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FOREWORD

The work described in this annual report was performed at
Science Applications, Incovporated (Sunnyvale, California) under Contract
NAS9-14827. The contract was adwinistored by NASA lyndon B. Johnson Space
Center with Br. F.S. Dawn as technical wonitor.

The report covers work conducted from August 1, 1977 to
July 31, 1978 and was preparved by Dr. M.S. Toy, the Principal Investigator.
Dr. M.S. Toy, Mr. R.S. Stringham apnd Me, LG, Fogg were the wajor contributors
to the program, Me. V.C. Sanford engineered the design of the prototype
reactor, |
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ABSTRAGT

The goal of this program is to further develop the new
technology, which renders aramid fibrous structitres flame resistant through

“¢hemical modification. This project has scaled up the new flame resistant

treatment from laboratory fabric swatches of a few inches to effigiently
producing ten yards of commercial width (41 inches) aromatic polyamide. ™
The vagiation intensity problewm of the previous processor was resolved.
Further improvement of the processor ccoling system has been recommended
for two reasons:

(1) To advance current technology of flame-proofing Nomex
fabric to higher oxygen-em+iched atmospheres.

(2) To adapt the processor for direct applicabllity to
low cost commpercial fabrics.

The first significant accomplishiment was meeting the mrogram
goal in treating ten yards of Nomex fabric with flame-proofing properties
in an oxygen-enrighed environment without sacrificing color or physical
properties; while the untreated Nomex burned in this envivonment.

The second significant accomplishwent was the nature of
the treated products, which wera irreversibly modified with fluorocarbon
grafts, became water-repellent, soft, silky and improved in flame and
chemical resistances, The Ureated falwic was also tested by the Department
of Darmatology, Baylor College of Maedicine, and found to be pon-imedtant
and non-allergenic.

The third significant accomplishwent was to identify the
broad applicability of this technology. It was found potentially
feasible to swrface-graft almost all textiles at varied exposure
times and temperatures. Unlike most textile processes, this grafting
processor aperates uider dry conditions and no chemical by-products
have to be washed out of the finished products.
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1.0 INTRODUCTTON

The new flame resistant treatment developed for Nomex fabiric
in Phases I and IT of previous Contract NAS9-14827 requires improvement.
The technology of the previous processorl was Jimited by the intensity of
its ultraviolet Yamp (122 ¢m in Tength and 20 nm od), which had an output
of 50 watts at approximately 1 watt per inch. This ultraviolet source was
too weak in developing into an efficient process. In other words, the
fabric rolling rate would be too slow to be a practical industridal process.

This project has sealed up the new flame resistant treatment
from small laboratory fabric swatches of a few inches to efficiently producing
ten yards of commercial width (41 inches) Momex fabric in meeting the flame-
proofing goal in an oxygen-enriched environment without the sacrifice of
color or physical properties. Such Fibrous products have applications in
space and deep-sea vehicles, where such enviromments are encountered.

This program js based on our invention to impart fluorocarbon
grafts onte the surface of Nomex fabric.? Grganic fibrous products, which
passess highly aromatic backbone, are known to exhibit outstanding flame
resistance.> An aromatic polyamide, poly(m-phenyleneisophthalamide), sold
by du Pont under the trademark Nomex:

/ : \ /
‘i
@ NOMEX @

is self-extinguishing in air, but burns in atmospheres with high percentage
of oxygen (e.g., 27/73 0,/N2 at 10 psia).
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| Provious work on chemical wmodifteation of Nomex fabrie
_ by phosphory]ation4 and halogenation™ have shown fmproved flame resistant
| praperty. However these treatments resulted in gold-to-brown-to-black
fibrous products and exhibited degradation of the aromatic polyamide.
This new surface grafting technique introduces a chemically |
| bonded surface, which irreversibly modifies the Nomex fabric with fluorocirbon
grafts, upgrades the flame vesistance properties in an oxXygen-enriched :
] environment and also enhances chemical resistance {(e.g, acid). See Appendix A, j
- The treated Fabric became water-repellent, soft and silky. In addition, L
5 it had passed the skin patch test with guinea plgs and human volunteers as é
= non-irvitant and-non~a11ergen1c.! %
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2.0 RESUL.TS AND DISCUSSION

For the past year, a new ultraviolet lamp of the same
previous dimension, but with a 200-fold increase in output (~9750 watts)
was installed in the procassor. Several modifications were necessary to
accommodate the heat generated by the new lamp. A cooling jacket with
¢irculating coolant around the new Tamp and a new vacuum seal became
essentidl requirements.

