ABSTRACT
BOLIN, COURTNEY ANNE. UV Protective Covering of High Performance Braids for
Aerospace ApplicationgUnder the direction of Dr. Abddtattah M. Seyam).
High performance fibers are characterizeditosir high strengthto weight ratig and ability
to withstand extreme temperatures and chemical exposure. These properties make high
performance fibers excellent for use in applications requiring high tensile strength, high
modulus, low weight, flexibility, and ability to withstand extreteenperatures. However,
many high performance fibers lose strength and degndmn exposedo ultraviolet (UV)

light.

Previously, 48,000 denier braids were sheathed with an approximate thickness of 0.40 mm
using TiQ at 3 levels @, 5 and 10%to be $sed as tendons f&VASA Ultra Long Duration
Balloon ULDB) missions. This experiment was successful in providing protection to the
tendons, bufurther improvement irprotection is needed in order to ensure that missions

could be prolonged

This researctexamines the use of industrially available sheathing methods to cover high
performance braid protect thenfrom UV degradation.Polymeric sieathsextrudedfrom

Low Density Polyethylene (LDPEVith 3 different thicknessef.24, 0.33 and 0.42 mm)
weredeveloped with 3 levels % aduh (6%/6%, 10% and 13%) of 2V stabilizers(White

CC® andnancscaleTiOy). The three levels of % adoh were 6%White CC&6% TiO,,

10% White CC®and 13% TiQ. The LDPEsheathdoaded with the UV stabilizeraiere



applied to 72,000 denier braidan aditional trial was run to sheath the braid with a blank
LDPE (0% UV stabilizer) for the purpose of comparisdn. monitorthe dispersiorof the
UV stabilizer particulate in theLDPE, pelles wereexamined using TEM iaging. The
pellets werealsoTGA tested taneasure the UV stabiliz86 addon to ensurghat the levels
met the experimental guidelinespecifications These braidsand unsheathed braidere

exposed to UMB light for 6 days and analyzéadr strength reteidn.

From the resultst wasdeterminedhat reducing the sheathing thickness provides a way to
reduce weight % addn without damaging strength retention when sheathing has high %
addon of UV stabilizer. In this experiment, samples w24 mm sheas made from
LDPE with 10% White CC® maintained strength besith 97.47% average strength
retention This is 29.12% greater than samples exposed to-BJWith no protective
sheathing. Samples with24 mm sheaths made from LDPE compounded W&Bo TiC2

were also extremely effective in preserving strength duringBJ&kposure with average
strength retention of 97.27% hough samples with 10% White CC® and 13% J é¥fered
comparable strength retention, samples W&bo TiO, possesseligher weight adebn. This

was caused by the actual thickness of the samples with 13% hE@ng an average
thickness of 0.34 mm, while 10% White CC® had an average thickness of 0.2atmas
determined that samples with 0.24 mm sheath made from LDPE compounded with10%

White CC® offered the best option with respect to UV protection and weightradd
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1. Introduction

High performance fibersare characterized biiigh strength andhe ability to withstand
extreme temperaturesnd chemical exposure. Tde properties make high performance
fibers excellen for usein applicationsrequiring high tensile sength, high modulus,low
weight, flexibility, and ability to withstand extreme temperaturesExamples ofhigh
performance fibers commercially availalhelude Keviar®, Spectra®, Nomex®, Vectran®,
Dyneema®, and Zylon®. Current plications of these fibers includaullefproof wests,
firemends t wpes and tcablgsaaidheveignt preforms for composites to

replaceheavymetak.

Many high performance fibers lose strength and degrade with exposuteaviolet (UV)

light. UV degradation is currently a limiting factor for these fibansl heir usage is limited

to applications where existing protective measures provide adequate UV protécis
critical to improve methods of protection from solar damage, especially UV radtation
allow utilization of the outstanding characteristics in settings where they will come into
contact with both visible and UV light.The development and implemtation of more
efficient methods of UV protection willmaintain the exceptional qualities of high

performance fiberand allow thento be used much more widely.

UV degradationalso createsparticular concernn the use of high performance fibers for

scientific balloos. Balloors, which are deployed at high altitude, arsedin multiple



research fields as an effective way to collect dataupport of space and earth research
Scientific balloon nssions are currently limited in duration by tendomhich are made from
high performance fiberdailure due to UV degradationStabilizing the tendons sthat the
missions can achieve longer orbit times before fanutkeallow the collection of data over
longer periods of timeDue to its low creep,igh strength to weight ratio, and relatively low
cost, NASA has been investigating the use mphenylene2,6-benzobisoxazolgPBO),
which is commercially known aZylon® in tendons for balloon applicationkiterature
disclosed that Zylon® fiber losesulstantialstrength upon exposure to UV light. Attempts
which will be addressed lateén protect the fibers frodV radiationrevealed some success
but noreimprovementsare needeth order for theZylon® fibers to be useds tendongor
scientific balloon and other industriahpplications where UV exposure is an issugh

current protection methods

This research examines former work conducted to improve UV resistance through the use of
various coatings in order tsgss improvements that may bedewith modifications to
existing concepts and technologyHigh performance fibers come into contact with UV
radiationin many usagescluding nautical, protetive and aerospace applications, which
makesUV stabilizationa critical field of researchor applications Research could improve

the performance of high performance fibers in many settiagd allow new uses to be

introduced



2. Literature Review
2.1.NASA Balloon Project

2.1.1. Brief History of the NASA Balloon Project

The National Science Foundatiastablished the Columbia Scientific Balloon Facility
(CSBF) in Boulder, Colorado in 1961. The facility was moved to Palestine, Texas in 1963
and was designated as the National Sdierfialloon Facility in January 01973(1). The
sponsorship of the facility was transferred to the National Aeronautics and Space
Administration (NASA) in 1982(2) and it became a separate entity under the University

Corporation for Atmospheric Research.

ThePhysical Science Lab of New Mexico State University currently manages the CSBF, and
the Balloon Programs Office (BPO) at the Wallops Flight Facility (WFF) of the Goddard
Space Flight Center (GSFC). WFF provides high altitude platforms for scientific and
technological investigation, and has launched over 1,700 balloons in its 25 years of operation
(1, 3). CSBF works with NASA centers and universities to provide launching, tracking and
recovery services for large (400 ft. diameter) unmanned balloons dedmmnieigh altitude

(120,000 ft.) research missio(®.



2.1.2. NASA Scientific Balloon Program

The NASA Scientific Balloon Program is a suborbital space flight progizanhserves
primarily to supportthe space and earthciences and research activitiesThey have
contributedto scientific discoveries by actings carriers for scientific instrumentshe

scientific balloondunctionin the same wagsan orbiting satellite or the Space Shuttle, but

at a much lower cogt). Ball oonsd added bendafgeheavyi ncl u
payloadswith a leadtime as short as six months aftgproval for mission support, anket
recovery ofballoon instruments can be recovered after missamd flown again within a

few days or week¢4). Balloons can be launched from many locations around the world,
making them an effective method for performing scientific investigations in the near space
environment above 996 of t he Ear (4)h oData electan slyimgemissions
includes information that has been used to answer questions about the universe, atmosphere,
the Sun and space environmgB)t. Current and historical payloads include telescopes that
cover a wide range of the light spectrum. These balloon borne spectrometers are flown to
provide information about the atmosphere, the universe, the Sun, and tHeartbaspace
environment(4). Balloons also serve as high altitude platforms for drop tests to study
aerodynamic characteristics of future space and terrestrial vehicles and decelerators, and as a
test platform to qualify and calibrate new instruments and sulpsygpeior to their use in

more complex or expensive missiqds.

There are three main types of ballooning missions: conventional, long duration (LDB), and



ultraslong duration (ULDB)(3). Conventbnal ballooning utilizes a zero pressure (ZP) type
balloons where the differential pressure at the base of the balloon is zertatiMide
missions with this type of balloons are typically short, 18 to 48 hours. However, when these
balloons are flown ahe poles, where the day/night excursion is minimiteely can last for
several weeks at altitude, and hence arle@dlDB missions. On the other hand, ULDBt
mid-latitudes requires a suppressure balloon (SPByeeFigurel) design that maintains a
constant volume throughout the mission. The SPB has a distinct pumpkin slmage
comes fronpressure otthe load carying membes (tendons) and gas barrier (Polyethylene)
film (SeeFigure2). The flight time for the SPB is intended to reach 100 days atatiidde

with minimized variation in altitude (Sdégure?2).

3

N

Figurel. ULDB pumpkinshapg3)



Super-Pressure Balioon maintains nearly constant altitude.

Day Night Day Night Day

Zero-Pressure Balloons change altitudes withtemperature
changes.

Figure2. Contrastof altitude consistency for SupPressure and Ze#ieressure Balloon®)

Scientific balloons are large structures typically made of a polyethylene film 0.8 millimeters

in thickness, which is about the same as an ordinary sandwich wrap. Gores shaped like
Abanana peelsdo are cut from t hueturepForl theet hy |l e
commonly used 1.18illion cubic meters (4.0« 10 ft%) balloon, each gore is approximately

183 meters (660 ft) long and 3 meters j9nide at the miepoint (4). Heat is used to seal the

gores together to make up the final structure of the balloon. The seals are reinforced with
load tapes for supporting the suspended payload. When the balloon is fully inflated, it can
reach up tdl40 meters460 ff) in diameter ad 121 meters396 fi) in height. The balloon

system at launch includes a balloon, a parachute and a payload that carries the scientific



instrument or experimertt). The total suspended load from a scientific balloon canhweig

as much as,629 kilograms &§,0001Ibs) and can be lifted to an altitude 85,966 meters
(118,000 f}; however, balloons can achieve higher altitudes with lighter payloads. While the
basics of ballooning remain unchanged over the decades that thelydemvased to conduct
scientific studies, balloons have increased in size and their dependability has greatly

improved(4).

NASA missions have provided tremendous contributions in many scientific fields, which
include cosmicmicrowave background (CMB) anisotropy measurements, studies of
antiprotons in the cosmic rays, gamnag lines from the Supernova and many otl{éjs
Therefore, contined research and improvement to balloonmegnains criticato ongoing

and future projects in many scientific fields.

2.1.3. Balloon Launch and Operation

Balloon missions are relatively simple compared to other types of missions. The balloon is
inflated with helium, which expaisdo fully inflate the balloon as it s, andcarry the
payload susperadi beneathin a few hours following the launch, the balldwes climbed to

i t s Af |l oketedheballbon cotleatsidat and at the end of the missiacommand is

sent from a ground station to separate the payload from the balloon. After the balloon is

deflated a parachute opens, bringing the payload back to the ground at a saféospeed



minimize impact and it is recovered. The balloon is disposedfteir aecovery, but the

payload can be used in future missions.

