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Introduction 
A recent study showed that 2,705 out of 3,245 fire-related deaths in the United States in 

2005 took place within homes (Karter, 2007). While these insulations are effective for 

preventing heat flow and reducing energy costs, some of them are not capable of resisting fire. In 

fact, some materials do not have anything restricting the spread of fire. Some of the most popular 

types, including cellulose insulation, need fire resistant chemicals to prevent the spread of fire, 

and even then they can still spread fire at very high temperatures. Fiber glass is one of the few 

insulation types that are naturally fire resistant, and still it may melt at extremely high 

temperatures (Carter, 2007). If there is a house fire, the insulation may not be able to slow its 

spread.  By improving the fire resistance of insulation, fire-related deaths may be prevented. The 

research problem for this project was to build a new type of insulating material that will resist 

fire while still effectively preventing heat flow better than existing types of house insulation. The 

new insulating material used in this experiment was polyhydroxyamide. 

Literature Review 

Heat flows naturally from an area with a higher temperature to an area with a lower 

temperature due to conduction, convection, and radiation. In winter, the heat from a house 

naturally flows outdoors where it is cooler, forcing people to use heating systems in their homes 

to regain any heat lost. Likewise, heat flows indoors when it is hot outside and creates a need for 

air conditioners. The purpose of insulation is to prevent the heat flow in and out of a home 

(Desjarlais, 2008). 

The thermal resistance of insulation at a given thickness is its R-value. The R-value is 

decreased when insulation is compressed to less than its regular thickness because compressing it 

decreases the amount of air trapped in the material (Rutkowski, 1986). The R-value also 

decreases when water is present in the material or other moisture because the moisture weighs 
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down the insulation and leaves gaps and parts of the wall not insulated (The r value of house 

insulation, 2003). 

  Fiber glass is one of the most common insulation types commercially available. It is 

popular because of its cost-effectiveness and energy efficiency.  Fiber glass is composed of sand 

and recycled glass, causing it to be naturally non-combustible (Faqs about fiberglass insulation, 

2005), although it may melt when it reaches extremely high temperatures. Fiber glass is made by 

melting glass and spinning it in a centrifuge with small holes (Carter, 2007). Batts of fiber glass 

do not settle, although loose-fill fiber glass may settle slightly, causing the R-value to drop (Faqs 

about fiberglass insulation, 2005). 

 Another common insulation type is cellulose insulation. It is highly thermal resistant. 

Since it is made primarily from recycled newspapers, cellulose is environmentally-friendly and 

contributes to controlling waste build-up. Cellulose also requires the addition of flame retardant 

chemicals to prevent the spread of fire. When the amount of energy required to make the 

insulation is taken into account, cellulose saves more energy than other fiber insulations 

(Cellulose Insulation Manufacturers Association, n.d.). Cellulose is known to settle significantly 

more than fiber glass and loses a large portion of its thermal resistance over time. Cellulose also 

loses its fire resistance at temperatures around 300°F (Carter, 2007). 

Closed cell foam insulation contains pockets filled with air or gas to slow the flow of 

heat. Using gas instead of air within the pockets increases the thermal resistance of the insulation 

because gases generally have lower conductivities than air. Over time, however, air flows into 

the pockets and replaces the gas, which raises the conductivity of the insulation (Kalinger & 

Drouin, 2001). 
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In fall 2003, researchers at the Georgia Institute of Technology attempted to create an 

insulating material that is more resistant to fire than other commercial products. Using closed-

cell foam insulation and polymers, the researchers developed a compound that is capable of 

expanding when it is exposed to fire. The researchers claimed that the insulation they created 

could stand up to fire up to 100 times longer than other insulations. This study provides a good 

basis for future research and application, however it does not confirm much in its actual findings. 

It suggests that this polymer could be used in the architecture of buildings to slow down the 

spread of fire. By saving seconds, more people could evacuate the buildings and this technology 

could ultimately save lives (Fighting fire with foam, 2003). 

The theoretical basis of this project relies largely on the principles of heat transfer. The 

transfer of heat includes three main processes: conduction, convection, and radiation. Conduction 

occurs when regions with high kinetic energy transfer some of their energy to regions with lower 

kinetic energy through particle collisions. Convection occurs when heat conducts into a gas or 

liquid and causes the fluid to increase in volume. Radiation occurs in all objects, and the amount 

of thermal energy they radiate is dependent on the temperature of the object. The energy is 

carried by photons of light between the infrared and visible light on the electromagnetic 

spectrum (Heat transfer overview, 2008). 

The independent variable for this project was polymer type. The levels of the independent 

variable were polyhydroxyamide and the combination of polyhydroxyamide and polyurethane. 

Polyurethane foam was tested alone as a control to compare to the created insulation materials. 