3
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; 2.1 The Processor %
;j : Figure 1 shows the conceptual design of the processor. “
é For vacuum sealing and insulating the outer quartz tube, aluminum. seals i
(. with Viton O-rings were used. The new ultraviolet lamp (122 cm in length HE
SR and 20 mm od) with an output about 9750 watts was purchased from I1lumination | .
fg . Industries {Sunnyvale, CA). The temperature parameters of the new lamp

1 r are as follows:

! L o g

, Rase 300°C Max. .
4 Necked down portion of lamp  350%¢ = 50°C. /
i Body  700°C  00°C. /”-'

Note: Over Heating = Quartz Failure
Over Cooling = Internal Lamp Failure

300°C Max =

=

+————body length —————*

700°¢C * 100°C

P P b S e




S G S D L D D DR B B R e e R e B b e B O ) ’1‘1 1-:1',__:1.‘.,- o ¢

*
{ . INAL PAGE IS !
& FOOR Ul';‘d.!l'\’ |

I
]

--------- Hg Yamp (9750w, quartz,3/4"od, :
45" 1ength at ca. 200 watt/in)
--------- Quartz water-cooled jacket
Fabric - - -Quartz tube (4%" od) “
spacer - - ; |

----- Aluminum vacuum seal . : f
with Viton O-ring ‘

T |
rof1ef .-

= = 2= mm e e

Feed

3
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d & a o Nomex fabric (41" width 10yd) T.
r

A OTETY e

! K‘: !
I N |
j 4= = - - - Cylindrical aluminum

vacuum chamber (12" od

and 48" length)
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Figure 1. Conceptual Plan of the Processor
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A now power supply was purchased from Hanovia far the new mercury lamp.
The data for the power supply are:

Yo ke gggnipgg%g Cont;olzgower Qutput
Amperes 56

Hertz 60 60 60
Phase single

Volt-amps 12320

Secondary Open Circuit V 1960 to 2160
Secondary Short Circuit I © , 10.5

Figure 2 shows the relative spectral raiiance of the new
ultraviolet lamp between 220 to 580 mw. For an optimum processing condition,
an ideal filtering solukion for this lamp is required in reducing the heat
generated in the processor. It should be a liquid eirculating in the guartz
cooljng jacket around the lamp and should absorb the total infrared and o
visible range with transparency (<300 nm) in the ultraviolet region. The

“spectrai radianca of the ultraviolet lamp in the effective ultraviolet

region should be determined by ar uitraviolet spectraphotometar. The
present Blak-Ray Model J-225 (Ultraviolet Products, San Gabriel, CA} for
crudely measuring between 230 to 270 nw is inadequate,

Figure 3 shows the cross secticn of the ultraviolet portion

- of the precessor. The long strip of Satereisen No. 33 coat (Savercisen

Cement Co., Pittsburgh, PA), was painted on the opposite sside of the

quartz tube, where the fabric was not in direct contact Teaving an unshielded
area. The Sauereisen coal shielded the light through that area. OthePwise,
the shining light may possibly cause some cyclization and polymerization

of the monomers in the processor. _Sauereisen is a porcelain-1ike coating
commonly used as an electrical insulator. It adheres to quartz, withstands ©
high temperature {to 2000°F) and functions superbly for the purpose.

v ke e e 2
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i Figure 4 shows the engineering drawings of the two views
of the processar. Figure 5 shows the actual processor. The aluminum
i vessel chamber, spool, voller and support rod were salvaged from the
L4
pravious processar, while the end covers, their bushing carriers and the .
other parts are new. N &i
t
Figure 6 shows the schematic diagram of the cooling system, j
{

In order to incrense the cooling capacity of the circulating water, wnich
passed through the quartz Jacket around the ultraviolet lamp, aqueous
solutions of jodine, copper sulfate, nickel sulfate, acetic acid, cobalt
sulfate and some combinations thercof were screened at concentrations |
between 2.5 g to 40 g in 50 gallons of water in the filter tank (Figure G). , Lf }
Although the cooling capacity had inereased in maintaining the desivable
temperatine vange about 150 to 2009C for a fow hours,the efficiency of the
process was derrensed due to the ultraviolr 3 absorption proparty of the
aqueons  SO1':E fut, !

