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ABSTRACT 

Asbestos insulation is a hazard in the decommissioning and reclamation of US Navy 
vessels as well as in older construction throughout the world.  The cost for environmental 
controls during the removal is very high due to the need for complete enclosure of the 
work area, HEPA level air filtration and the need for heavy protective gear.  Adherent 
Technologies has been developing polyurethane foam-based encapsulants for friable 
asbestos that allows the removal of asbestos without the need for engineering controls.  
The encapsulant systems have been demonstrated to penetrate asbestos layers ranging 
from five to thirty cm thick, depending upon the insulation density.  These formulations 
are easy to apply in constrained spaces and require only minimal use of protective gear. 
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INTRODUCTION 

The Problem 

Asbestos insulation is a legacy hazard in the decommissioning and reclamation of 
material from decommissioned and dismantled US Navy vessels.  It has been used to a 
large extent as insulating material in engine and boiler rooms.  As Figure 1 shows, the 
amount of insulation is substantial, often a multiple of the actually pipe diameter 
enclosed. 



 
Figure 1. Asbestos encapsulated piping on ex-USS Leahy 

The cost for environmental controls during the removal is very high due to the need for 
complete enclosure of the work area, HEPA level air filtration, and work with heavy 
protective gear.  These are only some of the engineering controls demanded currently by 
OSAH regulation 1915.1001 for asbestos handling in shipyards.  Current state-of-the-art 
methodology consists of wetting down the work area, then cutting the asbestos insulation 
into chunks, and removing them using HEPA filtered oversized vacuum systems.  Figure 
2 shows a boiler room during asbestos removal operations. 



 
Figure 2.  Boiler room during asbestos removal 

Older, but still legal procedures involve bagging all pieces by hand and carrying them up 
several decks for disposal.  Conditions at removal sites can be extreme, during our visit to 
a shipyard in Brownsville, TX during the dismantling of the ex-USS Leahy, temperatures 
inside the vessels were around 100°F with 100% humidity. 

These conditions further increase the stress on the labor force tasked with safely 
removing the shipboard asbestos.  Frequent breaks are necessary, and protective 
equipment is changed up to 5 times a day.  All this makes asbestos removal a very 
expensive legacy to deal with, consuming up to 30% of the total dismantling cost. 

THE APPROACH 

OSHA differentiates between friable asbestos, that is material that can be crumbled by 
hand, and non-friable materials that resist hand pressure.  Examples for the second class 
are asbestos siding shingles popular in the 1960’s.  While these materials still require 
attention in handling they can be much easier removed and disposed off then friable 
materials.  The asbestos found on US Navy and other ships unfortunately is of the friable 
kind; it has a consistency of soft chalk.  Adherent Technologies, Inc. has for years studied 
new uses for polyurethane foams, studying areas as diverse as inflatable antennas and 
encapsulation of extraterrestrial return sample containers.  If it would be possible to 
encapsulate the asbestos insulation parts with a tough urethane coating, removal should 
be possible without the need for the engineering controls described above.   

To remove the material safely, it has to be infused with a stabilizer.  The stabilizer has to 
be of a low viscosity in order to penetrate deeply into the material, should be of low 
toxicity and priced low enough to be economical when compared to the standard 



approach.  Polyurethanes can fulfill all these requirements.  Also, the natural expansion 
of the polyurethane materials during cure will help with the encapsulation, reaching 
otherwise unfilled spaces.  Since the asbestos insulation is typically covered in fiber 
glass, the reactive mixture can be filled into the voids around the insulation and allowed 
to slowly penetrate the material. 

EXPERIMENTAL 

Polyurethane mixtures were mixed directly before use from commercial samples.  
Insulation samples were typically submerged into the mixture until all liquid was 
absorbed.  Cure times were determined by viscosity and touch, most samples were no 
longer sticky after 24 h.  To compare viscosities of polyurethane samples, a simple 
viscosimeter using disposable tubing was devised.  It is shown in Figure 3.  

