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Thirteen fabrics containing "Rovana" (saran), "Verel" (mod - 

acrylic), and rayon were examined for colorfastness to light and laun- 

dering, shrinkage, tensile strength, elongation, abrasion -resistance 

and flammability. The fabrics represented three weaves: plain, 

twill and leno; and three colors: white, eggshell and turquoise. The 

fiber contents, according to the manufacturers, varied from 20 per- 

cent "Rovana ", 56 percent "Verel" and 24 percent rayon to 49. 3 

"Rovana ", 30. 5 percent "Verel" and 20. 2 percent rayon. 

Chemical analysis revealed that all of the fabrics varied from 

the manufacturers' stated fiber contents. 

A Fade -Ometer was used to test for colorfastness to light. 

Although no fading was visible to the eye, the plain weave fabrics of 

high "Rovana" content showed the greatest color change according to 

. 
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a Gardner Color Difference Meter. White fabrics and broken twill 

weave fabrics were modified also. Washing had little effect on the 

colors. 

Shrinkage was most pronounced in the filling direction and was 

due chiefly to laundering. Fabrics fabricated in a broken twill weave 

of approximately 30 percent "Rovana" exhibited slightly more shrink- 

age than the four percent allowance recommended by the American 

Hotel Association. The remaining fabrics shrank only approximately 

one percent. 

Fabrics appeared to be most affected by 63. 5oC temperatures 

in an oven during the first 50 hours according to a heat study which 

measured shrinkage and tensile strength, but generally the effect was 

slight. 

There was considerable variation in tensile strength of the fil- 

ling yarns but the percentage retained after Fade -Ometer exposure 

and launderings was good. The "Rovana" warp yarns were slightly 

less strong but retained more strength. 

Fabrics of high "Verel" content showed the greatest elongation 

in the filling direction and fabrics of high "Rovana" in the warp direc- 

tion. 

Loss of body was noticed as a result of abrasion, with loose 

weaves and fabrics of high "Rovana" content being affected the most. 



All of the fabrics proved to be flame -resistant as they would 

not support combustion. 

As a result of this study, these fabrics, particularly the plain 

weave fabrics containing 30 percent "Rovana ", 50 percent "Verel" 

and 20 percent rayon, are recommended for home and institutional 

use. 
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SELECTED "ROVANA" (SARAN), "VEREL" 
(MODACRYLIC), AND RAYON BLEND 
DRAPERY FABRICS EVALUATED BY 
LABORATORY TESTS FOR RESISTANCE 
TO LIGHT, LAUNDERING, ABRASION, 

STRESS AND FIRE 

INTRODUCTION 

Recent years have brought many advances in the field of textiles 

including the production of several new man -made fibers as well as 

improvements in natural fibers. The economic importance of the 

man -made fibers is illustrated by the fact that the consumption of 

man -made fibers increased from 327 million pounds in 1956 to 600 

million pounds in 1962, constituting a rise from 21. 8 percent to 

33. 2 percent of the textile market (51, p. 60). 

"Rovana" (saran) and " Verel" (modacrylic) are among the many 

new fibers produced and have been found to give desirable hand, tex- 

ture and appearance in combination with rayon. Fabrics of "Rovana ", 

"Verel" and rayon, said to be flame resistant, were of special in- 

terest to the university housing department; however, little informa- 

tion was found concerning other properties of the combination. In an 

effort to assess the fabric, it was decided to measure fading, shrink- 

age, abrasion resistance, tensile strength, elongation and flamma- 

bility, and evaluate in terms of fiber content, weave and color. It 

was felt that such research would benefit the university in further 

selection of drapery fabrics for dormitory use. 
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REVIEW OF LITERATURE 

Through the years, many studies have been done on curtain 

fabrics and draperies to determine their lightfastness, launderability, 

abrasion- resistance and tensile strength. Various tests have been 

done on rayon curtains. This study was concerned with the results 

of testing of drapery fabrics made of "Rovana ", "Verel ", and rayon, 

since fabrics of this type were being considered for use in Oregon 

State University dormitories. 

A description of the physical and chemical properties of 

"Rovana ", "Verel ", and rayon fibers is followed by a review of the 

tests used to measure the following: lightfastness, launderability, 

abrasion -resistance, tensile strength, elongation and flammability. 

"Rovana" 

"Rovana ", a saran micro -tape, was introduced in March 1959 

by Dow Chemical Company. It is classified chemically as a long 

chain molecule composed of 80 percent vinylidene chloride by weight 

(50, p. 54). A thin slit film is folded into a continuous micro -tape 

or ribbon, the flat geometry of the yarn making it tear resistant 

(1, p. 99). Yarns are produced in 400 and 1100 denier, the width 

being many times the thickness (2, p. 2). 

As a thermoplastic, "Rovana" softens at 154.4 -160oC and melts 
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at 171.1-176.6°C. Its flame- resistance and inability to support 

combustion make it very important to the home furnishings industry. 

(66, p. 138 -141). Combined with other fibers it will improve the 

flame -resistance of that fiber. "Rovana" plus one -third cotton is 

still flame- resistant (1, p. 99) 

Although not resistant to ammonium hydroxide, "Rovana" is 

resistant to both strong and weak acids and other alkalis. It is gen- 

erally resistant to oxidizing agents and organic solvents. Resistance 

to mildew, moths, sunlight, gas fumes and age make "Rovana" of 

special interest (18, p. 107). 

"Rovana" is solution dyed by the producer and will dye darker 

with 3. 5 percent aluminum nitrate or lead nitrate added to the dye 

bath at a pH of four (80, p. 1857a). Little finishing is needed; how- 

ever, polyvinyl acetate is added to give body and increase seam 

strength. It can be coated, laminated, heat shaped or dielectrically 

sealed (66, p. 138 -141). Designs may be embossed permanently on 

"Rovana ", but usually it is printed with resin bonded pigments, both 

water -in -oil and oil -in -water types, using reactive binders that can 

be cured at 93. 3 °C for five minutes. 

In addition to draperies, which have been appearing on the 

market since 1961, this new fiber is used on walls, in hospital cubi- 

cles, millinery, automotive interiors, women's shoes, upholstery 

and bedspreads. Fabrics of 100 percent "Rovana" are rather coarse 
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and stiff and because of this it is found more often in combination with 

other fibers, primarily in the warp (2, p. 2). 

" Verel" 

A new modified acrylic fiber called "Verel" was announced by 

Eastman Chemical Products, Incorporated, on March 14, 1956 after 

being developed and produced by a corporate associate, Tennessee 

Eastman (26, p. 68). 

According to the U. S. Federal Trade Commission, a "moda- 

crylic" fiber is the generic name for a long chain synthetic polymer 

composed of less than 85 percent but at least 35 percent by weight of 

acrylonitrile units (38, p. 22). "Verel" is chiefly acrylonitrile, but 

modifiers are added to improve whiteness, flame resistance, opti- 

mum moisture regain, and greater affinity for dyes (45, p. 40). 

"Verel" fiber is available in four types; Regular, Type I, 

Type II and FR. Regular "Verel" has 0 -2 percent shrinkage in boil- 

ing water followed by Type I with 9 -11 percent shrinkage and Type II 

with 10 -23 percent (26, p. 69). 

Although the flame resistance of Regular " Verel" is good, that 

of FR is outstanding. FR is characterized by its marked whiteness. 

Coover indicates that: 

Type FR Verel is extremely flame- resistant and, 
to the best of our knowledge, is the most flame - 
resistant organic fiber known to man... The 
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charred area which has come in direct contact 
with the flame is a hard, brittle char in the ori- 
ginal shape of the fabric (26, p. 69). 

" Verel" can be characterized by the sharp acrid odor of its combus- 

tion products (27, p. 530). It is difficult to ignite and is self - 

extinguishing with no after -glow. The fact that Type FR ranks with 

glass and asbestos in the fire- resistant category makes " Verel" a 

very versatile fiber. 

The fibers are affected also by dry heat. At 150 °C, Type I 

shrinks 15 to 17 percent and Type II shrinks 25 to 28 percent. This 

high shrink property is used to advantage in the manufacture of high 

bulk fabrics. (26, p. 69). Cook pointed out: 

Verel can withstand exposure to moderate temper- 
atures for long periods of time without significant 
loss in physical properties. Verel fabric heated 
at 110 °C, for 128 hours showed no change in strength 
or elongation (23, p. 309). 

And weathering characteristics of " Verel" are very good also. 

According to Coover: 

It is better in this respect than all of the natural 
fibers and most of the man -made fibers, including 
acetate, the polyamides, and polyesters (26, p. 70). 

Cook added that: 

After fifty weeks' outdoor exposure, Verel retains 
good strength and elongation under conditions which 
destroy acetate, wool and cotton (23, p. 309). 

The biological resistance of "Verel" is excellent, making it 

of interest of the home furnishings industry. It is highly resistant 
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to the attack of mildew and other micro -organisms. After being 

buried for 12 weeks in moist river loam, it was unaffected, whereas, 

cotton decomposed after six or seven days (26, p. 70). 

With a moisture regain of 3.5 to 4. 0 percent at standard at- 

mospheric conditions, "Verel" is considered unique among acrylic - 

type fibers. The higher moisture regain eases processing and pro- 

vides a comfortable fabric to wear. 

" Verel" has a high degree of resistance to a wide range of 

chemicals, including mineral acids, alkalis, , oxidizing agents, all 

dry cleaning solvents and most common organic solvents except warm 

acetone (26, p. 70). However, alkalis may cause some discoloration. 

No special dyeing equipment is necessary; however, normal 

dyeing conditions can not be followed. The higher temperatures 

cause a delustering of the fiber resulting in stickiness, loss of hand 

and a hard packed fiber mass which is hard to dry. Manufacturers 

have learned that fibers dyed at 71. 1°C give a loose fluffy texture 

(33, p. 42). 

Three classes of dyes are considered effective from the stand- 

point of fastness and economy. The neutral premetallized dyes have 

the best all- around fastness on "Verel ", giving a wash fastness of 

60°C (42, p. 71). Disperse acetate dyes are the second type used 

and brighter shades may be obtained, but fastness is somewhat less. 

Basic or cationic dyes constitute the third class, being used on 

. 
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specialty fabrics to produce even brighter colors. 

Ivey states that: 

Light and medium shades may be obtained without 
assistants, but in dyeing heavy shades, a dyeing 
assistant is used to obtain a complete exhaustion of 
the dye on the fiber or fabric (42, p. 72). 

Since "Verel" like most synthetic fibers, is somewhat hydro- 

phobic, care must be taken in the finishing process. According to 

Ivey: 

Resin commonly used on cellulosic fibers should not 
be used on Verel since these materials remain on 
the fiber surfaces and result in undesirable stiffness 
or boardiness causing a decrease in many of the 
inherent properties (42, p. 72). 

Any temperature in excess of 149oC should be avoided in all finishing 

operations on " Verel" in order to avoid stiffness (42, p. 72). 

Fortune and Paul state that: 

Piece goods of Verel, such as drapery, upholstery, 
work clothing, knit goods and other apparel fabrics, 
can now be successfully wet processed, free of 
creases and distortion, and will retain or develop 
desired fabric texture (33, p. 44). 

Rayon 

One of the oldest man -made fibers, rayon, was developed in 

an effort to produce "artificial silk ". According to the Federal 

Trade Commission: 

Rayon is a manufactured fiber composed of regen- 
erated cellulose, as well as manufactured fibers 
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composed of regenerated cellulose in which sub - 
stituents have replaced not more than 15 % of the 
hydrogens of the hydroxyl groups (86, p. 4). 

The most common and cheapest method used to make rayon 

today is the viscose method which was developed in England by 

C. F. Cross, E. J. Bevan and C. Beadle in 1892. The method of 

making textile filaments from the viscose solution was devised by 

C. H. Stearn and C. F. Topham (23, p. 163). 

Viscose rayon is made from either cotton linters or wood pulp 

which may be purified by boiling with caustic soda or sodium bisul- 

phite solution. After being washed and bleached, the cellulose pulp 

is conditioned for several weeks. The first step in the manufacturing 

process is to steep the pulp sheets in caustic soda, press and age 

for two or three days. The oxygen from the air attacks the long 

cellulose molecules and breaks them into shorter molecules during 

the aging process. The aged crumbs are then mixed with carbon 

disulphide which causes the cellulose to turn yellow, producing cellu- 

lose xanthate. A thick orange solution is formed when the batch is 

put into a dilute solution of caustic soda. Delusterants may be added 

at this stage if desired. The cellulose xanthate solution then ripens 

several days during which it is filtered several times. During the 

ripening period, chemical changes take place until the solution is 

ready for spinning (23, p. 173 -174). The filament is formed by 

forcing the solution through spinnerets into a coagulating bath 

- 
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containing sulfuric acid which precipitates the cellulose. Rayon is 

made in several deniers ranging from one and one -fourth to fifty. 

The staple length ranges from one and one -fourth to eight inches. 

With a moisture regain of 13 percent under normal conditions, 

viscose rayon will absorb twice as much water naturally from the 

air as cotton does; however, it may lose as much as half of its 

strength when wet. Viscose begins to lose strength after prolonged 

heating at 150°C. Like other cellulosic fibers, it burns readily. It 

will withstand sunlight without discoloration, although prolonged ex- 

posure to sunlight does cause a loss in tensile strength (23, p. 180). 

Being a cellulose, viscose rayon reacts quite similarly to cot- 

ton. Hot dilute or cold concentrated mineral acids will weaken or 

disintegrate the fiber although it is quite resistant to dilute alkalis 

and organic solvents. Strong solutions of alkali cause swelling and 

loss of tensile strength (23, p. 180). 

Viscose is susceptible to mildew which causes discoloration, 

and is attacked by silver -fish and other insects which attack cellulose. 

However, it is resistant to moth larvae and other insects which 

attack protein (23, p. 181). Today viscose rayon has many uses in- 

cluding clothing, furnishings and carpets, medicine, household tex- 

tiles, tires and industry. 