FrE

We found that Freon TF (i.e., Freon 113 or trichloro- ,
trifluoroethane) functioned as a better codlant than water and the agueous §
solutions, Freon TF is commonly used as an industrial cleaning solvent, it :
is nonflamnable, nonexplosive, exceptionally pure (i.e., 99.8% trichlore- I
trifluoroathane with not more than 0.2% of other stable ehlorofluorocarbons),
Ta@ in toxicity and commercially available in huga {(ton) quantities. Its
property of being transparent in the ultravioiet region and absorbing in
the infrared serve the pirpose of lowering the outer quartz tube temperature
without decreasing the efficiency of the process.

o S ot

B A T
i

o m iy A

By converting the cwrrent water-cooling system to Freon TF,
we made some modifications to the prasent cooling system such as replacing
all rubber and Tygon tubings, cleaning the copper cooling coil and changing
the circulating pump to a wmagnetic drive pump. Thase changes reduced the

v buildup contaminants, which are due to the unique cleaning property of
Freon TF solvent, to cause deposites in the quartz cooling jacket allowing
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s THE PROCESSOR
- : quartz cooling jacket -

Bypass
L] Valve
] PUMP
- WW

COOLING TANK

with copoer cooling coil

e B

- FILTER TANK 7

with filter
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Figﬁre 6 Schematic Diagram of the Cooling System.
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402 uttraviolet transmission. Even with this poor transmission lavel,

the trented Nomex falrdc has achicved self-extinguishing properbies in

a higher oxygen level atmosphere (i.c., 31/69 02/Ny at 10 psin)8 except
with sTight coloration, Freon TF is a better coolant than water.

A new cooling system composed of Teflon FEP tubings and
fiex tubings 1s vecommended for replacing the present copper cooling coil.,
The optimization of the Freon TF cooling process is warvanted, since it
1s an important step for significant technology advancement.. It will not
only further fmprove the self-extinguishing property of treated Nomex
to withstand higher oxygen level atmospheras cousing almost no coloration
of the treated Nomex, bub alse adapt the processor to surface treat
commercial low cost Ffabrics,

2.2 : flyovocnyhgnfgrafting Processes

Saveral batch-continuous processes have bean developed to
impart fluorocavbon grafts for commercial aromatic poiyamide. The natwral
color woven fabrie (HT-10-~41) was purchased from Stern and Stern Textiles
(Hornell, NY). This Nomex Tibrous structure 1s self-extinguishing in aiy,

but not in an axygen-enriched envivonment (e.g9. 27/73 02/Na at 10 psia).

The primary technology consists of a one-step photografting

~ process by expoesing the textile surface to a gascous mixtwre of fluoroolefins

in o nitrogen atmosphere. The fluoroolefin wixturas ranged fram neat
bromotrifluoroethylene to equal ratio of bromatrifiuoreathylene to tetra-
fluoroethylene in the presence of 90 to 95% nitrogen had achieved the
flame-proofing goal by the vertical flame test in an oxygen-emriched
envivonment (i.e. 31/69 0u/Na at 10 psia).

The dvrawbacks of using neat bromatyifluaroathylene with
nitrogen s the coloration of the treated fabtic and the interaction with
e stafnless steel parts. The addition of a fow percentage of tetrafluoro-
athylene in the gaseous mixture decreased the treated fabric celoration to
almost nil and stopped any visible fnteraction with the stainless steel
parts fnside the processar. |
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> 2.3 Production Item

] Although Freon TF is a better coolant than water, the iz

“ replacement of a new cooling system, which totally eliminates deposits &
inside the quartz cooling jacket, is beyond our means under the current

] program effort. For this program we used water coolant to treat the ten

yards of commercial width Nomex fabric.

