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Part 1: Elevator Pitch
With the antibacterial and hydrophobic textile, uniforms for the medical and military fields will
no longer need to be washed and replaced frequently. This textile, electrospun from a chlorine
halamine and polytetrafluoroethylene mixture, has replenishable properties when washed in a
chlorine bleach and is both antibacterial and hydrophobic for any type of environment.
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Part 2. Executive Summary
From preventing potential nosocomial infections in hospitals to helping soldiers maintain
better hygiene during training or deployment and reduce laundering costs, the use of a liquid
resistant, antimicrobial fabric is needed. The chlorine halamine solution that provides the
antibacterial aspect of the fabric binds and destroys bacteria. The 
polytetrafluoroethylene (PTFE)
solution added to the fabric is highly hydrophobic due to the CF
molecular structure. Solutions
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of the two would be simultaneously sprayed through a dual nozzle in an electrospinner where the
nanofibers would be collected on a collection plate. 
The fabric is intended for reusage and will
require less laundering than regular clothing due to its antibacterial and hydrophobic properties.
In addition, the chlorine ions are replenished with a chlorine bleach wash so the effectiveness of
the antibacterial uniform is not diminished. The uniforms would be sold at a range from $30$50
and is projected to have $2,000,000,000 in revenue (ChartBin, 2010). With this hydrophobic and
antibacterial textile, the applications are multifaceted and boundless.
Part 3. Problem Summary and Proposed Solution
The need for an antibacterial and hydrophobic textile is evident in medical and military
professions. According to a study done in 2002, “NI (nosocomial infection) accounted for 1.7
million infections in 2002, which resulted in 99,000 deaths in the United States” (Henderson,
2010). Medical staff and students who had their lab coats swabbed showed that “64.7% of the
isolated organisms were 
Staphylococcus aureus 
and coats that were contaminated with
potentially pathogenic organisms could function as fomites for the transmission of pathogenic
organisms” (Anand, Banu, Nagi, 2012). Additionally, during active duty overseas, many soldiers
wear the same clothes for several days, “Sometimes in training sessions, we may go four or more
days without changing our uniforms. Even then, when we do change our uniforms it’s usually
from one dirty uniform to another dirty uniform. We don’t really have that much time to change
or wash them” says one soldier (personal communication, October 8, 2015).
The solution is a hydrophobic and antibacterial textile that replaces the old uniform
materials of the medical staff and military members. The textile would consist of spun nanofibers
of 
polytetrafluoroethylene (PTFE) and chlorine halamine through the use of an electrospinner.
The resulting product would be able to reduce bacteria growth previously found on medical and
military uniforms, as well as prolong the life of the uniforms with fewer washes.
Part 4. Summary of STEM Concepts & Principles Underlying the Overall Plan
The proposed textile uses two polymers, chlorine halamine and 
polytetrafluoroethylene
(PTFE), in combination with the electrospinning process to be created
. Only in the last few
years, researchers and developers have utilized the two compounds for textile uses (Sun, 2014).
The Nhalamines are one proposed solution for an antibacterial textile coating. Nhalamines are
created from an imide, amide, or amine that is attached to a halogen such as chlorine, bromine
and iodine (Sun, 2014), which would then be released on contact with bacteria. The
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intermolecular forces between the fluorine and carbon atoms in the PTFE is being applied to
create the hydrophobic textile. The second main principle used is electrospinning, a process in
which a polymer solution is turned into nanofibers. A liquid polymer is pushed out through a
syringe where a high voltage power supply charges the polymer solution at the tip, causing the
solution to jet out. The end result is the fibrous membranes are then caught on the collection
plate
. Because of the two separate polymers, a solution for combining the two in the pumps so
that it delivers a mixture of PTFE and chlorine halamine nanofibers to create a hydrophobic and
antimicrobial textile. The combination of the electrospun chlorine halamine and PTFE is the
novel approach for a new textile.
Part 5. Commercialization Assessment of the Overall Plan
Problem
The American Journal of Infection Control found that “on average, lab coats were
washed every 12.4 days, scrubs every 1.7 days, and four medical providers indicated washing
their white coats every 90 days or more” (ScrubMed, 2014). The bacteria accumulated on the
uniforms could easily come in contact with other people and objects, thus spreading the bacteria
(Sanon, Watkins, 2012). Since hospitals are found everywhere, finding a way to minimize the
spread of bacteria from dirty uniforms is important to the health of patients and other community
members. In addition, findings showed that “Soldiers cannot avoid getting their uniforms dirty
while carrying out their missions, especially on the battlefield. Laundering clothes is
timeconsuming, adds to the logistics burden on the force, and is not always available to
forwarddeployed soldiers, who may come into contact with mud, dirt, water, and an assortment
of contaminants such as petroleum, oils, and chemicals” (Foran, 2013). The billions spent on
regular military uniforms and the lives lost from nosocomial infections presents a large issue in
today’s society.
Proposed Solution
The textile will use cotton with chlorine halamine to create its antibacterial properties,
and polytetrafluoroethylene (PTFE) to be used for the hydrophobic aspect. Electrospinning, the
process used to create this textile, is a process in which a polymer solution is turned into
nanofibers. First, the liquid polymer is pushed out through a syringe. A high voltage power
supply creates an electrical field that charges the polymer solution at the tip of the syringe
causing the solution to jet out. The fibrous membranes are then caught on the collection plate
(Gao, Truong, Zhu, Kyratzis 2014). Because I have two separate polymers, I will mix the
solutions in the pumps so that it delivers a mixture of PTFE and chlorine halamine nanofibers
onto the cotton fabric to create a hydrophobic and antimicrobial blend textile. With previously
tested chlorine halamine coatings, it was found that the chlorine halamine was still effective in
destroying bacteria even after 50 washes and under 24 hours of UV radiation (Li, Liu,
McFarland, Ren, Acevedo, Huang, 2016), so durability would not be an issue for the uniforms.
In addition, to combat any skin irritation caused by the chlorine halamine, the uniforms would be
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washed in a halogencontaining liquid so that the reducing agent would readily react with excess
chlorine and subsequently be rinsed away (Liu, Ren, Liang, 2015).
Target customers and intended users
The two biggest targeted consumers for this textile would be the hospital and healthcare
facilities as well as the army. There are about 8,747,790 physicians in the world (ChartBin,
2010) that could be potential intended users, not to mention other medical staff in a hospital. For
the military, any soldier currently training or in active duty would most likely benefit from this
water resistant, bacteria killing textile. Accounting for the active, guard, and reserve soldiers
total, there are about 1,105,301 total soldiers in the U.S army (Army Demographics, 2012). In
total, the number of intended users would be over 9,853,091 people. The U.S government just
recently issued new uniforms to all soldiers, and the total cost per uniform was around $102
(Jahner, 2015). That means around a total of $112,784,914 was spent on military uniforms. In
addition, medical scrubs and lab coats are on average $20 (AllHeart, 2015), so around
$174,955,800 would be spent on medical uniforms. Because uniforms are essential to the
medical and military fields, it is not surprising that there is a high potential dollar value for this
market.
Competitors
The two big companies that produce antibacterial textiles are Trevira and Microban. Both
Microban and Trevira offer textiles using silver particles to kill bacteria. When a microbe comes
in contact with the silver treated textile, the Ag ions rupture its cell wall, attaches to the DNA,
and inhibits the reproduction of more bacteria. However, the problem with a silver particle
coating is that it loses Ag particles every time it kills bacteria. This solution is not very effective
for the mass production of military and medical uniforms since there is no cost effective way to
replenish the silver particles, so the solution is not as longlasting.
Customer value proposition and competitive advantage
For the proposed solution, the chlorine halamine coating would be replenishable with
chlorine bleach so the treated textile would be able to continue to kill bacterium. The electrospun
nanofibers consisting of PTFE and chlorine halamine create a textile that can be hydrophobic and
antibacterial, which is one of the biggest competitive advantages of this product. The added
liquid resistant feature that would benefit soldiers in otherwise dirty environments is something
else not provided by Microban and Trevira. In research done with chlorine halamine treated
textiles, 99% of Ecoli and S. aureus bacteria were killed within two minutes (Sun, 2014).
Furthermore, the chlorine halamine was also able to kill 
Salmonella, 
and 
resistant
Staphylococcus
, common bacteria also found in hospital settings. In the long term, the
investment in hydrophobic and antibacterial clothing would reduce laundering costs of uniforms,
in particular, medical uniforms, which on average costs up to around $30 per uniform (UniFirst,
2015). Not only that, but with antibacterial uniforms, incidents of nosocomial infections that cost
the country $9.8 billion dollars each year to treat (Waknine, 2013) would be reduced.
Additionally, less military uniforms would be purchased per person because of the hydrophobic