The following table gives a brief comparison of the fiber prop- 

erties which were important in this study. Note that tensile strength 

,. 

- 
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is similar for all; however, the other properties vary somewhat. 

Table 1. Fiber properties 

Property "Rovana "2 "Verel "2 Rayon 

Specific Gravity 
Tensile Strength 

Breaking 
Elongation 

Elastic Recovery 

1.70 

conditioned 
and wet 

1.5-2.0 g /dn. 

conditioned 
and wet 

15 -20% 

high 

Abrasion Resistance good 

Sunlight Resistance generally 
resistant 

1.37 

conditioned 
2.5 -2.8 g /dn. 
wet 
2.4 -2.7 g /dn. 
conditioned 

33 -35% 
wet 

32 -34% 

medium 

good 

resistant 

1.51 

conditioned 
2.0 -2.6 g /dn. 
wet 
0.95-1.5 g /dn. 
conditioned 

17 -25% 
wet 

23 -32% 

poor 

poor 

resistant 

1. Gordon J. Cook. Handbook of Textile Fibers. Watfords, Herts. 
England, Merrow Publishing Company, 1960. 

2. Charles Z. Carroll - Porczynski. Manual of Man -made Fibres. 
New York, Chemical Publishing Company, 1960. 

Lightfastness 

Long important in the field of textile research is the subject of 

lightfastness. Both natural and man -made fibers can be degraded 

through long exposure to sunlight, resulting in loss of tensile strength, 
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elongation, and toughness. Certain rays of fluorescent lamps also 

can cause damage. 

Dupont scientists have stated several factors which they feel 'in- 

fluence the light resistance of fibers. 

1. Geographical location of the exposure. 
2. Time of year when exposed. There is more degradation 

in summer. 
3. Type of exposure. 

a. Window glass filters out part of the ultraviolet rays. 
b. Fluorescent tubes give off ultraviolet light and can 

cause deterioration of fibers. 
c. Things to consider when using a carbon -arc lamp 

1. Critical wave lengths differ for different fibers. 
2. The spectral distribution, temperature, and moisture 

conditions are likely to be quite different from those 
encountered in actual use of fiber products. 

4. Fiber structure. 
a. Size or thickness of fiber structure. A high denier shows 

less degradation. 
b. Materials added in fiber manufacture. 

1. Amount of delustrant. Bright fibers usually have 
better light resistance than semi -dull fibers which 
have more resistance than dull fibers. 

2. Pigments can improve the light resistance of fibers. 
c. Dyes, finishes, or other agents applied to the fiber. 

Finishes and ultraviolet absorbers filter out ultraviolet 
rays to increase light resistance and should be durable 
for end use (29). 

In addition to those described above, Egerton felt there were other 

causes of degradation, particularly the nature of the fiber itself and 

atmospheric conditions including high relative humidity and tempera- 

ture. He felt that sunlight contains not only visible light, but also 

infra -red and ultraviolet light. As the wavelength increases, the 

ability of the rays to produce chemical change decreases. The amount 
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of light absorbed by the material would represent the energy neces- 

sary for degradation (31, p. 476 -480). Egerton proposed that, 

...the rate of degradation is very dependent upon the 
presence of oxygen in the surrounding atmosphere, 
and for all the textile materials examined the degra- 
dation is chiefly due to the oxidation process (30, p. 303). 

Experiments using rayon yarns show that preconditioning in a 

range of relative humidity of five to twenty -five percent will not in- 

troduce significant differences in test results, but the lack of pre- 

conditioning may do so. Preconditioning at 40 percent relative 

humidity gave higher regain values and was not recommended (64, 

p. 928 -930). Tests performed by Sylvester show that the most fading 

took place when the black panel thermometer read 65. 5 °C and the 

relative humidity was over 50 percent (79, p. 721). 

Studies carried out by the Mid -West Section of the AATCC 

showed that increases in temperature had much more effect on both 

fibers and dyestuffs than did an increase in relative humidity. They 

used acetate, "Dacron" (polyester), "Dynel" (modacrylic), "Orlon" 

(acrylic), and nylon dyed with acetate dyes and nylon, "Acrilan" 

(acrylic), "Vicara" (azlon) and wool dyed with acid dyes. The 

1300 samples were exposed to temperatures of 57. 2 °C, 68. 3 °C, 

and 79.4 °C at 35, 50 or 65 percent relative humidity. All samples 

were finally checked using AATCC, British and German light stand- 

ards (4, p. 497 -505). 



13 

The highest lightfastness is exhibited by a dye which is most 

closely linked with the fiber (63, p. 216). Giles found that fading in 

protein fibers is a process of reduction of dye and all other fibers, 

including the cellulosics and nylon, go through an oxidation process 

(36, p. 128). According to the AATCC: 

The lightfastness is a characteristic of the dyestuff 
itself and is apparently unaffected by fabric con- 
struction (5, p. 173). 

Several machines have been produced in an effort to test light- 

fastness on a laboratory scale. The xenon (also called the high in- 

tensity carbon -arc) and carbon -arc lamps are most commonly used. 

The xenon -arc lamp is more popular in Europe and is thought to be 

80 percent better since it more nearly simulates sunlight and can 

filter infra -red rays (16, p. 32 -35), However, it needs good venti- 

lation and has to be attended more closely because the carbon rods 

are changed every two hours. Since all light goes in one direction, 

there is one target area (46, p. 723 -731). The Fade - Ometer pro- 

duced by the Atlas Electrical Devices Company of Chicago is used 

most often in the United States. Its carbon -arc produces more ultra- 

violet rays (16, p. 34). Seibert found that some Fade - Ometer lamps 

took twice as long as others to produce-the same degree of fading 

(65, p. 379 -385). 
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Sylvester pointed out, 

...the use of black or white cardboard, white cotton, 
silk or wool as backing for test specimens has little 
or no effect on the rate or character of fade (79, 
p. 721). 

Lightfastness is evaluated by several methods including a panel 

of observers. A gray scale was developed by the American Associa- 

tion of Textile Chemists and Colorists from spectrophotometer read- 

ings of various degrees of fading. The gray scale was calibrated 

from specimens exposed in the Fade -Ometer for 10, 20, 40, and 80 

hours respectively (19, p. 600). 

In tests performed at Purdue, Bodily, using the gray scale 

measurements, found that saran and blends containing it showed 

marked fading and loss of strength after 60 hours in the Fade -Ometer 

(14, p. 45). Leonard, in studies at Texas Women's University, found 

that of 62 fabrics, 53.2 percent had not faded after 160 hours accord- 

ing to the gray scale. She used fabrics of rayon, cotton, acetate and 

fiberglass. She found little relationship between price and color- 

fastness (47, p. 188 -197). 

Quite commonly used today is the spectrophotometer, and 

adaptations of it which were developed in an effort to alleviate dif- 

ficulties in assigning values using the gray scale. A textile color 

card association was established to set up the popular colors for 

each season, using the Munsell system as a classification of hue, 
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value and chroma (55,. p. 1). The Hunter Multipurpose Reflectometer 

and the Gardner Color Difference Meter also are in use today. Re- 

flectance is the ratio of the total quantity of reflected light to the total 

quantity of incident light regardless of directions. Apparent reflect- 

ance is that which a perfectly diffusing surface would need to possess 

in order to appear equally bright under the same conditions (40, 

p. 583). By measurement of reflectance before and after exposure 

in the Fade- Ometer, the amount of fading can be determined. 

The determination of the formula for color difference was de- 

veloped from Euclidean geometry. It was assumed that it is possible 

to represent surface colors by points so arranged as to make up a 

solid figure. Distances between points are proportional to size or 

perceptibility. It was assumed that surface colors of the same light- 

ness (value) can be represented on horizontal planes in the surface 

color solid and variations in lightness at constant chromaticity are 

represented by lines perpendicular to constant -lightness planes 

(44, p. 423). 

Launderability 

The effect of laundering upon the colorfastness and shrinkage 

of fabrics has been of special concern to man. The first recorded 

colorfastness test was done in France about 1733 by Charles Dufay. 

His test involved boiling a dyed fabric in a solution of alum, soap 
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and tartar. The effect of the treatment indicated the dye fastness 

and type of dye used. Later he also tested for lightfastness and re- 

fined his earlier work. However, not much was done in the field 

until the end of the 1800's (72, p. 129). 

The first serious attempts to study colorfastness to washing 

began in 1911. A committee was appointed by the Section for the 

Chemistry of Dyeing and Textile Industries of the Society of German 

Chemists. Their first report in 1914 described tests using cotton 

and wool fabrics which were later expanded to include other fibers. 

Most attention was paid to colorfastness to light, washing and per- 

spiration. Later, efforts to set up international standards were 

halted by World War II. The International Organization for Stand- 

ardization was established in 1947 and agreement has been reached 

on over twenty colorfastness test methods since then (72, p. 129). 

The American Hotel Association is most concerned with: 

wear; colorfastness to light; laundering or drycleaning; a fabric's 

ability to withstand refreshing without staining or shrinkage; and 

retention of appearance and hand. The association follows standards 

set up by the American Standards Association for laundering of cur- 

tains and draperies. 

As part of the work in setting up the AATCC washfastness test, 

Lyon did not find much difference between the use of soap or syn- 

thetic detergent. The study consisted of hand and commercial 
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laundering on 41 dyed and printed fabrics using water temperatures 

of 48.4 °C and 60. 0 °C (49, p. 131 -132). 

Abrasion- Resistance 

The durability of a fabric is very important to those wishing to 

purchase draperies and the ability to withstand abrasive wear is one 

aspect of durability. McNally and McCord define abrasive wear as: 

...the physical destruction of fibers, yarns and 
fabrics, resulting from the contact with and rela- 
tive motion of a textile surface over that of an- 
other surfact (53, p. 721). 

The mechanical breakdown of the fabric may be the result of 

frictional wear, cutting and plucking or snagging of fibers. Fric- 

tional wear occurs when the fibers are firmly held in the yarn struc- 

ture and the abradant is relatively smooth. Closely woven fabrics 

containing high twist yarns are more susceptible to frictional wear 

than loosely woven fabrics with low twist yarns (53, p. 725). 

Palmer states that: 

Most present -day authorities agree that molecular 
adhesion plays the principle role in frictional 
phenomena, but other investigators have attributed 
friction to the ploughing of soft surfaces by harder 
ones, and to electrical forces (59, p. 187). 

Cutting may occur with abradants such as sandpaper and emery. 

Plucking or snagging is more pronounced when the forces between 

abradant and fabric are greater, since deeper yarn penetration will 

occur. Loosely woven fabrics with low twist yarns are more sub- 

ject to plucking (10, p. 464). 



18 

The most noticeable effect of abrasion is loss of fiber particles. 

Gross fiber damage is indicated by either fibrillation (the longitudinal 

disintegration of the fiber into elements which reveal its fibrillar 

structure, usually resulting from tensile stress from a frictional 

force) or transverse cracking which is caused by flexing and bending 

(84, p. T43 -48). 

The amount of abrasion depends on several factors, including 

the mechanical properties of the fiber, yarn and fabric construction, 

and finish. The tensile strength, elongation and elasticity usually 

relate to the abrasion resistance as do shear and flexural properties. 

(11, p. 668 -681). Susich found cotton more resistant than wool and 

much more resistant than acetate (77, p. 224). 

The damage to staple yarns usually depends on the twist, fiber 

length and interfiber friction (84, p. T43 -48). Abrasion resistance 

increases as twist of yarn increases to a limit after which it declines. 

In addition, filament yarns are usually more resistant than staples of 

the same fiber and denier. Heavy yarns which distribute the stress 

and those of greater ply which give greater cohesion, tend to be more 

abrasion resistant. 

The fabric structure is affected by yarn crimp, threads per 

inch and weave. High crimp yarn exhibits less abrasion resistance. 

Larger thread counts help to distribute the abrasive stresses; how- 

ever, the use of too many yarns per inch causes rigid areas with 
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loss of fiber and yarn movement (12, p. 641 -642). McNally and 

McCord add that: 

Although very tightly woven structures have improved 
flat abrasion resistance, damage from flex abrasion 
is increased considerably (53, p. 734). 

The weave has been found very important in the abrasion resistance 

of a fabric with plain weaves having better binding than twills and 

sateens of the same fabric count because they contain more yarn 

cross -overs (12, p. 643 -647). 

In recent years more finishes have been applied to fabrics and 

in turn created differences in abrasion resistance. Nuessle states 

that: 

Finishes are deposited on fiber surfaces and usually 
alter the hand, body, and appearance of fabrics in 
addition to affecting functional properties such as 
soil resistance, tear strength, and water resistance 
... The use of such finishes alters abrasion charac- 
teristics in one way or another through mechanisms 
of fiber binding, protection and lubrication (58, p. 87). 

Although lubricants increase mobility by encasing fibers in smooth 

films, the Quartermaster Corps has found that lubricants do not 

always improve wear and their durability is limited. Coatings may 

cause more drastic changes in the abrasion resistance of a fabric 

because the entire surface is changed. It has been found that uneven 

sizing will not protect a yarn adequately during processing, but even 

sizing will. Results of testing done by Cooke showed that untreated 

rayon fabrics displayed better abrasion resistant qualities than a 
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resin treated fabric (24, p. 682). 

Several machines, including the Accelerotor and the Taber 

Abraser, are available for testing abrasion -resistance. After being 

abraded, fabrics may be evaluated for changes in weight, thickness, 

breaking strength, electrical capacitance or air permeability. Many 

evaluations are visual. 

Tensile Strength and Elongation 

Any pull or stress that tends to stretch a fiber in only one di- 

rection is called a tensile stress. The breaking tenacity is the tenac- 

ity at the point of fiber rupture (28, p. 97). The strength of a yarn 

increases up to a certain point in twist and as it twists, the yarn be- 

comes shorter in length and potentially stronger (7, p. 28). Yarn 

strength is determined also by the type of yarn. High twist yarns 

are stronger than those of a lower twist. Ply yarns are stronger than 

single yarns of the same fiber and of the same size as the singles 

used in construction of the ply yarns (7, p. 30). 

