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I. INTRODUCTION 

The aromatic polyamide fiber, Nomex* is of particular interest for a 

number of Air Force applications because it exhibits some of the physical 

characteristics of nylon, but has much higher thermal stability; does not 

support combustion; and does not melt when in contact with a flame. However, 

Nomex is susceptible to serious actinic degradation from natural and artifi¬ 

cial light sources. Items ¾uch as parachute packs discolor and lose 

strength from exposure to sunlight when stored in ready-to-use position 

in aircraft on alert. The present program was initiated to investigate 

the use of chemical systems to reduce actinic degradation of Nomex, 

Basically, the program consisted of an extensive literature search 

(Appendix II) and an experimental phase. In the literature search emphasis 

was placed on the actinic degradation of Nomex and on means to overcome 

It. However, references to the actinic degradation of all polyamides, not 

only to the aromatic polyamide, Nomex, are included. 

It became apparent in the beginning of this program, as a result of 

our literature search, discussions with duPont, and some of our preliminary 

experiments, that Nomex absorbs light at a higher wavelength than most other 

polymers. The degradation of the strength of Nomex occurs within the wave¬ 

length region of 310 - 390 nm with a peak between 360 - 390 nm . Since 

most commercial u.v. absorbers rapidly lose effectiveness at wavelengths 

above 340 - 365 nm, extension of the effective protection range was re¬ 

quired. This might logically be accomplished by including with the u.v. ab¬ 

sorber a material which absorbs strongly in the 360 - 390 nm region. We 

shall refer to such materials as extenders. Based on this information, a 

series of compositions was selected for application to Nomex fabrics and 

webbings. These consisted of commercial u.v, absorbers, alone and in combin¬ 

ation with various extenders. 

Methods for applying such compositions to Nomex have not previously been 

described, and their development was accordingly a pioneering effort. Various 

techniques analogous to dyeing were tried, These included applications from 

aqueous baths with and without carriers, and from swelling and nonswelling 
^Registered trade mark for Ë71. du Pont de Nemours high temperature resis- 
tant aromatic polyamide. 
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solvents. Best adhesion of the protective systems to Nomex was achieved by 

compounding them with resins, plasticizers, and heat stabilizers to form 

a paint which could be applied as a coating to the fabric. The binder por¬ 

tion of this paint (polymer, plasticizer, etc.) is referred to as the Mtie 

coat” or "tie coating". Extenders were found which provided good protection 

against actinic light. These materials which (like the uv absorbers) were 

soluble in the vinyl resin tie coating mixture, bloomed out of it on drying. 

An attempt was then made to use insoluble pigment protective systems in the 

tie coating. The first pigment tried, carbon black, resulted in good adhe-, 

slon, no blooming, and promising protection against actinic degradation. 

The following properties were evaluated: 

Effectiveness against actinic degradation of the Nomex, as measured 

by the retention of load-elongation properties of yams after carbon arc expo¬ 

sure; 

Load-elongation properties of the Nomex fabric and webbings after 

treatment: These do not always remain constant, e.g., application of uv 

absorbers from swelling solutions changed the load-elongation characteris¬ 

tics so extensively that fabrics and webbings would have to be reengineered; 

Resistance to laundering, solvents, and abrasion or effectiveness 

of treatments (tumble drying and passing through buckles were employed as 

simulants of in-service abrasion); 

Discoloration: compromises had to be made in this area because 

compounds which protect against radiation in the 360 - 390 nm region are 

yellow, and protective pigments also discolor the fabrics and webbings; 

Flexibility: this was a problem with the resin coatings but 

could be minimized by the use of plasticizers; 

Stability in storage: this presented great difficulties in some 

of the most successful protective systems applied with resin tie coatings; 

2 



Medical safety in both application and use. 

This final report summarizes the technical effort leading to the p_lot 

scale application of the treatment using carbon black pigment in a tie coat. 

The treatments which were eliminated during the lengthy effort because of 

one or more deficiencies are described only briefly. The p.oducts used a 

this work are described in chemical terms in Appendix I. 

