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ABSTRACT

Red, yellow, pink, and white 65/35 polyester/cotton fabric was 
exposed to solar radiation. There were five groups of samples for each 
color. One was a control group that was not exposed to solar radiation 
.and each of the four other groups were exposed to specified amounts of 
solar radiation. Following exposure to solar radiation, physical tests 
were performed on the unlaundered fabric samples. The tests included 
thread count, tear strength, weight, retention of color, and retention 
of fluorescent whitening agents. The samples exposed to solar radiation 
were then compared to corresponding laundered samples^that were also 

exposed to approximately the same intervals of solar radiation and 
subjected to the same physical tests.

Results indicated that exposure to solar radiation had a 
degrading effect on 65/35 polyester/cotton fabric. Color change in the 
fabric was the most visible effect. The higher the degree of exposure 

to solar radiation, the greater was the color change. Also, when 
exposure to solar radiation was increased, the tear strength decreased.

When the comparisons between laundered and unlaundered samples 
were made, there were differences in results. Unlaundered samples 
exhibited greater tear strengths and were heavier than laundered 

samples. Laundered samples had greater fluorescence values than did 
unlaundered samples.

viii



CHAPTER 1

INTRODUCTION

Consumers consider visual appearance, which includes color, 
when choosing wearing apparel and household textiles (Hunter, 1975, p.
6). Color is so highly regarded by consumers that it is the most 
important factor when choosing textile products. Color cannot be 
overemphasized for consumers are usually more interested in selecting 
the right color than they are with other considerations such as fiber 

and fabric characteristics (Derby, 1973, p. 188; Holien and Saddler, 
1973, p. 208; Joseph, 1972, p. 318, 1976, p. 255; Labarthe, 1975, p.
325; Wingate, Gillespie, and Milgrom, 1975, p. 15). For a textile 
product to serve its purpose over a period of time, retention of color 

is one of the most important characteristics (Babiarz and Schuler, 1977, 
p. 61; Venkataraman, 1978, p. 222). The textile industry is aware of 
the importance of color retention and realizes that for consumer satis
faction the color must be maintained for the life of the product.
Ongoing research is producing coloring agents to help with consumer 
satisfaction (Joseph, 1972, p. 318). To help retain color,, brightness, 
and whiteness, fluorescent whitening agents are added to fabrics 
(Joseph, 1972, p. 280). Fluorescent whitening agents are colorless 
dyes which emit strong bluish fluorescence in ultraviolet light and 

give increased whiteness and brightness to materials (Venkataraman, 
1971b, p. 536; Hall, 1966, p. 56).



Textile products are affected by air temperature, relative 
humidity, solar radiation, and other atmospheric contaminants. During 
the life of the product it will be exposed at one time or another to 

some of these environmental factors (Hall, 1975, p. 424). Solar radia
tion is known to cause a change in color and loss in physical strength 
(Lyle, 1977, p. 104; Venkataraman, 1978, p. 222).

Negri (1976) and Schwab (1979) conducted studies at The 
University of Arizona showing the effects of laundry treatments and 
exposure to environmental factors on textiles. Results of these in
vestigations will further be evaluated by comparing the results of the 

laundered fabric s'amples to the unlaundered fabric samples in this 

study.

Background and Need 

Cothing, draperies, upholstery, outdoor furniture, and other 
textile products are exposed to environmental factors during their life 
span. Consumers desire product satisfaction, which may depend on the 
environmental factors to which the product is exposed.

It is known that exposure to sunlight will damage textile 
fibers (Hall, 1975, p. 424; Lyle, 1977, pv 145; Miller, 1968, p. 157; 
Singleton, Kunkel, and Sprague,;-1965, p. 229). The effects of sunlight 
on fabric can be seen in changes of physical characteristics as well as 
the chemical characteristics of fibers (Schick, 1975, p. 366). Chemical 
changes take place which will reduce the strength and durability of 

fibers (Hall, 1975, p. 424). Color change of fibers and fabric is one 
of the most common effects of sunlight (Miller, 1968, p. 157).



Alteration of color can be caused by indirect sunlight as well as direct 
sunlight (Lyle, 1977, p, 104; Stout, 1965, pp. 330-331).

Historically it was believed that color change was caused by 
the effects of sunlight alone. Studies show that other environmental 

factors such as air temperature and relative humidity play a role in 

this change of color (Salvin, 1969, p. 24, 1972, p. 29).
Climatic conditions, air temperature, season, atmospheric 

contaminants, relative humidity, and sunlight all played an inter
related part in the rate of degradation of fibers (Schick, 1975, p.

366; Schmitt, 1962, pp. 32-33; Singleton et al., 1965, pp. 230, 235).
In support of some of these factors, a study done simultaneously in 

Florida and Arizona showed that fabric exposed to an equal number of 
langley units had significant differences in amount of degradation. 
Samples exposed in Florida had significantly greater color alteration, 
chemical change, and physical degradation than samples exposed in 
Arizona, The higher rate of degradation in Florida was believed to be 
due to the consistently high rate of relative humidity in that area.
This study also showed that degradation varies seasonally (Singleton 
et al., 1965, pp, 228, 230, 235). More damage to textiles was evident 

in the summer than in the winter. This was due to a seasonal shift in 

the sunlight spectral distribution (Singleton and Cook, 1969, pp. 43- 
44).

Schmitt made comparisons between results at the exposure sites 

of Sarasota, Florida; Phoenix, Arizona; Chicago, Illinois; and Los 

Angeles, California. When textiles were exposed to equal amounts of 

langley units, differences in degradation were experienced. Variations



in relative humidity and temperature at exposure sites.were seen 
responsible for these differences. More fabric degradation was wit
nessed when relative humidity and temperatures were high (Schmitt, 1960, 

pp. 32v33, 401,
Another factor relevant to the rate of degradation is whether 

the textile product is directly exposed to solar radiation or whether 

it is under glass. Glass helps to filter out some of the sun1s ultra

violet radiation (Schick, 1975, p. 366). With respect to textiles, 
ultraviolet radiation is the most destructive part of sunlight (Hall, 

1975, p. 424).
Fibers in their pure form degrade rather slowly when exposed to 

environmental factors, but when even small amounts of certain sub
stances are present the degradation rate increases (Hall, 1975, p. 424). 
Dyes, finishes, and delustering agents accelerate deterioration of 
fibers when exposed to solar radiation (Hall, 1975, p. 424; Schick,
1975, p. 367), There are other factors that affect the rate of degra

dation of textiles when exposed to environmental factors. These include 

the chemical composition of the fiber, the cross section of the fiber, 

yarn and fabric construction, and the type of due and its chemical 
composition (Lyle, 1977, p. 145; Schick, 1975, pp. 266-267; Straley, 

1977, p. 277; Venkataraman, 1978, pp. 236-237; Wingate, 1952, p. 352).
Factors recognized specifically as affecting the color change 

of textiles were the photostability of the dye molecules and the dye 
concentration. Also, the wavelength distribution of incident radia
tion, nature of the fiber, and composition of the atmosphere were



associated with the color change of textiles (Venkataraman, 1978, pp. 

224-225).
The type of dye applied to a fiber plays a major role as to its 

colorfastness. Abrahart (1968, p. 27) estimates that there are more 
than 2000 different dyes available. Each textile fiber requires a 

unique dyestuff or method of application for successful dyeing (Joseph, 
1976, p. 257). Dyes should be applied so that maximum lightfastness 

qualities are achieved (Schmitt, I960,, p. 127).
Fluorescent whitening agents (FWAs) are colorless dyes that are 

added to textile products to help maintain brightness and whiteness 
(Joseph, 1972, p. 280). Different types of FWAs are used on different 
fibers (Kulkarni and Trivedi, 1967, p. 66). FWAs are affected by en
vironmental factors. The fastness of FWAs depends on the type of fiber 

to which it is applied (Corbman, 1975, p. 228).
Research on the effects of environmental factors on textile 

products can provide meaningful information which can be used by manu
facturers and consumers. Manufacturers may use these data to improve 
product quality. They may also use it to analyze suitability of dyes 
on fibers. This information could help consumers to improve their 
selection of a textile product appropriate for its end use.

Research on textiles and the effects of solar radiation in a 
southwestern climate can provide especially useful information to con
sumers who live in this particular environment. Tucson, a typical 
southwestern climate, is characterized by dry air, low relative 
humidity, high temperature, and a high percentage of sunshine. This 
city is located in an area receiving more sunshine than any other
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section of the United States. The clear skies and thin clouds are 

responsible for intense surface heating in the Tucson area. Because of 

the high temperature, dryness in the air, and the high percentage of 
sunshine, evaporation rates 'are high. Tucson is also characterized by 
long periods of little or no precipitation (Parker, 1977, pp. 5-6, 10; 
Ruffner and Bair, 1974, pp. 36, 241-242; United States Department of 
Commerce, 1974, p. 504). Because of the great amount of sunshine and 

high evaporation rate, and the small amounts of precipitation, this type 

of climate would be ideal for drying textiles outdoors.
The fact that consumers living in southwestern climates own 

fewer dryers than do consumers in other climates is documented by the 
United States Census, In particular, Arizonans and Floridians own fewer 
dryers per year-round living unit than consumers in other states (United — 
States Bureau of the Census, 1972, pp. 255-259).

Since consumers in southwestern climates utilize the sun as a 
means of drying textiles they shotod be aware of the effect sun has on 
textiles. Also, textiles such as draperies, car upholstery, and carpets 
are exposed to more sunlight in this type of climate than in other areas. 
This investigation can provide information about the effect solar radia
tion has on both laundered and unlaundered textiles.

In this investigation both laundered and unlaundered fabric 

samples were analyzed. Laundered samples were washed 20 or 40 times at 

a wash temperature of 105°F. After completing a wash cycle, the 

laundered samples were then line-dried for either one or four hours.

The number of langley units that these samples received was recorded.

A langley unit is an energy unit for solar radiation which integrates



time and intensity. Unlaundered samples were exposed to solar radiation 
in sun exposure cabinets. These samples were exposed to a specified 
number of langley units. The number of langley units that each of the 

unlaundered samples received corresponded to laundered samples. Since 
both laundered and unlaundered fabrics were exposed to similar amounts 
of solar radiation, a comparison was possible.

This investigation was designed to evaluate the effects of 

solar radiation on the thread count, tear strength, weight, retention 
of color, and retention of fluorescent whitening agents of 63/35 

polyester/cotton fabric. The colors of fabric in this study were red, 
yellow, pink, and white.

Objective of the Investigation
This investigation was designed to study the thread count, tear 

strength, weight, retention of color, and retention of fluorescent 
whitening agents of 65/35 polyester/cotton fabric when exposed to solar 
radiation. Fabric used in the investigation included both white and 
dyed materials. The dyes on the fabric were disperse/naphthol flare 

red, disperse/vat lemon peel yellow, and disperse/reactive pink glow.
The purpose of this study was to evaluate the 65/35 polyester/cotton 

fabric when exposed to solar radiation and compare it to related studies 

of laundered samples of the same fabric exposed to approximately the 
same amount of solar radiation.



Assumptions
It was assumed that all of the 65/35 polyester/cotton blend 

fabric used in this investigation had uniformity in fiber yarns, length, 
strength, and fineness since all were purchased from the same manu
facturer.

It was assumed that there was uniformity of the dye in each of 
the dyed fabrics. Also, it was assumed that all fabric had equal dye 
retention because they were all purchsed from the same manufacturer.

It was assumed that the fluorescent whitening agents used were 
absorbed uniformly by the polyester fibers in the red, yellow, and pink 

fabric and by both the polyester and cotton fibers in the white fabric.
It was assumed that physical appearance (smoothnen"s) , tear 

strength, thread count, and weight of all fabric used were the same 
before treatment.

Limitations
Because of a limited number of sun exposure cabinets, all 

samples could not be exposed at the same time. This created variables 

in environmental conditions even though each treatment group was 
exposed to approximately the same amount of langley units of solar 

radiation. • \ ' I;. :.’
The investigation was to evaluate the effect of solar radiation 

on textiles. It should be noted that other environmental factors such 
as relative humidity and temperature may have played an accompanying 
role with solar radiation in affecting textiles. The variable of



solar radiation could be isolated, where relative humidity and tempera
ture could not.

Because the investigation was conducted only in Tucson, Arizona, 
the results may not apply to other geographical areas.

Hypotheses <

This investigation was designed ±o evaluate the effects of 

solar radiation on 65/35 polyester/cotton fabric in red, yellow, pink, 
and white. To analyze the effects of solar radiation, tests were per
formed to determine the thread count, tear strength, weight, retention 
of color, and retention of fluorescent whitening agents. Results from 
related laundry studies conducted at The University of Arizona were 
then compared with the results obtained in this investigation. The 

following null hypotheses were investigated.

Hypothesis Number One -

There were no significant differences in thread count, tear 
strength, weight, retention of color, and retention of fluorescent 
whitening agents when unlaundered red samples were compared; when un
laundered yellow samples were compared; when*unlaundered pink samples 

were compared; and when unlaundered white samples were compared.

Hypothesis Number Two
There were no significant differences in thread count, tear 

strength, weight, retention of color, and retention of fluorescent 
whitening agents when laundered and unlaundered red samples were com
pared; when laundered and unlaundered yellow samples were compared;
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when laundered and unlaundered pink samples were compared; and when 
laundered and unlaundered white samples were compared.