The selected photografting process constituted a gaseous
p mixture of the following composition:

1% tetrafluoroethylene )
4% bromotrifluoroethylene ' : '
95% nitrogen

An exposure time of almost 3 tp -4 hours was'used for treating the 10 yards of _
commercial width {41 inches) Nomex fabric (Sample SA! 546-60), which was - 4
delivered to NASA-JSC-EC as partial fulfillment of the work under Contract h
NASO-14827. The treated Nomex fabric did not burn in an oxygen-enriched |

g wwm  pe

¢ atmosphere (27.1/72.9 0,/N, at 10 psia), while the untreated Nomex (HT-10-41) {
i burned. : . :
? 2.4 Technology Transfer to Low Cost Commercial Fabrics ‘-'\
B} . The objective of this phase is to apply the present flame
resistant treatment of Nomex fabric to other types of low cost commercial

fabrics. The ease of fluurocarbon grafting to other fabrics (e.g., polyester
and polyimide) screened by this method suggests that the process has broad
applications. It is a feasible universal treatment process for possibly
almost all textiles at varied treatment exposure times and temperatures.

== ==

2.4.1 Background

Fluorocarbon textile finishes had been reported in the
literature by several ways.g’10 One common approach is to use a fluorocarbon
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compound with a functional group that will be either adsorbed strongly to
the surface or undergo a chemical reaction with the fiber surfaces. One

example of this type of bonding is the chromium complex of various acids

containing long chain fluovocarbon groups.

b S
Cr"a(CFa)r, ey }

~—GrCl

IT this veaction occurs on the surface of a fiber such as nylon, the chromimm
will complex with aminoe groups, thus anchoring the fluorocarbon tail to
the fiber surface. Unfortunately such “complex" linkages will not withstand

. norimal Taundering ar dvy cleaning procnsses.li‘

Laboratory treatwents aof cotton fabidic with perfluoroheptene-l
or perflucrobutadiene $n agueous KOH and NaOl were claimed to form fluorocarbon
grafts to cellulose. 13 Application of Flumocarbon Finishes to wool by
plasma polymerization were also repo\"tnd.“'l5

2.4.2 Polyester Fabric

The textile industey has teied wany finfshes to improve
the surface property of polyester, but its swmooth and chemigally passive
nature makes 1t extremely difficult to rvetain any Finish on the swface.
Some soil-ralease scheme has been developed for polyester/cotton blends by
an electrie discharge methud,lﬂ but a noticeable stiffening of the “hand"
of the material was noted.

Whan this now suirface treatwent process developed for
aranatic polyamide (Appendix A) was applied to polyester and polyimide
fabiics, the ease of fluorocarbon grafting was noted.

14
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- Commercial width polyester fabric was photografted in the

5 presence of a gaseous mixture of 1% tetrafluoroethylene,4% bromotrifluoro- .
R ethylene and 959 nitrogen with two different exposure times at 200 and 500 f

" seconds. The treated polyester fabrics became irriversibly modified with
fluorocarbon grafts and were nonwettable with water droplets. Fabric
coloration was observed for 500 sec exposure time, but was almost nii

for 200 sec. These samples (nos. 546«61A and 546-618 respectively) were
mailed to NASA-JSC-EC.
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U Photoaddition of Fluoroolefins on Aromatic Polyamide !

1

s

MADELINE 8. TOY and ROGER 8, ST'RINGHAM, Science Applications, -

" Inc,, Sunnyvale, California 90056, and, : ] f

\ FREDERIC S. DAWN, National Aeronautics and Space Administration,
Lyndon B. Johnson Space Center, Houston, T'exas 77058
j ‘

' Synopsis i[

5 i

s A photogeafting method has been doveloped to surface treat aramatie polyamide fabirles fn the i

' presence of Muoroolofin vapors, The new fbeles nro more Mume reslatant iv oxygen-enclched ans ; ]

s viromment than untrented commerelnt arand fabicles. The photosddition reaction of haleolefing ‘ 7] '

has been shown to Teroversibly modify the fabefes, which were aualyzed by water wettability, seauning | i !