The weave of a fabric is very important to its potential strength. 

Ordinarily a closely woven fabric keeps its shape better, slips less 

at seams, shrinks less and wears longer than a loosely woven cloth 

of similar texture and weight (90, p. 192). A plain weave will give 

greater resistance to breaking strain than any other weave con- 

structed of the same yarns with the same number of warp and filling 

yarns per inch (37, p. 19). Twills can be made stronger than plains 
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because more yarns per inch may be crowded together, since the floats 

permit some overlapping of yarns. The leno weave is strong and dur- 

able because the warp yarns are locked in the filling yarns as they 

cross, whereas plain weaves of similar thread count would be very 

weak (13, p. 344). The strength of leno would be dependent upon the 

thread count. 

The elongation rate of a yarn or fiber is an important factor and 

is defined as the stretch or strain in a fiber shown by an increase in 

length. The elongation at the point of rupture is the breaking elonga- 

tion (28, p. 97). Snowden felt that all yarns had sections which had 

low extensibility and would break during weaving (71, p. 319). 

In tests on rayon, deBordenhave found that an increase in rela- 

tive humidity caused a decrease in tenacity. Tenacity was decreased 

also by an increase in air temperature (28, p. 98). 

Flammability 

The flammability of a fabric is of great importance in the se- 

lection of draperies, especially for institutional use. It has been 

said that the flammability of a fabric is proportional to its vertical 

flame speed. A flame -proof fabric is one which does not propagate 

flame, i. e. any flame goes out quickly when the igniting flame is 

withdrawn (82, p. 418 -425). 

When a fabric is being considered, it is important to learn three 
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factors which determine the potential danger of the fabric. The first 

is ease of ignition and involves the amount of heat necessary to ig- 

nite a fabric and whether or not it will ignite at all. The second 

concern is the heat liberated when the fabric is ignited. If it does 

not give off much heat, it is less likely the flame will spread quickly. 

The third factor is the speed of flame propagation. A fabric which 

has slow flame propagation would be much safer than one with a fast 

rate. The slow rate would enable the user more time to extinguish 

the fire (67, p. A217). 
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PROCEDURE 

Drapery fabrics made of "Rovana" (saran), " Verel" (modacrylic); 

and rayon were compared on the basis of laboratory tests for color- 

fastness, shrinkage, tensile strength, elongation, abrasion -resistance 

and flammability. The main objective of the study was to evaluate 

fabrics of varying fiber content, weave and color on the basis of the 

above tests. Procedures recommended by the American Association 

of Textile Chemists and Colorists and Committee D -13 of the Ameri- 

can Society for Testing Materials were followed wherever possible. 

Selection of Fabric and Fabric Analysis 

Thirteen fabrics from various manufacturers were selected on 

the basis of fiber content, weave and color. All fabrics contained 

"Rovana ", " Verel" and rayon in contents ranging from 20 percent 

"Rovana ", 56 percent " Verel" and 24 percent rayon to 49.3 percent 

"Rovana ", 30.5 percent "Verel" and 20.2 percent rayon. Plain, leno 

and twill weaves were included in white, eggshell and turquoise 

(Table 2). 
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Table 2. Manufacturers' fabric description 

Percent by weight of fibers 

Fabric Weave "Rovana" "Verel" -Rayon Colors 

5403 plain 20% 56% 24% white 
eggshell 

Crusader plain 30.8% 48.4% 20.8% white 
eggshell 
turquoise 

Oxford plain 49.3% 30.5% 20.2% white 
eggshell 

6000 twill 
(broken) 

31% 49% 20% white 
eggshell 

M. W. twill 46% 38. 88% 15.50% eggshell 

Triumph 
Boucle' 

leno 30% 49% 21% white 
eggshell 
turquoise 

All fabrics were measured at five places across the filling to 

determine the average width of the fabric (8, p. 817). A thread count 

was taken at five locations on both warp and filling to obtain the aver- 

age thread count which was later used to determine the width of 

breaking strength specimens (8, p. 818 -819). At this time, the 

weight per square yard of fabric was calculated to determine the size 

of abrasion specimens (8, p. 819 -820). All fabrics were examined 

to determine their exact weave and yarn structure (8, p. 814 -821). 
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In addition to the physical analyses, qualitative and quantitative 

chemical analyses were run on three samples from each fabric to 

determine the fiber content and percentage contained within each. 

The quantitative analysis involved the use of warm acetone to remove 

"Verel" from rayon after the "Rovana" had been separated mechani- 

cally (8, p. 299 -3 00). 

Preparation of Specimens 

After fabric analysis, threads were drawn to obtain the grain 

line in preparation for the specimen layout. The layout was drawn 

in accordance with specifications for laboratory tests as given by 

ASTM and AATCC (Appendix A -1, A -2). 

Each of the fifty Fade - Ometer specimens was 14 inches square 

so that it would fit in the machine. Five tensile strength and two 

abrasion specimens were planned within each 14 -inch square accord- 

ing to ASTM and AATCC specifications. A laundry marking pen was 

used to draw a 12 -inch square for shrinkage measurements within 

the 14 -inch square. As each piece was cut, it was identified by a 

code number printed on a heat resistant tape which was then attached 

to the top corner. Textured -nylon thread was used in a zig -zag 

stitch around each 14 -inch square to prevent unravelling in future 

launderings. 
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Lightfastnes s 

The lightfastness test with continuous exposure was carried on 

in a carbon -arc Fade -Ometer, Model FDA -R, built by the Atlas 

Electrical Devices Company of Chicago. The machine was standard- 

ized by using light- sensitive paper and a booklet of standard faded 

strips obtained from the National Bureau of Standards. Light - 

sensitive paper was placed in frames and exposed for 12 -, 16 -, 18 -, 

20 -, 22 -, and 24 -hour periods. These papers were compared to 

booklet standards. Both the papers and the standards were measured 

by a Gardner Color Difference Meter (6, p. B64 -67). Results showed 

that the Fade -Ometer which was used for the study was running at 

standard conditions. 

Before being placed in the Fade- Ometer, each specimen was 

measured in five places in both the warp and the filling so that shrink- 

age could be determined after exposure in the Fade- Ometer and after 

each laundering. Each specimen was attached by large stitches to a 

14 -inch square of black poster board and stapled along the edges. 

For a single exposure in the Fade- Ometer, four specimens from 

different fabrics were clamped to the machine in an upright position 

by means of hairclips. The machine was set for a black panel ther- 

mometer reading of 62 ° -65 °C (6, p. B64 -67). 
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A plan of exposure was followed which grouped the fabrics 

according to fiber content, weave or color (Appendix B). The same 

plan was followed for both the 100 and 50 hour exposures. 

A pre -test in which eight specimens were exposed for 150 and 

200 hour periods, showed that 150 hours should be a maximum time 

for exposure since four specimens became scorched at 200 hours. 

Eight of these specimens which were exposed for a total of 150 hours 

at one time were used in the final measurement of abrasion -resistance 

and tensile strength, but not in color loss or shrinkage. 

The remaining forty -two specimens were exposed for a period 

of 100 hours, after which they were removed from the poster board, 

measured for shrinkage, evaluated for lightfastness, laundered and 

measured for shrinkage and color loss again. After each 100 hour 

period, the Fade- Ometer was thoroughly cleaned and the wicks were 

washed. Twenty -five of the specimens were exposed for an additional 

50 hours in the Fade- Ometer using procedures described above. 

Evaluation of Lightfastness 

Due to the difficulty involved in visual evaluation of lightfast- 

ness, a Gardner Color Difference Meter was used to measure color 

change. Each specimen was compared to white standard R850619. 

As each specimen was placed over the aperture, it was covered with 

a similar white fabric containing "Rowan ", "Verel" and rayon. 
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The side of the specimen which was exposed in the Fade- Ometer was 

used for color difference meter measurements. 

Two readings were taken at each of nine locations on each 

specimen. The nine locations were: top left, top middle, top right, 

left middle, middle middle, right middle, lower left, lower middle, 

and lower right. The meter was checked after three locations, read- 

ings were taken, and adjustments to the white standard were made 

when the machine did not give correct readings for the standard. 

Heat Study 

In an effort to determine the effect of heat in the Fade- Ometer, 

a small heat study was carried on using representative samples of 

the test fabrics. Six fabrics were used and each was divided into 

five filling and five warp ravel- strips and one eight -inch square 

shrinkage sample. The square was measured before being placed in 

the oven. 

The fabrics were: hung in the oven with the temperature set at 

the normal Fade -Ometer temperature of 62 ° -65 °C. Samples were 

removed after 50 -, 100 -, 150 -, and 200 -hour periods and measured 

for tensile strength or shrinkage. 
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Laundering and Shrinkage 

Since the fabrics used could be either washed or dry cleaned, 

it was decided to wash the fabrics to be tested because washing would 

be used most often by homemakers. Eight fabrics, representing 

plain, twill and leno weaves, were used in a pre -test to aid in deter- 

mining the shrinkage which might be expected and to determine the 

maximum size of the original specimen that could be used in the 

Fade- Ometer. 

The fabrics were washed in a home -type, top -loading automatic 

washer, using the delicate setting. The setting involved: 

1. Three minute wash 
2. Warm wash water - 37. 7°C 
3. No soak 
4. Cold rinse 
5. Gentle agitation and spin cycle 
6. Full water level 

This setting was as close as possible to the manufacturers' recom- 

mended washing instructions. 

One -third cup of a mild soap was used with each load as recom- 

mended by the fabric manufacturers. Loads were divided by color: 

white, eggshell and turquoise. Immediately after being washed, the 

specimens were hung with a single fold on a wooden rack to air -dry 

(none were pressed at any time). 

After being dried, the specimens were measured again at five 

places in the warp and five places in the filling. Then they were 
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evaluated on the Gardner Color Difference Meter for the second time 

to determine any color loss due to washing. The technique used on 

the color difference meter was the same as that previously discussed. 

Abrasion-Resistance 

Since draperies may be subjected to rubbing against window 

sills, walls or floors, it was thought desirable to test for abrasion - 

resistance. Four samples were taken from the original fabric; two 

more were taken from each specimen after 100 hours of exposure in 

the Fade - Ometer plus one wash; and another two were taken from 

each specimen after 150 hours and two washes. The sample sizes 

were either 4 1/2 inches by 5 1/2 inches or 5 1/4 inches by 6 1/4 

inches, as determined by the weight of the fabric (6, B90 -92). All 

edges were ravelled slightly before being sealed with a Ubabond 

solution; then a one -inch section was hemmed (forming a square) in 

order to demonstrate edge wear. White textured -nylon thread at 

12 stitches per inch, was used to stitch the hem (Figure 1). 

Figure 1. Stitching of hem for abrasion specimens 
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All abrasion testing was carried on under standard conditions 

of 21 ° -2 °C and 65 ° -2 percent relative humidity. After 24 hours in 

the conditioning room, the specimens were weighed to obtain an orig- 

inal weight. 

Specimens were tested for abrasion in an Accelerotor manu- 

factured by the Atlas Electrical Devices Company. An electric timer 

was placed in series for the tests. A fine emery liner was used in 

the Accelerotor and replaced when worn. For the test, a specimen 

was folded and placed in the Accelerotor for a period of one minute 

at 3000 rpm because pretests had shown a three -minute period as 

being too damaging. At the end of one minute, the specimen was 

removed and shaken to remove lint. The detritus was brushed from 

the chamber and rotors. 

After being abraded, the specimens were weighed again under 

standard conditions and percentage weight loss was calculated (6, 

p. B90 -92). It was assumed that the fabric, not the binding agent, 

lost weight. In addition, a visual appraisal was made of the spec- 

imen with special attention given to the hem. 

Tensile Strength and Elongation 

Tensile strength and elongation were measured with a Scott 

Pendulum Tester: Model J, and tests were run according to ASTM 

Designation D 1682 -59T (8, p. 726 -734). A tensilgram automatically 
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recorded the elongation and breaking load and, in addition, a record 

was kept of the dial readings of the breaking load. 

Five filling and five warp strips were cut from the original with 

no common warps or fillings being used. Five filling strips were cut 

from one specimen exposed for 100 hours in the Fade -Ometer and 

washed once and from one specimen exposed 150 hours and washed 

twice. Similarly, five warp strips were cut from the second speci- 

mens exposed for 100 and 150 hours respectively. All strips meas- 

ured 7 3/4 inches long and 1 1/2 inches wide with the length being 

determined by the limitations of the Scott Tester, while the width was 

determined by the yarn count. As all of the fabrics were below 

50 threads per inch in yarn count, each strip was ravelled to one 

inch in width and a yarn count made. 
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Flammability 

A testing apparatus was built to give an effect similar to that 

used by the U. S. Bureau of Standards in test CCC- T -191b, Method 

5902 (Flame Resistance of Cloth; Vertical) (Figure 2). 

Figure 2. Flammability Apparatus 

It consisted of two number 10 cans, with tops and bottoms removed, 

fastened on top of each other by heat resistant tape. A slit, 3 1/4 

inches wide, was cut down one side to permit entrance of the micro - 

burner. A wire with a metal clip to hold the specimen was attached 

to the top can and bent to extend horizontally about two inches above 

the can. After the specimen was in place, a third can, with no slit 
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and only the bottom removed, was placed on top. 

All specimens were cut in the warp direction and were 12 inches 

long and 2 3/4 inches wide. They were hung so that the lower edge 

was 3/4 inch from the top of the micro- burner. Rust -proof two -inch 

safety pins or size -one paper clips were used to weight the lower 

corners. After adjustment of the micro -burner flame to 1 1/2 inches 

in height, the burner was placed under the center of the specimen 

for 12 seconds and removed. 