Hypothesis Number Three
There were no significant differences in thread count, tear 

strength, weight, retention of color, and retention of fluorescent 
whitening agents between laundered and unlaundered samples when all 

colors were statistically combined.

Definition of Terms
AATCC: the American Association of Textile Chemists and Colorists.
ASTM: the American Society for Testing and Materials.
Blend: the mixture of two or -mere-types of - f ibers combined into a

yarn.
Conditioning: the specified temperature of 70° + 2°F and a rela

tive humidity of 65% ± 2% and is used for conditioning textiles 

(American Society for Testing and Materials [ASTM], 1977, p. 

301).
Constant temperature and controlled humidity room: a room which .

maintains the temperature of 70° + 2°F and a relative humidity 

of 65% ± 2%i.

Control samples: samples that are not exposed to environmental
elements or laundered, but are used for analysis.

Durable press finish: a finish used on a textile product that has

the ability to retain the initial shape and an unwrinkled 
appearance during use and after laundering (ASTM, 1977, p. 21).
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Dye: a compound that can be fixed on a substance in a fairly

permanent state and that evokes the visual sensation of a 

color (Joseph, 1972, p. 321).
Environmental conditions: for this study are solar radiation,

relative humidity, and air temperature.
Eppley Pyrheliometer:, the instrument which records the amount of 

langley units of solar radiation.
Flare red fabric: 65/35 polyester/cotton fabric with a disperse/ 

naphthol dye. This will be referred to as red fabric through

out the investigation. The naphthol dye will be discussed as 

a part of azoic dyes.
Fluorescent whitening agents (FWAs): colorless dyes that convert

invisible ultraviolet-energy to visible -light * which results - - 
in whiter and/or brighter appearing fabric (Corbman, 1975, p. 

228).
FWAs: an abbreviation for fluorescent whitening agents.
Hunter Color and Color-Difference Meter: the instrument which

measures differences in the retention of color and retention 
of fluorescent whitening agents.

Langley unit: a unit of solar radiation which integrates time and
intensity of radiation which is equal to one gram calorie per 
. square centimeter of surface exposed (Schmitt, 1962., p. 31).

Laundered fabric: test fabric which has been exposed to solar

radiation and other environmental conditions and has been 
laundered at 105°F.
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Lemon peel yellow fabric: 65/35 polyester/cotton fabric with a
disperse/vat dye. This will be referred to as yellow fabric 

throughout the investigation.
Pink glow fabric; . 65/35 polyester/cotton fabric with a disperse/ 

reactive dye. This will be.referred to as pink fabric 
throughout the investigation.

Sample: the piece of fabric measuring 24 and 1/2 inches in the

warp direction and 22 inches in the fill direction which will 

be cut into test specimens.
Sling Psy chrome ter: a hygrometer made up of two thermometers, one

wet bulb and one dry bulb, which is used to determine relative 

humidity.
Solar radiation; the transmission of radiant energy given off by 

the sun to the earth1s surface.
Specimen; a piece of the fabric sample cut to a specified dimen- 

sion to fulfill testing requirements for tear strength, weight, 
retention of color, or retention of fluorescent whitening agents.

Sun exposure cabinet: a metal cabinet measuring 32 and 1/2 inches
by 30 inches by 7 inches which has a glass covering to protect 
samples from weather, but constructed so that ambient air may 
freely flow through it.

Tear strength: the force needed to start or continue a tear in a

fabric (ASTM, 1977, p. 37).
Thread count; the number of warp yarns and the number of fill 

yarns per square inch of fabric.
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Unlaundered fabric: test fabric which has been exposed to solar

radiation and other environmental conditions, but has not been 

exposed to any laundering procedures.
Weight: the average number of grams for four test specimens

measuring four inches by four inches.



CHAPTER 2

REVIEW OF LITERATURE

Environmental effects on textiles, color, and dyes; environ

mental effects on dyes; and fluorescent whitening agents will be dis

cussed in this chapter. Types of dyes included in this review are 
azoic (naphthol), disperse, reahtive, and vat dyes. The review of 
literature will give a better understanding of the research conducted 

in this investigation.

Environmental Effects on Textiles 
Textiles are affected when exposed to environmental conditions. 

The degree and way in which they are affected depends on varying 
factors. Textiles are affected by solar radiation (Hall, 1975, p. 424; 
Lyle, 1977, p. 145; Miller, 1968, p. 157). In addition to solar 
radiation, other factors may have an affect on textiles (Morris, 1966, 

p. 4). These factors include climatic differences, season of the year, 

time of day, moisture content, air pollutants, dust, altitude of place, 
and air temperature (Hall, 1975, pp. 424-425; Lyle, 1977, pp. 145-146;

. .Morris, 1966, p. 19).' Glass also has.an affect on the rate of degrada
tion of fibers. Glass filters part of the ultraviolet radiation which 

has been known to cause degradation to textiles; therefore, glass 
reduces the degrading effect of solar radiation (Robinson and Reeves, 
1961, p. 17;.Singleton et al., 1965, pp. 231, 235). Exposure studies

14
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have resulted in wide variation in data. This may partially be 
accounted for by climatic variations of different locations (Pomroy, 

1966, p. 9).
Research has been done both by laboratory exposure and by 

natural exposure to environmental factors. Studies have shown that none 
of the artificial light sources have a spectral distribution similar to 
sunlight (Robinson and Reeves, 1961, p. 17). Venkataraman (1952, p.
296) states that tests done which expose textiles to natural light 
are "on the whole the most reliabile.” Pomroy (1966, pp. 7-8) also 
agrees and cites other research authorities saying that outdoor 
exposure is preferred in many instances instead of only a selected few.

Solar radiation as received at the earth’s surface varies in 
intensity. This may be influenced by absorbing materials in the atmos
phere, season of the year, and time of day (Robinson and Reeves, 1961, 
p. 18). To help control variations in solar radiation intensity, the 
langley unit was developed, The Tangley unit integrates time and 
intensity of solar radiation. One langley unit is equal to one gram 
calorie per square centimeter per minute of solar radiation (Schmitt, 
1960, p. 130).

A langley unit is an energy unit for solar radiation developed 

.to eliminate variations caus e d • b y s e a s oh a T ,4 if f er en c e s.. Re s e ar ch ha s 
shown that even with the use of the langley unit, seasonal differences 
still exist. More damage is still exhibited in textiles exposed in the 
summer than in the winter. This may be attributed to a seasonal shift 
in the sunlight spectral distribution and/or that other factors not 
controlled do make, a difference in rates of degradation (Singleton and



Cook, 1969, pp. 43-44). In Hansen’s (1962, p."82) study, cotton fabric 
exposed to sunlight decreased in whiteness values more than cotton 
fabric not exposed to sunlight. Cotton, as other textiles, will de
grade at different rates depending on the location of the exposure 
site (Morris, 1966, p. 12).

Color and Dyes
The visible spectrum of radiation is between 4000 and 8000 

angstroms. An angstrom is a unit of light which is a wavelength equal 

to one ten-billionth of a meter. The electromagnetic wavelengths of 
radiation in this range are seen as color. Radiation above or below 
this range is invisible. In essence, color is visible light (Abrahart, 
1968, p. 2; Stout, 1965, p. 323). When light falls on a colored sur
face, some wavelengths are absorbed and others are reflected. When 
there is this selectivity in the visual region of the spectrum color 

is seen (Abrahart, 1968, p. 2; Morton and Hearle, 1975, p. 579).
Thus, color is seen because certain light rays are reflected 

and others are absorbed. If all light of wavelengths covering the 
entire visible range are reflected then white is perceived and if all 
light of wavelengths covering the entire visible range are absorbed 

then•black is seen. All other colors are produced between these two 
extremes ’(Abrahart^ 1968, p. '3^ Joseph, •1976, p', 258) . ' "//>"•

Changes in color may be the result of different observing con

ditions, level of illumination, or optical character of the sample.

The source of light under which a color is being viewed may or may not 

contain certain colors in its own rays, therefore may influence the
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color being seen. These reasons may be why color variation may exist 
for the same item at different times (Hunter Associates Laboratory9 

Inc.? 1973, p. 2; Stout, 1965, p. 324).
Color in textiles is seen by the human eye by siibstrative 

mixing. This means the full light spectrum is in use and a dyestuff is 
used to produce colors that absorb certain light rays (Bogle, 1977, p. 
51). A fiber must be dyed to produce different colors. A dye is a 

compound which can be applied to a substance in a more or less perma

nent manner that gives the visual sensation of color (Joseph, 1976, p. 
258). Textiles are dyed by impregnating fibers or covering the surface 
with a dyestuff (Labarthe, 1975, p. 328). To dye a fiber a certain 
color, dyes or pigments are used that absorb certain wavelengths of the 
visible spectrum, but let the fiber reflect those wavelengths that 
produce the desired color (Joseph, 1976, p. 258; Schick, 1975, p, 389). 
There may be a variation in the absorption of light by the dye with the 
direction of polarization of the light, which is known as dichroism.
This could result in differences in shades or even colors. This 
happens when certain chemical properties are in a specific arrangement 
only (Morton and Hearle, 1975, p. 579). Color in textile dyestuffs is 
emitted by molecules called chromophores (Bogle, 1977, p. 51). Chromo-

phoTes -.are "usualJy'unsaturated •organic- structures emi11ing .v.isib 1 e. 

light through selective absorbance by molecular resonance” (Bogle,
1977, pp. 57-58).

Dyestuffs and dyeing of textiles are as old as textiles them

selves (Denham, 1979, p. 20). Until 1856 only natural dyes were used. 

Dyestuffs came from natural sources such as clay, berries, nuts, fruit,
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insects, roots, leaves, and metals (Joseph, 1976, pp. 256-257; Stout, 
1965, p. 324). Because natural dyes have no affinity for textile 
fibers, mordants had to be used in dye application. Mordants worked as 

fixing agents (Allen, 1971, p. 6). Using these natural dyestuffs was a 
very slow process (Wingate, 1952, p. 352).

Perkin produced the first synthetic dyestuff in 1856. This was 
seen as the turning point of dyes (Joseph, 1976, p. 257). Perkin was 
attempting the synthesis of quinine, but did not succeed. Instead, 
through this work he discovered a mauve dye. This led to the beginning 
of the commercial synthetic dye industry (Allen, 1971, p. 8).

Man-made dyes are chemically compounded and generally superior 
to natural dyes in every way (Joseph,-1976, p. 257). Because of the 
tremendous progress made since PerkinTs discovery, in both dyestuff and 
organic chemistry, synthetic dyes exist in great number and variety.
The possibilities in the field for further synthesis are unlimited 
(Venkataraman, 1952, p. 1). The world production of dyes has increased 

over the years, but more important have been the changes in quality 
which include brightness, fastness, and variety in dyes (Venkataraman, 

1971a, p. 4). The expansion will continue because each new fiber re
quires unique dyestuffs or methods of application for successful dyeing. 
Also there : are „ continual (consumer demands' .for be t ter color fas tnes.S' 

(Joseph, 1972, p. 320, 1976, p. 257).
Dyeing is mainly carried out in an aqueous solution or disper

sion where the dye molecule attaches to the fiber by the process of 
adsorption (Abrahart, 1968, p. 24). Dye uniformity depends on the



absorptive power of the fiber, the nature of the dye, and conditions of 
dyeing (Venkataraman, 1952, p. 248).

For a dyestuff to be successful it should possess certain 
capacities. These include being able to produce hues, intense color, 

the ability to be soluble or dispersed into an emulsion, being small 
enough to be absorbed into the fiber, and being colorfast to light, 
laundering, perspiration, and atmospheric gases that may have a de-. 
grading effect on dyed textiles (Bogle, 1977, p. 55).

The dyes used on the fabrics in this investigation will be 
discussed. These include azoic (naphthol), disperse, reactive, and 
vat dyes.

Azoic Dyes
Azoic dyes are produced by insoluble azo colors impregnating 

the fiber by means of a naphthol. It is then treated in a solution of 

diazotized amine. Coupling takes place between the naphthol and the 
amine and the insoluble color is formed on the fiber (Moncrieff, 1975, 

p. 891).
Azoic dyes had their beginning in 1880 when the idea was con

ceived of producing water insoluble azo dyes directly fixed in the 

cotton (Allen, 1971, p. 77). The cotton was impregnated with " 
alkaline 3-naphthol, dried, and developed with diazotized p-nitro- 
aniline which produced a deep red color (Venkataraman, 1952, p. 650). 
This process enabled particles from the azo pigment to become firmly 
fixed within the fiber (Allen, 1971, p. 77).
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Azoic dyes from £-naphthol had restricted hue and moderate 

fastness to light. The biggest problem was the lack of affinity of the 
naphthol for cellulose. , Because of this, the padded fiber had to be 

dried before it was developed. In the drying the (3-naphthol migrated 

which caused an unevennes in the final shade (Allen, 1971, pp. 77-78; 
Trotman, 1964, p. 411; Venkataraman, 1952, p. 650),

In the early years of azoic dyes, £-naphthol was the only 
coupling component used. Later, other coupling agents were used for 
shading purposes (Allen, 1971, p. 77).