NASA normally supports 15 to 20 scientific balloon flights annually and the demand is
rising. Balloons allow payloads to be flown without the vibrations ardrGes associated

with rockets,and the payload is recoverable, which allows for multiple flights of the same
instruments. Antarctica is a premier flight location because LDB flights have flown for over
41 days during the Antarctic Austral Summer. During this time, the balloons exqeeless
severe diurnal changes than those encountered datitidles. The constant sunlight allows
observation of the Sun for a full solar rotation, and the orientation of Earth in space allows

valuable celestial observations.

To date, NASA has launchesix CosmicRay Energetics And Mass (CREAM) missions

from the Nati onal Science Foundationds Mc I
CREAM:-I launched on December 14 of 2004 andtravelled for 41 days and 22 hours

before landig, which makes CREANMI the longest orbiting LDB mission to date (the

record length of @ ULDB mission using a SPB iseld by SupeflIGER at55 days, 1

hours and 34minutes). During this time CREAM circled the South Pole 3 tif8ze

Figure3) (7).

Other CREAM missions include: CREAM launched December 16 of 2005 and orbited

28 days; CREAMII launched December 16 of 2006 and orbited 28 days; CREAM



launched December 19 of 2007 and orbited 29 days; CRBAMunched December 19
of 2008 and orbited 19 days and 13 hours; CREMunched December 1 of 2009 and

orbited 37 days and 10 hours; and CREAMMIlaunched December 21 of 2010 and

orbited 5 days and 16 hoyi&).

CREAM Flight Data: Trajectory
Covering period from: 2004-12-15 23:22:56 to 2005-01-27 02:00:31

ed: 17.2 knots
rse: 128.1° Current Altitude

117372 Current MET: 41 days 21 hrs 31 mins 30.783
15795254 Current Time: 2005-01

Figure3. CREAM Track of South Pol)

On December 27, 2010 NASA launched Balldmrne Large Aperture Swuillimeter
Telescope (BLAST) in its BLASpol Campaign (its forth flight), which orbited 9 days,

17 hours, and 9 minutes before the flight was terminated on January 5, 2011. The balloon
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was not recovered until January 11, 2011 meaning that it was left sulbgestrommental

exposure for approximately 15 daysfore retrieva(2).

Previous BLAST missions include: BLAST 2003 (New Mexico Campaign) which was the
engineering flight that orbited for 27 hours, BLAST 2005 (Sweden Campaigohwas
the first successful long duration flight launched from Kiruna, Sweden and flew 4 days,
and BLAST 2006 (Antarctica Campaign) which was launched from McM8tdtion and

orbited for 11 day$9).

Some of the other LDBnissions carried out includBalloon Array for Radiatiofbelt
Relativistic Electron Losses (BARREL), Antarctic Impulsive Transient Antenna (ANITA)

and Balloon Experiment with a Superconducting Spectrometer (BESS).

2.2.High Performance Fibers,Photodegradation, Comparison

High performance fibers provide superior technical properties, such as, high tenacity, good
chemical resistance, and high modulus, when compared to traditionally used textile fibers.
These fibers are used in countless appboa from bulletproof vests to preforms for
composites Some examples of common high performance fibers in mass production today
are Kevla® , Spectra® Nomex®, Vectran®, Dyneema®, and Zylon®&he properties of

these yarns are discussed in detailethénfollowing subsections.
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2.2.1. Aramid Fibers

Kevlara

KevlarE is a regi st efoeaparsaramid synitsetidiber thdt is Du P o n t
comparable to TechndhaEfmbee 6y sTeienighB. com
of long polymeric chains thatre parallel in orientation with intrenolecular bonds and

phenyl stacking interactiongl0). It is highly crystalline, lightweight, flexible and
dimensionally stablewhich makes it desirabléor high strength ropes and cablé$l).

Kevlar®is five to eight times stronger than steel when compared weight for waighand

has an elastic modulus four times higher than nfi@) T h e  &high strength and high

heat resistance extends its life span by reducing braasedu@sthe cost of maintenance

overits servicdifetime. Kevlar® alsomaintains its properties at cryogenic temperatures and

does not become brittle in extreme c¢l8), which allows the fiber to be usedn dry and

cold conditions.

Kevlar® is best known for its application bullet proof vests, but it has also been used
reinforcelanding cushionef the Mars Pathfinderand in spacshuttles to help protect them

from orbital debrig11).

The gades of Kevlar® available on the market today include: Kevlar® 29Qatiose),
Kevlar® 49 (high modulus), Kevlar® 68 (moderate modulus) and Kevlar® 149-fugina

modulus). Of these Kevlar® 149 is best suited fdendons of scientifiballoors, because it
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offers the highest strength to weigilatio and lowest elongationProperties of the various

grades of Kevla arelistedin Tablel.

Tablel. Properties oVarious Grades dfevlar® (14)

Kevlar® Grade 29 49 68 149

Density (g/cc) 1.44 1.44 1.44 1.47

Tensile Modulus (g/ den) 555 774 715780 1100

Tenacity (g/den) 22 22 24 19

Tensile Elongation (%) 4 2.5 2.9 15
Nomex®

Nomex® is an aromatic polyamide fiber produced by Du&onlt is producedn the form

of staple fibes, continuous filamest paper and spunlaced fabsg15). Applications of
Nomex® include thermal protection, rubber reinforcement and transportation textiles (e.g.
aircraft carpeting). There are many types dlomex® available commercially today,
including Type 430 Nomex® (high crystallinity natural filament), Type 450 Nomex®
(natural staple fiber), Type 455 Nomex® (Nomex® lll) (staple fiber blend of Nomex® and
Kevlar® with 5% Kevlar®), Type 462 Nomex® (blend Nomex®, Kevlar®, and A40
(static dissipative fiber)), and Type N102 Nomex® (texturized filament yiahble 2, shows

the tensile properties ofrious gradedlomex®.
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Type
Product Type 430 | Type 430 | Type 450 4%/2 1462
Density (g/cc) 1.38 1.38 1.37 -
Initial Modulus (g/den) 94 85 - -
Tenacity (g/den) 5 4.9 2.9 2.6
Elongation at break (%) 30.5 31 22 21

2.2.2. Ultra High Molecular Weight Polyethylene

Spectra®

Spectra® fiber is a polyethylef i ber
times stronger than steel and has a specific strength 40 percent greater than most aramids
(16). The fiber has aigh melting temperature (150°C or 3008kie to gelspinning process

used for produatin (16). Also,Spectr aods
aid in the retrieval otcientific balloons after landing There arethreedifferent classes of
Spectra® available in industry today: Spectra® 900, Spectra® 1000 and Spectra®\R000.
Spectra fibers sharergperties that are beneficial to aerospace applications, including, low
density (0.97 g/cc), UV resistance, low coeffitien friction, good abrasion resistance and
high resistance to flex fatigu@7). Applications of Spectra® 900 includenarine ropes,
commercial fishing nets, security netting and barriers, industrial cordage and slingsy militar

helmets, cuprotection products and storm protection panelsPhysical properties of

Spectra® 90@re listedn Table3.

produced eightfoHwigheitisM& | | E .
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Table3. Physical Properties @pectra® fiber 90017)
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Physical Properties

Spectra® fiber 900

Denier/ Filaments 650 60 1200120 2400240 4800480
Density (g/cc) 0.97 0.97 0.97 0.97
Modulus (g/den) 920 850 915 885
Tenacity (g/den) 30.5 30 29.5 25.5
Elongation (%) 3.6 3.9 3.9 3.6

Applications ofSpectra® 1000 include ballistic vests and helmets used in miditatypolice
applications, composite armor for aircrafts and vehicles, marine lines and nets, industrial
cordage and slings, sailcloth and-pubtection products Table4, summarizes the physical

properties of Spectra® 1000

Table4. PhysicalProperties of Spectra® fiber 10008)

Physical Properties

Spectra® fiber 1000

Denier/ Filaments 650120 1300240 1600240 2600480
Density (g/cc) 0.97 0.97 0.97 0.97
Modulus (g/den) 1175 1150 1170 1135
Tenacity (g/den) 36 35 35.5 34
Elongation (%) 3.5 3.3 3.5 3.5
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Spectra® 2000 applications includiexible and ultrdightweight panels for police and
military ballistic vests, specialty aerospace applications, superfine fishing line and kite string

Table5, summarizes the physical properties of Spectra® 1000.

Table5. Physical Properties of Spectra® fiber 2Q09)

Physical Properties

Spectra® fiber 2000

Denier/Filaments 10Q' 40 130 40 180’50
Density (g/cc) 0.97 0.97 0.97
Modulus (g/den) 1450 1320 1350
Tenacity (g/den) 39 38 38
Elongation (%) 3 2.8 2.9

2.2.3. Thermotropic Liquid Crystal Polymers

Vectran®

Vectran®is an aromatic polyestdiber spun from liquid crystal polymer (LCP) that offers
high strength and modulugreep resistance, high abrasion resistance, flex and fold
characteristics, minimal moisture adsorption, chemical resistance, low coefficient of thermal
expansion cut resstance, retention properties at high and low temperatures, vibrations

damping characteristics and high impact resist§2@g
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Vectran®alsoexhibits good creep resistance when exposéonigterm static loading(20),
which is critial for longterm loadbearing. Figure4 contrastxreep percentage of Vectran®

HT and Vectran® UM with a stangtharamid.

0.8
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Figure4. Creep Behavior at Ambient Temptenae (30% of Break LoadR0)

Dyneema&

Dyneema is a solvent spunltra-high molecular weight polyethylef@ HMPE), where the
spinning process increases th&égnment of the molecular structurereating a more
crystalline structur€21) with a high melting pointi44-152°Q. In addition, the fiber does

not have a brittle poir{testing eneup to -150°C)(21). In Table6, the physicaproperties of
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various types of Dyneema® areompared tovarious Spectra® fiber classes The

comparison shows that Dyneema® fibers share the same density, but have a higher modulus

and tenacity when compared to a similar class of Spectra®. This means that Dyneema®

could offer the same strength as Spectra® with laweght addon.

Table6. Mechanical properties of different types of UHMWER)

Density Modulus | Tenacity Elongation to
Materials (g/cc) (g/den) (g/den) break,%
Honeywell
Spectra 900 0.97 849.75 29.38 3.6
Spectra 1000 0.97 1,246.30 | 37.8%6 3.3
Spectra 2000 0.97 1,369.11 | 38.87 2.9
DSM
Dyneema SK60 0.97 1,031.03 | 31.64 3.5
Dyneema SK65 0.97 1,099.01 | 35.03 3.6
Dyneema SK75 0.97 1,268.96 | 39.55 3.8
Dyneema SK76 0.97 1,359.60 |41.81 3.8
Toyobo
Dyneema SK60 0.97 1,031.03 | 31.64 3.5
Dyneema SK71 0.97 1,382.26 | 39.55 3.7
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2.2.4. Aromatic Heterocyclic Polymers

Zylon® (PBO)

Zylon® is the trade name used to repregaoly(p-phenylene2,6-benzobisoxazoléPBO)
producedoy Toyobo CoThepfiberisacomnmeridlly available ils Spun(AS)
andHigh Modulus (HM) forms. HM Zylon® is made by heating and drawing AS Zylon® to
create a slightly denser fiber with a higher tensile modulus and lower elongBi@h has a

rigid chain molecular structure, which results its high tensile strength. Other
characteristics of the fiber include excellent impact absorption and good thermal stability.