Fabrics were checked for glow and flame time while being 

burned. The distance that the fabric would tear when a lower corner 

was lifted gently was recorded as char length. The shriveled area 

above the char and the length of the entire specimen were measured 

and recorded after the test (85, CCC- T- 191b). 
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RESULTS AND DISCUSSION 

Description of Fabrics 

Thirteen fabrics consisting of various blends of "Rovana" 

(saran), " Verel" (modacrylic) and rayon woven in plain, twill, and 

leno weaves were studied. According to the manufacturers' descrip- 

tions, the blends varied from 20 percent "Rovana ", 56 percent 

" Verel" and 24 percent rayon to 49.3 percent "Rovana ", 30.5 percent 

" Verel" and 20.2 percent rayon. In the selection of all fabrics, the 

percentage of the rayon content was kept as constant as possible. 

The colors were limited to white, eggshell and turquoise. The price 

range of the fabrics was $1.60 to $2.40 per yard. 

All of the fabrics contained 400 denier "Rovana" and the major- 

ity had a filling yarn of two ply core of the corkscrew type, contain- 

ing " Verel" and rayon. Thread counts varied from 26 warp and 32 

filling for a leno weave to 48 warp and 26 filling for a plain weave, 

while widths of fabrics ranged from 1084 mm. to 1892 mm. (Table 3). 

Chemical analyses were performed to check the manufacturers' 

stated fiber contents. The results for almost every fabric were 

found to differ from the stated fiber content (Table 4). The greatest 

difference was found in fabric 5403, thought to contain 20 percent 

"Rovana ", 56 percent "Verel" and 24 percent rayon. Chemical 

analyses showed the fiber content to be approximately 27 percent 



Table 3. Description of fabrics 

Fabric and 
Color 

Color of 
Weave "Rovana" 

Color of Type of Mean Width Mean Thread Count 
filling yarns Yarns (inside selvage) warp /inch filling 

5403 
white 

eggshell 

Crusader 
white 

eggshell 

turquoise 

Oxford 
white 

eggshell 

(continued) 

plain 

plain 

plain 

alternate 
white & cream 
alternate 
white & 

eggshell 

white 

eggshell 

white 

white 

white 

white 

rayon: 
eggshell 

"Verel ", 
white 

white 

white 

rayon: 
turquoise 

"Verel ": 
white 

white 

eggshell 

2 ply core 
corkscrew 
2 ply core 
corkscrew 

2 ply core 
corkscrew 
2 ply core 
corkscrew 
2 ply core 
corkscrew 

1251. Omm 

1253. 6mm 

1221. 6mm 

1241. 2mm 

1254.4mm 

single strand 1897. Omm 
blend 

single strand 1887. 8mm 
blend 

30.0 55. 4(3") 

30. 0 53. 0(3 ") 

28.6 46. 6(3 ") 

29.2 54. 6(3") 

29.2 48.8(3'') 

48. 2 25.0(1 ") 

48. 0 26.8(1 ") 



Table 3. Description of fabrics (con. ) 

Fabric and 
Color 

Color of Color of Type of 
Weave "Rovana" filling Yarn 

Mean Width Mean Thread Count 
(inside selvage) warp /inch filling 

6000 
white 

eggshell 

M. W. 
eggshell 

broken 
twill white 

twill 

Triumph Boucle' leno 
white 

white 

white 

white 

white 

rayon: 
eggshell 

" Verel" 
white 

eggshell 

white 

eggshell eggshell white 

turquoise white rayon: 
turquois e 

"Verel ": 
white 

corkscrew 
rayon core 
"Verel" twist 

corkscrew 

single strand 

2 ply core 
corks crew 
blend 

2 ply core 
corks crew 
blend 

2 ply, core 
corks crew 
blend 

1215. 8mm 41.8 66. 6(3") 

1208. Omm 41. 4 66. 0(3 ") 

1084. 4mm 43. 2 35. 0(1 ") 

1168. 2mm 26.0 30. 0(3") 

1255. 6mm 24.0 32. 2(3") 

1100. Omm 28.0 32. 0(3") 

J 



Table 4. Fiber content of fabrics expressed as percent by weight. 

Content listed by Manufacturers Results of Analyses, 
Fabric "Rovana" "Verel" Rayon " Rovana" "Verel" Rayon 

5403 -white 20 56 24 26.8 52.6 20.8 5403 -eggshell 20 56 24 27.0 43.1 29.9 
Crusader -white 30.8 48.4 20.8 30.3 45.3 24.4 Crusader -eggshell 30.8 48.4 20.8 27.0 51.7 21.3 Crusader -turquoise 30.8 48.4 20.8 29.2 49.7 21.0 
Oxford -white 49.3 30.5 20.2 51.8 35.3 13.0 Oxford- eggshell 49.3 30.5 20.2 52.1 30.3 17.5 

Triumph Boucle' -white 30 49 21 36.3 45.1 18.6 Triumph Boucle'- eggshell 30 49 21 32.4 47.8 20. 1 Triumph Boucle'- turquoise 30 49 21 36.2 45.0 18. 9 

6000 -white 31 49 20 31.4 50.9 17.6 6000 -eggshell 31 49 20 31.5 49.7 18.9 

M. W. -eggshell 46 38 16 45.9 38.6 15.5 

1 Percentages are averages of three analyses performed. 
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"Rovana ", 48 percent "Verel" and 24 percent rayon, making it equiv- 

alent in fiber content to the Crusader fabric. This finding eliminated 

analysis of a low "Rovana" content fabric and caused fabrics 5403 

and Crusader to be considered the same. The statistics were inter- 

preted on the basis of the actual fiber contents obtained from chem- 

ical analysis. An analysis of 5403 and Crusader did not show a sig- 

nificant difference between the two. 

Colorfastness 

All specimens were examined using the Gardner Color Differ- 

ence Meter after each period in the Fade -Ometer and after each 

wash. Analysis of variance was computed after each phase, using 

the color difference meter readings after E values indicating color 

change had been calculated (Table 5). 

Some difficulty was experienced in using the Fade -Ometer. On 

three occasions the machine overheated two or three degrees centi- 

grade due to the extreme temperatures in the room. The overheating 

occurred even when the Fade -Ometer was set at its lowest setting. 

Fans were kept blowing toward the bottom of the machine and oc- 

casionally, the top was propped open to allow more heat to escape. 

Overheating probably caused scorching of the "Rovana" warp, show- 

ing during one exposure on fabrics 5403, Crusader, Oxford and 

M. W. of eggshell color after only 100 hours. Some variation in 



Table 5. Analysis of variance for color change due to 
Fade- Ometer exposures and washing 

0 -100: exposure in 
Fade -Ometer 

100 hrs. in Fade- Ometer 100 hrs. Fade -Ometer + 1 wash 
+ one wash + 50 hrs. in Fade -Ometer 

150 hrs. Fade -Ometer 
Exposure + 2 washes 

Test D. F. M. S. F ratio D. F. M. S. F ratio D. F. M. S. F ratio D. F. M. S. F ratio 

Plain weaves 
30 F 50% "Rovana" 1 2. 210 20. 46 ** 1 .844 16. 88 * ** 1 0. 467 8. 65** 1 0. 304 12.16* 
white and eggshell 1 0. 041 0. 38 1 0.041 0.8 2 1 0.003 0. 06 1 0.035 1. 40 
%" Rovana" and colors 2 0.24 2.21 2 0.003 0.06 2 0. 01 4 0.26 2 0.039 1.56 

Plain and leno 
30% "Rovana ", 50% "Verel ", 

20% rayon 1 0.52 4. 77 1 0.001 0. 02 

white, eggshell, and turquoise 2 0. 066 0.61 2 0. 153 3. 06 

weaves and colors 2 0. 077 0.71 2 0. 184 3. 68 

Plain, leno and broken twill 
30% "Rovana, 50% "Verel ", 
20% rayon 2 0. 504 4. 67* 2 0.080 1.60 1 0. 00 0. 00 1 0. 210 8. 40* 

white and eggshell 1 1. 974 18. 28 * ** 1 0.082 1. 64 1 0. 044 0.82 1 0. 147 5. 88 

weaves and colors 2 0.994 9. 20 * ** 2 0.088 1. 76 2 0.067 1. 24 2 0. 003 0. 12 

Plain and twill high "Rovana" 1 0. 435 4.03 1 0. 214 4. 28* 1 0. 414 7. 67* 1 0.051 2. 04 

ERROR 29 0.108 29 0.050 6 0.054 6 0.025 

*Significant to the 0.05 level 
* *Significant to the 0. 01 level 

** *Significant to the 0.005 level ;p 0 
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fading may have been due to the fact that not all areas of the 14 inch 

square could be placed equally distant from the carbon arc. Scorched 

areas were included in readings using the color difference meter. 

Statistically significant differences appeared among the plain 

weave fabrics with the Oxford fabric, of high "Rovana" content, ex- 

hibiting a greater color change than the other fabrics of lower "Ro- 

vana" content (Tables 5 and 6). The greatest change was noted after 

100 hours in the Fade- Ometer. 

Table 6. Mean differences in color change after Fade- Ometer 
exposure of plain weave fabrics (approximately 30 
and 50 percent "Rovana ") 

5403 Crusader Oxford Exposure Color (30 %) (30 %) (50 %) 

0 -100 hrs. F. white .488 .594 1.261 
eggshell eggshell .946 . 608 1.037 

100 hrs. F. white .256 . 338 . 671 
+ 1 wash eggshell . 349 . 379 . 786 

150 hrs. F. white . 238 .530 .759 
+ 1 wash eggshell .347 .420 .845 

150 hrs. F. white . 201 .525 . 661 
+ 2 washes eggshell . 262 . 198 . 606 

The plain and leno weaves of similar fiber content showed a 

significant difference in color change after 100 hours in the Fade - 

Ometer, with leno changing more (Tables 5 and 7). Since the leno 

showed noticeable shrinkage, the change could have been due to the 
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Table 7. Mean differences in color change after Fade -Ometer 
exposure of plain and leno weaves (approximately 
30 percent "Rovana ", 
percent rayon) 

50 percent "Verel" and 20 

Exposure Colors Crusader 
(plain) 

Triumph Boucle' 
(leno) 

0 -100 hrs. F. white .594 1.078 
eggshell . 608 . 699 
turquoise .597 .900 

100 hrs. F. white . 338 .550 
+ 1 wash eggshell . 379 .513 

turquoise .858 .511 

150 hrs. F. white . 530 
eggshell .420 . 217 
turquoise .648 

150 hrs. F. white .525 
+ 2 washes eggshell . 198 . 377 

turquoise .277 

change in structure. The three colors involved showed no signif- 

icant difference. After the first wash, the turquoise plain weave 

appeared to display the greatest change and the plain white showed 

the least. 

A comparison of plain, broken twill and leno weaves all con- 

taining approximately 30 percent "Rovana ", 50 percent "Verel" and 

20 percent rayon showed a significant difference after 100 hours 

exposure in the Fade - Ometer with the broken twill weave exhibiting 

the greatest change, followed by leno and plain (Tables 5 and 8). 

A similar difference also showed after the final wash. Computations 
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Table 8. Mean differences in color change after Fade -Ometer 
exposure of plain, broken twill and leno weaves 
(approximately 30 percent "Rovana ", 50 percent 
"Verel" and 20 percent rayon) 

Exposure Color 
Crusader 

(plain) 
6000 

(broken 
twill) 

Triumph 
Boucle' 
(leno) 

0 -100 hrs. F. white .594 1.779 1.078 
eggshell . 608 . 423 . 699 

100 hrs. F. white . 338 . 357 .550 
+ 1 wash eggshell .379 . 705 .513 

150 hrs. F. white .530 .271 
+ 1 wash eggshell .420 . 679 . 217 

150 hrs. F. white .525 . 793 
+ 2 washes eggshell . 198 . 578 . 377 

revealed that the white fabrics in the above group changed signifi- 

cantly more than the eggshell, especially during the first 100 hour 

period in the Fade - Ometer probably due to a slight scorch on the 

white. The interaction of weaves and colors was also highly signif- 

icant after the first 100 hours due to changes in the white twill and 

leno fabrics. 

Some difference was noted between the plain and twill weaves 

of high "Rovana" content, especially after the first wash and second 

exposure in the Fade- Ometer (Tables 5 and 9). The difference was 

significant after 100 hours of Fade- Ometer exposure. The plain 

manifested more color change than the twill of similar fiber content, 
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but this was probably due to the slight scorch on the plain weaves 

which developed during overheating of the Fade- Ometer. 

Table 9. Mean differences in color change after Fade- Ometer 
exposure for twill and plain fabrics of high "Rovana" 
content 

Exposure Color Oxford M. W. 
(plain) (twill) 

0 -100 hrs. F. eggshell 1. 037 .572 

100 hrs. F. eggshell . 786 . 459 
+ 1 wash 

150 hrs. F. eggshell .845 . 202 
+ 1 wash 

150 hrs. F. eggshell . 606 .381 
+ 2 washes 

In general, statistically speaking, the greatest color change 

took place during the first 100 hour period in the Fade - Ometer with 

the greatest differences being among the three weaves. The results 

showed that the plain weave fabrics of high "Rovana" content ex- 

hibited greater color change than the plain weave fabrics of low 

"Rovana" content. Considering weaves of similar fiber contents, 

however, the broken twill weave fabric exhibited the greatest 

changes followed by the leno and plain. The white fabrics displayed 

the greatest color change, due to occasional scorching, while the 

eggshell and turquoise were less affected. Washing seemed to have 

less effect than Fade- Ometer exposure on the color change of the 
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specimens. 

However, according to the literature (Table 1), the three fibers 

involved are not affected by sunlight. Draperies used under ordinary 

circumstances would not be likely to manifest scorching. Even 

though color change was not often visible, this shows that the Fade - 

Ometer with more ultra -violet light is more damaging than the ef- 

fects of sunlight through glass. 

In tests performed at Purdue, Bodily found that fabrics of 

saran and its blends showed marked fading after 60 hours in the 

Fade- Ometer, according to the gray scale (14, p. 50). Results of 

this study appeared similar to those of Bodily's, in that the plain 

weave fabric containing the highest "Rovana" (saran) content con- 

sistently showed the greatest color change. During tests at Texas 

Women's University, Leonard found no fading of cellulosic fabrics 

after 160 hours in the Fade - Ometer (47, p. 188). In view of that 

study and since all fabrics contained a similar amount of rayon, 

probably the color change was not due to the rayon content. 