5
properties of the textile that would allow soldiers would be able to wear the uniforms for a longer
duration. The antibacterial, hydrophobic textile is the solution to reducing uniform laundering,
money spent on multiple uniforms, and nosocomial infections and would be a forerunner in the
market for textile and textile markets.
Principal revenue streams expected
The medical and military uniforms would be sold at a price range starting from $30$50
depending on the uniform type. For the military uniforms, the cost of the entire uniform,
including pants, shirts, and jacket would be sold for around $50 if the clothing was mass
manufactured. If only 5% of the total intended users were to purchase these uniforms, the
estimated revenue generated would be around $2,000,000,000 (
ChartBin, 2010) with definite
growth potential.
Principal startup and operating costs expected to be incurred
The main costs for start up would stem from the electrospinning machine, the PTFE, and
chlorine halamine solutions. Operating costs would include the electricity usage from the
electrospinner, which would be $6.88/kilowatt hour, according to the Energy Information
Administration. The general electrospinner and parts would cost around total of $1760 (Invenso,
2015). The PTFE would cost around $165 for 100 grams (SigmaAldrich, 2016), the cost of
creating a chlorine halamine solution would be $360 (SigmaAldrich, 2016), and the cost of
cotton fabric would be around $0.30/meter (Hancock Fabrics, 2016). In total, the startup costs
would be $2000.
Part 6. Science and Technology Proof of Concept
The purpose of the proposed solution was to create a uniform both hydrophobic and
antibacterial that didn’t require as much cleaning than regular fabrics. The use of Nhalamines is
one proposed solution for an antibacterial fabric coating. Nhalamines are created from an imide,
amide, or amine that is attached to a halogen such as chlorine, bromine and iodine (Sun, 2006).
The halamines are stabilized when bonded to a halogen as seen in Figure 1.