The properties of Zylon® are listed Trable7.

Table7. Properties of Zylon@&BO Fiben(23)

Zylon® PBO Fiber

As Spun High Modulus
Denier 15 15
Density (g/cc) 1.54 1.56
Tensile Modulus (g/den) 130.18 194.70
Tenacity (g/den) 4.18 4.18
Elongation at Break (%) 35 2.5

PBO fibershave also beemeported to have good creep resistaiige). To test the

recoverable and nerecoverable strain of Zylon®, fiber was testedX60 hours under 50%
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of its breaking loadIt was found that the nemecoverable strain of HM Zylon® was less

than 0.03%23). Results from testing can be seerrigureb.
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Figure5. HM Zylon® creepparameter under 50 of breaking strengt(23)

In addition to having good creep resistardpn® has notably higher tenacity and modulus
than other high performance fibert alsohas an extremely high melting temperature and
ranks high orthe Limiting Oxygenindex (LOI) (24), which means Zylon® hagood flame
resistanceFigure 6 and Figure7 compareZy | onE6s mechani cal and

other high performace fibers.
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2.2.5. Comparison of High Performance Fibers

Zylon® HS offers a tensile strgth approximately twice that éfevlar® 29, Kevlar®49 and
Vectran® HS, and 10 times as high &$ylon. In addition to Zylon® having a superior
tensile strength, the fib@lsohas a modulus that surpasses ottigh performancdibers. It

has a modulus approximately 20 times that of Nomex® and twice as high as Kevlar® 49.
Zylon® also exhibits lowelongation at break, low moisture regain and high melting point
when compared to other high performance fibers. Zylon® HM exhibits excellent creep
resistance, after 100 hours of testing at 50% breaking load, theecoverable strain was

less than 0.03%23). Vectran® UM was tested for creep resistance and it was found that
after 100 hours at 30% breaking load, the-rexoverable strength of the fiber was 0.1%
(20). Though Vectra® has good creepesistanceZylon® shows better results under a

higher breaking loadl'able8 shows the comparison betweggh performance fibers.
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Table8.Comparison of higlperformance fiber§22) (25) (26)

Density Elongation | Breaking | Inital Moisture | Melting

Fiber type (/co at  break | tenacity | modulus | regain point

(%) (g/den) | (g/den) | (%) °C)
Nylon 1.14 17to 45 40to 7.2 |45 2.8t05.0 | NA
Kevlar® 29 | 1.44 3.6 23 555 7 427
Kevlar® 49 | 1.44 2.4 23.6 885 3.5 427
Nomex® 1.38 28 4.9 95 4.5 371
Spectra® 0.97 2.7t03.5 26t0 34 | 1200 <0.1 147
Zylon® AS | 1.54 3.5 42 1303 0.6 650
Zylon® HM | 1.56 2.5 42 1949 0.6 650
Vectran®
HS LCP 1.41 3.3 23 525 <0.1 330

2.2.6. Photo Degradation in High Performance Fibers

Photo degradation is a naturally occurring problem with many high performance fibers. It is
caused when fibers are exposed to solar radiation, which results in weakening of the fiber due

to crosslinking and chain scission reactions.

UV radiation occursat wavelengths between 2800 nm and makes up 6% of total solar
radiation(27). The stratospheric ozone blocks radiation with wavelengths of 290 nm or less

leaving visible (52%) and infrared (42%) radiation. Many polymers' bonds begin to
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breakdown under radiation (@@00 nm), which results in a change of chemical and
mechanical pperties such as the reduction of tenacity. The physical changes that occur
depend on a combination of UV radiation, oxygen, moisture,dvorde abrasives and other
environmental componen{&8). Solar radiation, air and fatants usually initiate photo
degradatiorand the process is often enhanced by organic solvents, extreme temperatures and
mechanical stres@9). Photo degradation causaseduction inmolecular weight of the

polymer with lmnd scission, which further alters the mechanical properties of the {@3)rs

The deterioration of the fibers increases the chance of failure during use. This can be
prevented by adding UV stabilizers to a polynoerusinga sheath to cover the braid

absorb the UV radiation and dissipate the energy as a low level of heatexpdgure,
particularly UM-B exposure, is an increasing concern in Antarctica due to a forming hole in
the ozong30). Thefollowing sections deal the degree of photo degradatimarioushigh

performance fibers.

2.2.7. Photo degradation of High Performance Fibers

Kevlar®

Like other polymer fibers, Kevlar® is sensitive to UV light. Unprotected fibers disooth

prolonged exposure, amolse their mechanical properties. The degree to which they degrade

depends on the wavelengdxposurd i me , intensity of the radial
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(31). The degradation of Kevlar® is ndépendent on moisture or atmospheonataminants;
however oxygen is required for the fiber to degrétig). Kevlar® is especially sesitive
between 308150 nm (SeeFigure 8), which means Kevlar® also degrades under some

wavelengths o¥isible light.
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Figure8.0Overlap of the Absorption Spectrum of Kevlar® with the Solar Spectt3n

When Kevlar® is exposed to UV in the form of a twisted cord or multilayer braid, the outer
fibers are sefscreening, this means that the outer fibers will become damaged with exposure

to UV, but continue to protect thener fibers of the cord or braid. This can be best seen with



25

larger cords or braids where damaged 8lmeake up anly small fraction of the total denier
Figure9 shows the tensile strength retention of Kevlar® at 1500, 3000, and 4500 denier after
exposure to 450 and 900 hours of exposufdter 900 hours of exposuret500 denier

Kevlar® retainedoughly twice the strengttompared td. 500 denieKevlar®.
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Figure9. UV Stability Propertiesf Kevlar® (13)
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Nomex®

Nomex® isalso impacted by prolonged exposure to both UV and visible .lighuring
exposure twisible light Nomex® begins to discolor and lose its mechanical properfidse

degree to which mechanical properties are lost depends on wavelength, exposure time,
radiation intensity and the geometry of the filgEs). In order for degradain to occur the

fiber must be exposed to light at a wavelength that can be absorbed into the fiber (most
damaging to Nomex® is 360 nm) and tfaliationmust have energy capable of breaking

bonds.

When exposed to xenofOMater b6i gimder nl abdMWetad
Nomex® yarn made with Type 430 Nomex® with a yarn count of 200 denier retained 70%

of its strength after 40 hours of exposure, and 55% of its strength after 8Qt®ufEgure

10). However, strength loss of Nomex® does not affect the thermal propertiesyamdhe

degraded Nomex® fibeetained its thermal performantb).
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Specimens exposed per AATCC Standard Test Method 16E.
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Figurel0. Strength Retained by 200 Denier Nomex® Yarn after Exposure in Weéather
Meter(15)

Vectran®
Vectran® fibers lose a large percentage of their strength when exposed to UV light. When
the fiberwas exposed t o xenOeMetleirghtt eisnt ea , i Wd a trheet

strength after 24 hours, 22% after 96 hours and 13% after 144(B@urs

The UV resistance of high performance fibers is often dependent on the type of structure
exposed (e.g. filament, spun yarn, fabric). Vectrast®wedgood results for a 0.6 cm
diameter ropedater 200 hours of exposure theperetained 75% of its strengtnd after 400

hours it retained@0% of its strengti(33).
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Zylon® (PBO)

In contrast to the excellent mechanical and thermal properties of Zylon®, the fiber exhibits
poor UV resistance when compared to Spectra® and Kevlaf@&r more than 120 hours of
exposure to UV light, Zylon® lost over 80% of its strength while Spectra® and Kevlar® lost
less than 20% of their ow24). This shows that for Zylon® to be an effective fiber choice
for balloonapplications that the UV resistance would need to be greatly impruvieen
exposed to sunlight PBO degrades exceedingly tuitkinprotected. Toyobo Corporation
evaluated the WV resistance of Zylon® usin@ 1 We-@-Maeer o (Xenon
fluoresceat lamp and natural sunlight outdodis collect data about UV degradatioim
Figure 11, the strength lossf PBO fiber under xenon and outdoor light can be seen and is
compared to a-aramid fiber. These tests were done using 500 denier multifilament yarns,
and the results shothat Zylor® fibers retained about 30% of their strength after 500 hours
of exposure, and 35% after 6 months of Outdoor Teg®4y In another previous work
(12), PBO braids retained only 51.77%da87.56% of the initial strength tensile strength

after 1 day and after 6 days UV exposure respectively.
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Figure12. Strergth lossin Zylon® and other high performance fibers due to UV exposure
(35)

Other studies of Zylon®show more accelerated aging usingfiaWe a 1OiMeter" for
testing In one study(32), unprotected®BO retained 3% of its strength afte24 hoursof

UV exposure 15% of its strength aft&d6 hoursand 12% aftel44 hoursof exposurg32).

2.3 Methods of UV Protection

2.3.1. Loading

Loading is a traditional wagf improving UV resistance in thexide industry. This method

involves compounding UV stabilizers with the polgr during extrusionThe goal of adding
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a UV stabilizer (often antioxidants or pigments) is to reduce the damaged dayddV
radiation to ke fiber ly absorbing or scattering the radiatiddowever, loading high
performance fibers with UV stabilizer is often difficult because of the harsh conditions of
spinning processes. Compounding the polymers with UV stabilizers can also result in loss o
strength and reduction glongation at break. Polyester loses 6% of its elongation at break
with just 1% of TiQ (a commonly used UV stabilizegdded to the fibe(36). TiO, also
causes the formation of solid crystals, g¢hresult in development of weak points within the

fibers(12).

2.3.2. Coating

The photostability of fibers can also be improved by coating with chemicals containing UV
stabilizers. This coating process is performed by feedingahe or fabric througla finish
application system, after thmoated yarns or fabric are then passed over a heated drum to

heatset the outer surface.