 

 

 

 

 

Figure 3.  Viscosimeter for reactive 
mixtures 

 

Due to the use of disposable sample tubes, it was possible to observe the material flow 
behavior without destroying the equipment, as it would have been unavoidable with 
conventional viscosimeters.  For injection of the encapsulants into insulation blankets, a 
MixPac Systems’ DP-400-85 gun was used to dispense the material.  Figure 4 shows the 
gun and the static mixer used to instantaneously mix the components upon dispension. 



 

Figure 4.  Pneumatic applicator with static mixer 

RESULTS AND DISCUSSION 

The first step in the program was to determine a suitable substitute for asbestos to be used 
during encapsulant development.  Since it would be necessary to cut open samples to 
evaluate the penetration of the encapsulant the use of real asbestos would have been too 
large a hazard for daily operations.  FiberFrax Corporation’s Duraboards® ceramic 
insulation was found to have similar properties to the asbestos, while not exhibiting the 
same health hazards due to a larger fiber size. 

Initial experiments were conducted using water blown foams.  These materials have the 
least environmental side effects and require the least amount of protection during 
application.  Figure 5 shows the penetration of a 5 cm cube of high density insulation by 
the encapsulant.  A coloring agent has been added to enhance the contrast. 

 
Figure 5.  Water blown foam on 5 cm cube 



It can be clearly seen that there is a limit to the penetration for the water blown system.  
Because water catalyses the curing reaction, it was not possible to delay the reaction 
sufficiently to allow full penetration.  Better results were obtained using physical blowing 
agents, namely pentane and a variety of HCFCs.  Figure 6a shows the result using HCFC, 
the blocks shown in Figure 6b used pentane as the blowing agent. 

  

Figure6.  a) encapsulation using HCFC  b) using pentane 
In both cases, the material was completely penetrated by the encapsulant.  It was 
impossible to remove any material from the cubes by hand.  Even when pulled apart 
using pliers no loose material was observed; the encapsulant held the material even at 
fracture surfaces. 

To test the behavior of the encapsulant in a real world application around pipes we 
produced model systems by covering steel pipe with insulation blanket, followed by a 
tight wrap on sealed canvas.  Using the injection gun described above, the encapsulant 
mixture was injected every 15 cm.  Figure 7 shows a cut section of fully penetrated 
insulation. 

 

Figure 7.  Insulation model after the ATI encapsulation foam was applied 
Since the removal of asbestos takes place on decommissioned vessels, the presence of 
contaminants cannot be excluded.  Hydrophobic materials like machine oils seem to 
actually aid in the penetration of the urethane.  Very wet conditions on the other hand 



limit the penetration depth, independent of the blowing agent.  Investigations are under 
way to limit the reactivity of the mixture to water to allow full penetration even under 
these conditions. 

The encapsulants were then tested on real asbestos samples.  All samples were 
encapsulated using the pentane blown formulations.  Figure 8 shows the cross section of 
the machine cut piece, something impossible with a non-stabilized piece of asbestos that 
crumbles under slight pressure.  

 

Figure 8. US Navy asbestos sample encapsulated in ATI foam, cross section 
For verification purposes, samples were submitted to an accredited laboratory for 
friability testing.  One sample was a piece removed from the ex-USS Leahy.  It was solid, 
with rough fractures surfaces.  The second sample was loose, spray on insulation, 
removed during the recent renovation of a local school building.  Testing by Assaigai 
Analytical Laboratories, Inc., Albuquerque, confirmed the samples to be non-friable 
according to OSHA standards.  

CONCLUSIONS 

Stabilizing encapsulation of asbestos could be shown to completely remove the hazards 
of friable asbestos under laboratory and simulated application conditions.  Demonstration 
of the new technology under real world conditions, that is, during actual dismantling 
operations on a vessel will show the versatility of the method.  The technology is not only 
applicable to shipboard asbestos but also to asbestos removal during building 
renovations.  Here the cost advantage might be especially high since the encapsulated 
asbestos would not contaminate other parts of the building, saving the removal of carpets 
and other asbestos trapping materials commonly encountered during building 
renovations. 
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