In 1912, the discovery that the anilide of 3-hydroxy-2- 
naphthoic was substantive to cellulose vastly extended the scope of 

azoic dyes. This had advantages over {3-naphthol. The first product in 
tis series was not as Naphtpl AS. Since there has been an extension 

from systematic synthesis and evaluation, other compounds were added to 

this series. Since the Naphtol AS series was substantive to cellulose, 
drying after padding could be eliminated. The Naphtol AS series was 
also superior in fastness to rubbing, washing, and light compared to 
B-naphthol derivatives. They gave more brilliant dyeings. With these 
improvements some azoic dyes can compete in all round fastness with 
anthraquinoid vat dyes, which were known fox their excellent fastness, 
characteristics (Alien, 1971,. .p. 78; hubs, • 1955, p. 182; Trotman, 19.64, 
p. 411; Venkataraman, 1952, p. 651).

In the 1970!s azoic dyes were used on cellulosic fibers mainly. 
They were also used to some extent on some man-made fibers such as 

polypropylene, nylon, acrylic, and polyester (Joseph, 1972, p. 322).
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Azoic dyes produce brilliant colors at a relatively low cost 
(Joseph, 1972, p. 323). The final shade depends on the amound of the 
coupling component absorbed by the fiber (Trotman, 1964, p. 419), They 
show good colorfastness to laundering, bleaching, alkalies, and light. 
The major problem of azoic dyes is that they tend to crock or rub off- 
(Joseph, 1972, p. 323). Care is needed to control conditions of 
naphtholation, development, and aftertreatment in order to produce 
colors with good fastness to rubbing. Two main factors' determine fast
ness of azoic dyes to rubbing. The first is the substantivity of the 
naphthol because it is actually mechanically held on by the fiber and 

the second is the efficiency of the soaping aftertreatment 
(Venkataraman, 1952, pp. 681-682).

Disperse Dyes

Disperse dyes arose out of efforts to find an easy and satis

factory way to dye cellulose acetate. This was the first hydrophobic 
man-made fiber and adequate methods for dyeing it were not available 
(Trotman, 1964, p. 472).* This group of dyes was originally referred to 
as acetate dyes because they were developed to dye cellulose acetate 
(Colour Index, 1965a, p. 1655; Joseph, 1972, p. 324; Venkataraman,
1971a* p. 385). The originators of disperse dyes, which were water- 
insoiuble'. dyes -, were the British D.yestuffs Corporation (hubs, 1955 , 

p. 417).
Joseph and Moncreiff summarize the principles of disperse dyes 

by saying that the dyestuff is dispersed in an unsuitable environment 

because it has a low solubility in water. When it has a chance to
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'leave this environment it will. It moves into the fiber by dissolving 

into it. Thus9 the fiber becomes dyed (Joseph, 1972, p. 324; Moncrieff, 

1975, p. 887).
Disperse dyes have been the main coloring source for hydro- 

phobic fibers since the 1920T s (Straley, 1977, p. 276). They grew in 
importance as new man-made fibers were developed since they were hydro- 

phobic in nature (Trotman, 1964, p. 474). They are used for dyeing 
acetate, nylon, polyester, and acrylic (Abrahart, 1968, p. 37; Colour 
Index, 1956a, p. 1655; Joseph, 1972, p . 324). Venkataraman (1971a, p. 
385) says that almost all polyesters are dyed with disperse dyes. Dis
perse dyes are not used on cellulose because they have little light
fastness when applied to it: (Straley, 1977, p. 277). For other fibers, 
the fastness of disperse dyes to light, laundering, and dry cleaning is 
good (Colour Index, 1956a, p. 1655; Joseph, 1972, p. 324; Trotman,
1964, p. 480), A disadvantage of disperse dyes may be that they can 
fade or change shades when exposed to atmospheric fumes. Nitrogen 
oxides are seen to cause this damage. Substances may be added to help 

improve fastness to this kind of fading. Substituents such as 
halogen, hydroxy, alkoxy, nitro, and cyano have been reported to im
prove fastness to atmospheric gases (Joseph, 1972, p. 324; hubs, 1955, 

p. 417; Trotman,,1964,p.480)\ - ,
Durable.press finishes may alter the lightfastness of disperse 

dyes. The resin-catalyst system of the durable press finish has been 

seen responsible for the alteration in lightfastness (Venkataraman, 
1971a, p. 387).



Reactive Dyes
Prior to reactive dyes, cellulosics .with good wetfastness were 

dyed by converting soluble substances into relatively insoluble com

pounds in the fiber. Then late in the 1940!s attention was given to 
dyes containing cyanuric chloride— triazinyl dyes. It was found that 
the chlorine atoms in cyanuric chloride wouid attach with compounds - 

containing hydroxyl or amino groups that were attached to the colored 
dye molecules. If one or two of the chlorine atoms were left un
substituted in the cyanuric chloride, then they would react with the 
hydroxyl groups of cellulose (Trotman, 1964, pp. 489-490).

Reactive dyes were synthesized to obtain simple direct dye 
methods and high fastness to wet treatment (Colour Index Supplement 
1963, 1963, p. S483). Reactive.dyes were developed in such a way that 
dyes could be attached to natural fibers by means of a covalent linkage 

(Allen, 1971, p. 201).
In 1957 a new range of Procion H dyes was introduced. They 

consisted of monochlorotriazinyl derivatives which were shown to be 
more stable in cold .alkaline conditions than dichlorotriazinyl products 

(Allen, 1971, pp. 202, 211).
Since the original cold dyeing Procion dyes, the range has been 

: expanded to a.great-extent. Procion dyes have since been renamed 
Procion M dyes (Allen, 1971, p. 202).

Reactive dyes actually did not account for a significant por

tion of the dye market until the 19701s, even though they were developed 
in the 19501s ("A Growth Industry for the Alert, But Watch Out For 
Government Controls," 1979, p. 16). Venkataraman feels that reactive
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dyes represent the most important development in synthetic dyes since 

1935. Two outstanding properties account for this. They are the ease 

of application and brilliance of shades (Venkataraman, 1971a, p. 23). 

Reactive dyes are also seen as being versatile in methods of applica
tion for dyeing and printing. All of this has resulted in an expansion 
of reactive dyes (Colour Index Supplement 1963, 1963, p. S483).

An advantage of using the dye-fiber reaction is that the dye 
structure does not have to have affinity for cellulose. Also, smaller 
and simpler dye molecules can be used in this method for dyeing cellu
lose. Simple structures in general give brighter shades and diffuse 
rapidly through the fiber. Therefore application can be finished in a 
short amount of time (Allen, 1971,--p, 205).

Reactive dyes are used mainly on cotton. They are to a lesser 
extent used also on other cellulosics, wool, silk, acrylic, and nylon 

(Bogle, 1977, p. 69; Joseph, 1972, p. 327; "A Growth Industry For the 

Alert, But Watch Out For Government Controls,,T 1979, p. 18).
Reactive dyes have demonstrated good to excellent fastness to 

washing and light. Their fastness to"crocking, perspiration, dry 

cleaning, and fume fading has also been shown to be good (Joseph, 1972, 
p. 327; Trotman, 1964, p. 500).

Vat Dyes .• " ' % - . - " " " - - 1. ' '
Vat dyes are among the oldest coloring materials. They are 

made up of any organic coloring substance that can undergo a reversible 
reduction-oxidation change without serious color loss. There is no 

general formula for vat dyes (hubs, 1955, p. 431). The name vat dye
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was derived from equipment used in the application of the dye which is a 

vessel or vat (Joseph, 1972, pp. 32-326; Trotman, 1964, p. 441).
Vat dyes are insoluble in water so they cannot be directly 

applied to fibers. They must be reduced to a leuco form (Allen, 1971, 

p. 150). A leuco compound is a component of vat dyes which is soluble 
in alkali and substantive to cellulose. When it is oxidized it becomes 
water insoluble (Bogle, 1977, p. 58). When this reoxidation occurs 
the dye returns to its original insoluble form.within the fiber struc
ture. A final aftertreatment in a soap or detergent solution brings 
about crystallization, of the pigment particles_so_that_the color is - 
firmly fixed on the fiber. This aftertreatment often results in a 
change in shade and better fastness qualities (Allen, 1971, pp. 150- 
151).

Sodium hydrosulphite is used to reduce the dye into its leuco 

compound (Abrahart, 1968, p. 35; Moncrieff, 1975, p. 893). Before 
there were chemical reducing agents available, vat dyes were reduced by 

a fermentation of organic matter in a vessel called a vat.

The major use of vat dyes is for the dyeing and printing of 
cotton (Abrahart, 1968, p. 35). Vat dyes can also be applied to other 
cellulosics. Some vat dyes can be used for dyeing wool, silk, acrylic,

/ nylon,. and acetate (Allen, 1 9 7 1 p. ‘150) . ...They actually are rarely 

used on protein fibers because the alkaline bath can cause damage to 
these fibers (Joseph, 1972, p. 326).

Vat dyes are frequently referred to as having the best all 
round colorfastness (Joseph, 1972, p. 325; Moncrieff, 1975, p. 893). 
Specifically, anthraquinoid vat dyes have been cited as having the



highest fastness to light and laundering (Venkataraman9 1952, p. 273). 
Vat dyes are especially fast to water and bleaches. The fastness to 
the sun varies with the hue (Bogle, 1977, p. 71). Some vat dyes may 
even retard the degradation of sunlight (Robinson and Reeves, 1961, 

p.. 23).

Environmental Effects on Dyes 
Colorfastness generally is defined as the resistance of dyes to 

any type of color change from the various agencies to which they might 
be exposed during use (Abrahart, 1968, p. 28; Stout, 1965, p. 331). To 
be more specific, colorfastness is a relative‘propertyv "The fastness 

of a dye has to be specified to an agency such as light, washing, 
rubbing, crocking, perspiration, sea water, or hot ironing. Color
fastness is not an absolute property (Venkataraman, 1952, pp. 295-296). 

Colorfastness of dyes depends on many factors such as type of dye, 
method of cleaning, fabric use,,amount of soil, amount of exposure to
sunlight, and chemicals in the air (Labarthe, 1975, p. 328)2

It was seen important to have standards to grade fastness of 
dye as early as 1911 in Germany. The German committee who studied 
these dyes published a report in 1914 which was the first organized 
study of fastness tests arid standards (Venkataraman, 1952, p..295).

■ ri1 ; 'The/ lightfastness of an item 'is , of great importance because so • 
many dyed textiles are exposed to light. Exposure to sunlight causes 

a degrading effect on dyed textiles (Schmitt, 1960, p. 127). Sunlight 
can cause color change due to chemical changes in the dye as a result

of exposure to the sun (Hollen and Saddler, 1973, p. 214).



Lightfastness of dyed textiles depends on many factors. The most 
important are the photostability of the chromophore and how this 
stability is affected by the chemical structure of the substrate on 

which it is applied (Venkataraman, 1978, p. 222)„
Atmospheric conditions including contaminants play a role in 

the degradation of dyed textiles. The moisture content has an effect 

on the fading rates of dyed textiles (Venkataraman, 1978, p. 225), 
Studies conducted by the Environmental Protection Agency have shown 
that many dyed fabrics change color in the presence of some atmospheric 

gases (Beloin, 1973, p. 129), The atmospheric contaminants which may 
be responsible for color change in textile products include oil 
particles, soil particles, oxides of.nitrogen, sulfur dioxide, and 
ozone (Schmitt, 1968, p, 46). Salvin (1969) discovered that ozone 

works with gasoline fumes and oxides of nitrogen to cause color altera
tions in many dyed textile products. Salvin also found fibers not . 
normally vulnerable to color alteration by ozone, nitrogen oxides, or 
sulfur oxide changed because of a durable press finish. The presence 
of this finish was responsible for color change by these contaminants.

To further confirm the detrimental effects of atmospheric con
taminants and gases, studies were done in the absence of sunlight but 

: • with these, otheo: atmospheric conditions, present.. Salvin . showed color 
change in fabrics that,were not exposed to light demonstrate the 

effects of atmospheric contaminants (Salvin, 1969, p. 24).

In general, successful dyes must have good color, lightfastness,
washfastness, and resistance to atmospheric contaminants (Straley, 1977, 
p, 276), The intended use of a product determines the degree of
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colorfastness that is necessary. In other words, a textile product and 
its color should be fast depending on its end use (Lyle, 1977, p. 104; 
Wingate, 1952, p. 340), The manufacturer of a textile product is not 
required to report the type of dye used on an item to the consumer.
For the consumer to best retain the original color of a textile item, 

care labels should be followed (Hollen and Saddler, 1973, p. 208;

Joseph, 1976, p. 275).

Fluorescent Whitening Agents 
Man has seen white as a symbol of purity and cleanliness since 

the beginning of history. He has constantly been searching for a
method to obtain clean or pure white '(AnTiker and. Muller, 1975, p. 12).

In 1929 Krais dried a solution of esculin into bleached linen
goods. He found that the yellowish cast had been eliminated from the
fibers. Esculin was a colorless substance. Unfortunately it was 
easily removed by water. Its lightfastness was also poor. Because of 
this limited effectiveness of esculin, research began which developed 
other fluorescent whitening agents (Anliker and Muller, 1975, pp. 12- 

14; Hall, 1966, p. 57; O'Hare, 1966, p. 1220).
In the 1930's the first commercially produced FWAs were re

leased (O'Hare, 1966, p. 1220). It was not until 1939 that FWAs were 

first patented (Bogle, 1977, p. 67).: v " ’ - '.
Research to develop FWAs started with the synthesis of other 

compounds similar to esculin, which is a glycoside of 6,7-dihydroxy- 

coumarin. In the 1940's the main classes of FWAs were 4,4'-diamino- 
stilbene-2,2'-disulfonic acid derivatives. These are still the most
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important FWAs (Anliker and Muller? 1975, p. 12). FWAs are used in 

textile finishes, detergents, paper, and plastics (O'Hare,' 1966, p. 
1220). They were introduced into the laundry industry in 1940 (Hansen, 
1962, p. 2), FWAs have only been in the textile industry since 1946 
(Reinhardt, Fenner, and Reid, 1961, p. 771).

