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Basic Info on Plastic Lumber

f Basic plastic lumber made of polyethylene

f Structural plastic lumber made of
Polyethylene (65%) & Polystyrene (35%)

f PE same material as milk & detergent bottles

f PS same material as foam coffee cups

f Made up of post-consumer or post-industrial waste
plastic, which is washed, ground, and mixed




Benefits of Plastic Lumber

f Uses post-consumer plastics (milk jugs, foam
coffee cups) = good for the environment

f Longer life expectancy than wood:
— Treated Wooden Bridge = 15 Years
— Untreated Wooden Bridge =5 Years
— Plastic Lumber Bridge = 50+Years

f Lifecycle Cost Analysis
— Break Even in <8 Years




Other Benefits

Slip-resistant; Can be used
effectively in wet/damp
environments

No splinters
No insect damage

Plastic lumber can be used
as structural members,
such as boardwalk and
bridges

Need minor adjustments to
technigues/operations




Look what Plastic Lumber Can
Make!




Flame Retardant

f Coating retards combustion of plastic lumber so that
bridges and other structures will burn less easily

f Is safer to humans and the environment than current flame
retardants including chemicals such as PBDEs which have
been shown to damage memory, learning abllities, and
behavior in laboratory mice

f Contents: High-Density Polyethylene & Magnesium
Hydroxide




f Safe and inexpensive - also known as Milk
of Magnesia, used In laxatives

f Mg(OH)2 releases water and fire-resistant

MgO at 330 Degrees Celsius

f Endothermic reaction - Absorbs heat which
prevents and delays ignition and retards
combustion of polymeric material




Injection Molder

f Molds ASTM test
samples that tests flex
and tensile (can be
used to determine
stress and strain)

f Settings:

Temperature 400 degrees
F

Shot Size 3.0-3.31In.

Pressure 1800 — 2000
psSi




Problems that We Ran into with the
Injection Molder

f Initial problem:
Mg(OH)2 particles
settling under HDPE

f ASTM test samples
contain too much flash

or not enough sample
for flex/tensile test




Masses for Different Concentrations
of Magnesium Hydroxide and High
Density Polyethylene

100 Grams of Mg(OH)2 and
HDPE

Percentageof Mg(OH) HDPE
Mg(OH)2  2-(g)  -(9)
10 10 o)
20 20 80

30 30 70
35 35 65
40 40 60
50 50 50

200 Grams of Mg(OH)2 and
HDPE

Percentage Mg(OH)2 HDPE

of () ()
Mg (OH)2

35 70
40 80

50 100

Mg(OH)2 is more dense




Amount of Time for Different
Concentrations of Magnesium
Hydroxide Flame Retardant to Burn
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Vibrator Feeder

Mass of Cup +
Mg(OH)2 (9)

Mass of
\is[(®]5) )

(9)

2172.22

A

273.82

1.7

284.81

312.90

333.82

342.10

362.05

Mass of Cup =272.12 g




Rate of Magnesium Hydroxide

Goal =51b. or 2270 g per hr Mass of | Mass of
of Mg(OH)2 + HDPE Tumbler | Mg(OH)2

(maximum rate of extruder) + )
Mg (OH)2
So we needed to make ©)

~2Ib./hr of Mg(OH)2 4844 | 4.05/15
Mass of Tumbler =44.39 g min

24996 | 205.67 /
15 min

426.13 /
5 min




Rate of High-Density Polyethylene

Goal =~ 3Ib./hr of HDPE

Mass of Container =44.39 g | Range | Mass of | Mass of
HDPE + | HDPE

Container (¢))

(9)
1436.14 |1302.97

298.5 254.11
178.71 | 134.32
92.12 47.73
201.9 157.51




Rate of High-Density Polyethylene*

Range

HDPE +
Container (g)

HDPE mass
)

Rate (g/hr)

52.95

8.56

103

156.09

111.7

1,340

126.69

83.55

1,000

83.81

40.67

488

3.35

84.25

41.11

493

*after screw is adjusted to make vibratory
feeder more sensitive




Setup with Extruder and Vibratory
Feeders




Extruder

f Polymer is melted in the
shaft and mixed with
Mg(OH)2
Extruded through a circular
die to create rods

200 degrees C is above
the melting temperature of
HDPE

150 rpm Is the fastest
speed on extruder

Settings

Temperature

200
degrees
C

150 rpm




Product: Flame-Retarding Rods!