II. METHODS AND MATERIALS 

A. Fabrics and Webbings 

The Nomex yam required to accomplish this program was purchased from 

E. I. duPont de Nemours and Company, Inc. by our weaver subcontractors. 

The Nomex webbing was purchased from Alliance Webbing, Inc. It con. -ms to 

MIL-W-38283 (U.S.A.F.) specification. Type XII, sage green, 200 denier, 

wifh the finish omitted. The Nomex fabric was purchased from Stern and 

Stern Textiles, Inc., according to MIL-C-38351 specification. Type II, 

Class 1, sage green, again with the finish omitted. A similar white tab, ; 

was obtained from the same manufacturer, and used in much of the screening 

effort, because the white fabric was more subject to actinic degradation 

than f^e sage green fabric and discoloration could be more easily detected. 

In addition to untreated Nomex fabrics and webbing, nylon fabric (MIL-C-7219 

Type III) and webbing (MIL-W-4088, Type XXII) were used as controls in the 

carbon arc exposures. 

B» Protective Systems 

The protective systems are listed in Table I, along with information 

pertaining to the method of application. Basically, they consisted of com¬ 

mercial u.v. absorbers; "extenders", i.e., compounds which offer protection 

in the wavelength range in which Nomex is most sensitive, 360 - 390 nm, and 

which is beyond the effective range for commercial u.v. absorbers; elemental 

iodine; protective pigments; and specially synthesized adducts of poly- 

ethyleneimine and commercial u.v. absorbers. 
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C, Methods of Application 

The original contract called for treatment and carbon arc exposure in 

yam form. However, this was found difficult, because of excessive fraying 

of the yams, and fabric samples were treated except at the inception of 

the work. In crossover tests, the yams from the fabrics seemed to suffer 

at least as much actinic degradation as those exposed in yarn form. All 

fabrics and webbing were cleaned by repeated immersion in solvent. 

Most applications of protective systems were made by padding, double 

dip-double nip, or triple dip, triple nip, followed by slow drying and 

exposing the sample in an oven to the melting temperature of the tie coat¬ 

ing, u.v. absorber, or extender, to obtain better coverage and adhesion. 

In the case of the adduct of an uv absorber and a polyethyleneimine, 

samples were immersed in beakers and shaken. Other samples were exposed to 

iodine vapor in closed systems. In the padding treatments several different 

solvents were used. These included both swelling and non-swelling solvents 

and carrier solvents for the actinic absorbing materials. Times and tempera¬ 

tures of immersion were varied. In some of the treatments a resinous tie 

coat was used to improve retention of the actinic absorber by the fiber. 

D. Exposure of Nomex to Carbon Arc Weather-Ometer 

For exposure to the carbon arc light (Fed. Std. 191 Textile Test 

Methods 4804 and 5804) , the fabrics were cut into strips with the warp in 

the length direction. Most samples were exposed at both ambient conditions 

in the Weather-Ometer, as well as at approximately 100% r.h. This latter 

was accomplished by placing 30 ml of distilled water in Pyrex test tubes, 

38 mm In diameter. The samples were suspended between two binder clips and 

lowered in the tubes so that they remained above water level. A copper wire 

was attached to the lower clamp to prevent the sample from twisting during 

exposure. The upper clamp was suspended from the wall of the tube.> The 

tube was capped with aluminum foil, and attached to the Weather-Oxupt^r with 

tape. 



E. Evaluation 

The effect of exposure was assessed by removing yams from the fabric 

and recording their load-elongation curve on an Instron Tester. Test condi¬ 

tions were two inch gauge length and 33%/minute extension rate. Tie break¬ 

ing load was read from the recorder chart. 

The shapes of the load-elongation curves for exposed and exposed Noae* 

yams were similar, except for the breaking point, so that load at break 

sufficiently characterizes the yarns. Yams exposed to a swelling solvent, 

e.g., X.ÍC1 in DMF (dimethylformamide) showed changed load-elongation character¬ 

istics even before carbon arc exposure. The durability of tne treatments was 

etemined by one cycle of laundering and tumble drying in home launderi- - 

equipment according to AATCC Test Methods 124-1969, I.B. In some cases 

webbing was passed five times through the buckle of a parachute harness,’to 

test the effect of the abrasion under typical use conditions. 