The experimental control, polyurethane, is a foam polymer with a wide variety of uses. Its soft 

variety is used in mattresses and furniture, and its hard variety is used as insulation. Polyurethane 

is created by reacting a polyol, diisocyanate, and water. Diisocyanate and the polyol react to 
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create polyurethane, and some of the diisocyanate reacts with water to form carbon dioxide gas 

bubbles, which adds to the thermal resistance (Wang, 2006).  

The second polymer used was polyhydroxyamide (PHA). This polymer is currently being 

tested as a material for the interior of an aircraft due to its unique ability to form water vapor and 

another polymer, polybenzoxazole (PBO) after combustion. PBO is also extremely fire resistant, 

but is not used in the panels because it is not soft like PHA. Since some PHA converts to PBO in 

the event of fire, the fire resistant qualities of PBO can still be benefited from when PHA is used 

(Fire-resistant polymers give off water vapor, 1999).  

An article in Polymer Science and Engineering in 2000 focused on the performance of 

different blends of polyhydroxyamide and poly(amic acid). The results showed that the 

cyclization improved the thermal performance of the polymers by decreasing heat and releasing 

molecules like H2O that put out fire.  

The dependent variables for the project are thermal resistance and fire resistance. 

Thermal resistance is the ability of the material to prevent the flow of heat. If an insulation has 

greater thermal resistance, it can control the temperature in a room better and therefore can 

insulate the room better. This was measured by finding the temperature on both sides of the 

material when one side was heated. Fire resistance is the ability of the insulation to stop or slow 

the spread of fire. If it takes fewer seconds to slow or stop the spread of fire, more people are 

likely to escape from a burning building. Increased fire resistance of an insulation could 

ultimately save lives. Fire resistance was measured by the time in seconds required to ignite the 

insulation and the time required to burn the insulation. 

The research hypothesis states that if the insulations are exposed to fire, there will be a 

significant difference in the performance of the new insulation material and the performance of 



 7

existing insulation materials. The null hypothesis states that if the insulations are exposed to fire, 

there will be a significant difference in the performance of the new insulation material and the 

performance of existing insulation materials 

There were several delimitations with this project. The only type of material tested was 

insulation.  The only types of insulation used were polyurethane foam, polyhydroxyamide, and a 

combination of polyhydroxyamide and polyurethane foam. Polyhydroxyamide is a polymer that 

has not been used previously as an insulation. It was assumed that the insulation will be affected 

by fire similarly to how it would during a house fire. It was also assumed that polyurethane 

would be a proper representation of the insulations currently used in housing. It was assumed 

that time to ignite and time burning would effectively measure the fire resistance of the 

polymers.  

Research Methodology 

The levels of the independent variable, polymer type, were polyhydroxyamide, 

polyurethane foam, and a combination of the two polymers. Time needed to burn the insulation, 

was measured using a stopwatch to count the number of seconds until the material ignited and 

the number of seconds until the fire extinguished or until the material was completely consumed 

by the fire. Thermal resistance was measured by change in temperature. One side of the sample 

was heated, and the temperature was recorded on each side of the sample. The difference 

between the temperatures was recorded.(Thermal management testing methods, 2006). 

The procedure of this experiment was dedicated to constructing an insulation that is able 

to prevent the spread of fire more effectively than current products while still being thermally 

resistant. It was decided that polyhydroxyamide would be used to construct the insulation 

because it is known for being an extremely fire resistant polymer (Fire-resistant polymers give 
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off water vapor, 1999). Polyurethane foam insulation was used to compare the insulation created 

from polyhydroxyamide to a currently existing insulation type. 

The first step was to construct a mold to simulate where the insulation would be sprayed 

regularly in a house. The insulation is usually sprayed to fill the space between the framing studs 

in a wall or attic. To simulate this, five squares of plywood measuring one square foot were 

nailed together in the shape of a box (Spray foam insulation: Installation, tips and best practices, 

2008).  

In the synthesis of polyhydroxyamide, 3-3’ dimethoxybenzidine and dimethylacetamide 

are mixed in a flask and added to anhydrous pyridine. Isophthaloyl dichloride is dissolved in a 

dropping funnel with dimethylacetamide. The two solutions were combined and left on a stirring 

plate overnight. The next day they were mixed with 1500mL methanol and filtered. The resulting 

yellow fibers were blended with distilled water and left to dry. (Gavrin, Yoo, Farris & Coughlin, 

2003). After drying, the polymer was tested for thermal and fire resistance using the methods 

described above. 

The next step was to spray the polyurethane foam to compare with polyhydroxyamide as 

insulation. The polyurethane medium containing toluene diisocyanate, water, and glycerol, was 

sprayed in the plywood box created prior to experimentation (Polyurethane chemistry- Roof 

insulation, n.d.). 

