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ABSTRACT 

 
Historically, solvent based coatings have been used to provide protection of assets in a variety 
of applications, including outdoor storage. These types of coatings present a number of 
challenges, including: application and removal costs, disposal and storage costs (VOC permit 
cost), material cost, and others. Environmentally friendly products have been developed and 
implemented to alleviate these concerns. The scope of this paper is to explore environmentally 
desirable alternatives to traditional coatings. 
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INTRODUCTION 
 
Solvent based coatings have been utilized for corrosion protection for decades. While these 
products may provide adequate protection, their use involves a series of difficulties, for which 
environmentally desirable alternatives have been developed. In this paper, we will discuss 
water based and Biobased rust preventives VCIs and their use as low to no VOC alternatives. 
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Composition 
 
Many of the first generation removable coatings were based on petroleum, wax, and other 
similar substances. In recent years, focus has been moving toward creating products that will 
provide similar rust preventive characteristics using renewable technologies, specifically water 
based and Biobased formulations. While many traditional petroleum based products consist of 
80-90% or more of fossil fuel, a Biobased Removable VCI alternative exists that has been 
tested and certified as part of the United States Department of Agriculture(1) “BioPreferred®” 
Program1. 
 
Application and Removal Costs 
 
Cost related to application involves not only the direct application of the product, but also the 
solvents commonly needed to clean spray equipment after application. Further, hazardous 
solvents are commonly needed to remove traditional products prior to use or commissioning of 
the various assets they were used to preserve. Both the bulk product and the solvent used for 
clean up or removal must be collected and specially disposed. Conversely, newer coating 
technologies can be cleaned from equipment with water based cleaners. 
 

Table 1 
Comparison of VOC Content in Traditional Wax Based Coatings to Environmentally 

Desirable Alternatives 

Product VOC (g/l) VOC (lb/gal) 

Wax Based Removable 
Coating 

638 5.33 

Water Based Removable 
VCI 

48 0.4 

BioBased Removable VCI 0 0 

 
 
VOC Restrictions 
 
Cost of using solvent based products extends far beyond just the cost of the bulk material. 
Waste permits, VOC permits, and other associated costs can accumulate quickly. Standards 
regarding use and disposal of solvent based products are becoming stricter, and as a result, 
use is becoming more expensive, if not completely impossible. Regions like California are 
leading the way in limiting VOC use. Current VOC limits for use of “Rust Preventative” 
Coatings is 3.3 lb/gal (400 g/l) per US EPA(2) 63 FR 176:48848, and 2.08 lb/gal (250 g/l) per 
California EPA Air Resources Board(3), in the Bay Area, among others. 
 
Material Costs 
 
When considering cost of solvent vs. environmentally preferable temporary coatings, 
consideration must be made not only for the raw cost of product, but also the applied cost. 

                                                 
(1) 

U.S. Department of Agriculture (USDA), 1400 Independence Ave, S.W., Washington, DC 20250 
(2)

 Environmental Protection Agency, 1200 Pennsylvania Ave, N.W., Washington, DC 20460 
(3)

 California Air Resources Board, 1001 “I” Street, Sacramento, CA 95814 
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Newer coating technologies can produce equal corrosion protection results at lower film 
thicknesses, which ultimately reduce material cost. 
 
If we were to consider a piece of equipment with dimensions of 20’x20’x10’ (6.1x6.1x3.05m), 
the associated costs for coating this surface would be as follows: 
 

Table 2 
Cost Comparison of Traditional Removable Coating versus Environmentally Desirable 

Alternatives 

Product Material Cost per Gallon 
(USD) 

Total Material Cost  

Wax Based Removable 
Coating 

$932 $372 

Water Based Removable VCI $20 $80 

BioBased Removable VCI $24 $96 

 
Comparison of Corrosion Protection 
 
Solvent based removable coatings were developed to provide corrosion protection of assets, 
during transit and/or storage. Environmentally desirable alternatives must first be proven in the 
lab to ensure their protection is equivalent or better. Subsequent to lab testing, these products 
can be evaluated in real world applications to replace solvent based products. 
      
 

EXPERIMENTAL PROCEDURE 
 
Laboratory Testing – ASTM (4) D17353 
 
Test method for determining rust preventive properties of coatings under constant water fog. 
Metal samples are coated, and then exposed to 38 +/- 2oC (100 +/- 4oF) and constant water 
fog for a predetermined amount of time, or until such time that failure is observed on the metal 
surface. 
 