Figure 1
: NHalamine stabilized with chlorine
From: Sun (2014)
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Tests show that the chlorine halamine treated textiles were able to kill bacteria that came in
contact with it (Malik, Nogja, Goyal, 2015). Essentially, because chlorine halamine as an +1
oxidation state, when it comes in contact with bacteria, the chlorine is transferred to the bacteria
cell and destroys its enzyme processes, which effectively kills bacteria (Dong, Dong, Morigen,
2015). Since the chlorine is released, a bleach chlorine solution would occasionally be used to
wash the fabric in order to replenish the chlorine ions (Figure 2).

Figure 2
: Chlorination of Nhalamine
From: Sun (2014)
A solution for a hydrophobic coating would be the polymer, Polytetrafluoroethylene (PTFE).
These tetrafluoroethene molecules are constructed from CF
Because both elements
2 compounds.

have high electronegativities, it is hard for other atoms to break the carbonfluorine bonds and
form another chemical reaction (Clark, 2015).

Figure 3
: Polytetrafluoroethylene (PTFE) model
From: Sentry Air (2013)
With these two compounds, the plan to create an hydrophobic, antibacterial uniform is feasible.
To achieve this, PTFE and chlorine halamine will be electrospun to create a fiber to be used to
make the clothing. Electrospinning is a process in which a polymer solution is turned into
nanofibers. First, the liquid polymer is pushed out through a syringe. Fibrous membranes are
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created when a high voltage power supply creates an electrical field that charges the polymer
solution at the tip of the syringe(Gao, Truong, Zhu, Kyratzis 2014). Because I have two separate
polymers, I will mix the solutions in the pumps so that it delivers a mixture of PTFE and chlorine
halamine nanofibers to create a hydrophobic and antimicrobial fabric (Figure 4).

Figure 4
: Electrospinning process
From: Gao, Truong, Zhu, Kyratzis (2014)
Researchers have previously been able to create a chlorine halamine fabric coating and
have tested it against various forms of bacteria. Cotton textiles that were treated with amide or
imde halamines were able to completely inactivate a virus during a five minute incubation. Even
after twenty machine washes, the treated fabrics were still able to inactivate the virus (Sun,
2014). In addition, scientists have also been able to create and test a hydrophobic fabric that has
been electrospun. In the results, the electrospun PTFE was able to repel water at a contact angle
of 125
°
and a rolling angle of 25
° (
Rane, Altecor, Bell, Lozano, 2009).
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