilions, detergents, salt spray and typical airborne pollwtants. The coating
rraintaing excellent adhesion to the metal substrate without the need for 8 separate primer. The mateérial also provides & good degres of electrical

Insulation, abrasion and impact resistancs,

EFAST1 iz normally applied by the Fluidised Bed process, but it can also be applied by Flock Spray.

TYPICAL USES

Fence posts, fancing panels, sign posls, street furniture, balustrading,

stadium seating, pipes including petable water, caible tray and ducting.

Garden furniture, gutter brackets and winework,

GUIDE TO TYPICAL COATING

CONDITIONS
Recommandead Prefreaiment

To get the full benafis of the material, mild stesl should be blast
cleaned to Swedish standard S& 233, Allernatively degraasing
and Iron phosphating can be used.

For galvanised steal the surface should be grit blested with a fine
nan-fernous medium &l a low pressure. For maxinmuem long tem
adhesion, a suilable phosphate or chromate systam should be
uged,

Faor both types of metal surface, ensure any previously appled resin
based prefraatment is removed before apphying your cwn in-hause
pretreatment. Advice on this ean be obteined from your pretreatment
supplier.

Fiuid Bed Batch Operation:

Ietal preheat temperature 220°C - 320°C, depending on metal
thickness, Dig for 3-5 saconds or as required to achisve the desired
coating thickness. A post-heat cycle at 17070 may

be raguired to develop fully the surface finish ¢n thin tems.

The process temperatures uged should only be the minimum to
achieve an scceptable surface finish, Howewer to ensure optimum

adhesion the metal temperature must exceed 150°C. Owerheating may

cause the coating to discolour later in storage or in service.

Thicknesses outside the recommended range may be
detrimantal ta the properties of the coating,

Flock Sopray medhod:

After pre-treating the metal as above the substrate should be preheated
to a metal termperature of 180 to 220°C. To ensure optimum adhesion the
metal temperature must exceed 150°C. The PPASTT can then be sprayed

onto the metal untll the coating no lenger melts, |.e. has a "sugar-like”
appearance. The item is then relumed to the oven to fully mek the

coating. To ebtain thicker coatings more powder can he spreyed onto the

rnolten first coat and reheated. This procesa can be rapeatad until the
required thiskness |s achbsvad.

For typical properties of the coating see overleafl

TYPICAL PROPERTIES OF THE POWDER

Coverage (100% efficiency) 3m°/Kg at 350 microns
Particle Size QERG less than 250 microng
Bulk Density (at rast)” 0,40 gicm’
Fluidising Characterisiics Excellent

Packaging 20 kg cardboard boxes
TYPICAL PROPERTIES OF THE MATERIAL
Specific Gravity™ 0.95 gficm®
Tengile Strangth 150 527 14 MPa
Elongation at Break 150 527 BOO%
Brittlenass Temperature  ASTM D748 TG
Hardnass Shore A o5
Shang O a4
Vicat Softening Paoint 150 306 TeC
Medting Paint 106 °C
Tear Strength ASTM D1925 22 M.mm
Environrmental
Stress Cracking ASTM DI603 Graatar than 1000 hrs

Taomicity Inde NES 7 1.8
Flammabdity L84 3. 2rmm moulding Unrated
(see also Properties of Coating)
Diglectric Strength |EC 243 VDE 0303 47.8 K\W/mm at
370 microns
Violume Resiativity IEC 93 3 %107 Ghm.em
Surface Resistivity IEC 93 &x% 107 Ohm
gt 350 microns

*Thess values may vary from colour o colaur

STORAGE

Stored in a clean dry area at 10-25°C and out of sunlight, the
material should not deteriorate. However, in the interest of good
housekesping, o stocks should be esed first

HEALTH AND SAFETY

Plascoat PRA 571 & supplied as a finaly divided powder, ¥Whilst
there are no known health hazards associsted with PPA 571,
nemmal handling precautions for dealing with fine organic powders
should be taken - |8 excessive dust generation and inhaling of the
pewder should be avoided, Facililies may be required for removing
axncess dust from the working area during the coating of cadaln
difficult iterms.

A with all polymeric powders, the material can ignite if brought inta
confact with a high temperature sourca or ignition - particularly in the
fuidized condition.

Referance should be made to Plascoal Health and Safety Data Sheet
H5504, available on request.

Should the coating be required for contact with food or polable water,
further details should ba obfained from Plascoat,
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