In a previous study three braids made from high performance fibersT¢kde9) were
coated with thin flexible coating of amino silicone containing 80% (by weight) of UV
blocker TiO2, ZnO, LowiliteTM 20, 22, 35, and 92, afddhuvin® 234)to compare their
performance after exposure to UV ligl®2). The processised to coat the braidsvolves
coating thefilament yars with chemical mixture followed by curing at 156170 C by

wrapgng around a hated drum $eeFigure13).
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Table9. Fibers selected fatudy(32)

Fiber Tex/ Number of Filaments | Manufacturer
Zylon® HM 166.67/996 Toyobo
Vectran® T-97 166.67/300 Celanese Corporation
Kevlar® 49 157.78/1000 DuPont Textile Fibers
Tube carrying finish Winder
Pumyp solution

E Y arm "'-L|1.-J.Id.|.l.:ll'
Supply unireated f I

yam package Tension Finish

Guide device Applicatos Heated dium Treated yvarn

Figurel3. Process usddr chemical oating(32)

To test the UV protection offered by the chemicaating(32), samples were exposé&d/

and visible lighti n t he -GiMetadrh@®@rt o measure the &effec
method in comparison with the control group (fldgilamino siliconewith no UV blocker).
Theesults from chemical coating methods did

loss in tensile strength t&0% or less Zylon® samples (controlTiO,, ZnO, and all
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Lowilite® samples) lost 580% tensile strength after 24 hours and909 tensile strength
after 96 hours. Zylon® treated with carbon black and Tinuvin® 234 lost 35 and 37%
respectively. The poor strength retention was associated teet#y@ng ofthe chemical

coatinginto the braids and not remaining on the outer surfaces of the(Bgid

Another study(12) showed that a Kevlar® braid withiO, maintained itstrength better than
an uncoated braid; however, the coated braid only retained 64% of its strength after 150

hours of exposure~{gure 14).
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Figure 14.Tensile strength of coated and uncoated Kevlar® as a function of UV exposure

time (13).
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2.3.3. Sheathing

Sheathing is another method that has been investigated to reduce the damage that occurs to
high performance fibers when they are exposed to UV light. Sheaths made of various
materials have been used to form a protective cover arbuaids (2, 12, 32, 37) In

previous works (13, 33, 38)materials like aluminum foil, Teflon, thin flexible films
containing carbon black, and UV stabilizers have been used to sheath high performance
fibers to protect them from UV radiation. In addition to the various mateusisd for
sheathing, different methods of sheathing have also been investigated inawttungjon,

film casting (porous membranes), electrospinning and woven shegttBirg2, 36, 37, 38

Weight addon is a serious concern when considering the sheathing techniques. While
thicker sheathor more numbers of sheath layers offer more protection from UV, the sheath
also add to the weight of the brai@37) which is wdesirable in applicatiansuch as
scientific balloons It is therefore important to consider the weight of the finished tendons to
insure they have an optimal balance of protection and weighbmddiich would enable the

SPBs to carry heavier payloadsdaachieve higher altitudesd longer duration flight38).
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2.3.3.1. Sheaths from Aluminum Foil, Teflon, Thin Flexible Films with
Carbon Black

Three high performancg&eeTable 10) fibers were selected famomparison of performance
after exposure to UV ligh82). , film casted coveringsontaining UV blockers were used to

reduce damage.

Table10. Fibers selectetbr study

Fiber Tex/ Number of Filaments | Manufacturer

Zylon® HM 166.67/996 Toyobo

Vectran® T-97 166.67/300 Celanese Corporation
Kevlar® 49 157.78/1000 DuPont Textile Fibers

The covering (or sheathing) approach used 5 different types of film to cover braids. First, a
thin, flexible amino silicone film with carbon black and a grey coating on one side (this was
called black polyethylene I, or BP I) was applied. Second, a T@HBNE) tape was used.
Third and fourth, two polyethylene films with carbon black were used (BP Il and BP 1ll). BP

Il and BP Ill varied from each other and BP | in their thickness, but not in carbon black

content. Fifth, a Reynolds Wrap® aluminum foilsvapplied. The combinations of fibers
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and sheathings can be seeMable11 with the tensile strength results after exposure to UV

light.

Results show that after 24 hours of exposure Zylon® sheathed in 2 layers of aluminum foll
retained the most tensile strength, followed by Zylon® sheathed with 1 layer of BP II.
Teflon sheathing did not provide exceptional strength retention for Zylon&adran®, but
proved to be affective for protecting Kevlar®ith 96 hours of exposure Zylon® BP Il and

BP IIl outperformed Vectran® and Kevlar® with Teflon coatings, and after 168 hours

Zylon® BP lll retained 97.83% of its strength.
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Table11l Combinations of fibers and coatings, and results of tensile testing

Yarn and Finish Tensile Strength (g/denier)/% Tensile Strength Loss
Type/Protection System 24 Hours | 96 Hours | 144 Hours | 168 Hours
zylon®Untreated 12.21/62.64 4.89/85.04 | 3.87/88.16 -
zylon®BP | (1 Layer) 27.85/14.78 = = —
zylon®BP | (2 Layers) 30.45/6.82 - . —
zylon®BP | (3 Layers) 30.65/6.21 = - —
zylon®BP Il (1 Layen) 31.92/2.33| 31.57/3.40 = 3153352
Zylon®BP 11l (1 Layer) 31.45/3.76 | 32.99/0.95 - 31.97/2.17
zylon®Teflon (1 Layer) 18.01/44.89 - ~ —
Zylon®Teflon (2 Layers) | L17-19/47:39 = - —
zylon®Al foil (1 Layer) | 28-45/12.94 = - —
Zylon®Al foil (2 Layers) 32.07/1.86 - - -
Zylon®Al foil (3 Layers) | 30:06/8.02 -- - -
Zylon®BP | + Al foil 31.57/3.39| 32.26/1.29 - 31.56/3.42
7ylon®BP | + Teflon 31.25/4.38| 30.75/5.91 - 30.40/6.98
zylon®Teflon + BP | 31.67/3.09| 29.52/9.67 - 56.06/20.26
vectran®Untreated 17.32/31.48 5.53/78.13 | 3.40/86.55 —
Vectran®Teflon (1 Layer) | 22-56/10.76 19.65/22.27) 17.72/29.91 -
Keviar®Untreated 14.83/10.50 12.16/26.16| 12.74/23.11 ~
Keviar®Teflon (1 Layer) | 16-16/247| 16.11/2.78 | 15.92/3.92 -
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2.3.3.2. Sheathing with a Porous Membrane Made by Film Casting

Technique

Protectiveporous membranes made from polyurethane loaded withnEi@oparticles have
been used to protect PBO braids from photo degradéi®n Porous membranes covering
individual polymer fibers are traditionally used in texti{esy. nylon and polyester) to offer
UV protection(39), but to create an effective and lightweight sheathing the process can be
performed on braids rather than individual yarns to decrease added weight while still

providingefficient UV protection

Two films casting methods (evaporation and coagulation) have been used to make the
sheathing membranek was found that the coagulation method produced a more porous
membrane compared to the evaporation techniqlibe difference inporosity between

coagulation and evaporation techniques can be sddgurel5andFigurel6.
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Figurel5. FESEMcrosssectionimage of blank PU membrane prepared by evaporation
techniqug37)

Figure16. FESEMcrosssectionimage of blank PU membrane prepared by coagulation
method(37)
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The higher porosityin the case of membranes formed using dmagulation method

decreased the transmittance of UV argible light asshown inFigurel7.
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Figurel7. UV-VIS light transmittances of blank Ptdembran&37)

The higherporosity achieved using the coagulation method also results in a Igjigath
covering. .The coagulation method was further investigated by evaluating the effect of
adding TiQ nanoparticles to the membrarkégure 18 shows that adding Ti{hanoparticles
resulted in a decrease in membrane density (or increase in por@ditghthe TiO, was
increased from 1% to 4% using the coagulation method the denspigedrérom 1.047

g/ent to 0.552 g/cry which is a 47% reduction in overall weigB®).
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Figure18. Density of coagulated PU membealwaded with different % TiO2 nanopatrticles
as compared to membrane prepared by evaporation method of membrangigyers

Increasing the number of layers of the coagulated sheath with ne déCreases
transmittance of both UV and visible light. When 4%JMas used in the coagulated
sheathing material the decrease of transmittance was far gifegiene 19 and Figure 20).
Figure20 alsoshows near complete blocking of UV light and also the low impact of number
of layers when using 4%iO,. Therefore, the numbers of layers used for protection could be

reduced to minimize the weight added by sheathing to the braids.
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Though this technique provides promising resthiestechnique is not commercially available

for large-scaleproduction

2.3.3.3 Electrospun Polyurethane Sheaths

Nanofiberwebs which are produced using electrospinrpngcess, have also been used as
protective sheathElectrospinning process uses electrostatic forces to spin fibers by charging
the polymersolutionat an increasing voltage until it exceeds the surface tension at the tip of
the spinneret and the polymsolutionis ejected to form nanofibeveb with random fiber
orientation. A schematic of the electrospinning proéesshown inFigure 21. The large
surface area provided by the nanofilagb along with its light weight, small thickness, and
flexibility, makes it an excellent material for UV protection of high performance fii@é;s

41).
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Polyurethane electrospun sheathing layers containing zinc oxide (ZnO) were evaluated for
their effectiveness in UV protection applicatiof#l). Polyurethanenandiber webs were
electrospun under variougnaterial and spinning parameters, including different
concentrations of polyurethane N, N-Dimethylacetamidesolution, voltages, feed rates,
collection distances and capillary diameters to achieve the optimum spioomagtion.
Using the optimum spinning conditions, the electrospun fiberweb containing cylindrical
fibers with 306600 nm diameters were producedarious levels of ZnO (UV stabilizer)
content and anofiber web densities werenvestigated to study the U\protection
performance of the electrospun sheath.It was found thatwhile the nanofiber web
containing2% wt. zinc oxide with a web aredensity of 5.0g/m? provided the least UV
transmittancéSeeFigure22), nanofiberwebs containind% zZnO at 7.3 g/frand 2% ZnO at

3.0 g/nf werealmost as effective. Fe results also showed thahile zinc oxide content is
important to the mtection of braids, the fiberwetbensity is equally criticain providing

adequate coverage and dispersion of the UV stabilizers to the braid surface
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Figure22. UV transmission of layered fabric systems and comaitmic (41)

Another study(12) examinedthe UV protection performance dfigh performance fiber
(PBO) braids covereavith electrospun layers of polyurethacentainingUV blocker (TiQ,
nanoparticles)For the electrospinning processveralpolymer ®lutions were prepared by
dissolving the polymer ilN, N-Dimethylacetamide until 11% concentrate by weight was
achieved. Polymer solutions containindghitee levels of TiQ (0, 1, 2 % by polymer by
weight) were electrospun at two collector speeds (10.4 and 87.7 m/min). Three levels of

fiberwebdensitywereused to cover braida the experiment, these were: 1.10, 2.29 and 3.00
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g/m of braid(group A, group B, and group @spectively. Electrospun layers we created

and then secured to braid wtdpe(SeeFigure23).

Electrospun
Tape Lavers

[ A

\

Braid

Figure23. Schematic of electrospwample used for testing UMésistanc€32)

After UV exposure the samples were tested for tensile strength retébfiprand t was
found that group A (1.10g/rof braid had the highedransmittance, group B (2.29 g/of
braid had slightly lowerretentionthan group A, and group C (3.@1 of braid had the
lowestretention of all. Thisconfirms thatincreasing thdiberweb density of electrospun

polyurethane layensrovidesbetterprotectionand increases strength retention.