P » clectron microscopy, X-ray snalysts, ond WE nuclear magnotic resotnnce spectroscopys }

1 |

INTRODUCTION . ;
I P
| The objective of this work is to chemically modify commercinl aromatic :
- polyamida for providing flune-resistant {ibrous materints inan oxyganenviched !
] .- environmont, Such fibrous products are almed for applicalions in space and i
doep-sen vehicles, Organic fibrous products, which possess highly aromalic 1
d backbone, nre known to exhibit outstanding tlame resistanco.! Nomex, which .
is n high-temperature aromatic polyamide manufacturod by du Pont, is self-
] extinguishing tn air but burns in atmospheres with an olevated partial pressure .
K of oxygen (a.g., 31769 Oo/Ny at 10 psin). ? 3
Prior work with Nomex fabric shows that improvement of {lame resistance : Iy
" is feasible through chemical modifiention as phosphorylation® and halogenation.? : 1y
L Hawever, such Lroatmants strongly color the filrous products and also degrada
i the aromatic polyamidae, _
This paper deseribes n photonddition reaction of fluorcolefins to modify ar , |
} omatic polyamide without the apparent change of physical properties and ap- '
X \ paarance of the fibrous material,
{ ‘ EXPERIMENTAL
i Mutoerinls
Aromatic polyamida (Nomex H-10-41, woven fabric, natural color) was 1 u
i purchased from Stern and Stern Textiles; tetralluoroathylene and bromotri- I ‘
fluoroathyleie were obinined from PCR; and nitrogen (99.999%), special gas i
- mixture of $19% oxypen and 69% nitrogen, and {luorotrichloromethane were ob- :
| tained from Matheson Gas, ‘T'he fabric and rengents were used ns received,  The l
- vapors of Mioroolefing were checked by infrared aualysis,
" 2684 _%
L @ 1977 by John Witey & Sens, Ini, 1
i
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(a)

Fig. 1. Reaction vessel: (a) an opened cylindrical Pyrex reactor with side arm ave? «alve for at
tachment to the manifold (to the left) and quartz sleeve (to the right); (b) a closed reaction vess: |
with the fabric mounted around the centered quartz tube.

Apparatus

A copper vacuum manifold was used for transferring fluoroolefin vapors from
the storage cylinder to a piece of fabric specimen hanging in a reaction vessel (Fig.
1). The eylindrical Pyrex reaction vesse! consists of a centered quartz sleeve
for receiving a 11-in Pen Ray mercury-are lump (Ultraviolet Products). Pres-
sures were measured with a Heise gauge, and the reaction temperature was
maintained by heating tape or infrared lamps,

Figure 2 shows the ammability test apparatas. The ignitor (T'ype B, Clen-
weld Products) was held in position by a coiled Nichrome ignition wire (1 ohm/
in.). Thesample (2.5 X 5 in ) was mounted vertically between the stainless steel
sample holders, leaving 2 X § in. of exposed surface. The vertical flame tost*
uses a mixture of 31% oxygen and 69% nitrogen at 10 psia.

Analytical Instruments and Sample Preparations

For IR transmission analysis, a strip of fabric was ground into 40 mesh, mixed
with KBr, and pressed into a pellet. A fabric sample for attenuated total re-
flectance (ATR) IR used a Wilkes double-beam ATR attachment at a 45° angle
of incidence in direct contact with a KRS-5 reflector plate (52.5 X 20 X 2 mm).
Both IR transmission and ATR spectra were recorded on a Perkin-Elmer Model
467 spectrometer.
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Fig. 2 Flammability test apparatus: (1) metal base plate, (2) bell jar (2 cn ft); (3) sample; (1)
sample holders, (3) igmition wire and ignitor, (6) vacuum and gas inlet, (7) vacuum gauge, (8) valve
to vacuum, (9 gas inlet, (10) o vacuum pump

A Cambridge Mark 1A Stereoscan scanning electron microscope (SEM)
equipped with an EDAX 505 energy dispersive x-ray probs was tsed for the
photomicrographs and x-ray analysis. The SEM fabric samples were chilled
and cut in liquid nitrogen for a clearer end v w at the interphase and were
subsequently deposited with a thin layer of goid -palladium.  An antistatic so-
lution (Ernest F. Fullam, Inc) was added on the SEM fabric samples right before
examination for improved resolution of the photomicrographs.