Shrinkage 

All specimens were measured for shrinkage immediately after 

leaving the Fade -Ometer and after each wash. The specimens were 

measured in five places in both the warp and filling direction and the 

readings were averaged. Filling and warp readings were analyzed 
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separately (Table 10, Appendix C). 

All of the fabrics sustained some shrinkage; however, the 

American Hotel Association allows four percent shrinkage due to 

washing in its requirements for drapery fabrics (15, p. 5). Only 

the two broken twill fabrics tested in the study showed shrinkage 

greater than four percent (slightly over five percent). 

The Fade- Om.eter did not appear to cause any significant 

shrinkage in the filling during the first 100 hours. 

Most shrinkage, particularly in the filling direction, took place 

during washing. There was significant difference in shrinkage of 

the filling yarns between the plain and the broken twill weaves con- 

taining approximately 30 percent "Rovana ", 50 percent "Verel" and 

20 percent rayon, with the broken twill exhibiting more shrinkage. 

Fabrics which were exposed for an additional 50 hours did not 

seem to be affected in the filling direction except for broken twill 

weave fabrics of approximately 30 percent "Rovana ", 50 percent 

"Verel" and 20 percent rayon. 

After the second wash, the shrinkage of the filling yarns was 

significant with the broken twill fabrics again exhibiting the most 

shrinkage. The plain weaves showed a difference with the Oxford 

showing the most shrinkage followed by Crusader and 5403. The 

white and eggshell plain weave fabrics exhibited a significant dif- 

ference with the eggshell shrinking more. The plain and broken 



Table 10. Analysis of variance for shrinkage due to Fade -Ometer exposure and washings 
0 -100 hours exposure 

in Fade -Ometer 
100 hrs. inFade- Ometer 100 hrs. in Fade -Ometer 

+1 wash +1 wash +50hrs. inFade- 
150 hrs. Fade -Ometer 
exposure+ 2 washes 

Test D. F. M. S. F ratio D. F. M. S. F ratio D. F. M. S. F ratio D. F. M. S. F ratio 
FILLING 
Plain weaves 

30 and 50% "Rovana" 1 1. 34 0.13 1 1. 38 0.08 1 9. 90 1.10 1 7. 40 5.32** 
white and eggshell 1 1. 20 0.11 1 7. 28 0. 44 1 8. 90 0.99 1 1 3. 40 9.64 
% "Rovana" color 2 0.10 0.001 2 0.65 0.04 2 0.46 0.09 2 0.53 0.38 

Plain, broken twill, Teno. 
30% "Rovana" (eggshell) 2 10.50 0.98 2 1.10 0.01 

Plain and broken twill weaves 
30% "Rovana ", 50% "Verel ", 
20% rayon 1 0.50 0.05 1 284. 30 17. 23 ** 1 173. 00 19. 22 * ** 1 222. 60 160.14 ** 
white and eggshell 1 1.60 0.15 1 0.40 0.02 
weave and color 2 0. 20 0.019 2 3. 65 0. 22 

Plain and twill 
high "Rovana" (eggshell) 1 4. 30 0.40 1 0.00 0.00 1 0. 30 0.03 1 0. 30 0. 22 

Experimental conditions 1 15.00 1.40 1 513. 00 31.09 * ** 1 8.00 0.89 1 4.00 2.88 
Experimental condition and 

fabric 11 0.54 0.05 11 45.18 2. 741 * 6 4.30 0.48 6 1.72 1.24 
Error 65 10.71 65 16.50 18 9.00 18 1.39 
WARP 
Plain weaves 

30 and 50% "Rovana" 1 0. 78 0.57 1 0.18 0.03 1 9.00 15.00 ** 1 26.00 78.79 * ** 
white and eggshell 1 0.80 0.58 1 0.26 0.04 1 2.00 3. 33 1 1.00 0. 30 
% "Rovana" and color 2 0. 76 0.55 2 5.90 0.87 2 0.80 1. 33 2 4.45 13. 48 

Plain, twill, leno 
30% "Rovana" (eggshell) 2 3.85 2. 79 2 0. 35 0.05 

Plain and broken twill 
30% "Rovana ", 50% 
"Verel "j 20% rayon 1 0. 70 0.51 1 5. 70 0.84 1 7.60 1 2. 67 

*** 
1 2. 30 6. 97 

white and eggshell 1 0.00 0.00 1 0. 10 0.01 
weaves and colors 2 0.65 0.47 2 1.00 0.15 

Plain and twill 
high "Rovana" (eggshell) 1 3.00 2.17 1 1. 20 0.18 1 9.70 16.17 ** 1 20.50 62. 12 * ** 

Experimental condition 1 2.61 1.89 1 13. 20 1. 94 1 1.00 1.67 1 4.80 1 4. 55 
Experimentaleondition. &fabric 11 1.45 1.05 11 1.07 0.16 6 1.17 1.95 6 0.28 0.85 
Error 65 - 1.35 65 6.81 18 0.60 18 0. 33 

*Significant to the 0.05 level -**Significant to the 0, 01 level - ** *Significant to the 0. 005 level 

Ometer 

1 

** 

- 
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twill again showed a difference with the broken twill shrinking sig- 

nificantly. 

It was interesting to note that generally the warp yarns did not 

show significant shrinkage until after 150 hours of Fade- Ometer 

exposure. The final 50 hours of exposure produced several signif- 

icant differences in shrinkage. The plainweaves containing approx- 

imately 30 and 50 percent "Rovana" differed from each other with 

the Oxford shrinking slightly. The difference between the plain and 

broken twill weaves containing approximately 30 percent "Rovana ", 

50 percent "Verel" and 20 percent rayon, was significant with the 

warp yarns of the broken twill changing more. 

The washing after 150 hours resulted in much more variation 

in the warp shrinkage than did the first wash. The plain weaves 

were affected with Oxford shrinking slightly. Analysis revealed 

that the variance due to the interaction between the plain weaves and 

the colors, eggshell and white, was significant. The difference was 

probably due to the fabrics containing the higher percent of "Rovana". 

Plain fabrics of high "Rovana" content tended to exhibit slightly 

more shrinkage than similar fabrics of the twill weave. 

The analysis of variance revealed that most shrinkage was the 

result of washing. Shrinkage due to washing was significant after 

the first 100 hours for filling yarns but, did not become significant 

until after 150 hours in the warp yarns. Washing caused the 
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greatest amount of shrinkage in the broken twill weaves in both filling 

and warp directions. Color appeared to have little effect upon shrink- 

age in the warp, which could be expected since most of the "Rovana" 

was white and of the same denier. Except for the broken twill fab- 

rics which shrank more than four percent, the remainder would be 

acceptable for home or institutional use. 

Heat Study 

In an effort to determine the effect of heat equivalent to that 

in the Fade - Ometer during normal operating conditions, an oven 

heat study, using test fabrics representative of weave, color and 

fiber content was performed. Samples were tested after exposure 

times of 50, 100, 150, and 200 hours in the oven at 63. 5°C. The 

fabrics were measured for shrinkage and tensile strength. 

The shrinkage study showed that the fabrics shrank slightly 

during the first 50 hours of exposure to heat, but were nearly con- 

stant after that with slightly more shrinkage in the warp directions 

(Table 11). This was similar to results found in the Fade -meter 
exposures in the warp direction for the particular fabrics. However, 

the filling yarns tended to shrink slightly more in the Fade - Ometer 

although still very little. 
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Table 11. Shrinkage of heat samples (63. 5 °C) 
(Mean measurements) 

Fabric Original 50 hr.s. 100 hr.s. 150 hrs. 200 hr.s. 

5403 F 178mm 177mm 177mm 177mm 177mm 
(eggshell) W 177mm 175mm 175mm 175mm 175mm 

Crusader F 179mm 178mm 178mm 178mm 178mm 
(Turquoise) W 177mm 176mm 176mm 175mm 175mm 

Oxford F 178mm 178mm 178mm 178mm 178mm 
(white) W 177mm 176mm 176mm 175mm 175mm 

Triumph 
Boucle' F 178mm 178mm 178mm 177mm 177mm 

(eggshell W 180mm 177mm 177mm 177mm 177mm 

6000 F 177mm 177mm 177mm 177mm 177mm 
(eggshell) W 178mm 178mm 178mm 178mm 178mm 

M. W. F 178mm 178mm 178mm 178mm 178mm 
(eggshell) W 180mm 180mm 180mm 180mm 180mm 

In general, all of the fabrics subjected to the test retained 

slightly more strength in both the filling and warp yarns than those 

which had been exposed in the Fade - Ometer (Figures 3, 4, 5, 6). 

This would indicate that the heat alone is not responsible for loss 

of strength during Fade- Ometer exposure. 

Tensile Strength 

Specimens were tested for breaking strength since draperies 

hanging at windows might be subject to momentary stress. An 

analysis of variance was computed using the pounds per yarn which 



Figure 3 

Heat Study - Tensile Strength (Filling) 
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Figure 4 

Heat Study - Tensile Strength (Warp) 
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Figure 5 

Tensile Strength (Filling) 
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Figure 6 

Tensile Strength (Warp) 
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were required to break each fabric as a basis for determining 

changes. 

Statistics showed the fabrics to be significantly different in re- 

spect to the strength of the filling yarns after exposure in the Fade - 

Ometer and washing (Table 12). In general, yarns of the plain weave 

fabrics with low "Rovana" content were stronger in the filling direc- 

tion than those of high "Rovana" content (Table 13). Retention of 

strength was excellent for four of the fabrics. 

Filling yarns used in the leno and broken twill weave fabrics 

tended to average about the same strength as those used in the plain 

weave fabrics and retention of strength was similar (Table 14). 

The filling yarns of the twill fabric of high "Rovana" content were 

the weakest of all the fabrics tested in the filling direction (Table 15). 

However, they did retain 89 percent of their original strength after 

the final exposure and two washes . 

Only filling yarns of one fabric, 5403 eggshell, retained less 

than 80 percent of its original strength, i. e. 73.5 percent (Tables 

12, 13, 14). 

The effect of color showed a significant difference in tensile 

strength with the turquoise yarns tending to retain less strength than 

the others of the same types of fabrics. There was no well defined 

difference between the white and eggshell yarns (Tables 12, 13, 14). . 



Table 12. Analysis of variance for mean 
breaking strength. (lbs /yarn) 

0 -100 hrs. Fade -Ometer 150 hrs. Fade -Ometer 
Exposure + 1.. wash Exposure + 2 washes 

Test D. F. 
FILLING 

Plain weaves 
30 and 50% "Rovana" 1 

white and eggshell 1 

% "Rovana" and colors 2 

Plain, leno 
30% "Rovana ", 50% "Verel ", 
20% rayon 1 

white, eggshell, turquoise 2 

weaves and colors 2 

Plain, broken twill, leno 
white, eggshell 
weaves and colors 

Plain, : twill high "Rovana" 

2 

1 

2 

(eggshell) 1 

Experimental conditions 1 

Experimental condition & fabric 12 
Error 104 

WARP 
Plain weaves 
30 and 50% "Rovana 1 

white, eggshell 1 

% "Rovana" and color 2 
Plain, leno 
30% "Rovana ", Kg "Verel ", 
20% rayon 1 

eggshell, turquoise 1 

weaves and colors 2 

Plain, broken twill, leno (eggshell) 2 

Plain twill high "Rovana" (eggshell) 1 

Experimental condition 1 

Experimental condition and fabric 11 

Error 96 

*Significant to the 0.05 level 
* *Significant to the 0. 01 level 

** *Significant to the 0.005 level 

M. S. F ratio D. F. M. S. F ratio 

9. 27 487.89 * ** 1 5.88 534.54* 
3.17 166. 84*** 1 2.60 236. 36 *** 
4.07 214. 21 * ** 2 4.16 378.18 * ** 

9.67 508, 95 * ** 1 8.86 805.45 * ** 
5.73 301.58 * ** 2 5.81 528.18 * ** 
1.80 94.74 *** 

2 2. 07 188.18 *** 

11.36 597. 89*** 2 11.76 1069. 09*** 
5.93 312.11*** 1 4.84 440.00*** 
2.87 151.05*** 2 3.22 292.73*** 

0.39 20. 53 
*** 

1 0.51 46.36 * ** 

0.02 1.05 1 1.40 127. 27 * ** 
0. 25 13.16 * ** 12 0. 27 24. S5 * ** 
0.019 104 0.011 

0.085 8.94 * ** 1 0. 15 16.16 * ** 
0.035 .3.68 1 0.027 2.86 
0.05 5. 26 ** 2 0.014 1.52 

0.534 56.18 * ** 1 0. 216 22.98 *** 
0.059 6.24* 1 0.004 0.38 
0.014 1. 42 2 0.001 0.05 

0.131 13.77* 2 0.105 11.21 * ** 

0.023 2.43 1 0.020 2.12 

0.034 3.57 1 0.023 2. 40 
0.008 0.79 11 0.010 1.04 
0.0095 96 0.0094 

56 



57 

Table 13. Tensile strength of filling yarns of plain weave fabrics 
containing approximately 30 and 50 percent "Rovana" 

Fabric (filling) 
Mean 
Yarn 
Count 

Mean 
Breaking Mean 
Strength lbs /yarn 

5403 (30 %) 
white - 0 hrs. 18.2 53. 5 2. 94 

100 hrs. + 1 wash 19.0 49.9 2. 63 
150 hrs. + 2 wash. 19.0 46. 9 2. 47 

84% retention 

eggshell - 0 hrs. 18.0 57.9 3. 21 
100 hrs. + 1 wash 18.2 49.3 2. 71 
150 hrs. + 2 wash. 18.2 43.0 2.36 

73. 5% retention 
Crusader (30 %) 

white - 0 hrs. 15.6 20.5 1.31 
100 hrs. + 1 wash 16.0 20.6 1.29 
150 hrs. + 2 wash. 16.0 19.5 1.22 