The study(12) also investigated the change in color of the electrospun sheath due to-the UV
VIS (UV and visible light)exposure. While allampleshad a smooth white surface before

UV exposure, crackand a yellowtint was seen irthe electrospunsheaths after UWIS
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exposure In addition to brittleness and yellowing, the alespun polyurethane layers used

in Group lalsobecamédransparent after 6 days @tposure (SeEigure24).

Figure24. Group | sample after 6 days UV expos(B2)

In order to investigate thetrength loss caused due to the UV_VIS expgsli$e TiO,
sheathes made usiaghigh drum speed walected for mechanical testing. Layered sheath
was applied to the braids using the 3 previously used linear densities (1.00, 2.29, and 3.00
g/m braid) and amed Groups |, I, and Il respectiveljfter six days of UV exposure
Group Il retained the highesgtnsile strength a9.90 cN/denhowever Group Ill was very

close in strength.
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Figure25. Tensile strength of the PBO yamwgh no protection and sheathed by group 1, I,
Il after 6 days of UV exposur@?2)

Results from testing show that electrospun sheaths provided better, lighter weight sheaths
than extruded polyurethane sheaths that were mlade in the studyl2). Results also
showed that the electrospun layers were effective in blocking UV light even without the
presence of a U\kstabilizer; however the electrospusheaths are not attainable in a
commercial setting making them undesirable even with better results. vAtsatjonof the
thickness of the electrospun coveriogeates uncertainty in the consistency of protection

offered by this approach(12). For electrospinning to be considered fdyY protection
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applications further studies are requiredmprovement in thickness uniformity and

development of viableommercialproduction method

2.3.34. Woven Sheathing

Woven sheaths have been applied usingpaen fabric sheathto protect high performance
fiber braids from UV degradation. It was found that Waven sheathing methadid not

offer adequate coverage and alloweigh UV transmittance which causelmageto the

braid (37). Research on this method of sheathing was discontinued in favor of other

sheathing methods, which offered better protedsat).

2.3.3.5 Extruded LDPE Sheaths

Extruded polyethyne sheaths can be seen in traditional applications like coated electrical
cables and wires. Extruded polymeric filnmgave also been to provide abrasion and
environmental protection to textile yarns and braidsr UV protection applications the
extruded plymeric $ieathscontainingUV stabilizershave been used farotectthe braids
against UV radiations (add ref)The sheath extrusion process involves the extrusion of
polymer meltaround braid$ollowed byimmediate quencdhg in cold water to coagulate the
extruded polymecoating The coagulation stepreventspenetrabn of the polymeiinto the

braidwhich would cause aimcrease in braidgidity and weight.
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Various etruded polymeric film to cod®BO braids intended for @sasload-bearing tendons

of scientific balloonshave beerstudied to evaluatéheir UV-VIS protection performance

(12). The study inelved extrusion of sheath fropolyethylene compounded with different
levels ofUV stabilizes like TiO, and White PE CC®. The polyethylene was chosen because
its properties are suitable for high altitudes and its inherent resistance to UV degradation.
The content levels of UV blockers usedtime studyincluded 0%10,, 5% TiO,, 10% TiO-
and12% White PECC®. The sheathed and unsheathed braids were exposed to UV light for

0,1,2,3,4and 6 days.

The results of UVVIS transmittance teistg of four types of polymeric flmshowed thain
all the polymeric films samples that were loaded with a UB¢Ker transmission of UAA,
UV-B and U\VAC was less than 1%. The study also found thatlotvest transmittanceras
the in caseof polyethylene film loaded witli2 % White PE CC®which indicated that the
polyethylene extruded film loaded with 12% White REE® would provide highest

protection against thgV-VIS radiation.

The study also investigated the strength loss in sheathed and unsheathed PBO braids after

incremental UWVIS exposure durations from 1 to 6 dayhe strength loss results (

Table1?2) show thatafter 6days of UWIS exposurenaximumtensile strength was retained
by the PBO braidsampe usingsheathed withpolyethylenefiim loaded with 10%TiO,,

whichretainedabout 70%of its tensile strength.
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Tablel12 Tensile strength loss of the PBO braids before and after UV exposure (13)

Tensile Strength Loss (%)
Exposure Time
No Unloaded | 12% White PE 5% 10%
(Day)

Protection PE CC® TiO, | TiO,
0 0.00 0.00 0.00 0.00 0.00
1 48.23 35.25 10.35 12.98 | 14.01
2 56.88 40.16 26.79 22.65 | 15.25
3 63.05 47.25 26.67 29.90 | 21.62
4 65.86 50.41 29.82 36.37 | 22.81
6 72.44 59.07 36.75 42.56 | 29.35

The study also found thatcreasing the amount dfiO; from 5% to 10% in the sheathing

material increases thershgth retention by about 13%ter 6 days of exposur&amples

with White PE CC® provided lowest transmittance of visible light, batnplegetainal less

tensilestrength tharwith samples withTiO,. Higher levels ofTiO, in sheathing should be

investigated to see if tensile strength could be further stabilized upon increase.
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3. Research Objective

High performance fibers have characteristically superior mecHapiogerties and high
resistance to extreme conditions. As a result, b@e been used in countless applications,
includngbul | et proof vest s, firemend6s turnout

preforms for composites to replace heavy metals.

However, it is also known that high performance fibers undergo severe degradation when
exposed to UV radiation, which makes these fibers underperform in applications that involve
exposure to UV radiationdBy further developing UV protective coveringset desirable

properties of high performance fibers that are depleted by UV radiation would be maintained

when exposed to spectral radiation.

Previous works have investigatearious methods of UV protection such as loading, coating,
and sheathingl2, 2, 37) While coating and loading have failed to provide good protection
(13, 33, 37)sheathing offered promising results. Sheathing methods such as electrospinning,
film casting, woven sheathing and extrusion have been used to apply a protectiveocover t
braids for UV protection(12, 32, 37). Electrospinning and film casting sheaths offered
excellent protection without requiring the use of a UV stabilizer because of their porous
structure, but need to be commercialized before they can be effectivdlynusdargescale
production setting. While previous researshs shown promising results of the UV

protective performance offered by the extrusion sheathing, the full potential of the extrusion
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sheathing method remains unexplored. Sheath thickness and weigitt atldV stabilizer

can be manipul ated in order to achieve bette
need to improve tendons used in 8@entific Balloon Program to achiewbeir goal of 100

or more days of orbit time; however, findings are of paramount importance to many other
applications where high performance fibers are exposed to light. In recognition of this
research is required to investigate the various materidlstamctures involved in the sheath

extrusion method to obtain a clear understanding of its UV protective performance.
Recognizing the need for continued research and improvement of UV resistant coverings for

high performance fibers, an investigatwasconducted to:

1. Understand the effects of braid structural properties in maintaining the strength of

high performance fibers in applications where degradation from light may occur.

2. Understand structural and material properties of sheathing on breiddifying UV

stabilizer levels anchtckness to find an option thamproves protection.
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4. Experimental

4.1. Protection of High Performance Fibers Using Extruded Sheathing

4.1.1. Materials

Braid

In this research, braids of 48,000 denier (16 carriers, 2 stpmrdsarrier, 1500 denier/996
filaments per strand, HM Zylon® (PBO) fiber) and 72,000 denier (16 carriers, 3 strands per
carrier, 1500 denier/996 filaments per strand, HM Zylon® (PBO) fiber) hollow braids with a
2x2 construction were manufactured at Codla@@able Company in Cortland, New York.

For ULDB applications, these braids act as the load bearing tendons in ballooning missions.
There are 290 tendons per balloon and each tendon is required to load 725 kg (1,600 Ibs)

evenly for a goal of 100 day$igure26 shows the braid structure.

Figure26. Structure of the 2x2 Construction PBO Braid
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Sheathing Material

A low density polyethylene (LDPE) in pellet form was selected to form the sheathing of the
braids. Sheathing was extruded at three thicknesses around tiee 6r24dmm, 0.33mm and

0.42 mm.

UV Stabilizers

Rutile TiO, nanoparticlegsupplied by Nanostructure and Amorphous Materials, Inc.) and
PE White CC® (Supplied by PolyOne Cayere used as the UV stdlaers and were
compounded with LDPE to form the sheathmgterial. Stabilizers were used individually
and in combination at flerent levels (by weight addn %). The material safety data sheets
for TiO, from Nanostructue and Amorphous Materials, Inc. and White CC® from PolyOne

Co. are provided in Appendix A.

4.1.2. Compounding and Sheathing Extrusion

The extrusion process was perfed at Cortland Cable Company in Cortland, New York.
Untreated braids were fed through an extrusion die to apply the LDPE sheathing
compounded with UV stabilizers. As the braid passes through the extrusion die, it is covered
in the compounded sheathinga circular shape the length of the braid. After being covered

the sheathed braid enters a chilled water bath to coagulate the sheath and to separate it from
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the braid to prevent polymer from entering the braid, which would increase weight, decrease

flexibility and decrease coverage to the braid.

4.1.3. Experimental Design

Physically covering high performance braids with an extruded polymeric sheathing is an
effective method for protecting against UV degradation that is commercially available. This
process iswell established in industry and has been traditionally used to manufacture
electrical cable jacketing. The variables for this experiment are the UV stabilizer, stabilizer

content, and sheath thickness.

The control used for benchmarking for the expentnwas a bare braid with no UV
exposure. Three sheath thicknesses were developed with different levels of UV blocker

content.

The purpose of the experiment was to find the sheath that offered the best UV protection with
the lightest weight possible. Tle@perimental design of the experiment can be se&éahie

13. Note: the experimental design is not a full factorial design.
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Table13. Experimental Design of Extruded Sheathing

Variable Levels

Braid Count 2 (48,000, 72,000 denier)

Sheathing Thickness| 4 (0.24, 0.33, 0.40 and 0.42 mm)

Type of UV 2 (TiO2 nanoparticles, White PE CC®)
Stabilizer

UV Stabilizer Add- | 5 (0, 6/6 TiQ/White PE CC®, 5% TiQ 10%Ti0, 10% White PE
On CC® and 13%TiQ)

Exposure Time 2 (0, 6 days)
Total Number of 16 (72,000 deniempresent trial) + 8 (48,000 denigarevious trial)
Treatments = 24 total treatments

The responses considered for this experiment include tensile strength of braids and yarns
after exposure and UV transmittance of sheathing material. These have been selected as the
most trustworthy measurement methods from the previous work done inréasta

recognize the best candidate for sheathing PBO.
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4.2.Testing and Evaluation

4.2.1. TEM imaging of the sheath material loaded with TiQ

To determine the dispersion of Ti@ check the effectiveness of the compounding process
an evaluation was done witht@nsmission electron microscope (TEM). TEMaiges with
8000x magnification were attained from 200 nm thick samples using a JEOL TEM 6400F

using an accelerating voltage of 200.0 kV.