The WFNMR spectrum was measured by a Varian XL-100 spectrometer op-
erating at 9.1 MHz. A piece of 4 X 9 in. (3.6 g) treated Nomex fabric was
shredded into individual fibers and dissolved in 4 ml concentrated sulfuric acid
with added deuterated water for the internal lock.  The viscous solution was
poured into a 12 mm O.D. NMR tbe.  Fluorotrichloromethane was used as an
external standard.

Procedure

The fabric sample was mounted around the centered quartz tube (at 0 to 1 em
from the surface) in the photografting reaction vessel [Fig. 1ih)]. The side arm
was attached to the copper manifold and evacuated. A measured amount of
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Total pressure 615m Hg
Photolysis Time 2.5 hr.
- Temperature 100°C {3

9.5 ° '

- -4

i A 'l
Caf ,Br 100 80 €0 40 20 0
Cifs 0 20 40 60 80

-

MOLE PERCENT '

Fig. 3. Effect of fluoroolefin composition on fiammability characteristics of photografted Nomex
fabrics: () self-extinguishing; (@) burned.
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gaseous fluoroolefins as neat or premixed fluoroolefins at specified ratio was i
introduced alternately for improved mixing with anhydrous nitrogen to a spec- El
ified pressure, temperature, and photolysis time. The amounts of volatile re- | i
J agents were determined by P-V.T measurements assuming ideal gas behav- ' j
i ior.

At the end of the irradiation time, the reaction vessel was evacuaced and air *
was introduced. The photografted fabric sample was washed with {fluorotri-
| chloromethane and dried under vacuum.

S —
p—

RESULTS AND DISCUSSION

The verticel flame test (Fig. 2) in a mixture of 31% oxygen and 69% nitrogen
at 10 psia was used to show the difference of flammability characteristics of some
photografted Nomex fabrics which were treated by varied fluoroolefin compo-
sitions in the presence of nitrogen. Figure 3 summarizes the results using one
exposure to a medium-pressure mercury arc lamp (see under Apparatus). The
photoaddition reaction of flucroolefins chemically modified the aromatic poly-
amide surface and thus upgraded not only the flame resistant properties but also

pr—

acid resistance. 1

An increase in light energy of the process shorteas the fabric treatment time \
under photolysis, but high -energy ultraviolet source darkens the Nomex fabric | ;
rapidly.
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(b)

Fig. 4. Edge views (cut in liquid nitrogen) of treated Nomex fibers: (a) 12,000, angle 75°, 20
kV; (b) after soaking in 70% H3;S0, for 80 sec, 11,000, ang'e 30°, 20 kV.

In Figure 3, all samples are photografted and water nonwettable regardless
of their flammability characteristics. The water-nonwettability characteristic
readily distinguishes them from the untreated samples. However, the IR
spectroscopy (transinission and ATR) failed to show any significant difference
between the treated and untreated samples. The absence of C—F bonds by ATR
measurements for difluorocarbene-modified fiber surfaces has been previously
reported.” The lack of IR absorption for C—F bonds suggests *he monomole-
cular-like character of the modified surface.

Figure 4 shows the edge views of treated Nomex fiber before (a) and after (b)

N .
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2688 TOY, STRINGHAM, AND DAWN '

soaking in 70% sulfuric acid for 80 sec. The SEM photomicrographs illusirate
the ease of aromatie polyamide fiber to be strongly etched by the concentrated
acid, whilo the surface of the treated fiber is affected at a substantially decrensed
rate.

T'he x-ray probe attached to the SEM is not a sensitive elemeatal analysis for
the light elements.” but the presence of bromine on the photografted fabric shows
u strong signal.  Thus, several treated samples by varied ratios of tetrafluoro-
ethylene and bromotrifluoroethylene were subjected to a gold evaporation piocess
in the same vacuum chamber.  Then the gold content of the various samples was
assumed as identical and used as the standard.  The higher ratios of CoF Br to
C,F in the premixed vapor composition show a corresponding higher bromine
content on the treated sample.

