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DISCLAIMER

This report was prepared as an account of work sponsored by an agency of the United States
government. Neither the United States government nor any agency thereof, nor any of their
employees, nor any of its contractors, subcontractors, nor their employees makes any warranty,
express or implied, or assumes any legal liability or responsibility for the accuracy, completeness,
or usefulness of any information, apparatus, product, or process disclosed, or represents that its
use would not infringe upon privately owned rights. Reference herein to any specific commercial
product, process, or service by trade name, trademark, manufacturer, or otherwise does not
necessarily constitute or imply its endorsement, recommendation, or favoring by the United States
government or any other agency thereof. The views and opinions of authors expressed herein do
not necessarily state or reflect those of the United States government or any agency thereof.
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EXECUTIVE SUMMARY

This research work has been supported by the DOE-FIU Science & Technology Workforce
Development Initiative, an innovative program developed by the U.S. Department of Energy’s
Office of Environmental Management (DOE-EM) and Florida International University’s Applied
Research Center (FIU-ARC). During the summer of 2024, a DOE Fellow intern, Victor Gonzalez,
spent 10 weeks doing a summer internship at Aiken, South Carolina and Savannah River National
Laboratory under the supervision and guidance of Austin Coleman (SRNL mentor) and Evan
Koelker (SRNL mentor). The project is “Development of Radiation and Fire Resistant
Polyurethane Foam in Support of Deactivation and Decommissioning.” The intern’s project was
initiated on May 29, 2024, and continued through August 9, 2024 with the objective of creating a
foam fixative to deploy into buried pipes located in Savannah River National Laboratory (SRNL)
that potentially mitigates the release of residual contamination through deactivation and
decommissioning activities. Successful deactivation and decommissioning consist of providing
protection against hazards and evacuating nuclear facilities containing contaminated buildings in
agreed upon end states. Deactivation consists of ensuring a contaminated facility is in stable
condition, therefore, minimizing any risks that can harm workers, the public, and environment.
Some hazards associated include radiation, physical, and environmental hazards.
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1. INTRODUCTION

The Department of Energy’s office of Environmental Management identified a requirement for a
fixative technology that can stabilize and/or immobilize residual contamination within a 3-
dimensional void space of various volumes. A potential solution that is currently under research is
called FoamBag™ , a commercial off-the-shelf (COTS) two-part polyurethane foam that has been
down selected as a possible engineering solution for the decommissioning of radiologically
contaminated pipes. FoamBag™ is intended to create a barrier to mitigate the release of any
residual contamination prior to cutting operations and required pipework. Efforts from this
technology are still being investigated through collaborations with SRNL. This technology is
intended to be compatible with hot-tap procedure routine of the F/H Laboratory Deactivation
Project Team and will not introduce new hazards.

During the summer of 2024, a climate chamber shown in Figure 1, is used to perform
environmental chamber testing. Testing was conducted to determine the failure points of the foam
under extreme conditions. In addition, headspace testing was performed to ensure workers safety
by analyzing the off-gasses of the materials emitted through GC-MS (Gas Chromatograph-Mass
Spectrometry). To functionalize the foam for radiation shielding, a tungsten additive was tested
briefly towards the end of the internship due to lack of time.

CLIMATE CHAMBER

Figure 1. Environmental chamber where temperature and relative humidity can be altered.
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2. RESEARCH DESCRIPTION

Phase I - Environmental Chamber Testing

The first part of the research conducted during the summer of 2024 involved analyzing the failure
points of the FoamBag™ under extreme environmental conditions utilizing an environmental
chamber. Three testing parameters were set to determine when the foam is considered cured
according to the American Society for Testing and Material’s D1640, “Standard Test Methods for
Drying, Curing, or Film Formation of Organic Coatings”, [1]: set-to-touch, dry-to-touch, and
dust-free. Set-to-touch time is satisfied when no residue is transferred from rolling your finger with
a nitrile glove across a glass slide. Dust free time is satisfied when a small cotton ball is placed on
the surface and then blown off with a gentle blow. Dry-to-touch is satisfied when the material does
not adhere to the finger by simply touching the surface of the sample with nitrile gloves. If the
samples do not pass all testing parameters when they are initially removed after five minutes of
mixing, then the samples are put back in the environmental chamber repeating the test at two
minute intervals until the samples pass all testing parameters.

A unit of FoamBag™ , shipped by the vendor is meant to be deployed in one pipe, but for the
purposes of the environmental chamber tests, it is not necessary. The tests are scaled down to 20
mL of hardener, 20 mL of resin, and 20 mL of Exolit AP 750 additive (Figure 2). Before mixing
in the hardener, the resin and the Exolit AP 750 additive are mixed until mixture is homogeneous
(Figure 3). As soon as the hardener is poured in the cup with the mixture, the sample is vigorously
mixed by hand for one minute. Three replicates are made for each test to determine consistency in
the curing of the foam.