III. EXPERIMENTAL AND RESULTS 

The systems applied to Nomex fabric and webbing are summarized Ln 

Table I, along with infom ition on their advantages and disadvantages. 

Two systems, one containing u.v. absorbers and extenders in resin 

tie coatings, and the other elemental iodine, offered good protection ‘ 

against actinic degradation. However, neither system could be recommended 

because the protective agents proved to be toxic, and could not be af¬ 

fixed to the Nomex so that they would not rub or flake off. The extenders 

bloomed from the resin coating, i.e., they continued to emerge from the 

surface during prolonged storage even after being removed repeatedly by 

leaching or laundering. The iodine also bloomed, even when covered with a 

resin coating. Both systems could rub off on skin or could allow escape 

of noxious vapors into the atmosphere. 

Application of u.v. absorbers and extenders from numerous solutions 

was tried, and was generally unsuccessful. Somewhat promising results were 

obtained when application was made from solutions which swell Nomex, hot 



DMF and DMF with 1% LiCl. However, these treatments reduced the modulus and 

yield point, and increased the elongation at break of the yarn even be¬ 

fore exposure, though they did not greatly affect the breaking load. This 

approach was abandoned, because it would require re-engineering of the Air 

Force fabrics and webbings to obtain the desired load-elongation character¬ 

istics. 

A system consisting of a tie coating and dispersed carbon black has 

afforded the best all around result of any of the systems tried to date. 

It was fully stable, exhibiting no blooming or exudation. It gave reason¬ 

ably good protection on webbing (Table II) although the protection on fabric 

was marginal. Carbon black was the first pigment chosen for trial when it 
, i 

was decided that pigmented resin systems should be examined. Since this 

decision was made late in the program, carbon black is the only pigment 

tried to date. It is used in the pigmented resin system being applied to 

250 yards of webbing and 100 yards of fabric in fulfilling one of the re¬ 

quirements of this project. 

Systems Containing Extenders 

The extenders were selected from tables in the "Handbook of Organic 

Structural Analysis"* which lists the chemical composition as well as the 

log maximum absorption coefficient and the wavelength at which it occurs 

for a wide range of organic compounds. The extenders with which most work 

was performed were: 

DMAS - p-dimethylaminoazobenzene 

ADPH - acetone-2j4-dinitrophenylhydrazone 

PNA - p-nitroaniline 

PPAA - p-phenylazoaniline 

Applications of DMAB and ADPH, together with a commercial uv absorber, 

from solvents and from carriers resulted in some improvement of the resis¬ 

tance to actinic degradation, but adhesion of the protective systems seemed 

*Y. Yukawa, Editor, wTA. Benjamin Inc., New York, N. Y., 1965. 
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poor. Consequently, it was decided to apply these systems in a tie coating, 

i.e., from golutions containing the u.v, absorber, the extender, and a 

resin. Table III shows that these latter treatments resulted in quite ef¬ 

fective protection. On the basis of the results, DMF was chosen as the pre¬ 

ferred solvent, and VMCH polyvinyl chloride terpolymer as the preferred resin. 

Geon 222 coatings appeared to be less effective, and Butvar B98 polybutyral 

tie coatings are reported to be more flammable than polyvinyl chloride (how¬ 

ever, this resin is presently applied to nylon webbing for the Air Force). 

VMCH was found, however, to have poor drycleaning resistance. ADPH used as 

the extender seemed to provide better adhesion than DMAB and to be somewhat 

less yellow. ADPH is also cheaper than DMAB, and was chosen as the preferred 

extender for further studies. The next objective was to overcome the stiff¬ 

ness of resin coated fabrics and webbings, by means of plasticizers. Phos¬ 

phate-based plasticizers were chosen because of their known flame resistant 

characteristics. The stiffness of present nylon webbing, Mil-W-27265, CON R 

could be matched with these plasticized formulations. Addition of a heat 

stabilizer, dibutyltin-di-2-ethyl hexoate, eliminated tackiness. Results of 

carbon arc exposure of such systems are shown in Table IV. 

The following was founds 

Protection against the effects of carbon arc exposure was afforded 

•by these tie coating systems on both webbing and fabric, unlaundered and 

laundered, exposed at ambient conditions and at 100% r.h., and after abrasion 

by passing webbing repeatedly through a harness buckle. 