The "WFNAIR spectrum shows the two major narrow absorptions, ¢ = 144 and
170 ppm, from CFCly at the relative intensities of 2:1. The spectrum rules out
any significant quantity of the homopolywer” and confirms the presence of
chemically bonded fluorocarbon-moditied Nomex surface.

This work was supported by the National Aeronautics and Space Administeation under Contract
NASS- 14827, The authors are indebted to Mr 5. Lan for preliminary exploration, Mr. L. Cary for
WENMR, and Mr. J. Terry for SEM and x-ray anaiysis,
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i 7 A PHOTOPROCESS FOR FLUOROCARBON FINISHES OF TEXTILE MATERIALS
] MADELINE S. TQY, ROGER S. STRINGHAM and LAWRENCE C. FOGG, Science Applications,
] Incorporated, 1257 Tasman Drive, Sunnyvale, California 94086, and FREDERIC
S. DAWN, National Aeronautics and Space Administration, Lyndon B. Johnson
o Space Center, Houston, Texas 77058.
- INTRODUCTION
‘J Textile finishes based on fluorocarbons have been developed
and introduced commerc1a11y.1’2 Most of these fluorocarbon type finishes
;J are applivd from aqueous or organic solvent systems, although impregnation
or presoaking of textiles in the 1iquid fluoromonomer or its solution for
E} radiation or glow discharge grafting:héve also been reported.a’4

_ This work describes # one step photochemical process to
jmpart fluorocarbon finishes to fibrous structures in which the fibrous
substrate is in contact with a gaseous mixture of fluoroolefins in an
inert diluent gas. '
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] RESULTS AND DISCUSSION

" The case of jmpurting fluorocarbon grafls to aromatic
l, polyamide undar photolysis was previously rveported to upgrade nonflammbility
properties in an oxygen-enviched envivenment (e.g., 31/69 02/Ny at 10 psia)
[ and acid rtzsistnnce.‘1 This wark has scaled up the photoprocess with capacity
h to treat ten yards of commercia) width aromatic polyamide (Nomex HT-10-41,
it E; woven fabric,natural color) without the apparent change of coloration ar
physical properties.

e e, o oo i g K
R .

Ne Tound that gnscous madia comprising neabt bromotrdfluaroe-

13 athylene to equal wole ratio of mixed tetrafluorcethylene and bromobyd- ﬁ
| fluoroethylene in 95% nitrogen provided fluoracarbon grafts to impart }
!. self-extinguishing properties by vertical flammability testﬁ in an oxygen-~
111 orichad onvivonment; while the untreated Namex fabric burned under the
~ same enviromment. The treatod Nomex fabric also became water-nonwettable,
z soft and silky with fimproved acid vesistance without the apparent change of S

coloration and the desivable physical properties. The treated Nomex fabric
was tested by skin pateh test and found to be nonirritant and nnna]lergenic.7

Applications of this photochemical technique of fmparting /
fluorocarbon finishes to other types of toxtile wmoterials are in progress. f”
Generally, the renction tewperature is between ambient to 250%C depending |
on the Jow to high tewperature properties of the Fibrous products and
thair expasure times.
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EXPERIMENTAL

Aromatic polyamide {Nomex HT-10-41, woven fabric, natural
colow) was purchased from Stern and Stern Textiles. Tetrafluaroethylene
and bromotri fluoroethylene were obtained from PCR and nitrogen (99.999%),
special gas mixtures (e.g., 31/69 and 27/73 0,/N,) and fluorotrichloro-

methane from Matheson Gas. The fabric and reagents were used as recieved.

The vapors of fluoroolefins were checked by infrared analysis.

Figure 1 shows the two views of the photoprocessor. It
comprises a cylindrical vacuum-assisted aluminum vessel chanber (28.5 cm
id and 122 cm length) containing-a quartz sleeve, where the ultraviolet
Tamp is shielded by a qdartz cooling jacket. The ultravidlet source has

an output of about 200 watts per inch. The photoprocessor has the capacity
of treating ten yards commercial width fabiric by a continuous batch process.
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PROPOSED PATENT DISCLOSURE
(Contract NAS9-14827)

"Procdess and Processor for Praducing
Fluorocarbon Finishes to Fibrous Structures"
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"PATENT DISCLOSURE

Title: Process and Processor for Producing Fluorocarbon Finishes to
Fibrous Structures.

