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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 Introduction 

1.1 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).  

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

1.3 Approach 

The thermal arc-sprayed zinc-aluminum alloy was selected to be applied to 
a steel heating plant fuel tank serving the 82nd 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.  

1.4 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 Technology Demonstration 

2.1 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. 
† TMS Metalizing Systems, Ltd. of Bremerton, Washington, USA. 
‡ The Platt Brothers and Company of Waterbury, Connecticut, USA.  
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2.1.3.3 Top coat 

• Material description: SHER-CRYLTM 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 

2.2 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. 
† 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). 

 

Figure 4. Inside of scaffolding and tarp enclosure around the heating plant’s tank. 
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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 
D7091 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).  

2.2.2 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. 
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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 
(@ 190OC, 2.16 Kg Load) – 
g/10 Minutes  

Density 
- g/cm3 - 

Hardness 
- Shore D - 

Requirement 3 + 1 0.940 to 
0.970 

55 + 2 

Per ASTM Standard D1238 * D792 ** D2240 *** 
* “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 150oF 
(65oC) 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. 

                                                                 
* PPA 571 
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Figure 8. Application of EAA-modified polyolefin powder coating (lighter color)  
with flame spray. 

 

Figure 9. Polyolefin coating (lighter color) applied on water tower leg. 
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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 II 
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same surface preparation and flame-spray application of the polyolefin 
coating as used on the elevated water tank’s legs. 

2.3 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. 
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3 Discussion 

3.1 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.  

 

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, 
Average (mil) 

Gloss, Average 
(specular gloss per 
ASTM D523) 

Rust Creep 
from Scribe 
(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.  

3.2 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 Economic Summary 

4.1 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.) 

4.1.1 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.  

4.2 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. 
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5 Conclusions and Recommendations 

5.1 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.  

5.2 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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Appendix B: Sherwin-Williams “SHER-CRYL” 
Topcoat Technical Data 
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Appendix C: Plascoat PPA 571 Ethylene 
Acrylic Acid-Modified Polyolefin 
Thermoplastic Powder 
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