93% retention 

eggshell - 0 hrs. 18.6 51.3 2.76 
100 hrs. + 1 wash 19.0 53.0 2.79 
150 hrs. + 2 wash. 19.2 50.7 2.64 

95. 6% retention 
Oxford (50 %) 

white - 0 hrs. 24.8 43.8 1.77 
100 hrs. + 1 wash 25.0 43.5 1.74 
150 hrs. + 2 wash. 25.0 41.5 1.66 

93. 7% retention 

eggshell - 0 hrs. 26.6 38.8 1.46 
100 hrs. + 1 wash 26.0 39.4 1.52 
150 hrs. + 2 wash. 27.0 40.0 1.48 

101% retention 
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Table 14. Tensile strength of filling yarns of plain and leno weave 
fabrics containing approximately 30 percent "Rovana ", 
50 percent "Verel" and 20 percent rayon 

Fabric (filling) 
Mean 
Yarn 
Count 

Mean 
Breaking 
Strength 

Mean 
lbs /yarn 

Crusader (plain) 
white - 0 hrs. 15. 6 20. 5 1.31 

100 hrs. + 1 wash 16.0 20. 6 1.29 
150 hrs. + 2 wash. 16. 0 19. 5 1. 22 

93% retention 
eggshell - 0 hrs. 18. 6 51.3 2. 76 

100 hrs. + 1 wash 19. 0 53.0 2.79 
150 hrs. + 2 wash. 19. 2 50.7 2. 64 

95. 6% retention 
turquoise - 0 hrs. 16. 8 31.4 1.87 

100 hrs. + 1 wash 17. 2 31.6 1.84 
150 hrs. + 2 wash. 17. 0 27.4 1. 61 

86% retention 
6000 (broken twill) 

white - 0 hrs. 22. 0 35.5 1.53 
100 hrs. + 1 wash 21. 6 32.8 1.52 
150 hrs. + 2 wash. 22. 2 30.6 1.38 

90. 1% retention 
eggshell - 0 hrs. 21. 8 33. 8 1.55 

100 hrs. + 1 wash 22. 0 32. 8 1.49 
150 hrs. + 2 wash. 22. 2 27. 4 1. 24 

80% retention 
Triumph Boucle' (leno) 

white - 0 hrs. 10. 4 29. 7 2. 86 
100 hrs.. + 1 wash 10. 4 28. 4 2. 73 
150 hrs. + 2 wash. 10. 6 29. 6 2. 80 

97. 9% retention 
eggshell - 0 hrs. 11. 4 37. 6 3. 30 

100 hrs. + 1 wash 11. 4 35.5 3. 13 
150 hrs. + 2 wash. 11. 2 34. 1 3. 05 

92. 4% retention 
turquoise - 0 hrs. 11. 0 20. 6 1.87 

100 hrs. + 1 wash 12. 0 33. 2 2. 77 
150 hrs. + 2 wash. 11. 0 16. 8 1.53 

81. 2% retention 
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Table 15. Tensile strength of filling yarns of plain and twill 
containing a high "Rovana" content 

Fabric (filling) 
Mean 
Yarn 
Count 

Mean 
Breaking 
Strength 

Mean 
lbs /yarn 

Oxford (plain) 
eggshell - 0 hrs. 26. 6 38. 8 1.46 

100 hrs. + 1 wash 26. 0 39. 4 1.52 
150 hrs. + 2 wash 27. 0 40. 0 1.48 

101% retention 
M. W. (twill) 

eggshell - 0 hrs. 34. 2 42. 6 1.26 
100 hrs. + 1 wash 35. 0 41. 0 1. 17 
150 hrs. + 2 wash 34. 8 38. 8 1. 12 

88. 8% retention 

In general, there was a tendency for the filling yarns to de- 

crease in tensile strength during the first 100 hours of exposure 

(Figure 5). This loss of strength may have been due to the rayon 

fibers which lose strength after long exposure to sunlight. 

Neither the yarn count of the fabric nor the fiber content of the 

filling yarns appeared to have a particular effect upon the strength 

of the fabrics. It is interesting to note that the following plain weave 

fabrics containing 30 percent "Rovana ", both 5403 and Crusader 

eggshell, appeared to be the strongest per inch while Crusader tur- 

quoise was intermediate and Crusader white the weakest. 

An analysis of the warp breaking strength showed fewer signif- 

icant differences than that of the filling yarns (Table 13). This was 

as should be expected since all of the "Rovana" warps were 400 denier. 
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The warp yarns retained more strength than the filling, varying from 

82. 7 percent to 100 percent. 

The plain weaves again exhibited a significant difference with 

warp yarns of no one fabric tending to be the strongest, although the 

yarns of the Oxford fabric showed the highest retention of strength 

and 5403 the least (Table 16). The strength of the Oxford fabric 

was higher per inch due to the higher yarn count. 

The "Rovana" in the leno weave was shown to be weaker than 

that of the plain weave although it retained more strength (Table 17). 

The fabric itself was the weakest in the warp direction not only be- 

cause of the yarn but also because the yarn count was smaller. 

The significant difference seen between the strength of "Rovana" 

of plain, broken twill and leno weaves was probably caused by the 

high tensile strength and strength retention of the broken twill 

(Table 18). The fabric itself was strong in the warp direction be- 

cause the yarn count was higher in addition to the strength of the 

"Rovana ". 

The plain and twill of high "Rovana" content reacted similarly, 

both exhibiting 98 percent retention in strength (Table 19). However, 

the plain weave fabric of high "Rovana" was the strongest in the 

warp direction due to the high yarn count. 
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Table 16. Tensile strength of warp yarns of plain weaves containing 
approximately 30 and 50 percent "Rovana" 

Fabric (Warp) Mean Mean Mean 
Yarn Count Breaking Strength lbs /yarn 

5403 (30 %) 
white - 0 hrs. 

100 hrs. + 1 wash 
150 hrs. + 2 wash. 

eggshell - 0 hrs. 
100 hrs. + 1 wash 
150 hrs. + 2 wash. 

29. 4 
30. 0 
30. 4 

29. 4 
30. 0 

30. 4 

37.3 
36.0 
34.4 

35.5 
38.8 
34.2 

1.27 
1. 20 
1. 13 

88. 9% retention 

1.21 
1.23 
1.13 

93. 3% retention 
Crusader (30 %) 

white - 0 hrs. 28.0 38.7 1. 38 
100 hrs. + 1 wash 28.2 35.9 1.41 
150 hrs. + 2 wash. 27.8 37.4 1.35 

97. 8% retention 

eggshell - 0 hrs. 29.2 38.6 1.32 
100 hrs. + 1 wash 29.4 38.4 1.31 
150 hrs. + 2 wash. 29.6 37.1 1, 25 

94. 6% retention 
Oxford (50 %) 

white - 0 hrs. 47. 2 66.2 1.40 
100 hrs. + 1 wash 47. 6 65.8 1.38 
150 hrs. + 2 wash 48. 2 65.9 1. 37 

97. 8% retention 

eggshell - 0 hrs. 47. 6 63.8 1.34 
100 hrs. + 1 wash 47. 8 64.6 1.35 
150 hrs. + 2 wash. 49. 0 64.6 1. 32 

98. 4% retention 
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Table 17. Tensile strength of warp , plain and leno weaves contain- 
ing approximately 50 percent "Rovana ", 50 percent 
"Verel" and 20 percent rayon 

Fabric (Warp) Mean Mean Mean 
Yarn Count Breaking Strength lbs /yarn 

Crusader (plain) 
eggshell - 0 hrs. 

100 hrs. + 1 wash 
150 hrs. + 2 wash. 

turquoise - 0 hrs. 
100 hrs. + 1 wash 
150 hrs. + 2 wash. 

Triumph Boucle' (leno) 
eggshell - 0 hrs. 

100 hrs. + 1 wash 
150 hrs. + 2 wash. 

turquoise - 0 hrs. 
100 hrs. + 1 wash 
150 hrs. + 2 wash. 

29.2 
29. 4 
29. 6 

38. 6 

38. 2 

37. 1 

94. 6% 

1.32 
1.31 
1.25 

retention 

29.0 43.9 1.51 
29.8 41.0 1.37 
30.0 37.4 1.25 

82. 7% retention 

23.6 27.0 1.14 
24.0 27.0 1.13 
24.8 28.8 1.16 

98. 2% retention 

27. 2 

28. 0 
28. 0 

31.2 
32.8 
31.7 

1.15 
1. 15 
1.13 

96.5% retention 
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Table 18. Tensile strength of warp yarns of plain, broken twill 
and leno fabrics containing approximately 30 percent 
"Rovana ", 50 "Verel" and 20 percent rayon 

Fabric (Warp) Mean Mean Mean 
Yarn Count Breaking Strength lbs /yarn 

Crusader (plain) 
eggshell - 0 hrs. 

100 hrs. + 1 wash 
150 hrs. + 2 wash. 

6000 (broken twill) 
eggshell - 0 hrs. 

100 hrs. + 1 wash 
150 hrs. + 2 wash. 

Triumph Boucle' (leno) 
eggshell - 0 hrs. 

100 hrs. + 1 wash 
150 hrs. + 2 wash. 

29. 2 

29. 4 
29. 6 

40. 8 
42. 8 

43. 4 

38. 6 

38.4 
37.1 

57. 2 
55. 5 

60. 6 

1.32 
1.31 
1.25 

94. 6% retention 

1.40 
1.30 
1.40 

100% retention 

23.6 27.0 1.14 
24.0 27.0 1.13 
24.8 28.8 1.16 

98. 2% retention 

Table 19. Tensile strength of warp yarns of plain and twill fabrics 
containing a high percent of "Rovana" 

Fabric (Warp) Mean Mean Mean 
Yarn Count Breaking Strength lbs /yarn 

Oxford (plain) 
eggshell - 0 hrs. 

100 hrs. + 1 wash 
150 hrs. + 2 wash 

M. W. (twill) 
eggshell - 0 hrs. 

100 hrs. + 1 wash 
150 hrs. + 2 wash. 

47. 6 

47. 8 

49.0 

42. 8 
43. 8 
44.0 

63.8 1.34 
64.6 1.35 
64.6 1.32 

98. 5% retention 

55.1 1.29 
55.9 1.28 
55.9 1.27 

98. 4% retention 
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Differences due to time and washing were not significant in the 

warp direction. The filling yarns of "Verel" and rayon tended to be 

slightly stronger than the "Rovana" warp. The somewhat lower 

percent of retention of strength in the filling may have been due to 

the rayon content. The breaking strengths of the warp yarns in all 

fabrics were close (Figure 6). On the whole, both the warp and fil- 

ling exhibited good retention of strength, which would be a property 

of interest to fabric purchasers. 

Elongation 

An analysis of variance was calculated for the elongation test 

using the individual warp and filling yarn measurements. The test 

on all of the filling yarns showed the fabrics to be significantly dif- 

ferent after exposure times of 100 and 150 hours plus washings. 

The trend was an increase in elongation after 100 hours (Table 20). 

The filling yarns of the white Crusader fabric consistently 

exhibited slightly more elongation than those of other plain weaves 

and the leno weave but did not, like the majority of the plain weaves, 

seem to be affected by the experimental conditions (Tables 21, 22). 
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Table 20. Analysis of variance for elongation due 
to Fade -Ometer exposures and washing 

0 -100 hours Fade -Ometer 150 hours Fade -Ometer 
exposure and one wash exposure and two washes 

Test D.F. 
FILLING 
Plain weaves - 
30, 50% "Rovana" 1 

white and eggshell 1 

percents and colors 2 
Plain, leno 
30% "Rovana ", 50% "Verel ", 
20% rayon 1 

white, eggshell, turquoise 2 

weaves and colors 2 
Plain, broken twill, leno 
30% "Rovana ", 50% "Verel ", 
20% rayon 2 
white and eggshell 1 

weaves and colors 2 

Plain, twill high "Rovana "(eggshell) 1 

Experimental condition 1 

Experimental condition and fabric 12 
Error 104 

WARP 
Plain weaves 
30, 50% "Rovana" 1 

white and eggshell 1 

percents and colors 2 

Plain, lend 
30% "Rovana ", 50% "Verel ", 
20% rayon 1 

eggshell and turquoise 1 

weaves and colors 2 
Plain, broken twill, leno 
30% "Rovana ", 50% "Verel ", 
20% rayon (eggshell) 2 

Plain, twill high "Rovana "(eggshell) 1 

Experimental condition 1 

Experimental condition and fabric 11 
Error 96 

M. S. F ratio D.F. M. S. F ratio 

. 9478 

.4334 

.0431 

157. 96*** 
722. 33 * ** 
71.83 * ** 

1 

1 

2 

.1064 

.3451 

.0071 

88. 67 * ** 
287.58 * ** 

5.92 * ** 

.007 16. 67 * ** 1 . 00 0.0 

.0601 100.16 * ** 2 .0608 50. 67*** 

. 2757 459.50 * ** 2 .2353 196.08 * ** 

.2206 367. 67*** 2 .1454 121.17 * ** 
. 01 21 20.17 * ** 1 . 01 41 11.75 

*** 

. 2287 381.17 * ** 2 .1194 99.50 * ** 

.00 0.0 1 .0031 2.58 

.0692 115. 33 * ** 1 .00 0. 00 
.0179 29.83 * ** 12 . 01 79 14.92 *** 
.0006 104 . 001 2 

.0774 29.76 *** 1 .1840 76. 66 *** 

.00 0.00 1 .0245 10. 28 

.0864 33.75 * ** 2 .1066 44. 41 * ** 

.1626 63.51*** 1 .2250 93.75 *** 
.1381 53. 94*** 1 .2250 93. 75*** 
. 0427 16. 68*** 2 .0911 37.96 *** 

. 05 72 22. 34 * ** 2 .0232 9. 67*** 

. 1201 46. 91*** 1 .1361 56.71 *** 

. 01 40 5. 47* 1 . 011 0 4.58* 

.0074 2.89*** 11 0192 8. 00*** 

.0026 96 .0024 

1white fabrics were not compared due to lack of fabric 
*Significant to the 0.05 level 

* *Significant to the 0. 01 level 
**:Significant to the 0.005 level 

*** 
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Table 21. Elongation of plain weave fabrics containing approximately 
30 and 50 percent "Rovana" 

Fabric Filling Warp 
Elongation %Elong. Elongation %Elong. 