Obtained images were analyzed by observingtggomeratiorof the TiO, particulate in the
compounded sheathing material. Large groups of, Tpgarticulate were considered
undesirable and if seen consistently in sample images, then recompounding needed to be

performed.

4.2.2. TGA analysis

To determine the addn weight of UV sthilizers in the compounded PE pellets used for
sheathing, a thermal gravimetric analysis was done using a Perkin Elmer Pyris 1 TGA
instrument. Analysis was done by raising the temperature to 1000°C to burn the PE leaving

only the UV stabilizer.
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To find adlon wei ght , the pelletds original wei @
weight after testing were recorded and the following formula was used to calculate add

weight:

UVstabilizerweiglg)

, — , x10(
TotalPelletweigfd) - UVstabilizerweig(g)

4.2.3. Weathering (UVB only)

Samples were exposed to tB/light using a QUV/se Accelerated weathering tester at the
Balloon Research and Development Laboratory at Wallops Island, Vilgigare 27) To

test, tendons were mounted on aluminum frames and secured with clamps. The samples
were separated so thaetsample would receive equal expos(Fmgure 28) The tendons

were exposed to UNB lamps with an irradiance of 0.99 Watt$/at 50° Celsius for 6 days.



Figure27. QUV/se Accelerated Weathering TestBRDL
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Figure28. Tendons Ready for Exposure in QUV/se Accelersitfedthering Tester

4.2.4. Tensile PropertiesTesting

Tensile testing of braids was performed\&llops Flight Facility at Wallops Island, Virginia

by NASA. Braids weregstdwith aninstron 880(QFigure 30)using a cross head speed of 1
inch/min and a 22.24 kN (5,000 Ib) load cell with a gauge length of 62 inches. Samples were
constructed with | oops on the ends <created

thebured splice (Pigare291 80 | ong



62" inches Tendon Configuration

5:: 13:: 1E:: 13:: 5::
4 L L
23:: 23::
4 L i
it
62"

Figure29. NASA splicing measurements
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Figure30. Instron 8800 Used at BRDL for Tensilesting of Braids

Testing of the yarns was conducted at NCSU using MTB€)/5(Figure 31)with ASTM
D2256 standards. To prepare samples, braids were unraveled by unbraiding the samples
several inches and then pulling to slide the strand out of the braid. Eight of stearids
were tested for each sample. Testing was done using a snubbing grip and mounting samples

by wrapping yarns 4 to 5 times around grip and inserting a piece of rubber between sample
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and grip to prevent slippage. Grip pressure was set to 60 pai Hd@D pound load cell was

used. Gauge length was 10 inches and cross head speed was 12 in/min.

Figure31 MTS QTest/5 Used at NCSU for Tensile Testing of Yarns

4.2.5. Sheath Thickness and weight measurements

Sheath thickness was measured to check the accuracy of extrusion process and the uniformity
of the sheathing. Thickness was taken with a digital caliper at 5 different locations for each

sample. To measure, sheathed braids were slit open and the saehvwewved. The sheath
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was flattened and a single layer of the sheath was measured. Special care was taken to insure

that the caliper didndot add pressure and dec

The samples weights were measured to determmevéight adebn of the sheathing. The
weight of the sheathed sample was measured and then the unsheathed braids and sheaths
were measured. Each sample was weighed three times and the a\&gigevas taken for

comparison.
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5. Results and Discusion

5.1. TEM analysis of LDPE pellets

Compounded pellets were examined widinsmission electron microscopeEM) imaging

to observe evenness of the UV particulate dispersion in the LDPE. Samples observed using
TEM imaging included LDPE pellets with 13%O, and LDPE pellets with 6% White
CC®/6% TiG. It was discovered that the samples compounded with 13% hE@ large
groupings of UV stabilizer that were not dispersed in the L{Hglre 32) Sheathing made

with poorly dispersed UV stabilizers woulatnoffer equal protection to the braids, which
means that samples showiaggregatiorof UV nano particleshould not be considered for

use in the final product. Images showing poor UV particulate distribution of 13% TiO
samples are shown Figure32. Samples containing 6% White CC®/6% Fi®ere found

to have good dispersion when examined with TEM imaging. Images taken of 6% White

CC®/6% TiQ, sampes are shown ifigure33.
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Figure33. TEM images of LDPE with 6% White CC and 6% %iO

The discovery of unequal dispersion of TiO2 particulate in pellets with 13% TiO2 created a
need to recompounpellets to achieve better dispersion of the UV stabilizer in the LDPE.
This was done to ensure that sheathing provides equal coverage. After recompounding, the

pellets showed better dispersion of UV stabilizers in the LDPE. This makes the second
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compounling suitable for use in final sheathed tendoiigure 34 shows the 13% TiO2
samples after recompoundingdditional TEM images from study are praled in Appendix

B.

Figure34. TEM images of LDPEvith 13% TiQ after reworking

5.2. TGA Analysis of LDPE pellets

A thermal gravimetric analysis (TGA) was done using a Perkin EImer Pynistrument at

North Carolina State University (NCSU). The analysis was done by raising the temperature
to 1000°C to burn away the PE and White CC® leaving only, p&ticulate. The initial

pellet weight and weight of the Ti®emaining after testing & used to calculate the weight
addon and content to determine if the projected UV stabilizer content was accurate. Testing

was conducted on samples containing 13%, Bl 6% White CC®/6% Ti® Three0.05
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gramsamples of each level pellet were testedneasure the UV stabilizer content. It was
determined that the content was consistently lower than intended for the 13%am@les.

The results from TGA testing are shownTiable14. Figure 35 andFigure 36 show graphs

of the samples tested with the TGA device. These graphs show that the burn off rate was

uniform and similar for the samples tested with no outliers.

Table14. Average Content and Addn of UV Stabilizers of Ti@in LDPE Pellets with
TGA

Average Average
Sample 1 2 3
% Content | % Add-on
13% TiO, 8.03 9.42 9.83 9.09 10.00
6%/6%
8.45 7.06 - 7.75 8.41
WhiteCC®/TiO2
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Figure35. TGA % Add-On Weight Analysis of LDPE Pellet with 13% TiO
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Figure36. TGA % AddOn Weight Analysis of LDPE Pellet with 13% Ti@nd 6% White
CC®/6% TiG, pellets

TGA testing found that the % adtth was lower than the desirethaunt for the 13% Ti@
samples. Since the pellets with 13% TMere found to have poor dispersion of the UV
stabilizer with TEM imaging, the low results were thought to be skewed by the TGA testing
devicebds furnace | i mit att, ewhch isdnextemblybsmaglr a m
sample and does not represent the populatiaminsure this was not the case, a large sample

should be used.
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PPG Industries was contacted to retest samples for UV stabilizer content. A muffle furnace
with a capability otesting 2 gram samples was used for retesting. In addition to the samples
tested initially (13% Ti@ and 6% White CC®/6% Ti@pellets) a recompounded sample
containing 13% Ti@ was tested for UV stabilizer % adach. The results from testing
indicated thathe % adebn in the initial 13% TiQ@ samples was low and that the actual
content of the sample was 10.17%. The recompounded 13%s&i@ples were found to
contain 12.95% addn on average, and the 6% White CC®/6% lp@llets samples tested
were found @ have 8.41% average add. The results of testing done on 6% White
CC®/6% TiG, pellets is reasonable because the White @B@tains TiQ which does not

burn off using TGA testing Results from testing done at PPG Industries are givéabife

15. Additional data from results can be found in the AppeBdix

Table 15. Average Content and Addn of UV Stabilizersof TiO, in LDPE Pellets with
muffle Furnace

Sample 1 2 3 Average % Average %
Content Add-On

6%/6% White CC®/TiO2 7.73|7.90|7.65|7.76 8.41

13% TiO2 after 11.5|11.5|11.3|11.46 12.95

recompounding 0 1 9

13% TiO2 before 9.2319.21 19.26 | 9.23 10.17

recompounding
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5.3. Weight and thickness analysis of Sheathing on 72,000 Denier Braids

Weight addon of the sheathing to the braid was an important factor in selecting a tendon
with adequate protection and minimal weighThough protection was important to the
tendon, minimizing weight allows for a larger payload to be carried and is important to the
mission. To measure the added weight of the sheathing to the tendon one meter long samples
were stripped of their sheath, and the weights of the sheath and braicke@ded. From

this, the %sheathaddon could be calculated.

Of the samples tested, tendons covered with a 0.24 mm sheath made wiWwhii@aC®
offered the lowest addn at 32.43% and tendons covered with a 0.42 mm sheath made with
6%WhiteCC/ 6% TiQ had the highest adoh at 59.19%.Sheath wight addon should be
kept as low as possible while providing adequate protection fromigh to the tendon.

Figure37 gives the weight % addn of all sheathing variations used on 72,000 denier braids.
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Figure37. Weight % AddOn of Sheathing to 72,000 Denier Braid
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Tablel6. Thicknesses and Weights of 72,000 Denier Tendons

Average Weight of | Average Weight | Average % Add-
Thickne | Sheathing (g/m of Braid (g/m On of Sheath to
Type ss(mm) | braid) braid) Braid
10% White | 0.24 2.4 7.4 32.43
CC®
10% 0.33 3.3 7.4 44.59
WhiteCC®
10% 0.42 4.3 7.4 58.11
WhiteCC®
6%WhiteC
C®/ 6% 0.33 3.5 7.4 47.30
TiO2
6%WhiteC
C®/ 6% 0.42 4.4 7.4 59.19
TiO2
0.24 3.1 7.4 41.89
13% TiO2
0.33 3.5 7.4 47.30
13% TiO2

5.4. Analysis the effect of UV stabilizer type, % content and sheath thicknes®n

tensile strength retentionfor 72K braids

To assesshe effect of UV stabilizer content and sheath thickness on the strength retention of
tendons exposed to UB light for 6 days, tensile testing was fegmed before and after the
tendons were exposed to radiation. Testing was done on tendons with the sheathing intact

before and after receiving UB exposure. The resul{§igure 38)show that 10% White
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CC® samples at 0.24 mm offered 97.47% average gitreretention, which is 29.12%
greater than samples exposed to-BWvith no protective sheathing. Samples with 13%
TiO, were also extremely effective in preserving strength duringBJ¥xposure with

averagestrength retention of 97.27%.