FWAs were first called optical bleaching agents, fluorescent
bleaching agents, or optical bleaches. This suggests that there is some 
type of bleaching action, which is not the case. Later they were known 
as optical brightening agents or optical brighteners. The accepted and 
preferred term is fluorescent whitening agents (Anliker and Muller,

1975, p. 17; O'Hare, 1966, p. 1220).
FWAs are colorless fluorescent dyes. They increase the white

ness of the material to-which it is applied (Sarkar, 1971, p. 57;
Venkataraman, 1971b, p. 536). The whiteness is due to the absorption 
of ultraviolet radiation and the reflection - of visible blue light 
(Corbman, 1975, p. 228). When a fabric contains a FWA, the ultraviolet 
portion of light is absorbed by the FWA and is reemitted with a longer 
wavelength. The reemitted light contains an excess of blue light, so 

the reemitted light consists of a mixture of white light and blue light. 
It is observed as a bluish fluorescence, which gives a whiter than white 
appdarance. , , The fabric" appears ;to be purevwhite because the blue 
neutralizes any yellowness in the fabric (Hall, 1966, p. 58).

Both natural and man-made fibers tend to show a yellowish tinge 

due to colored impurities which absorb some of the incident light in 
the blue region. The result is 'that the fabric appears off white.
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Removal of the effect can be achieved by the use of FWAs (Daruwalla and 

Peter, 1961, p. 263).
FWAs are available for all types of fibers. They are used 

mainly on cellulosics (Corbamn, 1975, p. 228; Hall, 1966, pp. 57, 63), 
FWAs may be used on white or dyed fibers. Generally, textitles that 
are dyed appear brighter when FWAs are used. The whitening effect will 
vary in efficiency depending on the type of fiber and type of FWAs 

(Altherr, 1965, pp. 248-249).
The lightfastness of FWAs will vary. Fastness also varies with 

the type of fiber. FWAs are sensitive to chemicals and light. Degrada
tion of FWAs is caused mainly by ultraviolet radiation, therefore they 
can lose their effectiveness when exposed to sunlight (Blanchard et al., 

1971, p, 181; Corbman, 1975, p, 228; Hall, 1966, p. 60; O'Hare, 1966, 
p, 1224; Reinhardt et al., 1961, p. 771).

In summary, the environmental effects on dyes, color and dyes, 

environmental effects on dyes, and fluorescent whitening agents were 
reviewed. These areas of discussion provided a background for under
standing the research and evaluation of the effects of solar radiation 
on 65/35 polyester/cotton fabric that was dyed or white and had FWAs.



CHAPTER 3

METHODS AND PROCEDURES

This investigation was designed to evaluate the effects of 
solar radiation on 63/35 polyester/cotton fabric in red, yellow, pink, 
and white. Unlaundered fabric was exposed to solar radiation and 
tested for thread count, tear strength, weight, retention of color, and 

retention of fluorescent whitening agents. This was done to determine 
what effect the sun had on the fabric. The physical testing of the 
unlaundered fabric was also compared to fabric that was laundered at 
105°F and then line-dried. The methods and procedures included fabric 
selection, preparation of fabric, treatment groups, exposure to solar 
radiation and other environmental elements, physical tests, and analysis 
of data.

Fabric Selection 

The fabric investigated was a 65/35 polyester/cotton blend 
fabric with a durable press finish. The fabric was manufactured by 

Springs Mills, Incorporated, under the tradename "Teeshot." The fabric 
was a poplin, plain weave, rib variation. FWAs were added to the poly- 
exter fibers of the fabric with disperse/naphthol flare red dye, dis

perse/ vat lemon peel yellow dye, and disperse/reactive pink glow dye.. 
FWAs were "added to both the polyester and cotton fibers in the white 
fabric.

31
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The unlaundered fabric was taken from the same bolts of fabric 
used in the laundry studies at The University of Arizona by Negri (1976) 

and Schwab (1979). Comparisons were possible since the same fabric was 

used for laundered and unlaundered sample's.

Preparation of Fabric
There were 15 samples each of the red, yellow, pink, and white 

fabric. Each sample was 24-1/2 inches in the warp direction and 22 
inches in the fill direction. After exposure, thread count was taken 
for each sample and then the fabric was cut into test specimens for 

tear strength, weight, retention of color, and retention of fluorescent 
whitening agents. The diagram for cutting the sample into specimens is 

shown in Figure 1.
In preparation for exposure to solar radiation, square pockets 

were constructed to hold thermometers so that fabric temperatures could 
be recorded. The pockets were made from four thicknesses of fabric 
which were taken from the same bolt as the sample. The sewing of the 
pockets was done by hand and they were placed five inches from one edge 
of the sample parallel to the warp,yarns and 10-1/2 inches from the 
other edge parallel to the fill yarns. The thermometers were placed in 
the pockets so that the bulb was not exposed to direct sunlight.

Prior to putting fabric samples into the sun exposure cabinets, 
the samples were sewn along the edges of the wire mesh screen frame. 

Samples were sewn by hand with matching mercerized cotton covered poly

ester thread for dyed samples and white mercerized cotton thread for
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white samples. After this preparation, the frames with the samples were 

placed in the sun exposure cabinets.

. . Treatment Groups

In this investigation there were four treatment groups and one 

control group for each fabric color. Within each group there were three 
samples.

Treatment groups were set up so that the sun exposure, deter
mined by langley units, corresponded to studies done with laundered 
samples at The University of Arizona (Negri, 1976;• Schwab, 1979). The 
average number of langley units received by each of the four treatment 
groups of each color in thfe laundry studies determined the amount of 
langley units that were received by the treatment groups in the sun 
exposure study. The approximate number of langley units of solar radia
tion for each treatment group in each color is shown in Table 1.

!

Exposure to Solar Radiation and Other 
Environmental Elements

After preparation, each frame with a fabric sample was placed in 
a sun exposure cabient located on the roof of the Home Economics 
Building at The University of Arizona. The Model DE-1 Outdoor 
Exposure Cabinets-were manufactured by the Atlas Electrical Devices 
Company. These cabinets were made of cold-rolled steel with a baked 
gray enamel finish. The bottom and back of the cabinets were louvered 

so that ambient air was able to circulate freely. At the top of the 
cabinet was a glass covering. The fabrics were mounted under glass at 
a 45° angle facing south. Each day during exposure the glass was



Table 1. Treatment Groups

Code
Average Number of Langley 

Units Received
Unlaundered Laundered Unlaundered Laundered

R-C C 000.0 000.0
R-S L120 1572.0 1591.5
R-T L140 3128.8 3167.7
R-U L 20 6382.8 6410.3
R-V L44° 12474.3 13364.1
Y-C C ooo.o 000.0
Y-S 1^20 1634.7 1643.5
Y-T 1^40 3138.6 3178.7
Y-U L420 6315.1 6604.1
Y-V L440 , 13049.9 12623.7
P-C C 000.0 000.0
P-S L-,20 3084.8 2958.9
P-T L-,40 5883.3 5960.0
P-U L420 7378.1 7342.9
P-V L440 14529.6 14563.8

W-C C 000.0 000.0
W-S L120 1654.0 1636.9
W-T L '40 3158.0 3157.6
W-U L420 6583.0 6599.4
W-V L440 12642.0 12470.3

R = Red fabric samples.
Y = Yellow fabric samples.
P = Pink fabric samples.
W = White fabric samples.
C = Control fabric samples.
S = The average number of langley units obtained in laundry studies when 

washed 20 times and line dried one hour. Laundered group is 
referred to as L]_20.

T = The average number of langley units obtained in laundry studies when 
washed 40 times and line dried one hour. Laundered group is 
referred to as L^40.

U = The average number of langley units obtained in laundry studies when 
washed 20 times and line dried four hours. Laundered group is 
referred to as L^20.

V = The average number of langley units obtained in laundry studies when
washed 40 times and line dried four hours. Laundered group is 
referred to as L^40.
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cleaned on both sides with a liquid cleaner to remove accumulated soil. 

Fresh filters were put in the sun cabinets at the beginning of this 

project.
Six exposure cabinets were used at the same time during the . 

investigation. Samples were put into the sun exposure cabinets and left 
there 24 hours a day until they had received the specified amount of 
langley units of solar radiation. .Langley units were recorded at the 
Department of Atmospheric Sciences at The University of Arizona.
Langley units were reported only weekly, so laboratory technicians 
estimated the number of langley units from previous langley informa
tion, air temperature, weather conditions, and day of the year. After 
samples had received the specified amount of solar radiation, they were 
removed from the exposure cabinets, taken to the textiles laboratory, 
and put in a closed cabinet so that there would be no more exposure.
New samples were then put in exposure cabinets. This process was 
continued until all samples had received the specified number of 

langley units.
The only time there was any deviation from this exposure pro

cedure was in rainy weather. The sample frames were then taken out of 

exposure -cabinets and stored in a dark, dry cabinet in the textile 
laboratory. When weather conditions again permitted proper exposure, 
the samples were returned to the exposure cabinets until the specified 

number of langley units were attained.
The unlaundered samples were exposed to approximately the same 

number of langley units as the laundered samples that were washed at 
105°F. These laundered samples were washed 20 or 40 times and
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line-dried for either one or four hours. The number of launderings and 
amount of exposure on the line was determined by treatment group.

In addition to solar radiation, other environmental conditions 

were recorded during this investigation. Fabric temperature readings 
were obtained from the thermometers in each sample pocket for fabric 
temperature. Readings were also taken from a sling psychrometer to find 
air temperature and relative humidity. Each day during exposure these 
readings were taken at 9:00 a.m., 12:00 noon, and 3:00 p.m. solar time 
+ five minutes. This environmental information is located in Appendix A.

Physical Tests '
When fabric samples had been exposed to the specified amount of 

solar radiation, the samples were taken to the textile laboratory for 

testing. The physical tests were performed on fabric samples from the 

treatment groups and the control groups. The tests included thread 

count, tear strength, retention of color, and retention of fluorescent 

whitening agents.
Each fabric sample was cut into test specimens in % specific 

manner for. each particular test that was performed. The cutting diagram 
for the test specimens is shown in Figure 1.

Thread Count
The method of determining thread count in this investigation 

was taken from Federal Specification Test Method 5050-1951 (United 
States Bureau of Standards, 1951). The thread count,was determined by 

the number of warp and fill yarns per square inch.. The Suter thread 

counter was the instrument used in this investigation^
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Thread count was measured prior to cutting the sample into test 

specimens. No special conditioning was done for this test. Five 
readings were taken both in the warp and fill directions. The location 
of each reading was such that different warp and fill yarns were counted 
in each reading. The five readings were averaged to determine thread 
count for the sample.

Tear Strength
Tear strength tests were performed according to ASTM Standard 

Test D 1424-63 (R1970) (ASTM, 1974, p. 276). This test determined the 
average force required to propagate a tongue-type tear starting from a 

cut in the fabric by means of a falling pendulum. The Elmendorf falling 
pendulum apparatus was used for this test.

From each sample five specimens were cut to test the fabric in 
the warp direction and five were cut to test the fabric in the fill 
direction. These specimens were cut by a die that was 102 mm by 75 mm. 

The specimens were cut so that each warp specimen had different warp 
yarns and each fill specimen had different fill yarns. Readings of warp 
and fill specimens were averaged separately to;determine the tear 
strength of each sample. .Prior to testing, specimens were - conditioned 
in the -Constant Temperature and Controlled Humidity Room. Tear 
strength tests were also conducted in this room.

Weight

Weight was determined by measuring the grams per specimen on 

the Mettier balance. The mechod used was set up by United States 
Testing Company, Incorporated.
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Four test specimens from each fabric sample were cut four inches 

by four inches for the weight calculations. These specimens were cut 
in such a manner that each had different warp and fill yarns.

Test specimens and weighing bottles were conditioned in the 
Constant Temperature and - Controlled Humidity Room. The bottles were 

conditioned and weighed for ten consecutive days to determine the 
average weight per bottle. After proper conditioning, specimens were 
placed in bottles and weighed on the Mettier balance. Since it was not 
possible to move the Mettler balance into the Constant Temperature and 
Controlled Humidity Room, specimens had to be taken to the balance which 
was located in the textile research laboratory. Tongs and chamois were 

used in the weighing process to prevent the addition of weight to 

bottles and specimens that might be contacted if human hands touched 
them. Four bottles were taken to be weighed at one time. Bottles were, 
conditioned after use for at least one hour before they were used again.

Weight of test specimens was calculated by subtracting the 
average weight of the bottle from the sum of the bottle weight and the 

specimen. Weights of the four test specimens were averaged to deter
mine weight of the sample.

Retention of Color. . :

The Hunter Color and Color-Difference Meter, Model D25, was 

used to measure the retention of color. This instrument measured color 
as seen in average daylight.