Relatively high concentrations of Cyasorb uv 24 and ADPH were 

needed to provide protection, although recommendations for normal use of 

uv absorbers rarely exceed 1%. 

Heating the bath did not improve the effectiveness of the 

treatments. 

Choice of plasticizers or their concentration did not affect the 

results; concentration could then be chosen on the basis, of ffco.desired 

stiffness. 

7 



The unlaundered fabrics exhibited blooming, i.e. flaking off of the 

ADPH. The bloom was removed by laundering and did not recur immediately, 

but reappeared after prolonged storage. Because ADPH is toxic the treatment 

was not practical. 

It was thought that perhaps a tie coating in which the extender was 

soluble in the plasticizer (ADPH was not) would not exhibit blooming. The 

solubility of several promising extenders in plasticizers was determined, 

and tie coatings containing two such products, PNA and PPAA, were applied. 

Table V shows the results; again, reasonable protection could be obtained 

but blooming persisted. 

Systems Containing Elemental Iodine 

It is reported (by the personnel at the duPont company) 

that elemental iodine protects Nomex from actinic degradation. Tve applied 

iodine to test the concept, in the hope that we could firmly attach it to 

the fabrics either by treatment from a swelling solution or by applying a 

tie coating on top of it. However, all such treatments resulted in flaking 

off, sublimation, and/or blooming of the iodine. They could not, therefore, 

be considered practical because of iodine's toxicity. The results of the 

carbon arc exposure are given in Table VI. Application from hot DMF provided 

good protection but resulted in decreased modulus and yield point, and in¬ 

creased elongation at break, before and after carbon arc exposure. Obvious¬ 

ly, this change in load-elongation properties would require re-engineering of 

the fabric and webbing; if it were not due to molecular reorientation, but 

due to retained solvent which would eventually evaporate, toxicity problems 

as well as undesirable aging effects would be encountered. Exposure to 

iodine vapor worked well in the laboratory but would present serious diffi¬ 

culties on a plant scale; we know of no installed equipment which could be 

used. In addition, iodine has permeated all of the subsequently applied tie 

coatings that have been tried to date, and it is evident that containing this 

reactive element would be a problem. 

- . . • t • V** • ■ i . 
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Pigmented Tie Coat Systems 

The various extenders which were tried gave good uv protection, but 

failed in that they were not retained by the tie coating. It was decided to 

try a pigment to replace the extender, because pigments opaque to the harm¬ 

ful wavelengths of light could be found, and these pigments would preaumably 

be retained by the tie coating. Carbon black was tried first. It is a 

common paint pigment, retained well by most polymeric coating materials, 

is opaque to visible and near ultraviolet light, and was therefore expected 

to provide protection. 

The carbon black selected for use was available commercially as a 

dispersion with Vinylite VYHH in methyl ethyl ketone (see Appendix I). 

Three mixtures were made up based on this material, differing from one another 

in r^ncentration of resin, plasticizer and pigment. These mixtures were ap¬ 

plied to fabric and webbing in the same manner as previous tie-coating mix¬ 

tures, i.e. by padding in three passes at room temperature. The treated goods 

were cured at 150 C for 5 minutes. The treatment: appeared to be quite uni¬ 

form, resulting in an even coating. No blooming or leaching in water occurred 

with either fabric or webbing. Test results are shown in Table II. On the 

basis of these results the composition of Sample // 1451-74 was chosen for 

semi-plant application. This composition contains 5% carbon black, 7.5% 

Vinylite VYHH (vinyl chloride-vinyl acetate copolymer), 20% plasticizer, 

7% u.v. absorber and 1% stabilizer. 

Semi-Plant Scale Applications 

The composition of Sample //1451-74 was applied to 250 yards of the 

webbing and 100 yards of the fabric. The apparatus consisted of two double 

roll padders in series separated by a knife scraper. The material was passed 

through at 10 feet per minute and a roll pressure of 3.5 pounds. It was 

taken up on a screen rack and passed into a solvent recovery chamber, held 

at 150 F to eliminate all the solvent, then passed to a curing oven, and 

finally cooled and rolled up. This was essentially identical to the pro¬ 

cedure used in the laboratory applications. 