Granulator

f Chops up flame
retardant rods into 1
-2 centimeter long
shreds before
granulating them
further

f Have to send our
samples to be
cryogenically
granulated



Cryogenic Granulation

f Chills with liquid Nitrogen because
polyethylene Is soft at room
temperature and therefore difficult to
break up into smaller pieces

f How small? Needs to be <212 microns
to use with thermal spray gun




Thermal Spray




What does it Do?

f Takes granulated
polymers and melts
them

f Molten spherical
particles sprayed onto
substrate as fine mist

f Particles solidify and
become Iinterlocked to
create smooth coating




Glow In the Dark

f Materials: PE and phosphorus

f Absorbs light and remits it over period of time-
responds best to light sources rich in UV rays

f Light waves excite electrons = electrons move
from higher energy level to lower level releasing
visible light & glow

f Purpose for Experiment:

Create glow in the dark bridges to bring light to
dark areas




Procedure

f Put PE and phosphorus through extruder
f Settings: Rate 150 rpm
Temp 150 degrees Celsius
f Lower temperature to make viscosity higher
f Granulate




Bandage Literature Search

f What types of innovative
bandages are out there?

fWhat Is our goal?




Spray-on Fibers

Spray consists of a synthetic polymer mixed with ethanol
Uses small, high-tech dispenser

Electrical field is applied to the spray and the solution
becomes attracted to the skin because the wound Is at a
lower electrical potential than the polymer

Solution produces same charged fibers that space
themselves into a woven pattern which cells use to re-
create original collagen structure

Can be used from minor cuts to 3@ degree burns
Biodegradable

Disadvantage: scaffolds could cause inflammation, which
would interfere with scarless healing




3 + Layer Dressing with Chitosan

f 3 Layers: chitosan, starch-derived, and outer
cotton gauze

f Chitosan layer encourages cells to grow back only
from its edge to prevent scar formation

f Starch-dervied layer transports pus away and
protects wound as chitosan breaks down

f Cotton gauze is easily changed without disturbing
wound

f North Carolina State researchers want to design a
second-layer polymer to allow delivery of
medications to wound site




Small Pig Intestine Bandage

f Created from isolating tissue layer (small intestinal
submucosal)

f Contains matrix of collagen, growth factors, and
other proteins that functions as natural framework
and prompts body to build new tissue. No
scarring.

f Already on the market: OaSIS. A cheap and
effective bandage that stimulates blood vessels to
form

f Body dismantles bandage as new tissue grows,
leaving behind new and same tissue




The “Smart Bandage”

f Detects Gram-negative and Gram-positive
bacteria in wound through sensor chip

f Changes color when germ is detected to alert
possibility of an infection

f Contains synthetic chemical that attaches to a fat

mo
mo

f EC

ecule found on surface of a Gram-negative
ecule

Biotech Is creating a bandage that detects

germs though the proteins germs release
f FDA not yet approved




Gelatin Bandage

f Invented by John Kao of UW-Madison

f Created from modified gelatin and polymers that
Includes synthetic version of same structure cells
used to grow and carry out their functions +
mimics cellular environment to produce less
scarring

In liguid form and solidifies after poured onto skin,
creating a flexible, degradable, and highly porous
bandage

f May incorporate various compounds such as
antibiotics, nutrients, and proteins




Biocompatible Skin Barrier

f Liquid emulsion created by Georgia Tech

f Forms protective
alr and water but

f Contains gel that

ayer that Is permeable to
Keeps out microorganisms

nas control-released anti-

microbial agents to treat wound
f Gel Is durable and sprayed/rolled on
f Can benefit civilian disaster and burn victims




Hydrogel Dressing

Moisture retentive. Can expand 6x and become pliant when wet
Keeps germs out

Provides cooling and soothing sensation

Can be used in spray or gel form

Applicable to burns, diabetic ulcers, surgical incisions, and other
wounds

Disadvantages: maceration of peri-wound edges and requires
moderate level of care (change dressing every 5 + 7 days) and
fixatives and dressings to hold it in place




What Do We Want to Do?

f Create a bandage using immiscible polymer that can
provide nutrients to the wound and be permeable
enough to let oxygen and moisture in but germs out

f Add hydrogel and/or incorporate other features such as
an infection sensor to bandage




Summary

f Magnesium Hydroxide and High-Density
Polyethylene create an effective flame retardant

f 30% Mg(OH)2 and 70% HDPE are the most
efficient concentrations for the flame retardant

f Other useful coatings include: glow-in-the-dark
and radar

f Many companies and laboratories are working on
creating different types of bandages that enhance
the healing process. A more comprehensive
search is needed in the future to determine which
type of bandage Rutgers should create.
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