Two sets of specimens were tested from each fabric sample. One 
set consisted of four color difference specimens and the other set was
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composed of the four weight specimens. For each reading four thick
nesses of fabric were used. This was achieved by placing four speci

mens on top of each other.. The four thicknesses of fabric were in

serted into the Hunter Color and Color-Difference Meter and measurements 

were recorded.
Each group of specimens was read four times. Specimens were 

read and then turned 90° and measurements were again recorded. After 
two viewings of all specimens from a treatment group were completed, two 
more readings were taken. Specimens were taken in the reverse order 

from the first set of measurements, These last two readings were done 
on the two sides of the specimen that had not already been measured.

The Hunter Color and Color-Difference Meter was calibrated to 

a ceramic tile standard prior to testing. After proper calibration, 
specimens were put in a viewing window and readings were taken. When 
measurements were completed, the tile standard was used again to make 

sure the testing instrument had not drifted electronically.
The measurements taken on the Hunter Color and Color-Difference 

Meter were JL, ci, and Id, measured lightness with a range of zero to 

100, where zero represents black and 100 represents perfect white. 
Chromaticity dimensions were represented by the â and b_ readings. The 

_a reading measured redness when the reading was plus, gray when the 
reading was zero, and green when the reading was minus. The b̂ reading 
measured yellowness when the reading was plus, gray when the reading 

was zero, and blueness when the reading was minus (Hunter Associates 
Laboratory, Inc., 1970). Figure 2 illustrates these measurements of 
color.



L

Figure 2

]OO-White

Yallow+50

Green

-50 Blue —
+100+500-50-100

a - S c a 1 e

0-Black
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2Color: difference was calculated using the formula: AE = (AL +

2 2 1/2Aa + Ah ) ♦ AE is the total color difference which describes the

magnitude of the color change but does not give the direction.

Retention of Fluorescent Whitening Agents

The Hunter Color and Color-Difference Meter was also used to 

measure the retention of FWAs. To determine the fluorescence of fabric, 

one set of readings was taken with an ultraviolet absorbing filter. 

Another set of measurements was taken with no filter. The difference 

between the ultraviolet included Id value and the ultraviolet excluded b^ 

value was calculated. This method was used to estimate fluorescence 

because with the ultraviolet filter no ultraviolet light reached the 

fabric, which means only nonfluorescent color would be measured.

Analysis of Data 

Data were collected from tests on 65/35 polyester/cotton fabric 

in red, yellow, pink, and white. For each test and for individual en

vironmental conditions, there were specific data collection forms to 

record results and information. Analysis of this information was done 

at The University of Arizona using the College of Agriculture's Center, 

for Quantitative Studies' computer program, Statistical Package for 

Social Sciences, Version 6.0.5, which was developed by Vogelback Com

puting Center, Northwestern University (Nie et a!., 1975).

Environmental data were collected, but only the amount of sqlar 

radiation was used for statistical analysis. Physical tests, which 

included thread count, tear strength, weight, retention of color, and



retention of fluorescent whitening agents, were used for statistical 

analysis. The analysis of variance method was used to evaluate data. 

The F ratio was used to identify significant differences. In addition 

to the F ratio, the Student-Newman-Keuls list of multiple means com

parisons was used to show where significant differences existed. The 

Student-Newman-Keuls comparisons were used for unlaundered data only. 

The analysis was used to determine whether solar radiation had an 

affect on the physical testing of 65/35 polyester/cotton fabric at the 

.05 level of significance.



CHAPTER 4

RESULTS

This study was designed to evaluate the effects of solar radia

tion on the thread count, tear strength, weight, retention of color, 

and the retention of fluorescent whitening agents of 65/35 polyester/ 

cotton fabric. . Unlaundered samples were evaluated and then laundered 

samples were compared with the unlaundered samples. Data were collected 

from control groups and the treatment groups S and L^20, T and L^40,

U and L^20, and V„ and. L^50 for red, yellow, pink, and white fabric.

Each of these groups was exposed to a certain number of langley units 

of solar radiation which can be seen in Table 1.

The analysis: of .variance method was used to evaluate data. 

Interpretation of data was done by a one-way analysis of variance. The 

F ratio was used to determine significant differences in statistical 

findings. The Student-Newman-UCeuls list of multiple means comparisons 

was used to show where significant differences existed when unlaundered • 

samples were analyzed, When laundered and unlaundered samples were 

compared, significant differences were determined between'-the‘two . 

general groups. The Student-Newman-Keuls list of multiple means com

parisons was not used to show the specific place where significant 

differences existed.

The effects of solar radiation on thread count are discussed 

first, followed by tear strength, weight, the retention of color, and

44
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the retention of fluorescent whitening agents. For each of the physical 

tests, results of unlaundered samples are analyzed first. Next, the 

comparisons between laundered and unlaundered samples are presented.

Thread Count

The number of warp and fill yarns per square inch was calculated 

for each sample in five areas that had different warp and fill yarns.

The five readings of each sample were averaged to determine means. The 

means for samples are listed in Appendix B, Tables B.l, B.8, B.15, and 

B. 22.

Analysis of Unlaundered Samples 
After Sun Exposure

There was no significant difference in thread count for the red 

samples in the warp direction. According to F ratio, significant dif

ferences were found for red samples in the fill direction. The Student- 

Newman-Keuls list of multiple means comparisons did not show where the 

differences existed. The C and V groups had the highest thread count 

followed in decreasing number by T, U, and S groups. This information 

is shown in Table 2. There were significant differences in the warp 

direction of the yellow samples. The S group had the highest number of 

yarns followed in decreasing order by the V, Tj C, and U groups. The 

Student-Newman-Keuls list of multiple means comparisons found the S and 

V groups to be significantly different from the U group. This informa

tion is available- in Table 3. Yellow samples showed no significant 

difference in the fill direction.
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Table 2. Thread Count Fill Group Means of Unlaundered Red Samples

Measured by Yarns Per Inch

Treatment Group Means*

C 64.000 a

S 62.667 a

T 63.000 a

U 63.000 a

V 64.000 a

*Means within the same column having 
are not significantly different according to 
comparisons.

the same exponential letter 
Student-Newman-Keul1s

Table 3. Thread Count Warp 
Measured by Yarns

Group Means of Unlaundered Yellow Samples 
Per Inch

Treatment Group Means*

C 109.000 ab

S 110.667 b

T 109.333 ab

U 108.000 a

V 110.000 b

*Means within the same column having 
are not significantly different according to 
comparisons.

the same exponential letter 
Student-Newman-KeulTs
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Thread count of the pink samples exhibited significant differ

ences in both the warp and fill directions„ In the warp direction the U 

group had the highest number of yarns followed in decreasing order by 

the C, T, S, and V groups. The Student-Newman-Keuls list of multiple 

means comparisons found significant differences between the U and C 

groups. These groups were also significantly different from all other 

groups. In the fill direction the U group had the highest number of 

yarns followed in decreasing number by the C, S, T, and V groups. The 

Student-Newman-Keuls list of multiple means comparisons found that V 5 

C, and U groups were significantly different from the S and T groups. 

Information concerning pink thread count for unlaundered samples can be 

seen in Table 4.

In the analysis of white samples, no significant differences 

were found in the thread count in the warp direction. Significant 

differences were found to exist in the fill direction between the white 

samples. The C group had the highest number of yarns. The S, T, and 

U groups had equivalent means which were lower than the C group. The V 

group had the least number of yarns. The Student-Newman-Keuls list of 

multiple means comparisons showed the C group to be significantly higher 

than all other groups. This information is available in Table 5.

Comparisons of Laundered and 
Unlaundered Samples

Laundered and unlaundered red and pink samples exhibited no 

significant differences in thread count. This was true for both the 

warp and fill directions.
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Table 4. Thread Count Warp and Fill Group Means of Unlaundered Pink
Samples Measured by Yarns Per Square Inch

Treatment Group Warp

Means*

Fill

C 108.000 b 63.000 b

S 106.000 a 62.667 ab

T 106.667 a 62.000 ab

U 109.667 c 64.667 c

V 105.333 a 61.333 a

*Means within the same column having the same exponential letter 
are not significantly different according to Student-Newman-Keul1s 
comparisons.

Table 5. Thread Count Fill 
Measured by Yarns

Group Means 
Per Inch

of Unlaundered White Samples

Treatment Group Means*

C 53.667 c

S 53.000 ab

■■■■. ■- :■ ■ T . 53.000 ab

u 53.000 ab

V 52.333 a

*Means having the same exponential letter are not significantly 
different according to Student-Newman-Keul1s comparisons.
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There was a significant difference in thread count between 

laundered and unlaundered yellow samples in both the warp and fill 

directions. Unlaundered samples had thread counts that were signifi

cantly higher than did laundered samples. This information is 

illustrated in Figure 3.

For white samples, a significant difference in thread count was 

demonstrated in both the warp and fill directions. In the warp direc

tion unlaundered samples were found to have a significantly higher 

thread count than laundered samples. When individual treatment groups 

were dealt with, unlaundered groups S, T, and V showed higher thread 

counts than corresponding laundered groups L^20, 1^40, and L^40. The 

samples in .the unlaundered U group showed a lower thread count than the 

samples in the laundered group L^20. This can be seen in Figure, 3.

With all colors statistically combined, a significant difference 

was found to exist in thread count, both in the warp and fill directions, 

between laundered and unlaundered samples. Unlaundered samples exhibited 

higher thread counts than laundered samples. All individual unlaundered 

treatment groups showed higher thread counts than corresponding laundered 

treatment groups. This information is shown in Figure 4.

• ; - Tear Strength . ' . > ,•

The tear strength was determined by measuring the amount of force 

in grams required to continue a tear that has already been started.

Five warp and five fill specimens were tested for each sample in the 

treatment groups and the control group. The values were averaged and
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recorded for each'group. The sample group means are listed in Appendix 

B, Tables B.2, B.9, B.16, and B.23.

Analysis of Unlaundered Samples 
After Sun Exposure

No significant differences were shown for tear strength of red 

samples. This was true for both warp and fill specimens.

Significant differences in tear strength were demonstrated in 

both the warp and fill directions for yellow samples. In the warp 

direction the C group had the greatest tear strength followed in de

creasing order by the T, S, U, and V groups. The Student-Newman-Keuls 

list of multiple means comparisons found the C group to have a signifi

cantly higher tear strength than all other groups. The S and T groups 

had a significantly higher tear strength than the V group and a sig

nificantly lower tear strength than the C group. The V group was 

significantly lower in tear strength than the C, S, and T groups. In 

the fill direction the C group was found to have the greatest tear 

strength followed in decreasing order by the S, T, U, and V groups.

The Student-Newman-Keuls list of multiple means comparisons found the 

C group had a significantly greater tear strength than all other groups. 

The S group showed a significantly higher tear strength than the V group 

and a significantly lower tear strength than the C group. The V group 

was seen to have a significantly lower tear strength than both the C 

and S groups. Information concerning yellow tear strength may be 

found in Table 6.

For pink samples, significant differences in tear strength were 

seen in both the warp and fill directions. In the warp direction the C
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Table 6. Tear Strength Warp and Fill Group Means of Unlaundered Yellow
Samples Measured in Grams

Means*

Treatment Group Warp Fill

C 3086.667 c 1723.333 c

S 2886.667 b 1616.667 b

T 2890.000 b 1573.333 ab

U 2796.667 ab 1546.667 ab

V 2726.667 a 1523.333 a

*Means within the same column having the same exponential letter 
are not significantly different according to Student-Newman-Keulfs 
comparisons.

group had the greatest tear strength followed in decreasing order by the 

S, V, T, and U groups. The Student-Newman-Keuls list of multiple means 

comparisons displayed no significant differences between groups in the 

warp direction. In the fill direction the C group was found to have 

the greatest strength followed in decreasing order by the S, U, T, and

V groups. The Student-Newman-Keuls list of multiple means comparisons 

found the C group to be significantly higher in tear strength than the

V and T groups. This is shown in Table 7.

There were significant differences found in both the warp and 

fill directions for white samples. The C group had the greatest tear 

strength in the warp direction followed in decreasing order by the S,

T, U, and V groups. The Student-Newman-Keuls list of multiple means 

comparisons found the C and.S groups to have a significantly greater
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Table 7. Tear Strength Warp and Fill Group Means of Unlaundered Pink

Samples Measured in Grams

Treatment Group Warp

Means*

Fill

C 2886.667 a 1340.000 b

s 271-0.000 a 1173.333 ab

T 2430.000 a 1030.000 a

U . 2350.000 a 1126.667 ab

V 2440.000 a 973.333 a

*Means within the same column having same exponential letter 
are not significantly different according to Student-Newman-Keul's 
comparisons.

tear strength than T, U, and V groups. The T group was significantly 

higher in tear strength than the U and V groups and significantly lower 

in tear strength than the C and S groups. The U group was significantly 

stronger than the V group and significantly weaker than the C, S, and T

groups. The V group was found to have a significantly lower tear
V

strength than all other groups. In the fill direction the S group had 

the greatest tear strength followed in decreasing order by the C, T, U, 

and V groups. The Student-Newman-Keuls list of multiple means com

parisons found the C and S groups to have a significantly stronger tear 

strength than T, U, and V groups. The T group had a higher tear

strength than the U and V groups and a lower tear strength than the C

and S groups. The U group was found to have a significantly greater 

tear strength than the V group and a significantly lower tear strength
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than the C, S, and T groups. The V group was shown to be significantly 

weaker in tear strength than any other group. Tear strength informa

tion is displayed in Table 8.