9 
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The webbing took the treatment satisfactorily. The fabric was splotchy 

in appearance, and the finish was obviously distributed unevenly. The de¬ 

gree of unevenness was difficult to estimate and it is quite possible thu- 

the uv protective effect did not vary from point to point on the surface 

nearly so much as the appearance. In any event the finish obtained in this 

semi-plant run was much less uniform than that obtained with the identical 

formulation in the laboratory. This is ascribed to at least two factors, 

neither of which is inherent in the process. One is that the fabric was too 

wide for the padder that was used, and was put through folded. The second 

is that the solvent evaporated too fast for the speed of throughput; i.e. 

the rate of solvent evaporation was not matched to the fabric speed nor to 

the roll pressure. It is very probable that this could be corrected by ad“ 

justinent and/or by modification of the solvent. 

IV. CONCLUSIONS 
/ 

Materials which absorb strongly in the wavelength region of 360 - 

390 nm afford protection to Nomex against actinic degradation, when they are 

applied as a coating to the fabric surface. Of the numerous materials ex¬ 

amined the only one that meets subsidiary requirements and appears to afford 

protection against actinic degradation is a coating consisting essentially 

of carbon black pigment in a plasticized vinyl resin vehicle. It is expect¬ 

ed that this type of coating ultimately will prove optimal, but that it can 

be improved upon, presumably along the lines of more effective pigmentation 

and binders of greater all around suitability. 
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TABLE IV 
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A. Literature Searches 

The literature search consisted of a survey of Chemical Abstracts by 

our own staff (1948 to present) and searches ordered from the Defense 

Documentation Center (1965-1972), the Textile Information Center, Institute 

of Textile Technology, Charlottesville, Virginia (1965-1970), NASA and 

Science Information Exchange. The emphasis was primarily on information on 

the degradation of Nomex due to uv radiation which would help in the selec¬ 

tion of the most promising treatments. However, references to the actinic 

degradation of all polyamides are also listed. 

One of the most important references for our immediate purpose is the 

description of the work by Stephenson and Wilcox (75) who determined the 

tensile properties of several polymeric materials, including Nomex, after 

exposure at five wavelengths of light under nitrogen. Nomex, (at the time 

of this work was still called HT-1) lost strength and elongation at break 

most rapidly at 340 and 369 nm, less so at 244 nm and least at 214 and 

437 nm. 

Johnson et. al. (38) compared the photodegradative wavelength depen¬ 

dence of Nomex with that of experimental, thermally resistant fibers; they 

indicate that degradation or the strength and color of Noxni..-: occurs within 

the region from 310 to 390 nm with the peak between 360 and 370 nm. Nomex 

thus absorbs at higher wavelength than most other polymers. 

Data on the deterioration of Nomex materials in carbon arc and outdoor 

exposure have been published by Ross and Opt (62), Little and McGrath (47), 

and Hargraeves (29-32); we have also received such data from DuPont (70). 

DuPont also indicated some success with a commercial uv absorber, Tinuvin 

P (Geigy Chemical Company). 

In's'unftiary, the literature search’helped'în’establishing the wavelength 

range in which Nomex shows greatest sensitivity (this was confirmed by 

obtaining the uv spectra of Nomex in our laboratory using a KBr disc of 



ground fiber). Furthermore, it indicated that there seems to be no published 

work on the application of uv absorbers to Nomex. We, thus had to rely 

primarily on the experimental approach of chosing absorbers on the bases of 

the ranges in which they absorb and their expected substantivity to aromatic 

polyamide. 
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B. Patent Search 

The search of U. S. Patent Office files from 1950 to 1970 by IFl/Plenum 

Data Corporation produced no references to agents that may be candidate UV 

inhibitors for aromatic polyamides (Nomex). 

One of us (GA), on a personal visit to the U. S. Patent Office, updated 

the above patent search from 1970 to March 1972. This again produced no 

references to our subject. Consultation with two U. S. Patent examiners 

assured us that the correct classes and subclasses were being searched. 
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a. Specific Patent Search on Related Topics. 

No patents available.. 
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