Inventors: Madeline S. Toy, Roger S. Stringham and Lawrence C. Fogg

Science Applications, Incorporated
1257 Tasman Drive
Sunnyvale, CA 94086

Abstract of Disclosure

- !,@-- . Y e W it sl DL A T

A process and a processor for producing fluorocarbon
finishes to fibrous structures in which a fibrous substrate is in contact
with a gaseous medium comprising a minor amount of fluoroolefin or fluoro-
olefin mixtures in an inert diluent in the presence of ultraviolet light.

The invention described herein was made in the performance
of work under NASA Contract NAS9-14827 at Science Applications, Inc.,
1257 Taswan Drive, Sunnyvale, CA 94086.

~ This invention relates to a photochemical process and
processor providing fluorocarbor grafts to fibrous substrates. More
particularly$the invention relates to a new type of photografting process
of textile materials to impart chemically bonded fluorocarbon finishes and
the method and the processor for producing the same.

Prior to herein inventi-a, textile finishes based on
fluorocarbons have been developed andlintroduced1§gnmercia11y, but these
fluorocarbon type finishes are usually applied fyom aqueous or organic
solvent systens.
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The objective of this invention is to produce  fluorocarbon
finishes to fibyous structures in onesstep under dry conditions without the
need of drying or curing the treated products.and which have no chemical
by-products to be washed out of the finished products.

o Another objact of this dnvention is to impart fluorocarbon
finishes to commercial woven fabrics to improve nonflammability and chemical
resistance without the changing of physical properties or causing skin
irritancy and allergenicity.

-
- Sti11 @nother object of this.invention is to upgrade water

- repellency, soiling, staining and abrasive resistances to fibrous products

| without altering appearance or stiffening of the treated products.

§ The above and other objects of this invention are accomplished _f,
N by a one-step fluorccarbon-grafting process of the fibrous products in the ]

presence of fluoroolefins, a diluent inert gas and ultraviolet light. The
photagrafting processor comprisés a cylindrical vacuum-assisted aluminum
. vaseal chamber containing a quartz sleeve, where the ultravioiet lamp

' nurrounded with a quarfz cooling jacket is centered. The ultraviolet source | i

has. an output of about 9000 to 10,000 watts at 200 watts per inch. "
The fluorocarbon-grafting process irreversibly modifies the |

fibrous product surface and upgrades its nonflammability, water repellency, )

B = o g &

¢hemfcal inertness, soiling, staining and abrasive resistances properties.
In addition, the fabric becomes soft and silky. Generaliy the reaction
temperature is between ambient to 250°C depending on the low to high
temperature properties of the fibrous products and their exposure times,

B3 B3

One example of the gaseous media for photografting fluorocarbon
finishes to fibrous substrates such as polyesters, polyamides, polyimides,
cottons, wools, nolyester-cotton blends and polyester-wool blends consist
of 1% tetrafluorcethylene and 4% bromotrifluoroethylene in the presence of
95% of nitrogen.




Claims:
1.

3|

A method and processor for producing fluorocarbon finishes to fibrous
structures in which a fibrous substrate is in contact with a gaseous
medium containing fluoroolefins and an inert diluent under photolysis.

The method of Claim 1 wherein said fibrous structure comprising
textiles and textile fibers,

The method of Claim 1 wherein said fibrous structure comprising
natural and synthetic'organic fibers and mixed blends such as cottons,
polyesters, polyamides, polyimides, cotton-polyester blends, wool-
polyester blends and etc.

The method of Claim 1 wherein the processor consists of a quartz sleeve,

which forms the inner wall of a.cylindrical vacuum assisted aluminum

reactor chamber,

The method of Clajm 1 wherein thé processor uses ultraviolet lamp
surrounded with a quartz cooling jacket, which are placed inside the
quartz slieeve of Claim 4.
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