Data Analysis 

 The means of the data indicates the average change in thermal resistance and fire 

resistance and shows how the insulation would perform on average. Polyhydroxyamide had a 

greater mean thermal resistance, indicating that it may serve as better insulation than 

polyurethane. Polyhydroxyamide had a longer ignite time than polyurethane, indicating that it 
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would take longer to ignite in the case of a house fire. Polyhydroxyamide burned for less time 

than polyurethane, indicating that it would be consumed by the fire sooner than polyurethane. 

 The statistical test used was a two-tailed t-test since there were two different levels of the 

independent variable. This test was completed for each dependent variable. There was no 

significant difference between the tests for thermal resistance, indicating that polyhydroxyamide 

would not perform differently from polyurethane when used as insulation. There was no 

significant difference in the tests for ignite time but no significant difference in the tests for burn 

time, indicating that polyhydroxyamide would perform differently when ignited, but not as it 

burned. The results of the t-test are displayed in the tables below. 

 

Table 1: Summary of Statistics for Test of Thermal Resistance 

 Polyurethane (PU) Polyhydroxyamide (PHA) 

Mean 5.4 10.1 

Range 3.1 0.3 

Minimum 4.2 9.9 

Maximum 7.3 10.2 

Std Deviation 1.2 .11 

Number 5 trials 2 trials 

t=-8.385527602 p=.0139763079 df=3.579522811 α=.025 
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Graph 1: Polymer Type vs. Thermal Resistance 

  

Graph 1 shows the means of the change in temperature during measurement for thermal resistance. The bar labeled 
PU represents the mean of 5 trials measuring the thermal resistance of polyurethane. The bar labeled PHA represents 
the mean of 2 trials measuring the thermal resistance of polyhydroxyamide. 

 

Table 2: Summary of Statistics for Test of Ignite Time 

 Polyurethane (PU) Polyhydroxyamide (PHA) 

Mean 4.34 15.6 

Range 4.11 19.4 

Minimum 2.54 5.90 

Maximum 6.65 25.29 

Std Deviation 1.7 6.9 

Number 5 trials 2 trials 

t= -1.157591801 p=.4516809339 df=1.012935365 α=.025 
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Graph 2: Polymer Type vs. Ignite Time 

  

Graph 2 shows the means of the ignite times during measurement for fire resistance. The bar labeled PU represents 
the mean of 5 trials measuring the ignite time of polyurethane. The bar labeled PHA represents the mean of 2 trials 
measuring the ignite time of polyhydroxyamide. 

Table 3: Summary of Statistics for Test of Burn Time  

 Polyurethane (PU) Polyhydroxyamide (PHA) 

Mean 170.10 97.69 

Range 71.24 21.66 

Minimum 136.86 86.86 

Maximum 208.10 108.52 

Std Deviation 26.67 7.7 

Number 5 trials 2 trials 

t=4.494871512 p=.0139763079 df=3.579522811 α=.025 
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Graph 3: Polymer Type vs. Burn Time 

  

Graph 3 shows the means of the burn times during measurement for fire resistance. The bar labeled PU represents 
the mean of 5 trials measuring the burn time of polyurethane. The bar labeled PHA represents the mean of 2 trials 
measuring the burn time of polyhydroxyamide. 

Conclusion 

 The purpose of this research was to create a polymer that could act as insulation and slow 

the spread of fire. The research hypothesis was neither supported nor rejected, and the null 

hypothesis was neither supported nor rejected since the results of the thermal resistance test were 

not significant (t= -1.157591801 p=.4516809339 df=1.012935365 α=.025), the results of the 

ignite test were not significant (t= -1.157591801 p=.4516809339 df=1.012935365 α=.025), and 

the results of the burn test were significant(t=4.494871512 p=.0139763079 df=3.579522811 

α=.025).Polyhydroxyamide proved to have a greater thermal resistance, longer ignite time, and 

shorter burn time than polyurethane. The thermal resistance test indicates that polyhydroxyamide 

could be used as insulation. In the second trial with polyhydroxyamide, the fire stopped burning 

before the material was completely consumed, indicating that it does have the capacity to stop a 

house fire. A potential source of error in this experiment is the timer having a delay, causing the 

times to ignite and burn to be slightly off. There may have been too few trials for accurate 
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results, so if this experiment were repeated more trials should be completed. The sample of 

polyhydroxyamide created did not match descriptions of polyhydroxyamide in “Synthesis and 

characterization of the polyhydroxyamide/ polymethoxyamide Family of polymers”, indicating 

that the substance created may not have been polyhydroxyamide (Gavrin et al, 2003). 

For future research, polyurethane could also be synthesized in the lab to eliminate any 

extra chemicals added into the formula. A mixture of polyurethane and polyhydroxyamide could 

also be tested to see if the polymers have better thermal and fire resistance when combined. The 

tests for thermal and fire resistance could be measured while the insulation is still in the 

simulated house frame to determine if the insulation has the potential to slow the burning of the 

house frame in the case of a house fire 
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