5403 (30 %) 
white - 0 hrs. 

100 hrs. + 1 wash 
150 hrs. + 2 wash 

. 63 21.0 

. 67 22.3 

. 69 23.0 
-9.,59% change 

1.08 36.0 
1.04 34.6 

. 99 33. 0 
. 8.3% change 

eggshell - 0 hrs. . 61 20.3 . 88 29. 6 
100 hrs. + 1 wash .49 16.3 .94 31.3 
150 hrs. + 2 wash. . 60 20.0 . 78 26.0 

1. 6% change 12.5% change 
Crusader (30 %) 

white - 0 hrs. . 91 30.3 . 89 29. 9 
100 hrs. + 1 wash . 91 30.3 . 83 27.6 
150 hrs. + 2 wash. . 90 30.0 . 78 26. 0 

eggshell (filling white) 
0 hours 

1. 1% change 

. 61 20.3 

12. 3% change 

91 30. 3 
100 hrs. + 1 wash . 68 22.6 1.00 33.3 
150 hrs. + 2 wash. . 75 25.0 . 94 31.3 

22. 9% change 3. 2% change 
Oxford (50 %) 

white - 0 hrs. . 70 23.3 . 98 32. 6 
100 hrs. + 1 wash 69 23.0 1.01 33. 6 
150 hrs. + 2 wash. . 69 23. 9 1.00 33.3 

1. 3% change 2% change 

eggshell - 0 hrs. .53 17.6 1.01 33.6 
100 hrs. + 1 wash .59 19.6 1.09 36.3 
150 hrs. + 2 wash. .54 18.0 1.06 35.3 

1.8% change 4.9% change 
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Table 22. Elongation of plain and leno weave fabrics containing 
approximately 30 percent "Rovana ", 50 percent 
"Verel" and 20 percent rayon 

Fabric Filling Warp 
Elongation %Elong. Elongation %Elong. 

Crusader ( plain) 
white - 0 hrs. . 91 30.3 . 89 29.9 

100 hrs. + 1 wash .91 30.3 . 83 27.6 
150 hrs. + 2 wash. .90 30.0 . 78 26.0 

1. 1% change 12. 3% change 

eggshell (filling white) 
0 hours . 61 20.3 . 91 30.3 
100 hrs. + 1 wash . 68 22.6 1.00 33.3 
150 hrs. + 2 wash. . 75 25.0 .94 31.3 

22. 9% change 3. 2% change 

turquoise - 0 hrs. 
100 hrs. + 1 wash 
150 hrs. + 2 wash 

Triumph Boucle' (leno) 

.58 19.3 

. 63 21.0 

.54 18.0 
6. 8% change 

. 76 

.73 

. 64 
15. 7% 

25. 3 

24.3 
21.3 

change 

white - 0 hrs. .59 19.6 .96 32.0 
100 hrs. + 1 wash . 67 22.3 
150 hrs. + 2 wash. 69 23.0 

16.9% change 

eggshell (filling white) 
0 hours . 70 23.3 . 98 32.6 
100 hrs. + 1 wash .77 25.6 1.00 33.3 
150 hrs. + 2 wash. . 73 24.3 .97 32.3 

4.2% change 1.0% change 

turquoise - 0 hrs. . 67 22.3 . 94 31.3 
100 hrs. + 1 wash . 81 27.0 99 33.0 
150 hrs. + 1 wash. . 76 25.3 .95 31.6 

16.4% change 1 1% change 
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Results calculated for filling yarns of plain, broken twill and 

leno weave fabrics with similar percentages revealed that those of 

the plain exhibited the greatest elongation, followed by those of the 

leno and broken twill (Table 23). The difference between the elonga- 

tion of filling yarns of weaves containing 30 percent "Rovana" proved 

to be significant (Table 20). This may have been due to the high 

elongation of filling yarns of the white Crusader fabric which showed 

considerably less change due to experimental conditions than most of 

the others. 

However, there was no significant difference between those of 

the twill and plain weaves of high "Rovana" content (Table 24) 

Difference in elongation because of color was statistically 

significant, although no trend toward a specific color was evident. 

The exposure in the Fade -Ometer for 100 hours plus one wash 

had an effect on the elongation of the filling yarns but the second 

exposure and wash did not. However, the effects of experimental 

conditions and washes on all pieces of fabric were significant 

(Table 20). 

A calculation of percent elongation of the filling yarns before 

exposure revealed that those of the broken twill weave fabrics ex- 

hibited the least elongation but appeared to exhibit the greatest 

percent change in elongation due to test conditions. 
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Table 23. Elongation of plain, broken twill and leno weave fabrics 
containing approximately 30 percent "Rovana ", 50 per- 
cent "Verel" and 20 percent rayon 

Filling Warp 
Fabric Elongation %Elong. Elongation %Elong. 
Crusader (plain) 

white - 0 hrs. .91 30. 3 .89 29.9 
100 hrs. + 1 wash .91 30.3 .83 27.6 
150 hrs. + 2 wash. .90 30.3 .78 26. 0 

1.1% change 12.3% change 

eggshell - 0 hrs. .61 20.3 .91 30.3 
100 hrs. + 1 wash . 68 22.6 1.00 33.3 
150 hrs. + 2 wash. .75 25.0 .94 31.3 

22. 9% change 3. 2% change 
6000 (broken twill) 

white - 0 hrs. .46 15.3 . 81 27.0 
100 hrs. + 1 wash .60 20.0 .91 30.3 
150 hrs. + 2 wash. . 61 20.3 . 95 31. 6 

32. 6% change 17. 2% change 

eggshell - 0 hrs. .53 17.6 . 87 29.0 
100 hrs. + 1 wash . 70 23.3 .82 27.3 
150 hrs. + 2 wash. . 66 22.0 . 97 32.3 

24.5% change 11.3% change 
Triumph Boucle' (leno) 

white - 0 hrs. .59 19.6 .96 32.0 
100 hrs. + 1 wash . 67 22.3 
150 hrs. + 2 wash. . 69 23. 0 

16.9% change 

eggshell - 0 hrs. . 70 23.3 .98 32. 6 
100 hrs. + 1 wash . 77 25.6 1.00 33.3 
150 hrs. + 2 wash. .73 24.3 .97 32. 3 

4. 2% change 1. 0% change 
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Table 24. Elongation of plain and twill weave fabrics containing 
a high "Rovana" content 

Filling Fabric 
Elongation %Elong. 

Warp 
Elongation %Elong. 

Oxford (plain) 

eggshell - 0 hrs. 
100 hrs. + 1 wash 
150 hrs. + 2 wash. 

.53 

.59 

. 54 

17. 6 

19.6 
18.0 

1.01 
1.09 
1.06 

33.6 
36.3 
35.3 

1.8% change 4. 9% change 

M. W. (twill) 

eggshell - 0 hrs. . 60 20.0 89 29. 9 
100 hrs. + 1 wash .51 17.0 . 90 30.0 
150 hrs. + 2 wash. .57 19.0 . 92 30.6 

5% change 3. 3% change 

. 
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Four of the plain weave fabrics (5403 eggshell, Crusader white, Ox- 

ford eggshell and white) showed the smallest percent change in 

elongation of the filling yarns. The remaining plain weave fabrics 

contained higher amounts of "Verel" (Table 4 similar to that of the 

broken twill filling yarns which might have been the cause for the 

greater percent of change. "Verel" is known to have a higher elonga- 

tion capacity than rayon (Table 1). 

Variance in elongation due to Fade - Ometer exposures and wash- 

ings was highly significant for the warp yarns (Table 20). The weave 

probably had the greatest effect on the interaction of experimental 

conditions and fabrics. 

Generally the "Rovana" in the plain weave fabrics, white 

Crusader and eggshell 5403, showed less elongation but had a greater 

percentage of change (Table 21). 

There was a significant difference between the different weaves 

with the warp yarns of the leno weave and the plain weaves which 

showed higher elongation tending to be affected less by experimental 

conditions (Tables 21, 22 and 23). 

In the high "Rovana" content fabrics, the elongation was affect- 

ed by the difference in weaves, with the "Rovana" of the plain weave 

Oxford manifesting a greater elongation, although the percent of 

change was similar (Table 24). Although the difference in elongation 

for different colors was statistically significant, actually it is 
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probably meaningless since most of the "Rovana" was white (Table 3). 

In general the elongation and percent elongation of the "Rovana" 

warp yarns varied less than that of the filling yarns. This is to be 

expected because all of the warps were the same denier of "Rovana ". 

The "Rovana" yarns appeared to elongate more readily than the fil- 

ling yarns of " Verel" and rayon which would indicate the effect of 

rayon in modifying the higher elongation of "Verel" reported in the 

literature (Table 1). 

Abrasion- Resistance 

In general, the Accelerotor had a similar effect on all the 

specimens with the original shape being maintained. The percentage 

weight loss showed no definite trend in relation to the length of ex- 

posure in the Fade - Ometer (Table 25). An analysis of variance for 

abrasion -resistance was computed using the percent weight loss 

figures (Table 26). 

There was significant difference among the plain weaves after 

100 hours in the Fade -Ometer and one wash. The Oxford, contain- 

ing a high percentage of "Rovana ", had consistently the largest 

weight loss. It was noted also that Oxford was more susceptible to 

edge wear and cracking than any of the other fabrics, which was 

due probably to the stiffness of the fabric. The plain weaves of 

lower "Rovana" content appeared similar to each other (Table 25). 
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Table 25. Percentage weight loss caused by abrasion 

Fabric Original 
100 hrs. 
+ 1 wash 

150 hrs. 
+ 2 washes 

5403 - white 2. 28 2. 03 1.86 
5403 - eggshell 1. 69 1.87 2. 17 

Crusader - white 1.10 1. 26 0. 70 

Crusader - eggshell 1.80 1.70 1.35 
Crusader - turquoise 1. 62 1.39 1. 71 

Oxford - white 4. 18 2.97 2. 17 

Oxford - eggshell 4.98 3. 19 2. 24 

Triumph Boucle' - 
eggshell 1. 78 2.41 2.58 

Triumph Boucle' - 
turquoise 3. 76 7. 17 3. 64 

6000 - white 1.03 0. 54 0. 95 

6000 - eggshell 4. 94 1. 11 1. 19 

M. W. - eggshell 2. 57 2. 27 1.67 
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Table 26. Analysis of variance - percentage 
weight loss from abrasion 

0 -100 hrs. Fade -Ometer 
exposure + 1 wash 

150 hrs. Fade -Ometer 
exposure + 2 washes 

Test D. F. M. S. F ratio D. F. M. S. F ratio 
Plainweaves 

30 and 50% "Rovana 1 47.60 10.10 * ** 1 11.20 2. 47 

white and eggshell 0.65 0.14 1 0.78 0.17 

% "Rovana" and colors 2 1.13 0.24 2 0.26 0.06 

Plain, leno 

30% "Rovana ", 50% "Verel ", 

20% rayon 1 37.02 7. 88** 1 46.51 10. 28 * ** 

eggshell and turquoisé 1 19.54 4.16* 1 17. 24 3.81 

weaves and colors 2 1 3. 06 2.78 2 8. 31 1.84 

Plain, broken twill 

30% "Rovana ", 50% "Verel" 
20% rayon 1 1.53 0.33 1 0.74 0.16 

white and eggshell 1 15.80 3. 36 1 1.81 0. 40 

weaves and colors 2 2.80 0.60 2 0.02 0.004 

Plain, twill, leno (eggshell)1 2 3.48 0.74 2 3.85 0.85 

Plain, twill high "Rovana "(eggshell) 1 11.05 2. 35 1 2. 21 0.49 

Experimental condition 1 2. 46 0.52 1 5. 34 1.18 

Experimental condition and fabric 12 5.11 1.09 12 2.09 0.46 

Error 84 4.698 84 4.525 

*Significant to the 0.05 level 
* *Significant to the 0.01 level 

** *Significant to the 0.005 level 

'white fabrics were not compared due to lack of fabric 

1 
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The plain and leno weaves of similar fiber content showed a 

significant difference from each other. This was mainly due to the 

fact that the leno was more apt to catch on the rotor, thus causing 

more destruction to the specimen. The only significant difference 

after 150 hours was shown between the plain and leno weaves. The 

plain weave was not as loosely woven and, therefore did not catch as 

often as the leno. Color appeared to have no effect upon abrasion - 

resistance. 

An examination of change in hand of the samples was made 

showing that the most noticeable effect of the abrasion testing was 

loss in the body of the fabric. A visual appraisal indicated that none 

of the hems were affected at the upper sewn edge. Most of the wear 

was along the folded edge. However, the general appearance was 

similar to the original fabric except for the leno weave fabrics which 

were torn and the stiffer fabrics which exhibited some cracking. 

Flammability 

All of the fabrics reacted similarly, bursting into flame when 

ignited and quickly extinguishing themselves when the flame was re- 

moved. The filling yarns containing rayon and "Verel" burst into 

flame while the "Rovana" melted and shrivelled without burning. 

None of the fabrics supported combustion and there was no glow 

time. The fabrics smoked while burning, but ceased as soon as the 
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flame was withdrawn. 

The original specimens were 305 mm. long and length after 

exposure to flame ranged from 249 mm. to 278 mm. (Table 27). 

It was noted that the leno weaves were destroyed slightly more in 

length. This was probably due to the weave with the yarns being 

spaced farther apart than the other weaves. The char widths ranged 

from five to twelve millimeters and the shrivel lengths from 16 to 

34 millimeters. This again points out the similarity in the reactions 

of the various fabrics. 