The effect of shath thickness for a given UV absorber is not significant as it can be seen
from the results of Figure 38 given tloav variability indicated by the error baiTheoretical

and experimental worlby Hassanin (37) showetthat for a given % addn of an UV
aborber the increase in sheath thickness caused increase in the degree of protection from
UV. However, after reaching certain level of thickness the degree of protection tends to level
off. The results presented here indicate that the thickness levels ergeg@rbvided same

level of protectionwith the % adebn of UV stabilizer Individual observationslata is

provided in Appendix E
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Figure38. Strength Retention of Tendons after being exposed tBWYjht for 6 Days

5.5. Analysis the effectof UV stabilizer type, % content and sheath thicknes®n

tensile strength retentionfor yarns unraveled from 72K denier braids

To infer the effect of sheathing on yarns of tendons exposed to UV tegting was done on

yarns unraveled from sheathed braids. This was done by tendons being stripped of their
sheathing and the 12 strands being unbraided (each strand contains 8f yiZ588 denier

each. Theyarnswere not separateimto strandsbecausehere was not a clear way to
differentiate between the individual yarns. The tensile testing results of the strands show that
the samples had little variability between each other. In some cases the strength of the yarns

increased with UMB exposure, wich we know to be false.
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When removing the sheathing from the tendamples therevassome difficulty separating

the sheathing from the braids. To remove sheath, a razor blade was used to slit 3 inches of
the sheath open lengthwise and the braid was fulled from the sheath. Another method

that was tried was slitting the entire length of the tendon tested. This method was abandoned
after several attempts because the yarns had small cuts in some places. When removing the
sheath by pulling the braitlwas sometimes very difficult with a high resistance making the
sheathing hard to separate from the braid. These issues may have caused damage to the
braid, which would explain the ya tenacity results maintainingr gaining strength. To

remedy the 9sues with apparently inaccurate readings, a new way of removing the sheath

would need to be developed to insure that braids were not being damaged.

From the test results, tendons with a 0.33 mm thick sheath containing 6%White CC®/ 6%
TiO, possessed thadghest strength retention at 104%4 The increase in strength comes
from testing error from the results from the exposed samples being close to the control group.
Following 6%White CC®/ 6% Ti@with 0.33 mm sheaths, 10%White CC with 0.33mm

thick shedting retainedl00.72%6 of its strength. The results show a decrease in strength
retention as sheathing thickness increases for samples with 1026 T3 may come from

the increased difficulty of removing sheath from tendons with thicker sheathingagtBtre

retention results can be foundTiablel17, and are representedkigure39.
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Table 17. Strength Retention of Yarns Removed from 72,000 Denier Braids After 6 Days
Exposure

Group Strength Retention (%)
Bare Tendon 72.68
6%1/6% 0.33mm 104.54
6%/6% 0.42mm 99.97
10%White CC, 0.24mm 93.90
10% White, CC 0.33mm 100.71
10% White CC, 0.42mm 96.48
13% TiO ,, 0.24mm 88.72
13% TiO ,, 0.33mm 95.06

100.00

Strength Retention (%)

90.00 1
80.00

70.00 -

60.00 -

50.00 -

40.00 -

30.00 -

20.00 -

10.00 -

0.00 - - - . . . . .

Bare 6%/6%  6%/6% 10%White 10% 10% White 13% tio2, 13% tio2,
Tendon 0.33mm 0.42mm CC, White, CC CC, 0.24mm 0.33mm
0.24mm 0.33mm 0.42mm

UV Stabilizer Content (%), Sheath Thickness (mm)

Figure39. Strength Retention of Yarns after beingpesed to UVB Light for 6 Days
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5.6. Comparison of 48,000 denier braids to 72,000 denier braids

Previoustrials (12, 32, 37have been conducted to observe the strength offered with 48,000
denier braids tascientific balloon applications. With 48,000 denier braids, the unexposed
breaking load was 3,046.16 Ibf, and with 72,000 denier braids the breaking load is 4,513.12
Ibf. By increasing the denier of the braid used, the tendons will increase 33.33% in weight,
and tke breaking load increases 32.50%, which is proportiongable 18 provides a

comparison between the two braids.

Table18. Comparison of 48,000 and 72,000 denier braids

Braid Denier Average Breaking Weight Increase, | Breaking Load
Load, Ibf (N) % Increase, %

48,000 3,046.16(13549.98) - -

72,000 4,513.12(20075.35) 33.33 32.50

Previously, the 48,000 denier braid used s@ientific balloon applications have been
protected with a sheath loaded with UV stabilizd3, 32, 37)Some of the trials leading up
to the tendons used today have examined the use of polyethylene sheathing with 5% TiO2

and 10% TiO2 extruded to creaeshedi of approximately 0.46hm. Sed-igure40.
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These trials examined the effect of increasing UV stabilizerdidutot examine the effect of
thickness of the extruded sheath. The current trial examines 6%White CC®/6% TiO2, 10%
White CC®, and 13% TiO2 at three different thicknesses: 0.24, 0.33 and 0.42 mm. This
allows for the level of UV stabilizer to esessedn terms ofsheath thickness$igure 41

shows sheathing thickness andaéaon of UV stabilize used on 72,000 denier braids.

050

0.40
£
E, 0.30
o
o
-
Z
= .20

0.10

0.00

PE blank PE/3% TiO2 PE/10% TiO2
Sheathing material

Figure40. Thickness of different PE sheathing materials used on 48,000 denier(Bigids
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Figure4l Thickness of different PE sheathing mateniemled on 72000 denier braids

The role of sheathing to thendon is to protect the braid from UV degradation. The tendons
bare the weight of the payload and if they suffer from strength loss the mission is at risk of
premature failure. The 48,000 denier braids were all covered in a sheath of approximately
0.40mm with the variable being the % add of the UV stabilizer in the polyethylertayer.

In Figure43, it can besee that the strength retention increases with%maddon of TiO,.

This means that when UV stabilizer content is increased that the strength retention is also
increased. Thigrial only examines two levels of UV stabilizer and the effects of increasing

the % adebn should be explored more.
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Figure42. Strength retention of 48,000 denier braids after 6 days of exposure-Blight
(37)

In the current trial, two types of UV stabilizer were examined at different levels and sheath
thicknesses. It was found that decreasing the thickness of the sheath franm®1420.24
mm had almost no effect on samples with 10%,Ti@lso, by increasing the % aduh of
the UV stabilizer from 10% to 13% there appears to be only a slight increase in strength

retention of braids. This n&be seen ifrigure43.
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6. Conclusionand Future Work

High performance fibers are applied in many different applicatiand, many of those
include UV exposure. Since high performance fibers are sensitive to UV light, research in
UV protection is critical to ensure they can be used safely and effectively. The short

comings of using a physical covering include added weaggthimited protection.

Previously,the physical covering applied to high performance braids have examined the
method of covering and type of UV stabilizer. These studies found that using a polymer
sheathing material compounded with UV stabilizers wasftattive method commercially
available. This research, unlike previous, contrasted the effects of using different sheathing
thicknesses on strength retentiohPBO braids and yarnshen exposed to UV light. In
addition, this research examined the etfeof increasinghe % adebn of UV stabilizes

(White CC® andTiO, nanoparticulatepn effectiveness of sheath in providing protection.

It was found that with an increasing UV stabilizer content that a thinner sheath could be used
with comparableeffecivenessto a thicker sheath For ballooning applications, this means

that the weight % addn could be significantly reduced while maintainihg current level

of protection. This research discovered that sheaths made atr@r4thickness and 10%

TiO, offered the highest strength retention (97.47%) and lowest weight %6ra¢gR.43%)

of the samples examineduring this research it was determined that further improvement
could be made to further improve high performance braids ability to withstanddgu¥/ li

Suggestedutureresearch includes:
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Further investigation of low density polymers available that are well suited for
sheathing.

Reducing the extruded sheathing thickness around high performance braids.
Increasing the UV stabilizer % adebn during compounding.

Improving the dispersion of the TiQ nanoparticles that may lead to better
protection and opportunity to reduce sheath thickness and hence weight
reduction.

Implementing new covering options as they become commercially available.
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Material Safety Data Sheet

acc. to OSHA and ANSI

1 Identification of substance:

e Product details:
e Trade name: Titanium (IV) oxide, anatase
e Stock number: 542Z0HT
] Manufacturer/Supplier:
Nanostructured & Amorphous Materials, Inc.

16840 Clay Road, Suite #113
Houston, TX 77084, USA

2 Composition/Data on components:

e Chemical characterization:
Description: (CAS#)

Titanium (IV) oxide, anatase (CAS# 13463-67-7), 99.7%
e Identification number(s) :

e EINECS Number: 215-282-2

3 Hazards identification

e Hazard description: Xn Harmful

¢ Information pertaining to particular dangers for man and
environment
R 20 Harmful by inhalation.
R 40 Possible risks of irreversible effects.

4 First aid measures

e After inhalation
Supply fresh air. If required, provide artificial
respiration. Keep patient warm.
Seek immediate medical advice.




After skin contact

Immediately wash with water and soap and rinse thoroughly.

Seek immediate medical advice.
After eye contact
Rinse opened eye for several minutes under running water.

Then consult a doctor.

After swallowing Seek immediate medical advice.

5 Fire fighting measures

Suitable extinguishing agents
Product is not flammable. Use fire fighting measures that
suit the surrounding fire.

Protective equipment:
Wear self-contained respirator.
Wear fully protective impervious suit.

()]

Accidental release measures

Person-related safety precautions:
Wear protective equipment. Keep unprotected persons away.
Ensure adequate ventilation

Measures for environmental protection:
Do not allow material to be released to the environment
without proper governmental permits.

Measures for cleaning/collecting:
Dispose contaminated material as waste according to item
13.

Ensure adequate ventilation.

Additional information:

See Section ¥ for information ‘on sate handling

See Section 8 for information on personal protection
equipment.

See Section 13 for disposal information.

Handling and storage

Handling

Information for safe handling:
Keep container tightly sealed.
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Store in cool, dry place in tightly closed containers.
Ensure good ventilation at the workplace.
Prevent formation of dust.

Information about protection against explosions and fires:
No special measures required.

Storage

Requirements to be met by storerooms and receptacles:
No special requirements.

Information about storage in one common storage facility:
Not required.

Further information about storage conditions:
Keep container tightly sealed.
Store in cool, dry conditions in well sealed containers.

8 Exposure controls and personal protection

Additional information about design of technical systems:
Properly operating chemical fume hood designed for
hazardous chemicals and having an average face velocity of
at least 100 feet per minute.

Components with limit wvalues that require monitoring at the

workplace:

Titanium dioxide

mg/m3
ACGIH TLV 10; A4
Belgium TWA 10
Denmark &)
Eranmese THA 10
Germany TWA 1.5 (respirable fraction of the
aerosol)
Ireland TWA 5 (respirable dust)

10 (total inhalable dust)
Netherlands TWA 10 (inhalable)
Switzerland TWA §
United Kingdom TWA 4 (respirable dust)

10 (total inhalable dust)
OSHA PEL 15 (total duskt)

Not applicable

Additional information: No data
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Personal protective equipment

General protective and hygienic measures

The usual precautionary measures for handling chemicals
should be followed.

Keep away from foodstuffs, beverages and feed.

Remove all soiled and contaminated clothing immediately.

Wash hands before breaks and at the end of work.
Breathing equipment:

Use suitable respirator when high concentrations are
present.

Protection of hands: Impervious gloves

Eye protection: Safety glasses

Body protection: Protective work clothing.