Water based removable VCIs have been compared to many traditional, wax/solvent based 
removable coatings, in many cases because end users are looking to move away from the use 
of petroleum and other hazardous solvents. In this test, Water Based VCI and a traditional 
solvent based product were tested in water fog conditions for 504 hours. 
 
Laboratory Testing – ASTM D17484 
 
Similar to D1735, this standard is used to evaluate the ability of a temporary coating to 
withstand high heat and humidity conditions. Metal samples are coated, and then exposed to 
38.9 +/- 1.1oC (120 +/- 2oF) and >95% condensing humidity for a predetermined amount of 
time, or until such time that failure is observed on the metal surface. 
 
In this test, BioBased removable VCI coating was tested and compared to another traditional 
solvent based coating, for a total 500 hours. 

                                                 
(4)

 ASTM International (ASTM), 100 Barr Harbor Drive, West Conshohocken, PA 19428-2959 
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BioBased Content – ASTM D68665 
 
Test method for determining Biobased content using radiocarbon analysis. This testing was 
performed by Beta Analytic, Inc. (5) 
 
Real World Analysis 
 
Water and Biobased VCI systems have been used to preserve assets worldwide, in a wide 
variety of industries and applications, including oil and gas, heavy equipment, and military. 
Many of the traditional solvent based coatings were created for these same applications, and 
many are now being phased out for the reasons discussed within this paper. 
 
Our real world analysis will focus on military assets being stored outdoors. 
 

 
RESULTS AND DISCUSSION 

 

ASTM D1735 Water Fog Testing 
 
Two pieces of steel bar stock were used for this test, simulating the common practice of bar or 
pipe storage in unsheltered racking outdoors. Water Based VCI Coating was evaluated and 
compared to a coating that contains greater than 80% petroleum distillate. While the petroleum 
based product started to corrode in less than 144 hours, the Water Based VCI treated bar did 
not corrode after 504 hours in testing. 
 

 
Figure 1: Results after 504 hours in water fog testing.  

 

                                                 
(5) 

 Beta Analytic, Inc., 4985 SW 74 Court, Miami, FL 33155 

Wax Based Coating 

Water Based VCI Coating 
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ASTM D1748 Humidity Testing 
 

Corrosion protection on automotive parts was evaluated in this test. Petroleum based products 
are still widely used within this industry, but as with other markets, this is changing. Biobased 
VCI was compared to a solvent based coating for 500 hours in this test. The solvent based 
product corroded after 216 hours, while the Biobased VCI did not show any corrosion after 500 
hours in testing. 
 

 
Figure 2: Solvent based coating, after 500 hours in testing. 
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Figure 3: Biobased VCI coating, after 500 hours in testing. 

 
ASTM D6866 Biobased Content 
 
Per radiocarbon analysis, Biobased Removable VCI coating was found to have a mean result 
of 76% Biobased material. 
 
Real World Analysis 
 
As part of a preservation system for their Combat Vehicle Reconnaissance (CVR) fleet, the 
British MOD(6) utilized Water Based Removable VCI coating as an exterior coating for all 
exposed metal surfaces. These vehicles were left outdoors and visually inspected on a 
monthly basis for corrosion. No corrosion was seen on the portions of the vehicle treated with 
Water Based Removable VCI coating after 6 months of uncovered outdoor storage. 
 

                                                 
(6) 

United Kingdom Ministry of Defence, Whitehall, London, SW1A 2HB, United Kingdom
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Figure 4: MOD CVR unit, treated with Water Based Removable VCI Coating, after 6 months of 

outdoor storage. Of specific concern was the track portion of this vehicle. 
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Figure 5: MOD CVR unit, untreated, after 6 months of outdoor storage. 

 
CONCLUSIONS 

 
For decades, solvent based coatings have been used for preservation of assets worldwide. In 
recent years, many industries have expressed a desire (and in some areas, legal necessity) to 
move away from these products, for a variety of reasons. In response to this, a series of VCI 
coatings have been developed using water or renewable resources as a base. Laboratory 
testing, through ASTM accelerated corrosion testing, has proved them to be more effective 
than their solvent based predecessors, and real world analysis has confirmed their efficacy. 
Beyond their superior corrosion protection, these products are made with >75% Biobased 
material, and zero VOCs. This unique feature has also resulted in their inclusion within the 
USDA BioPreferred Purchasing Program. 
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