Table 27. Flammability test 

Fabric 
Length 
after 
flame 

Loss in 
length 

Char 
width 

Chrivel 
length 

5403 -white 267mm 36mm 7mm 25mm 
5403 - eggshell 264mm 41mm 7mm 27mm 

Crusader -white 273mm 32mm 5mm 16mm 
Crusader - eggshell 273mm 32mm 9mm 23mm 
Crusader -turquoise 275mm 30mm 10mm 34mm 

Oxford -white 267mm 38mm 12mm 19mm 
Oxford -eggshell 265mm 40mm 7mm 22mm 

Triumph Boucle' 
white 

249mm 57mm 7mm 20mm 

Triumph Boucle' 
eggshell 

25 6mm 49mm 9mm 29mm 

Triumph Boucle' 
turquoise 

253mm 52mm 8mm 29mm 

6000 -white 265mm 40mm 8mm 26mm 
6000 -eggshell 278mm 27mm 9mm 26mm 
M. W. - eggshell 266mm 39mm 6mm 24mm 
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This test supported the manufacturers' claims that the fabrics 

are flame- resistant, making them valuable for home and institutional 

use. 
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SUMMARY AND CONCLUSIONS 

In an age when so many new fibers are appearing on the mar- 

ket, it is difficult for the consumer to know what to expect of each of 

them. The aim of this study was to investigate just one combination 

of new fibers, "Rovana" (saran), " Verel" (modacrylic) and rayon. 

Fabric made from these fibers was being considered for use as 

draperies in Oregon State University dormitories; however, little 

information was available on the combination other then the fact that 

it was flame -resistant. This study involved tests for color fastness, 

shrinkage, tensile strength, elongation, abrasion -resistance and 

flammability before and after exposure to light and laundering as 

well as fabric analysis. 

In order to make the study more meaningful, thirteen fabrics 

of varied fiber contents, weaves and colors were tested. The fiber 

contents, according to the manufacturers, varied from 20 percent 

"Rovana ", 56 percent "Verel" and 24 percent rayon to 49.3 percent 

"Rovana ", 30.5 percent " Verel" and 20. 2 percent rayon. The colors 

of the fabrics studied were white, eggshell and turquoise fabricated 

in plain, twill and leno weaves. 

During chemical analysis, it was found that fabric 5403 did 

not contain 20 percent "Rovana ", 56 percent " Verel" and 24 percent 

rayon but its fiber content was quite similar to those of fabrics 

Crusader, 6000 and Triumph Boucle". This removed from the study 

a fabric containing 20 percent "Rovana ". All of the other fabrics 
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varied somewhat from their stated fiber contents, but not to the de- 

gree that fabric 5403 did. This would point out the necessity for 

consumers to be alert to fiber labeling. 

Much of the study was based on the effect of light. Although 

statistically significant differences in change of color were shown 

due to Fade - Ometer exposure, no actual fading was visible to the 

eye. The greatest color change, perhaps due to yellowing or scorch- 

ing, appeared to take place after 100 hours in the Fade- Ometer, 

while the final 50 hours produced little change. 

The plain weave fabrics of high "Rovana" content displayed 

greater color change than the twill weave fabric of a similar "Ro- 

vana" content or the plain weave fabrics of lower "Rovana" content. 

In the fabrics containing 30 percent "Rovana" the broken twill 

weave showed the most color change, followed by the leno and the 

plain. The white fabric of the broken twill weave seemed to 

be most affected in the Fade -Ometer; however, scorching was not 

noted on fabrics which received separate 100 and 50 hour exposures 

except for one set. Washing seemed to have little effect on the color 

change of the specimens. As far as color fastness is concerned, all 

of the fabrics could be recommended for home use. 

Shrinkage was most evident after washing, particularly after 

the first wash. Shrinkage was more pronounced in the filling direc- 

tion containing " Verel" and rayon than it was in the "Rovana" warp. 

The broken twill fabrics of low "Verel" content showed the most 

shrinkage in both the filling and warp directions. Since, all but 
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the 6000 broken twill fabrics had below four percent shrinkage (ap- 

proximately one percent) that allowed by the American Hotel Asso- 

ciation, they could be recommended for normal home or institutional use. 

A heat study revealed that the slight fabric shrinkage caused 

by heat became apparent during the first 50 hours in the oven and 

tended to become constant after that. Filling yarns of high "Verel" 

content tended to be stronger and all of the "Rovana" warp yarns 
were quite similar in strength after exposure to heat. 

Tensile strength measurements on filling yarns before and af- 

ter exposure to light and laundering showed considerable variation 
among different colors of the same fabrics, but no one color of filling 

was always strong. It was interesting to note that even though the 

twill of high "Rovana" content showed the lowest tensile strength in 

the filling, it did retain 89 percent of its original strength. Three 

plain weave fabrics containing 30 percent "Rovana" tended to be the 

strongest in the filling direction. 

Although generally somewhat weaker than the filling, warp 

yarns retained more strength than the filling yarns. The strongest 
fabric in the warp direction was the Oxford with the highest yarn 
count. The leno fabric was the weakest because both the tensile 

strength and the yarn count were the lowest. The fabrics were not 

weak; however, they were not as strong as cotton. It is interesting 
to note, that although cotton is stronger in tensile strength, the 

"Rovana ", "Verel" and rayon combination has better elongation 

than cotton. This characteristic somewhat makes up for the rather 
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low tensile strength. 

The white Crusader fabric exhibited the most (30 percent) 

elongation in the filling direction with the remaining fabrics being 

approximately seven to ten percent lower. Both "Verel" and rayon 

possess good elongation. The "Rovana" in the leno weaves and some 

of the plain weave fabrics showed the largest percent of elongation 

but were affected less by experimental conditions. Generally, the 

percent elongation varied less for the "Rovana" than for the filling 

yarns of "Verel" and rayon, which would be expected since most of 

them were exactly the same. The "Rovana" elongated more readily 

than the filling yarns which would indicate that rayon modified the 

elongation of "Verel" (usually considered to be higher than "Rovana "). 

The most noticeable effect from abrasion was loss of body, 

i. e. , all of the fabrics lost their stiffness and felt rather limp, but 

retained their shape and were still in useable condition. Probably 

theywould be very good under normal use, since the Accelerotor is 

quite destructive to the fabrics, even during a one -minute test. 

The stiffer fabrics of high "Rovana" content and the loose weave leno 

were affected the most. The stiffer fabrics tended to crack along 

the folded edge and split where they were bent in the machine. The 

loose weave leno fabric was damaged by the rotors and in home use 

may tend to catch on objects. All of the fabrics sustained the most 

damage along the folded edge of the hem. 
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All of the fabrics lived up to the manufacturers' claim of being 

flame -resistant. There was no difference noted among the fabrics. 

The "Rovana" tended to melt and shrivel and the "Verel" shrank. 

The fabrics burned, but were self extinguishing as soon as the flame 

was removed. They would not support combustion. For this prop- 

erty alone, fabrics of "Rovana ", " Verel" and rayon would be very 

valuable for institutional use. 

An over -all look at the fabrics in relation to the tests would 

show that the fabrics stood up very well. Although there were many 

statistically significant differences, most of them were not visible 

to the eye. In general, the plain weave fabrics of approximately 

30 percent "Rovana ", 50 percent "Verel" and 20 percent rayon ap- 

peared to exhibit the most desirable qualities. They showed good 

results on most of the tests in addition to a desirable hand and a 

suitable appearance or texture. The twill weave fabrics would rate 

next, followed by the leno weaves and the high "Rovana" content 

plain weave. Fabric selection would be determined partially by the 

location of the area to be covered. 

The fabrics used in this study are recommended for home and 

institutional use. Good resistance to light, laundering, abrasion, 

stress, and fire would be very important to the homemaker. 

Although the information gathered from this study was valuable, 

a test using draperies hanging at windows for longer periods of time 



83 

would be worthwhile. The Fade- Ometer, although a time -saving 

device, supplies rays which are more intense in the ultraviolet re- 

gion and less intense in the visible region than sunlight. The heat 

present probably is higher than would be caused by sunlight coming 

through glass windows. Even though much can be learned from 

laboratory testing, a great deal can be learned from actual use. 

, 
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APPENDIX A 

SPECIMEN LAYOUT 
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APPENDIX B 

FADE -OMETER EXPOSURE PLAN 

5403 W 
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Triumph T 

Crusader T 
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Crusader E 
6000 E 
M.W. E 
Triumph E 

Crusader E 
5403 E 
Oxford E 
M. W. E 

Oxford E 
Oxford W 
Crusader W 
5403 W 

Crusader W 
Oxford W 
6000 W 
Crusader T 

Weaves and colors 
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Plain + percent 
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APPENDIX C 

SHRINKAGE MEASUREMENTS 



97 

Shrinkage Measurements 

Time 

150 hrs. 

F W 

150 hrs. 

F W 

100 hrs. 

F W 

100 hrs. 

F 

5403 orig. 304.4 303 305.8 301.2 303.2 306.4 306.6 304 
white 100 305 299.8 302.4 303.4 305.4 302.8 
plain 100w 301.6 298 298.8 302.4 302 301.4 

150 300.2 297.4 
w150w 299.4 296.6 

150 302.6 300 
150w 299.6 299 
150ww 298.6 299 

5403 orig. 304.6 306.6 305.2 309 306.6 305.8 303.8 304 
eggshell 100 304.4 306.4 305.4 303.8 302.4 301.4 
plain 100w 298.8 304.8 300.8 302.4 296.8 299.8 

150 297.8 304.8 
w150w 296.2 303.8 

150 302.4 302.6 
150w 297.2 301.2 
150w 296.6 301.6 

Crusader white orig. 304.4 305.4 306.6 306 305.8 306.8 306 305 
plain 100 304.2 304.4 306 305.3 305.6 305 304.4 303.8 

100w 304 304.2 304.8 305.2 304 306 304.2 304 
150 304.2 304.4 304.6 304.8 

w150w 302.2 304.4 304 304.4 

Crusader eggshell orig. 306.2 306. 2 306.2 306.6 305.8 305. 2 308. 2 305.6 
plain 100 304.4 304.4 305 305 304.8 303 305.8 304.4 

100w 301.6 303.4 302 304.2 301.8 303.8 301.4 304.6 
150 301 304.8 301.4 305.4 

w150w 299 304.6 300 306 

Crusader orig. 305.6 302.4 303 305 306 305.6 305.4 306.2 
Turquoise 100 301 304.6 303.6 304.4 304.4 307.4 
plain 100w 301 304.4 300.2 304.8 304.2 305 

150 301 304.2 
w150w 297.4 304.2 

150 303.4 301.2 
150w 299.2 301.6 
150ww 298.4 301.6 

W 
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Time 

150 hrs. 

F W 

150 hrs. 

F W 

100 hrs. 

F W 

100 hrs. 

F W 

Oxford orig. 305.4 303.8 304.4 306.8 305.2 305.6 306.8 304.4 
white 100 305.4 303.4 304 305 305 303.6 306 303.2 
plain 100w 300.8 302.6 301.4 304.4 302 303 303.2 301.8 

150 303 303.8 300.4 303.6 
w150w 300.2 302.6 299.4 303.2 

Oxford orig. 304.8 305.6 307 305 306.6 304.6 304.4 302.8 
eggshell 100 303 304 306.8 303.8 306.2 304.2 304.2 302.4 
plain 100w 299.2 302.6 302 303.4 301.6 302.8 299.4 301 

150 302.6 301.4 301.2 302.2 
w150w 299.0 300 299.2 301.4 

Triumph Boucle' orig. 303.6 307. 2 304 306.8 
white 100 302.2 304 
leno 100w 296. .4 303.2 

150 302.4 304.2 
150w 298 303.6 
150ww 296 303.6 

Triumph Boucle' orig. 301.4 304 305 306.4 304. 2 308 305 306.4 
eggshell 100 303.6 303.2 302.6 304.4 303.6 303.2 
leno 100w 299.2 303.6 300 304.4 299.2 303.6 

150 298.6 302.6 
w150w 295.6 302 

150 300.6 298.6 
150w 297.2 298.6 
150ww 295.2 298.6 

Triumph Boucle' orig. 303.8 301.8 308.4 302.8 303. 2 307.8 304.2 302 
Turquoise 100 301.6 305.2 299 300 
leno 100w 296.2 304.4 291 298.4 

150 302.4 300.2 303.2 299.8 
150w 295.8 299 269.6 301 

150ww 296.6 299.4 269.4 302 

6000 orig. 306.6 304.4 305.8 305.2 307 303.8 304.6 304.8 
white 100 305 301 305.6 305.2 306.6 303.4 304.8 304.6 
broken twill 100w 296.2 300.2 288.4 303 289.2 301.8 286.4 302 

150 305.2 304.4 290.6 303.2 
w150w 288.8 302 288.2 303 



99 

Time 

150 hrs. 150hrs. 100hrs. 100 hrs. 

6000 orig. 305.6 306.4 312.2 305.2 305 307.4 304.8 303.4 
eggshell 100 310.2 304.8 303.2 306.8 303.8 303 

100w 295 303 285.6 304 288.4 301 
150 295.8 303.6 

w150w 290.6 301.8 
150 304 305.6 
150w 290.2 303.4 
1S0ww 287.6 303.2 

M. W. orig. 306 306. 2 301.2 304.4 307. 2 304 306.6 303.8 
eggshell 100 305 305.8 300.6 304.4 306.4 303.6 306 303.6 
twill 100w 303 305.4 298.8 303.8 305 303 303.6 303 

150 302.8 305.4 299 303.8 
w150w 301.2 304.8 297.4 303.8 

. F W F W F W F W 

.: 
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APPENDIX D 

FABRICS USED IN STUDY 
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5403 - white 5403 - eggshell 

Crusader - turquoise 

Crusader - white Crusader - eggshell 
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Triumph Boucle' -white 

Triumph Boucle' -eggshell eggshell 

Triumph Boucle'- turquoise turquoise 
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Oxford - white Oxford - eggshell 

M. W. - eggshell 

6000 - white 6000 - eggshell 
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