Physical and chemical properties:

Form: Powder

Color: White

Odor: Odorless

Value/Range Unit Method
Change in condition
Melting point/Melting range: 1830-1850 ° C
Boiling point/Boiling range: 2500-3000 ° C
Sublimation temperature / start: Not determined
Flash point: Not applicable
Ignition temperature: Not determined

Decomposition temperature: Not determined
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Danger of explosion:
Product does not present an explosion hazard.

Explosion limits:

Lower: Not determined
Upper: Not determined
Vapor pressure: Not determined
Density: at 20 ° C 3.9 g/cm?

Solubility in / Miscibility with

Water: Insoluble

10

Stability and reactivity

Thermal decomposition / conditions to be avoided:

Decomposition will not occur if used and stored according

to specifications.
Materials to be avoided:
Acids

Metal powders

Dangerous reactions No dangerous reactions known

Dangerous products of decomposition:
No dangerous decomposition products known

11

Toxicological information

Acute toxicity:

Primary irritant effect:

on the skin: Irritant to skin and mucous membranes.

on the eye: Irritating effect.
Sensitization: No sensitizing effects known.

Other information (about experimental toxicology):
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Tumorigenic effects have been observed on tests with
laboratory animals.
Carcinogenic effects have been observed on tests with
laboratory animals.

Additional toxicological information:

To the best of our knowledge the acute and chronic toxicity
of this substance is not fully known.

IARC-3: Not classifiable as to carcinogenicity to humans.
ACGIH A4d: Not classifiable as a human carcinogen:
Inadequate data on which to classify the agent in terms of
it's carcinogenicity in humans and/or animals.

The Registry of Toxic Effects of Chemical Substances

(RTECS) contains tumorigenic and/or carcinogenic and/or
neoplastic data for components in this product.

12

Ecological information:

General notes:
Do not allow material to be released to the environment
without proper governmental permits.

13

Disposal considerations

Product:

Recommendation

Consult state, local or national regulations for proper
disposal.

Uncleaned packagings:

Recommendation:
Disposal must be made according to official regulations.

14

Transport information

DOT
Proper Shipping Name: None

Non-Hazardous for Transport: This substance is considered
to be non~hazeardous Tor Lranmsporb.

IATA

Non-Hazardous for Air Transport: Non-hazardous for air
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transport.

15 Regulations

e Product related hazard informations:

e Hazard symbols: Xn Harmful

e Risk phrases:
20 Harmful by inhalation.
40 Possible risks of irreversible effects.

e Safety phrases: 22 Do not breathe dust.

¢ National regulations
All components of this product are listed in the U.S.
Environmental Protection Agency Toxic Substances Control
Bct Chemical Substance Inventory.

¢ Information about limitation of use:
For use only by technically qualified individuals.

16 Other information:

Employers should use this information only as a supplement to
other information gathered by them, and should make
independent judgement of suitability of this information to
ensure proper use and protect the health and safety of
employees. This information is furnished without warranty,
and ‘any use of the product not in contormance with this
Material Safety Data Sheet, or in combination with any other
product or process, ids the responsibility wof the user.

99



POLYONE CORPORATION

MATERIAL SAFETY DATA SHEET
050WT307 MUNSELL WHI

Version Number 1.9
Revision Date 09/19/2008

Page 1 of 7
Print Date 710/7/2008

[ 1. PRODUCT AND COMPANY IDENTIFICATION ]

POLYONE CORPORATION
33587 Walker Road, Avon Lake, OH 44012

Telephone
Emergency telephone

Product name
Product code
Chemical Name
CAS-No.
Product Use

Product Stewardship (770) 271-5902
CHEMTREC 1-800-424-9300 (24hrs for spill, leak, fire, exposure
or accident).

050WT307 MUNSELL WHITE PE CC
CC00012837X1

Mixture

Mixture

Industrial Applications

| 2. COMPOSITION/INFORMATION ON REGULATED INGREDIENTS |

Components CAS-No. Weight %
Silica, amorphous 7631-86-9 0.1-1
Calcium carbonate 1317-65-3 10 - 30
Titanium dioxide 13463-67-7 30 - 60

3. HAZARDS IDENTIFICATION |

- This mixture has not been evaluated as a whole. Information provided on the health effects of this
product is based on individual components. All ingredients are bound and potential for hazardous
exposure as shipped is minimal. However, some vapors may be released upon heating and the end-
user (fabricator) must take the necessary precautions (mechanical ventilation, respiratory protection,
etc.) to protect employees from exposure.

EMERGENCY OVERVIEW

POTENTIAL HEALTH EFFECTS

Routes of Exposure:
Acute exposure
Inhalation

Ingestion
Eyes

Skin

Chronic exposure

Inhalation, Ingestion, Skin contact

: Resin particles, like other inert materials, can be mechanically

irritating.

: May be harmful if swallowed.
: Resin particles, like other inert materials, are mechanically irritating to

eyes.

: Experience shows no unusual dermatitis hazard from routine handling.

: Refer to Section 11 for Toxicological Information.
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POLYONE CORPORATION

MATERIAL SAFETY DATA SHEET
050WT307 MUNSELL WHITE PECC"

Version Number 1.9 Page 2 of 7

Revision Date 09/19/2008 Print Date 10/7/200¢&
Medical Conditions : None known.
Aggravated by Exposure:
| 4. FIRST AID MEASURES il

Inhalation 1 Move to fresh air in case of accidental inhalation of fumes from
overheating or combustion. When symptoms persist or in all cases of
doubt seek medical advice.

Ingestion . Do not induce vomiting without medical advice. When symptoms
persist or in all cases of doubt seek medical advice.

Eyes :  Rinse immediately with plenty of water, also under the eyelids, for at
least 15 minutes. If eye irritation persists, seek medical attention,

Skin :  Wash off with soap and plenty of water. If skin irritation persists
seek medical attention.

| 5. FIRE-FIGHTING MEASURES |
Flash point : Not applicable
Flammable Limits
Upper explosion limit : Not applicable
Lower explosion limit ¢ Not applicable

Autoignition temperature : Not applicable

Suitable extinguishing media  : Carbon dioxide blanket, Water spray, Dry powder, Foam.

Special Fire Fighting : Fullface self-contained breathing apparatus (SCBA) used in positive

Procedures pressure mode should be worn to prevent inhalation of airborne
contaminants. :

Unusual Fire/Explosion :  Carbon dioxide (CO2), carbon monoxide (CO), oxides of nitrogen

Hazards (NOx), other hazardous materials, and smoke are all possible.

[ 6. ACCIDENTAL RELEASE MEASURES ]
Personal precautions : Wear appropriate personal protection during cleanup, such as

impervious gloves, boots and coveralls.

Environmental precautions . Should not be released into the environment. The product should not
be allowed to enter drains, water courses or the soil.

Methods for cleaning up : Clean up promptly by sweeping or vacuum. Package all material in
plastic, cardboard or metal containers for disposal. Refer to Section
13 of this MSDS for proper disposal methods.

{ 7. HANDLING AND STORAGE |

Handling :  Take measures to prevent the build up of electrostatic charge, Heat
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POLYONE CORPORATION

MATERIAL SAFETY DATA SHEET

Version Number 1 9 Page 3 of 7
Revision Date 09/19/2008 Print Date 10/7/2008

only in areas with appropriate exhaust ventilation.

Storage : Keep containers dry and tightly closed to avoid moisture absorption
and contamination. Keep in a dry, cool place.

¥ 8. EXPOSURE CONTROLS/PERSONAL PROTECTION |
Respiratory protection 1 No personal respiratory protective equipment normally required.
Eye/Face Protection : Safety glasses with side-shields
Hand protection :  Protective gloves
Skin and body protection . Long sleeved clothing
Additional Protective :  Safety shoes
Measures
General Hygiene :  Handle in accordance with good industrial hygiene and safety
Considerations practice. Wash hands before breaks and at the end of workday.
Engineering measures : Heat only in areas with appropriate exhaust ventilation. Provide

appropriate exhaust ventilation at machinery.

Exposure limit(s

Components Value Exposure time Exposure type List:
Calcium carbonate 5 mg/m3 PEL; Respirable fraction. | OSHA Z1
15 mg/m3 PEL: Total dust, OSHA Z1
10 mg/m3 | Time Weighted Average MX OEL
(TWA):
20 mg/m3 | Short Term Exposure Limit MX OEL
(STEL):
Silica, amorphous 08 mg/m3 | Time Weighted Average Z3
(TWA):
10 mg/m3 | Time Weighted Average | Inhalable particulate. | MX OEL
(TWA):
3mgm3 | Time Weighted Average Respirable dust. MX OEL
(TWA):
Titanium dioxide 10mg/m3 | Time Weighted Average ACGIH
(TWA):
15 mg/m3 PEL: Total dust. OSHA Z1
10 mg/m3 | Time Weighted Average asTi MX OEL
(TWA):
20 mg/m3 | Short Term Exposure Limit asTi MX OEL
(STEL):

| 9. PHYSICAL AND CHEMICAL PROPERTIES [
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Form : Solid Evaporation rate : Not applicable

Appearance : pellets Specific Gravity ¢ Not determined

Color : WHITE Bulk density : Not established

QOdour : Very faint Vapour pressure : Not applicable

Melting point/range : Not determined Vapour density 1 Not applicable

Boiling Point: : Not applicable pH : Not applicable

Water solubility : Insoluble

| 10. STABILITY AND REACTIVITY |

Stability Stable.

Hazardous Polymerization Will not occur.

Conditions to avoid Keep away from oxidizing agents and open flame. To avoid thermal
decomposition, do not overheat,

Incompatible Materials Incompatible with strong acids and oxidizing agents.

Hazardous decomposition :  Carbon dioxide (CO2), carbon monoxide (CO); oxides of nitrogen

products (NOx), other hazardous materials, and smoke are all possible.

11. TOXICOLOGICAL INFORMATION

]

This mixture has not been evaluated as a whole for health effects. Exposure effects listed are based on existin,
health data for the individual components which comprise the mixture.

Toxicity Overview

This product contains the following components which in their pure form have the following characteristics:

CAS-No. Chemical Name Effect Target Organ
7631-86-9 Silica, amorphous Irritant Eyes, Respiratory system.
1317-65-3 Calcium carbonate Irritant Eyes, Skin.

Systemic effects Eyes, Skin, Respiratory
system.
13463-67-7 Titanium dioxide Systemic effects | Respiratory system.
LC50 / LD50
This product contains the following components which, in their pure form, have the following toxicity data:
CAS-No. Chemical Name Route Value Species
7631-86-9 Silica, amorphous Oral 15,000 mouserat
LD500ral mg/kg22,500
LD50 mgkg
Carcinogenicity
This product contains the following components which, in their pure form, have the following carcinogenicity
data:
[ CAS-No. | Chemical Name [ OSHA | IARC | NTP
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