Table 8. Tear Strength Warp and Fill Group Means of Unlaundered White 
Samples Measured in Grams

Means*

Treatment Group Warp Fill

C 2551.667 d 1441.667 d

S 2510.000 d 1473.333 d

T 2396.667 c 1381.667 c

U 2281.667 b 1310.000 b

V 2128.333 a 1221.667 a

*Means within the same column having the same exponential letter 
are not significantly different according to Student-Newman-Keul's 
comparisons. • . / : , „y. ■ ....... ..
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Comparison of Laundered and 
Unlaundered Samples

When laundered and unlaundered samples were compared for tear 

strength9 the same trend in results appeared for all individual color 

group comparisons. For red, yellow, pink, and white groups a signifi

cant difference was shown between laundered an unlaundered samples in 

both the warp and fill directions. Individual color treatment groups 

showed that all unlaundered groups were stronger than their corre

sponding laundered groups. This can be seen for red, yellow, pink, and 

white samples in Figure 5.

A significant difference in tear strength was also found to 

exist in" both the warp and fill directions between laundered and un

laundered samples. When statistically all colors were combined, un

laundered samples were significantly stronger than laundered samples.

All of the unlaundered treatment groups were found to be stronger than 

corresponding laundered treatment groups. This is shown in Figure 6.

Weight

The weight of four specimens per sample was averaged to deter

mine the weight means for each sample. The average number of grams per 

sample is listed in Appendix B, Tables B.3, B.10, B.17, and B.24."

Analysis of Unlaundered Samples 
After Sun Exposure

There were no significant differences in weight of red, yellow, 

or pink samples. When the white samples were evaluated, there were 

significant differences according to F ratio in the^weight calculations.
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The Student-Newman-Keuls comparisons did not show where the significant 

differences existed. The V*group was found to be the heaviest followed 

in decreasing order by the T, U, S, and C groups. The Student-Newman 

Keuls list of multiple means comparisons did not show where the sig

nificant differences existed. Weight information for white samples can 

be seen in Table 9.

Table 9. Weight Group Means of White Unlaundered Samples Measured in 
Grams

Treatment Group Means*

C 1.616 a

S 1.616 a

T 1.629 a

U 1.628 a

V 1.631 a

*Means within the same column having the same exponential letter 
are not significantly different according to Student-Newman-KeulTs 
comparisons.
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Comparison of Laundered and 
Unlaundered Samples

Weight of laundered and unlaundered samples exhibited signifi

cant differences for red, yellow, pink, and white samples. In an over

view of colors, weight of unlaundered samples was found to be signifi

cantly greater than weight of laundered samples. The individual un

laundered treatment groups, within each color group, were with one 

exception heavier than their corresponding laundered treatment group. 

This information is displayed in Figure 7.
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Figure 7. Weight Group Means of Laundered and Unlaundered Samples
Measured in Grams
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With all colors statistically combined, a significant difference 

in weight was found to exist between laundered and unlaundered samples. 

The unlaundered weight samples were significantly heavier than the 

laundered weight samples. When individual treatment groups were com

pared to their corresponding laundered treatment groups, all unlaundered 

groups were found to be heavier than laundered groups. This is shown in 

Figure 8.
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Figure 8. Weight Group Means of Laundered and Unlaundered Samples
with All Colors Statistically Combined Measured in Grams



Retention of Color 

Total color difference (AE) was measured by the Hunter Color 

and Color-Difference Meter, The mean sample values of _a? and 

readings were recorded and listed in Appendix B, Tables B.4, B.5, B.ll, 

B.12, B.18, B.19, B.25, and B.26.

Changes in chromaticity and reflectance were calculated from

_a, and b. ultraviolet included value means for sample groups
2 2 2 1/2according to the formula AE = (Alu 4- Aa + Âb ) , Total difference

values used to describe the magnitude of the color change are listed in

Appendix B, Tables B.6, B.13, B.20, and B.27.

Analysis of Unlaundered, Samples 
After Sun Exposure

Significant differences in color change were seen for each of 

the treatment and control groups in the color groups red, yellow, and 

white. Within each of these color groups, the Student-Newman-Keuls 

list of multiple means comparisons showed that V samples had the 

greatest amount of significant color change followed in decreasing 

order by U, T, and S samples, This can be seen in Table 10. '

There were significant differences in color change for pink 

samples, When pink samples were .evaluated, V samples were found to 

have the greatest change in color followed in decreasing order by T, U, 

and S samples, The Student-Newman-Keuls list of multiple means com

parisons showed that U and T samples were not significantly different 

from each other. It did show that V, S, and C samples were signifi

cantly different from all sample groups. This is shown in Table 10.
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Table 10. Color Difference (AE) Group Means with 
of Unlaundered Samples

Ultraviolet Included

Treatment
Group

Means*

Red Yellow Pink White

C . 144 a .157 a .192 a . 055 a

S 1.269 b 3.055 b 2.733 b .875 b

T 2.735 c 4.058 c 5.194 c 1.561 c

U 5.156 d 5.724 d 5.174 c 2.302 d

V 8.312 e 7.058 e 8.544 d 4.065 e

*Means within the same column having the same exponential letter 
are not significantly different according to Student-Newman-Keul7 s 
comparisons .

Comparison of Laundered and 
Unlaundered Samples

No significant difference in color was found to exist when red

laundered and unlaundered samples were compared. Red was the only

color where this was found to be true.

When yellow laundered and unlaundered samples were compared for

retention of color, a significant difference was found to exist.

Laundered samples showed more change in color than unlaundered samples.

This was true for all treatment groups except for L^20 and U as shown

in Figure 9.

A significant difference was also found to exist between 

laundered and unlaundered pink samples when analyzing color change. Un

laundered samples showed significantly more color change than laundered



Figure 9. Color Difference (AE) Group Means with Ultraviolet Included 
of Laundered and Unlaundered Samples
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samples. This was seen to be consistently true when looking at indi

vidual treatment groups. This is shown in Figure 9.'

Laundered white samples exhibited significantly greater color 

changes than unlaundered samples. When individual treatment groups 

were analyzed, the laundered groups L^20, L^40, and L^20 had signifi

cantly greater change than the corresponding unlaundered groups, S, T, 

and U. The laundered group L^40 had only a slightly lower color change 

than the unlaundered group V. This information is available in Figure 9.

With all colors statistically combined, the viewing of indi

vidual treatment groups showed that the unlaundered groups T, U, and V 

had slightly more color change than the corresponding laundered groups

L..40, L. 20, and L, 40. The unlaundered S group showed less color change 
1 4  4

than corresponding L^20 laundered group. It should be noted that the 

color difference between laundered and unlaundered groups was small.

This can be seen in Figure 10.

Retention of Fluorescent Whitening Agents 

The amount of fluorescence was estimated by using the sample 

mean values of the ultraviolet included b̂ value minus the,ultraviolet 

excluded Id value. This was seen to be the best estimation of fluores

cence since fluorescent whitening agents brighten a substrate by con

verting ultraviolet light into visible blue light and the b_ value repre- 7k 

sents this region. The Id values were calculated by the use of the 

•Hunter Color and Color-Different Meter. The estimates of the effect of 

fluorescence are listed in Appendix B, Tables B.7, B.14, B.21, and B.28.
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Analysis of Unlaundered Samples 
After Sun Exposure

No significant differences in fluorescence were seen for red

samples, This was also true of yellow samples.

For pink samples, there were no significant differences in the

amount of fluorescence. The U samples showed the greatest amount of

fluorescence followed in decreasing order by S, C, T, and V. samples.

The Student-Newman-Keuls list of multiple means comparisons found the U

group to have significantly more fluorescence than the V group. This is

shown in Table 11.

Table 11. Fluorescence— h Value Included Minus b_ Value Excluded Group 
Means of Unlaundered Pink and White Samples

Treatment Group Pink

Means*

White

C -4.079 ab -12.155 a

■■ s ;■ ‘ ■ .
' . -4.137 ab -12.105 a

T -4.079 ■ ab - -11.559 b

U -4.237 a -11.167 c

V -3.971 b -10.313 d

^Means within the same column having the same exponential letter 
are not significantly different according to Student-Newman-KeulT s 
comparisons.
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For white,samples, a significant difference was seen in the 

amount of fluorescence. The C samples showed the greatest amount of 

fluorescence followed in decreasing order by S, T, U, and V samples.

The Student-Newman-Keuls list of multiple means comparisons showed no 

significant differences between the C-and S groups. The T group had 

significantly more fluorescence than did the U group, which had signifi

cantly more fluorescence than did the V group. This information is also 

available in Table 11.

Comparison' of Laundered and 
Unlaundered Samples

In the red group, laundered samples had significantly more 

fluorescence than unlaundered samples. When individual treatment groups 

were examined, laundered groups consistently had more fluorescence than 

unlaundered groups. This is shown in Figure 11.

In the analysis of the yellow samples and fluorescence, no 

significant difference was found to exist between the laundered and un

laundered samples, Yellow was the only group where this was true.

When•analyzing the pink samples, the laundered samples had a 

significantly greater amount of fluorescence than unlaundered samples. 

The laundered samples in each individual treatment group consistently 

showed greater fluorescence than corresponding treatment groups of un

laundered samples. This can be seen in Figure 11.

Significant differences for fluorescence of white samples showed 

that unlaundered samples had significantly more fluorescence than 

laundered samples. Individual unlaundered treatment groups had
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consistently greater amount of fluorescence than laundered groups. This 

information is located in Figure 11.

Statistically all colors were combined to evaluate fluorescence 

of laundered and unlaundered samples. No significant differences were 

found to exist when these groups were compared.



CHAPTER 5

CONCLUSIONS AND RECOMMENDATIONS

This investigation was designed to evaluate the effects of solar 

radiation on the thread count, tear strength, weight, the retention of 

color, and the retention of fluorescent whitening agents of 63/35 

polyester/cotton fabric, unlaundered and laundered, in red, yellow, 

pink, and white. Results of physical tests were statistically analyzed 

to evaluate the effect of solar radiation. •

Results of Hypotheses

Hypothesis Number One

There were no significant differences in thread count, tear 

strength, weight, retention of color, and retention of fluorescent 

whitening agents when unlaundered red samples were compared; when un

laundered yellow samples were compared; when unlaundered pink samples 

were compared; and when unlaundered white samples were compared.

A partial rejection of the null hypothesis was indicated by the 

,data. There were significant differences in fill thread count and 

color change for the red samples. The greater the exposure time, the 

greater the color change. No significant differences were found for 

-.thread count in. the warp direction, tear strength, warp and fill, 

weight, and fluorescence. (



72

For yellow samples significant differences were demonstrated in 

thread count for warp yarns, for tear strength in both warp and fill 

directions, and in color change. A greater decrease in tear strength 

was seen with longer exposure. Color change increased with exposure 

time. Yellow samples showed no significant differences for thread count 

in the fill direction, weight, and fluorescence.

Significant differences were exhibited by pink samples in thread 

cound for both warp and fill yarns, tear strength in both the warp and 

fill directions, color, and fluorescence. When exposed to solar radia

tion, decreases in tear strength were shown. In general, the more 

exposure, the greater the color change. Pink samples did not show sig^ 

nificant differences in weight.

White samples showed significant differences in thread count for 

fill yarns, tear strength for warp and fill direction, weight, color, 

and fluorescence. . For thread count fill, the longer the sun exposure, 

the greater the loss in thread count. In general a greater decrease in 

tear strength was seen when samples were exposed to longer amounts of 

solar radiation. Color change was greater with increased exposure. A 

greater loss of.fluorescence was experienced as exposure time was 

increased. The warp yarns of thread count did not demonstrate sig

nificant differences.

Hypothesis Number Two

  There were no significant differences in thread count, tear

strength, weight, retention of color, and retention of fluorescent 

whitening agents when laundered and unlaundered red samples were
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compared; laundered and unlaundered yellow samples were compared; 

laundered and unlaundered pink samples were compared; and when laundered 

and unlaundered white samples were compared.

The data indicated a partial rejection of the null hypothesis. 

When laundered and unlaundered red samples were compared significant 

differences were found to exist in tear strength in both the warp and 

fill directions, and in weight and fluorescence. Unlaundered red 

samples had higher tear strength, were heavier, and had less fluores

cence than laundered samples f No significant differences were seen 

between laundered and unlaundered samples in thread count for warp or 

fill yarns and color change.

Yellow samples exhibited significant differences for both the 

warp and fill directions.of tear strength, weight, and color when 

laundered and unlaundered samples were compared. Unlaundered samples 

showed a higher thread count, stronger tear strength, and were heavier 

than laundered samples. The laundered samples were seen to have more 

color change than unlaundered samples. No significant difference in 

fluorescence was seen when the two groups were compared.

Comparisons between laundered and unlaundered pink samples 

showed significant differences to exist in tear strength for both the 

warp and fill directions, weight, color, and fluorescence. Unlaundered 

samples were stronger as -measured by tear strength and heavier by weight 

than laundered samples. No significant differences were demonstrated 

in thread count for pink samples.

White samples showed significant differences between laundered 

and unlaundered samples for thread count, both directions; tear
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strength, both directions; weight; color; and fluorescence- Unlaundered 

samples had higher thread counts, greater tear strengths, were heavier, 

and had a greater amount of fluorescence than laundered samples. For 

all white treatment groups except one, laundered samples nsd more color 

change than unlaundered samples.