"’n! i : 3 B Sy :
Figure 2. 20 mL syringes are drawn with resin and hardener. 20 mL of Exolit AP 750 additive is poured in

the beaker. Mixing occurs in the 3 cups and 3 replicates are performed.
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Figure 3. Resin and Exolit AP 750 additive are mixed in the cups. Once hardener is poured, curing process
will begin.

The environmental chamber testing done during the summer of 2024 consisted of a range of
different temperatures including -30°C through 100°C. The humidity was kept constant at 25%
Relative Humidity (RH) in order to isolate the effect of temperature extremes on the behavior of
the foam. Further research was conducted on different RH values from the past tests on the
FoamBag™ (Testing of Radiation Resistant High Density Polyurethane Foam, Torres 2023).

ER T

Figure 4. 40 mL VOA V|Ie samples are prepar(ed One VOA vile mcludes the hardener and another |ncIudes '
the resin. There are 3 vile replicates of the resin+hardener and 3 vile replicates of the resin+Explot-AP-750-
additive+hardener.
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Phase Il — Headspace Testing

The next part of the research involves headspace testing through GC-MS (Gas Chromatograph-
Mass Spectrometry) which analyzes the off gases emitted from the resin, hardener, resin+hardener,
and resin+Exolit-720-additive+hardener. Samples were poured/mixed into VOA viles capturing
the different off-gases encountered from each separate material being tested (Error! Reference
source not found.). Understanding the hazards associated with the off-gas will allow them to be
mitigated to ensure workers safety.

Phase 111 - Tungsten Testing

In addition, tungsten was tested to observe how it affects the expansion of the FoamBag™. To

test the FoamBagTM's limits, the intent will be to deploy the maximum allowable tungsten into
the FoamBag™ . Through the tests this summer, we have added 5, 10, 20, and 30 mL of tungsten
into a mix of 20 mL of resin and 20 mL of hardener. Preparations of these tests is shown in Figure
5. The 20 mL of resin and hardener will remain constant while the amount of tungsten is altered
to determine the maximum amount of tungsten that can be deployed until there is a negative impact
on FoamBag™’s expansion behavior.

Figure 5. Setup including tub of tungsten, 20 mL of resin, 20 mL of hardener, and 2 plastic cups for 2
replicate samples.
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3. RESULTS AND ANALYSIS

Results I - Environmental Chamber Testing

According to the results, the fastest curing time observed from the FoamBag™ is 5 minutes
occurring in temperatures 80°C and 100°C (Figure 6). In the higher temperature environmental
chamber tests (>80°C), the FoamBag™ experienced unusual expansion behavior as seen in some
samples in Figure 7. A natural exothermic reaction occurs between the resin and the hardener. As
a result, the FoamBag™ will have a faster reaction when exposed to more heat. In the lower
temperature environmental chamber tests (<0°C), the curing process of the FoamBag™ was
prolonged due to freezing temperatures and due to the FoamBag™ needing some amount of heat
to start curing. Freezing temperatures below -20°C, resulted longer than the manufacturers average
curing time of 30 minutes.

FoamBag Environmental Chamber Testing
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Figure 6. Environmental chamber testing showing the 3 testing parameters to determine the curing of the
FoamBag under extreme high temperatures and extreme low temperatures.
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Figure 7. All samples that were cured under different environmental conditions. Relative Humidity is a
controlled variable, while temperature is the independent variable being modified.

FoamBag Environmental Chamber Testing
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Figure 8. Line graph representing all 3 testing parameters to determine curing across extreme temperature
conditions.

Greater curing time variation was observed as environmental temperatures fell below 0 degrees
(Figure 8). Extreme freezing temperatures may temporarily prolong the curing process of the
FoamBag™.
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Results Il — Headspace Testing

Eight samples were analyzed for headspace volatile organics using VOA GCMS (Table 1). The
data collected via GC-MS indicate fire, corrosive, irritant, and toxic hazards (Table 2). About
15mL of headspace was extracted through the septum, which is the maximum allowed by the
vacuum. The aliquot was injected into the VOA purge and trap instrument and then analyzed by
GCMS. The resin was observed to have branched hydrocarbons, esterified organic acids, and
heterocyclic oxolanes. The hardener and FoamBag_sample_2 did not pose any reportable peaks
from the GCMS. The other FoamBag samples without the Exolit produced only small amounts of
siloxanes and oxolane compounds. The FoamBag containing the Exolit had relatively larger peaks
of siloxane compounds, as well as branched alkanes and oxolanes. No isocyanates were detected
in any of the samples. Isocyanates react with compounds containing alcohol groups to produce
polyurethane polymers, which are used as parts of polyurethane foams.

Table 1. Results of headspace VOA analysis of AL-240701-3 project samples.