Hypothesis Number Three

There were no significant differences in thread count, tear 

strength, weight, retention of color, and retention of fluorescent 

whitening agents between - laundered and unlaundered samples when all 

colors were statistically combined.

The null hypothesis was partially rejected as indluated by the 

data. Significant differences were seen to exist between laundered and 

unlaundered samples in reread count for both warp and fill yarns, tear 

strength in both warp and fill directions, weight, and color. Un- / 

laundered samples demonstrated higher thread counts, grearsr tear 

strengths, greater weigins, and greater color change than laundered 

samples, No significant! differences were seen in the fluorescence when 

laundered and unlaundered samples were compared.

Conclusions

Results from this investigation support previous research done. 

In the review of literature, it was stated that textiles are affected^ 

by environmental conditions. The degradation may be most visibly seen 

in the alteration of color. Also, glass has an effect on the rate of 

textile degradation. The following conclusions uphold previous 

findings.



75

Results from this investigation indicated that solar radiation 

affected 65/35 polyester/cotton fabric. Both laundered and unlaundered 

fabric showed degradation to a certain extent when exposed to solar 

radiation. When analyzing the unlaundered samples, the most pronounced 

effect was that of color change. All samples showed alterations- in 

color when exposed to solar radiation. A correlation existed between 

color change and exposure time. The longer the fabric was exposed, 

the greater the color change.

This investigation also showed that unlaundered fabric1s ex

posure to solar radiation was accompanied by a decrease in tear strength. 

Results indicated that in most instances the longer the fabric was 

exposed, the greater the tear strength loss. This may have been due to 

a breakdown of the cotton fiber.

No conclusions could be drawn from thread count results, 

fluorescence values, or weight of unlaundered samples. The data showed 

that solar radiation had a significant effect on these three factors.

Laundered fabric samples yielded different results from un

laundered fabric samples. Since laundry treatments included an expo

sure to solar radiation, specifically the laundering procedures were 

isolated as having had an additional effect of fabric tested.

In all cases, unlaundered-samples exhibited greater tear 

strengths than laundered samples. This indicated that launder treat

ments had a degrading effect on the fabric. This was probably due to a 

loss of the finish and loss of cotton fiber during laundering procedures. 

The laundered samples may have experienced a decrease in tear strength
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due to abrasion caused by the washer or the blowing wind during drying 

procedures.

Weight testing showed that unlaundered samples were heavier than 

laundered samples. From this, it was concluded that laundry treatments 

degraded the fabric. Possibly removal of the finish and fiber from 

laundry cycles can explain these results. It may also have been that 

the unlaundered samples accumulated dust or soil from the ambient air 

that flowed through the exposure cabinets.

Differences in fluorescence values were seen between laundered 

and unlaundered samples for two of the colors investigated. Laundered 

samples demonstrated higher fluorescence values. This was probably due 

to the fact that laundered samples were washed with a detergent con

taining fluorescent whitening agents. Also, unlaundered fabric was 

exposed under glass, so the ultraviolet rays which are the most de

structive part of solar radiation are somewhat filtered out.

Positive conclusions could not be drawn for thread count or 

color change between laundered and unlaundered samples. To a degree 

higher thread counts were seen in unlaundered samples. This may mean 

that there was a loss in fiber when laundered- samples were subjected to 

washing treatments. No clear trends emerged for color change between 

the two groups. .

In summary, unlaundered fabric was affected by solar radiation 

in a negative manner. Degradation was seen in the fabric. The in

vestigation showed that, in general, laundered samples exhibited 

greater degradation than unlaundered samples, Since laundered samples 

were exposed directly to solar radiation, while unlaundered samples
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were exposed under glass, this was seen to be a factor that contributed 1 

to the greater amount of degradation in the laundered fabric,

Recommendat ions

As with any research, a larger sample sizê  would have increased 

the power of the statistics. This may or may not have changed the 

analysis, but it would have increased the validity of the research.

Limiting the number of variables also would have made results 

more conclusive. One way this could have been achieved would be to 

have all fabric with the same class of dyes.

The unlaundered samples in this study were exposed to approxi

mately the same number of langley units that laundered samples of the 

same color received after a certain amount of time of exposure. Since 

all colors were not exposed at the same time of the year, each of the 

laundered groups received varying amounts of langley units. Conse

quently, unlaundered samples of the same treatment group did not 

receive the same amount of langley units. If future studies were de

signed that .examined solar radiation effects on unlaundered fabric, all 

samples within the same treatment group should receive the same amount 

of langley units. This would make comparisons between colors of the 

same treatment groups{more conclusive.

One way the effects* of environmental conditions other than solar 

radiation might be better understood, would be if part of the test 

fabric was shielded from solar radiation during exposure procedures.

This would enable an evaluation of the effects of these other environ

mental conditions.
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This investigation was carried out over a period of time. Thus, 

fabrics were exposed to solar radiation during different times of the 

year. Since the -laundered samples were exposed -for either one or four 

hours at a time? this meant a different number of langley units was 

received during the different seasons. Future studies involving 

exposure of fabric samples could have more conclusive results if they 

were exposued during the same season of the year. This would also mean 

that testing would be done at relatively the same time and that possible 

effects of fabric aging would not interfere with results. This would 

also help control the number of variables.

A particular fabric may give performance in use, but applied 

finishes may limit its serviceability (Lyle, 1977, p. 110). The 

finishes may have had an effect on the outcome of the physical tests. 

Chemical tests for nonfibrous material as set up by AATCC could be 

performed to give an indication of the effect that finishes may have 

had on results of physical testing. Testing for finishes should be done 

on fabric before exposure and at the different withdrawal levels 

according to the investigation design. This evidnece may give more 

support to results.

Results may also be affected by the fiber content of the fabric.

, Fiber content may not be in the same proportions after testing proce

dures. When two different fibers are present in a fabric, physical 

testing results may have been affected by the actual fiber content 

after exposure. The fiber content after exposure could be analyzed by 

AATCC methods. This may also provide a better understanding of results.



79

The method of determining retention of fluorescent whitening 

agents was achieved by an estimation provided by measurements from the 

Hunter Color and Color-Difference Meter. No test exists that is 

specifically designed to measure fabrics that have fluorescent whitening 

agents applied to them (Lyle, 1977, p. 109). If more than one test was 

performed or if a more sensitive test were developed to determine fabric 

fluorescence, results might be more conclusive.

Replication of this study in other geographic locations may give 

a clearer picture as to the effects of environmental conditions. An 

area with a high relative humidity and an area with low temperatures 

would be good considerations because they would be very different from 

Tucson, Arizona.

Expansion of this type of research could include investigations 

of other colors, dye classes, finishes, fiber content, and fabric 

weaves and knits. Information could be utilized to predict service

ability to those textile products that come into contact with solar 

radiation and/or other environmental conditions.

The consumer should be made aware of research in the field of 

textiles. A consumer publication could let the consumer know that solar 

radiation damages' textiles. It would inform them of correct drying pro

cedures and tell the consumer that exposure to the sun will cause 

degradation to cloth.

It is important to expand on this study by utilizing these 

recommendations. Many important findings could emerge that may be 

especially useful to the consumer.



APPENDIX A 

ENVIRONMENTAL STATISTICAL DATA

Table A.I. Fabric Temperature Means of Unlaundered Red Samples

Times of Temperature Readings3

Sample Beginning Midpoint End

si 100.9 140.7 134.6

S2 101. 3 143.6 136.4

S3 101.8 153.2 131.0

T1 111.4 151.2 117.3

T2 112.0 154.8 118.8

T3 112.6 141.5 114.8

U1 110.7 143.6 127.2

U2 110.6 141.0 124.7

U3 112.2 145.4 128.3

V1 115. 8 146.4 125.1

V2 ‘
114.4 145.9 124.9

V3 109.4 145.8 126.6

^Degrees Fahrenheit.

80
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Table A.2. Relative Humidity Means of Unlaundered Red Samples

Treatment Group

Per-Cent of Relative Humidity

Beginning Midpoint End

S 31.2 20.4 7.0

T 21.7 18.4 20.2

D 18.9 16.9 16.1

V 23.3 15.-2 11.4

Table A.3. Air Temperature Means of Unlaundered Red Samples

Time of Temperature Readings3'

Treatment Group Beginning Midpoint End

S 71 82 88

T 78 . 80 84

U 77 87 85

V 85 91 93

^Degrees Fahrenheit
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Table A.4. Fabric Temperature Means of Unlaundered Yellow Samples

Times of Temperature Readings3

Sample Beginning Midpoint End

si 95.6 116.2 110.8

S2 94.4 114.1 105.8

S3 96.2 112.3 107.6

T1 110.9 137.6 126.2

T2 . 112.1 137.9 126.5

T3 112.1 139.1 126.5

U1 • 104.6 153.2 131.2

U2 104.6 152.3 128.9

U3 105.4 155.4 131.2

V1 .
104.6 152.0 127.8

V2 105.6 150.0 127.8

V3 105.7 150.2 126.8

^Degrees Fahrenheit
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Table A.5. Relative Humidity Means of Unlaundered Yellow Samples

Treatment Group

Per Cent of Relative Humidity

Beginning Midpoint End

S 14.6 8.8 10.6

T 30.3 15.8 15.8

U 32.6 21.5 21.0

V 38.4 30.2 27.3

Table A. 6. Air Temperature Means of Unlaundered Yellow Samples

Times of Temperature Readings3

Treatment Group Beginning Midpoint End

s 84 94 88

T 8.4 91 92

U 90 98 98

V ' 87 93 93

‘̂ Degrees Fahrenheit
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Table A. 7. Fabric Temperature Means of Unlaundered'Pink Samples

Times of Temperature Readings3

Sample Beginning Midpoint End

si 100.2 98.9 102.6

S2 141.4 141.8 143.3

S3 122.6 120.8 123.9

T1 93.8 104.4 91.0

T2- 145.4 151.5 144.6

T3 ' 123.5 124.1 126.0

U1 93.5 134.0 112.7

U2 92.6 135.0 115.1

U3 94.0 136.7 116.3

V1 .
92.9 134.3 114.5

V2- 95.3 133.7 112.6

V3 94.1 136.1 115.6

^Degrees Fahrenheit
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Table A. 8. Relative Humidity Means of Unlaundered Pink Samples

Treatment Group

Per Cent of Relative Humidity

Beginning Midpoint ' End

S 46.1 38.7 34.2

T 47.2 35.4 29.2

U 42.5 30.7 27.1

V 41.5 26.9 24.0

Table A.9. Air Temperature Means of Unlaundered Pink Samples

Times of Temperature Readings^

Treatment Group Beginning Midpoint End

S 79 85 86

T 72 84 86

U , 65 76 79

V 62 76 78

^Degrees Fahrenheit
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Table A.10. Fabric Temperature Means of Unlaundered White Samples

Times of Temperature Readingsa

Sample Beginning Midpoint End

si 96.8 - 118.9 117.9

S2 95.5 122.0 116.6

S3 95.5 124.3 116.6

T1 97.3 127.9 118.8

T2 ' 100.9 134.1 123.3

T3 98.9 129.2 120.6

U1 93.6 129.7 115.0

U2 ... 94.1 . 129.2 113.5

U3 88.9 126.9 112.1

V1 94.1 129.4 114.4

V2 95.0 132.1 117.0

V3 93.7 128.5 114.8

^Degrees Fahrenheit
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Table A.11. Relative Humidity Means of Unlaundered White Samples

Treatment Group

Per Cent of Relative Humidity

Beginning Midpoint End

S 21.0 17.0 6.7

T 19.2 14.0 7.2

U 28.2 15.3 14.4

V 25.7 13.6 12.8

Table Table A.12. Air Temperature of Unlaundered White Samples

Times of Temperature Readings3,

Treatment Group Beginning Midpoint End

S 78 , 82 88

T 79 86 90

. H 67 80 83

V - 80 83

^Degrees Fahrenheit

f



APPENDIX B 

STATISTICAL DATA FOR PHYSICAL TESTING

Table B.1. Thread Count Sample Means for Warp and Fill Yarns Per Square 
Inch——Red

Sample Warp Fill

ci 108.000 64.000

C2 108.000 63.000

C3 109.000 65.000

S1 108.000 62.000

S2 106.000 63.000

S3 108.000 63.000

T1 107.000 63.000

T2 108.000 63.000

T3 108.000 63.000

U1 108.000 63.000

U2 108.000 63.000

U3 107.000 63.000

V1 108.000 64.000

V2 107.000 64.000

V3 108.000 64.000

88
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Table B.2. Tear Strength Sample Means for Warp and Fill in Grams--Red

Sample Warp Fill

ci 2310.000 1340.000

C2 2410.000 1310.COO

C3 2990.000 1020.C00

S1 2720.000 1290.C00

S2 2840.000 1250.COO

S3 2760.000 1220.C00

T1 .
2710.000 1240.C00

T2 2240.000 1190.C00

T3 2750.000 1250. COO

' U1 2780.000 1200.000

U2 2810.000 1230.COO

U3 2850.000 1220.COO

' V1 2820.000 1190.COO

V2 2730.000 1260.COO

V3 2780.000 1250.COO
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Table B.3. Weight Sample Means in Grams-— Red

Sample Means

ci '
1.129

C2 1.497

C3 1.457

S1 1.477

S2 1.467

S3 1.457

T1 1.476

T2 1.490

...........  ' t3 1.491

U1 1.493

U2 1.479

U3 1.478

V1 1.471

V2 1.485

V3 1.505

/
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Table B.4. Ij, â, and Value Sample Means with Ultraviolet Included—  

Red ~

Sample L Value a Value b Value

ci 37.950 57.512 20.350

C2 39.275 57.475 20.338

C3 37.975 57.538 20.300

S1 . • 27.650 56.513 19.900

S2 37.750 56.475 19.950

S3 37.913 56.125 19.763

T1 37.550 54.913 19.388

T2 37.663 54.850 19.338

T3 37.700 55.212 19.325

U1 37.662 52.775 18.788

U2 37.738 52.650 18.700

U3 37.738 52.450 18.650

V1 38.662 49.338 17.538

V2 38.100 49.775 17.750

V3 38.462 49.825 17.700



Table B.5. L, a.
Red

and tb 'Value Sample Means with Ultraviolet

92

Excluded-’-

Sample Ij Value a Value b Value

ci 37.675 58.438 20.562

C2 37.625 58.378 20.525

C3 37.738 58.412 20.525

S1 37.725 57.775 20.400

S2 37.300 57.088 20.062

S3 37.588 56.738 20.012

T1 37.175 55.475 19.600

' T2 37.150 55.400 19.550

T3 37.362 55.225 19.525

U1 - 37.312 53.275 19.025

U2 37.438 53.275 19.000

U3 37.412 53.025 18.912

V1 38.375 49.862 17.838

V2 37.913 50.262 18.075

Vq 38.100 50.062 17.962
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Table B. 6. Color Difference ('AE) Value Sample Means with Ultraviolet 
Included--Red

Sample Means

C1 .1189

C2 .2108

C3 .1010
51 1.161

52 1.145

53 1.502

T1 2.808

T2 2.865

T3 2.532

V1 4.994

U2 5 - 134

U3 5.339

V1 8.654

V2 8.151

V3 8.130
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Table B.7. Jd' Value Included Minus Value Excluded Sample Means-^-Red

Sample Means

C1 -.212
C2 -.187

C3 -.225

51 -.500

52 -.112
53 -.249

T1 -.212
T2 -.212
T3 -.200
U3 -.237

U'2 -.300

U3 -.262

V. ' -.3001
V2 -.325

V3 -.262



Table B.8. Thread Count 
Inch— Yellow

Sample Means for Warp
95

and Fill Yarns Per Square

Sample Warp Fill

C1 110.000 56.000

C2 108.000 56.000

C3 109.000 56.000

S1 - 110.000 56.000

S2 110.000 56.000

S3 112.000 56.000

T1 109.000 ■ 56.000

T2 110.000 56.000

T3 109.000 56.000

U1 108.000 56.000

U2 108.000 56.000

U3 108.000 56.000

V1 110.000 56.000

V2 110.000 56.000

v. 110.000 56.000
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Table B.9. Tear Strength Sample Means for Warp and Fill in Grams-:—  
Yellow

Sample Warp Fill

ci 3090.000 1740.000

C2 3060.000 1700.000

C3 3110.000 1730.000

S1 2830.000 1560.000

S2 2880.000 1600.000

S3 2950.000 1690.000

T1 2870.000 1590.000

T2 2890.000 1580.000

T3 2910.000 1550.000

U1 2770.000 1520.000

U2 2820.000 1560.000

U3 2800.000 1560.000

V1 2670.000 1500.000

V2 2830.000 1540.000

V3 2680.000 1530.000
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Table B.10. Weight Sample Means in GramS'-T-Yellow

Sample Means

C1 1.611

C2 1.586

C3 1.583

51 1.595

52 1.580

53 1.620

T1 1.587

T2 1.588

T3 1.580

U1 1.602

U2 1.610

U3 1.596

V1 1.597

V2 1.627

V3 1.622
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Table B. 11. L, _a, and Value Sample Means with "Ultraviolet Included—  

Yellow •

Sample L Value _a Value b Value

ci 82.900 -7.088 46.213

C2 83.038 -7.200 46.500

c3 83.138 -7.188 46.400

S1 81.188 -5.850 43.988

S2 81.175 -6.000 44.325

S3 81.188 -6.063 44.425

T1 80.750 -5.488 43.213

T2 80.638 -5.850 43.863

T3 80.775 -5.450 43.213

U1 80.075 -4.475 42.025

U2 80.050 -4.463 42.238

U3 80.363 -4.775 42.175

V1 80.300 -4.338 40.450

V2 80.125 -4.175 40.450

V3 80.063 -4.426 40.850
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Table B. 12. L,, a., and Jb Value Sample Group Means with Ultraviolet
Excluded— Yellow

Sample Value _a Value Value

C1 82.713 -7.038 46.025

C2 82.900 -7.138 46.163

C3 82.913 -7.113 46.213

S1 80.975 ■ -5.763 . ■ 43.850

S2 80.963 -6.038 44.338

S3 80.975 -6.000 44.163

T1 80.625 -5.450 43.088

T2 80.713 -5.900 43.638

T3 80.513 -5.850 43.788

U1 79.938 -4.525 41.975

U2 79.888 -4.438 42.175

U3 80.213 -4.750 42.075

V1 80.125 -4.163 40.413

V2 79.025 -3.975 40.375

Vo 79.875 -4.188 40.700
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Table B.13. Color Difference (AE) Value Sample Means with Ultraviolet 

Included— Yellow

Sample Means

ci . 213

C2 .136

C3 .120

S1 3.281

S2 2.992

S3 2.891

T1 4.235

T2 3.701

T3 4.237

U1 5.898

U2 5.762

U3 5.511

V1 7.102

V2 7.236

V3 6.835
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Table B. 14. Td Value Included Minus Id Value Excluded Sample Means- 
Yellow

Sample Means

C1 .188

C2 .337

C3 .187

51 .138

52 -.013

53 .262

Tx .125

T2 .225

T3 -.575

U1 .050

U2 .063

U3 .100
V1 .037

V2 .075

V3 .150
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Table B.15. Thread Count Sample Means for Warp and Fill Yarns Per

Square Inch— Pink

Sample Warp Fill

C1 108.000 63.000

C2 108.000 63.000

C3 108.000 63.000

51 106.000 62.000

52 106.000 63.000

53 • 106.000 63.000

T, 108.000 62.000JL
T2 106.000 62.000

T3 106.000 62.000

U1 110.000 64.000

U2 109.000 66.000

U3 110.000 64.000

V1 105.000 61.000

V2 ■ 105.000 61.000

V3 106.000 62.000
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Table B.16. Tear
Pink

Strength Sample Means for Warp and Fill in Grams’—

Sample Warp Fill

C1 2940.000 1330.000

C2 2850.000 1350.000

C3 2870.000 1340.000

S1 2750.000 1110.000

S2 2590.000 1220.000

S3 2790.000 1190.000

T1 2050.000 920.000

T2 2640.000 940.000

T3 2600.000 1230.000

U1 2510.000 1120.000

U2 2540.000 1150:000

U3 2000.000 1110.000

V1 2400.000 1070.000

V2 2460.000 1020.000

V3 2460.000 830.000
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Table B.17. Weight Sample Means in Grams— Pink

Sample Means

C1 ■ 1.486

C2 1.481

C3 1.467

S1 1.481

S.2 1.509

S3 1.491

T1 1.478

T2 1.474

T3 1.470

U1 1.491

U2 1.475

U3 1.501

1.500

V2 1.502

V3 1.484
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Table B. 18. a., and b. Value Sample Means with Ultraviolet Included-r-^
Pink ""

Sample L Value ja Value b Value

ci 64.426 52.750 -6.738

C2 64.175 53.075 —6.800

C3 64.138 53.075 -6.713

S1 65.675 50.988 -8.025

S2 65.800 50.850 ' -8.038

S3 65.588 51.138 -8.100

T1 67.038 48.800 -8.200

T2 66.925 49.100 -8.150

T3 67.513 48.900 -8.338

U1 67.350 49.100 -8.250

U2 67.150 49.625 -8.538

U3 67.650 48.863 -8.350

V1 68.825 45.988 -8.400

V2 68.638 46.338 -8.525

V3 69.038 45.550 -8.350
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Table B. 19. _L, a., and b̂ Value Sample Means with Ultraviolet Excluded-—

Pink

Sample _L Value _a Value b̂ Value

C1 r 63.940 50.813 -2.650

C2 ' 63.725 51.125 -2.713

C3 63.663 51.188 -2.650

S1 65.750 49.288 -3.925

S2 65.800 49.013 -3.863

S3 65.638 49.363 -3.963

T1 67.113 47.075 -4.163

T2 66.975 47.425 -4.100

T3 67.063 46.850 -4.188

U1 66.938 47.038 -4.163

U2 66.725 47.638 -4.213

U3 66.225 46.750 -4.050

V1 68.413 44.113 -4.475

V2 68.213 44,400 -4.488

Vo 68.600 43.650 -4.400
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Table B.20. Color Difference
Included—r-Pink

CAE); Value Sample Means- with Ultraviolet

Sample Means

. ci ,281

C2 .138

C3 .157

sa 2,753

S2 2.925

S3 2.639

T1 5.221

T2 4.908

T3 5.453

U1 5,180

U2 4.774

U3 5.556

V1 8.508

V2 8.147

V3 8.974
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Table B. 21. lb 'Value Included Minus Ti Value Excluded Sample Means-^-Pink

Sample Means

ci -4.088

C2 -4.087

C3 —4.063
1

S1 -4.100

S2 -4.175

S3 -4 .'137

T1 -4.050

T2 -4.050

T3 -4.150

U1 -4.087

U2 -4.325

U3 -4.300

V1 -3.925

V2 -4.037

• V3 -3.950
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Table B.22. Thread Count Sample Means for Warp and Fill Yarns Per

Square Inch-^White

Sample Warp Fill

C1 106.000 54.000

C2 107.000 53.000

C3 106.000 54.000

51 106.000 53.000

52 109.000 53.000

53 108.000 53.000

T, 106.000 53.000

T2 107.000 53.000

T3 107.000 53.000

U1 106.000 53.000

U2 107.000 53.000

U3 106.000 53.000

V1 106.000 53.000

V2 106.000 52.000

V3 106.000 52.000
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Table B.23. Tear Strength Sample Means for Warp and Fill 

White
in Grams—-

Sample Warp Fill

Cl. 2590.000 1410.000

C2 2510.000 1425.000

C3 2555.0-0 1490.000

S1 2495.000 1505.000

S2 2470.000 1450.000

S3 2565.000 1465.000

, T1 2415,0-0 1395.000

T2 2365.000 1375.000

T3 2410.000 1375.000

U1 2260.000 1310.000

U2 2300.000 1310.000

U3 ' 2285.000 1310.000

V1 2140.000 1230.000

V2 2125.000 1200.000

V3 2120.000 1235.000
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Table B.24. Weight Sample Means in Grams— White

Sample Means

C1 1.608

C2 1.620

C3 1.619

51 1.613

52 1.619

53 1.615

T1 1.628

1'2 1.622

T3 1.636

.V1 1.634

U2 1.626

U3 1.623

V1 1.627

V2 1.637

Vg 1.627
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Table B. 25. _L, a., and Value Sample Means for Ultraviolet Included—
White

Sample L, Value â Value Id Value

C1 90.888 4.450 -8.088

C2 90.938 4.400 -8.088

C3 90.950 4.325 -8.125

S1 90.838 3.800 -7.563

S2 90.738 3.700 -7.550

S3 90.763 3.750 -7.463

T1 90.938 3.525 -6.738

T2 90.938 3.575 -6.750

T3 90.963 3.600 -6.838

U1 90.963 3.425 -6.050

U2 90.788 3.350 • -6.050

U3 90.725 3.363 -6.013

V1 90.313 2.938 -4.325

V2 90.463 2.888 -4.338

V3 90.425 2.950 -4.375
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Table B.26. L, a., 
White

and b Value Sample Means for Ultraviolet Excluded—

Sample L Value a Value b Value

C1 71.075 -1.975 4.050

G2 71.088 -1.950 4.063

C3 71.100 -1.938 4.050

S1 71.175 -2.125 4.575

S2 71.100 —2.163 4.575

S3 71,. 100 -2.100 4.588

. T1 71.300 -2.213 4.775

T2 71.288 -2.238 4.813

T3 71.275 -2.213 • 4.763

U1 71.200 -2.325 5.038

U2 ' 71.163 -2.350 5.138

U3 71.100 -2.350 5.213

V1 70.850 -2.425 6.000

V2 70.888 -2,413 5.988

V3 70.825 -2.413 5.913
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Table B. 27. Color Difference (7SE) Value Sample Means with Ultraviolet 
Included— White

Sample Means

C1 .069

C2 .019

C3 .075

51 .804

52 .903

53 .918

T1 1.614

T2 1.578

T3 1.490

U1 2.266

U2 2.303

U3 2.335

V1 4.091

V2 4.077

V3 4.025
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Table B, 28. lb Value Included Minus Tj Value Excluded Sample Means— White

Sample Means

ci -12.138 y

C2 -12.151

C3 -12.175

S1 -12.138

S2 -12.125

S3 -12.051

T1 -11.513

T2 -11.563

T3 -11.601

U1 -11.088

. U2 -11.188

U3 -11.226

V1 -10.325

, -10.326

V3 -10.288
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