Sample Concentration (mg/L)
2-methyl-pentane 0.05
Resin hexyl ester_formi_c acid <0.02
sulfur dichloride <0.02
2,2,4-trimethyl-1,3-dioxolane 0.021
2-methyl-pentane <0.02
FoamBag_sample 1 2,2,4—trimethyl—1,3-c_jioxolane <0.02
- decamethyl-tetrasiloxane 0.06
octamethyl-cyclotetrasiloxane 0.06
2,2,4-trimethyl-1,3-dioxolane <0.02
decamethyl-tetrasiloxane <0.02
FoamBag_sample 3 octamethyl-cyclotrisiloxane <0.02
octamethyl-cyclotetrasiloxane <0.02
decamethyl-decamethyl <0.02
2-methyl-pentane 0.055
2-methyl-1-pentene 0.03
2,2,4-trimethyl-1,3-dioxolane 0.043
FoamBag_Exolit_sample 1 decamethyl-tetrasiloxane <0.02
octamethyl-cyclotrisiloxane 0.08
octamethyl-cyclotetrasiloxane 0.057
decamethyl-decamethyl 0.034
2-methyl-pentane 0.049
2-methyl-1-pentene 0.026
2,2,4-trimethyl-1,3-dioxolane 0.043
FoamBag_Exolit_sample 2 decamethyl-tetrasiloxane
octamethyl-cyclotrisiloxane 0.053
octamethyl-cyclotetrasiloxane 0.056
decamethyl-decamethy!l 0.036
2-methyl-pentane 0.05
2-methyl-1-pentene 0.027
. 2,2,4-trimethyl-1,3-dioxolane 0.044
FoamBag_Exolit_sample 3 decamethyl-tetrasiloxane <0.02
octamethyl-cyclotrisiloxane 0.057
decamethyl-decamethyl 0.038
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Table 2. Hazards associated to all chemical compounds through results from VOA Vile Samples.

Chemical

Hazards

2-methyl-pentane
hexyl ester formic acid
sulfur dichloride
2,2,4-trimethyl-1,3-dioxolane
decamethyl-tetrasiloxane
octamethyl-cyclotetrasiloxane
octamethyl-cyclotrisiloxane

decamethyl-decamethyl

Flammable liquid and vapor, Harmful if swallowed, Skin and respiratory
irritant

Corrosive
Corrosive and Toxic
Flammable liquid or vapor, irritant
Flammable liquid, Corrosive
Flammable liquid and vapour

Skin, eye, and respiratory irritant, Harmful if swallowed

2-methyl-1-pentene Toxic and irritant

decamethyl-tetrasiloxane Flammable liquid. Skin, eye, and respiratory irritant

Flammable liquid and vapor

Results 111 — Tungsten Testing

Furthermore, when observing the results of the tungsten tests, the foam samples (Figure 9)
expanded consistent regardless of altering the amount of tungsten into the mixture.

Figure 9. oam ano after applyi m,lO mL, 20 mL, and 30 mL of tungsten.

Future testing involves using variations of powders and ratios to observe if the foam can be
functionalized to incorporate a radiation shielding component. These variations include tungsten,
bismuth, and boron which will be applied for radiation shielding tests. The foam is also intended
to be implemented into a radiologically contaminated environment to observe the materials
lifetime after a 30/50 year dose. The operational needs of the application and the failure points of
the foam due to exposure of long-term alpha/gamma radiation are to be considered as well.
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4. CONCLUSION

In conclusion, testing conducted throughout the summer of 2024 produced results showing the
environmental failure points, off-gassing composition, and initial ability to incorporate metallic
powder additives to the foam product. FoamBag™ has encountered unexpected behavior from
temperatures greater than 80°C that could ultimately affect the adhesion of the foam to the pipe
when performing environmental chamber testing. In addition, the foam curing time obtained from
the manufacturer was a full cure in 30 minutes, which temperatures lower than -20°C did not meet.
Through the results accumulated, the goal of finding the failure points of the foam under these
conditions were accomplished.

Through the headspace testing results, off-gasses were trapped in VOA vile samples from the
materials used to create the foam including Exolit AP 750 additive. The hazards identified from
the off gasses presented were used to inform future worker exposure safety guidance.

The research on FoamBag™ done in the summer of 2024 was valuable to the project as it
answered concerns of the FoamBag™ performance and capabilities. With previous tests
conducted through collaboration with FIU and future tests, the commercial off-the-shelf
FoamBag™ usage will be justified to mitigate the hazards presented and isolate the worker from
exposure to contamination.

Throughout the summer of 2024, the internship was proven to be a successful experience to the
intern. In this internship, the intern was exposed to field work, 3-D printing, and a variety of
professional engineers and scientists that helped expand the intern’s knowledge of the current
project at hand. The intern has undergone various trainings, safety protocols and developed
laboratory skills to aid in future endeavors.
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APPENDIX

Experimental Testing Illustrations:

Figure 11. Cured foam samples under environmental chamber conditions of 0°C.
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Figure 13. Pre-mix of the 20mL-resin+20mL-Exolit pr750>bef(\)\'r'é mlxmgthe excess 20mL harder on all 3
replicate samples.
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