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ABSTRACT

This investigation was designed to determine the 
effects of environmental elements on the color retention 
and durability of 65/35 polyester/cotton blend fabric with 
disperse-reactive dyes and durable press and soil release 
finishes. The colors of fabric used were intense shades 
of red, blue, and yellow. Data were collected from un- 
laundered and from laundered and line-dried fabric samples. 
Fabric samples were exposed to zero, approximately 1,349, 
2,836, 5,551, and 11,627 langley units of solar radiation 
and to varying amounts of other environmental elements.
The tear strength, weight, and color retention of the fabric 
were studied.

As the number of langley units to which the fabric 
samples were exposed increased, the color retention of the 
fabric tended to decrease. The combined effects of the 
other environmental elements appeared to be secondary to 
solar radiation in reducing the color retention of the 
fabric. There was also a decrease in the tear strength 
of the fabric. This appeared to be due to the combined 
effects of all of the environmental elements on the fabric. 
The tear strength, weight, and color retention were lower



in the laundered fabric samples than in the unlaundered 
fabric samples.



CHAPTER 1

INTRODUCTION

Easy care properties in a textile product were 
important to the consumer (StoUt 1970, p. 378) . The 
color and colorfastness of a textile product was also 
an important aspect of its acceptability to the consumer 
(Joseph 1972, p. 318). Applying finishes to dyed fabric 
often altered the original characteristics of the fibers 
in the fabric and created problems in achieving both easy 
care properties and good dye retention in the same fabric 
(Schnider and Schouten 1969). Certain dyes when used with 
durable press and soil release finishes made the fabric 
more susceptible to degradation from various environmental 
elements. The purpose of this investigation was to 
evaluate the effect of environmental elements including 
solar radiation, humidity, temperature, and atmospheric 
contaminants on polyester/cotton blend fabric with 
disperse-reactive dyes and durable press and soil release 
finishes

. Importance of the Study 
The use of durable press and soil release finishes 

on polyester/cotton blend fabrics was one method of



providing consumers with easy care textile products= A 
durable press finish enabled the fabric to retain its 
shape and resist wrinkling throughout the life of the 
textile product. A soil release finish enabled the fabric 
to resist soiling and release soil (Hollen and Saddler 
1973, p, 235).

Despite the many advantages of having durable 
press and soil release finishes applied to polyester/ 
cotton blends, several problems were created due to their 
use. The chemicals used in durable press finishing 
weakened the cellulosic fiber resulting in a loss in 
tear strength, breaking strength, and abrasion resistance 
(Joseph 1972, p. 299). An affinity for hard'-to-remove 
soil became a problem because of the oleophilic property 
of the durable press resin and of the polyester fiber 
(Hollen and Saddler 1973, p. 235). Color loss also became 
a problem because the resins used for both durable press 
and soil release finishes promoted a partial transfer 
of the disperse dye from the polyester fiber to the 
resin-'-containing cotton fiber thereby making the fabric 
more susceptible to fading from atmospheric contaminants. 
In addition, a catalyst often used in the durable press 
finishing process was found to promote fading due to 
atmospheric contaminants (Schnider and Schouten 1969).



It was known that exposure of fabric to environ
mental elements such as sunlight, temperature, humidity, 
and atmospheric contaminants caused degradation to fibers 
and color change in the fabric (Joseph 1972, p. 325 and 
Schmitt 19.62) . The nature or concentration of the dye, 
the presence of various environmental conditions including 
temperature, humidity, and contaminants, and the intensity 
of the sunlight were interrelated factors which influenced 
the rate of degradation (Egerton 1956 and Schmitt 1962). 
These factors could affect the wear life, normal durability 
and the colorfastness of a textile product.

To insure knowledge of the behavior character
istics of various types of textile fabric, testing under 
a wide variety of exposure conditions was needed (Schmitt 
1962), By being able to define the performance levels 
of durable press fabric, home economists could assist the 
consumer and encourage industry to maintain quality 
standards (Fortess 1966).

Problem Statement
The purpose of this investigation was to evaluate 

the combined effects of selected environmental elements 
on the color retention and durability of three colors of 
65/35 polyester/cotton blend fabric. The fabric used was 
treated with durable press and soil release finishes and 
was dyed with disperse-reactive dyes. The selected



environmental elements considered were solar radiation, 
temperature, humidity, and atmospheric contaminants.
Fabric that was laundered and exposed to environmental 
elements for line drying was compared with unlaundered 
fabric samples exposed to environmental elements with 
respect to color retention, weight loss, and tear strength 
of the fabric. The colors of the fabric investigated were 
intense shades of the three primary colors-— red, blue, 
and yellow.

Hypotheses
The investigation was conducted to consider the 

effects of solar radiation measured in langley units, 
temperature, humidity, and atmospheric contaminants on 
dyed 65/35 polyester/cotton blend fabric. In order to 
evaluate the effects of solar radiation and the other 
environmental elements on the color retention, tear 
strength, and weight loss of the fabric, the following 
null hypotheses were considered:

1, There will be no significant difference in 
the tear strength, weight, and color retention of each 
of the three colors of the polyester/cotton blend fabric 
samples when exposed to approximately 1,349, 2,836,
5,551, and 11,627. langley units of solar radiation.

2. There will be.no significant difference in 
the tear strength, weight, and color retention of each



of the three colors of the polyester/cotton blend fabric 
samples when exposed to approximately equal amounts of 
langley units of solar radiation.

3. There will be no significant difference in 
the tear strength, weight, and color retention of each of 
the three colors of laundered and unlaundered fabric 
samples when exposed to approximately equal amounts of 
langley units of solar radiation.

Assumptions and Limitations 
All of the samples of the 65/35 polyester/cotton 

blend fabric used in the investigation were manufactured 
by one company and purchased at one store. The sampling 
system used, therefore, was not a random one.

The fabric samples in each of the three colors 
were cut from the same bolts. It was, therefore, assumed 
that the fabric samples were uniform in tear strength, 
weight, and dye retention, and that the fibers and yarns 
were identical in length, fineness, twist, and strength.

Due to a limited number of sun exposure cabinets, 
each segment of each treatment group of fabric samples 
was exposed to the desired approximate number of langley 
units at separate times. This created variables in en
vironmental and weather conditions. In addition, since 
the study was conducted outdoors, it was impossible to 
isolate the specific effects that solar radiation,
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temperature, humidity, and atmospheric contaminants each 
had on the fabric samples.

Definition of Terms
1. AATCC;'— the American Association of Textile 

Chemists and Colorists*
2. Abrasion Resistance:— the ability of a fabric 

to withstand surface friction such as rubbing.
3. Ambient Air:-— the air surrounding the fabric 

sample in the- sun exposure cabinet.
4. ASTM: —nthe American Society for Testing and 

Materials, ' ■
5. Blend: — -the combination of different fibers 

mixed together in the same yarn.
6 . Colorfastness;~-the ability of a dyed fabric

to retain its original color during laundering and exposure 
to sunlight and other environmental elements.

7. Conditioning:— stabilizing fabric at 70O±2°F. 
and 65% ± 2% relative humidity.

8 . Constant Temperature and Controlled Relative 
Humidity Room;— 'the room which was maintained at a tem
perature of 70° ± 20 F. and at a relative humidity of 
65% ± 2 %.

9. Control S a m p l e s those fabric samples which, 
were not laundered or exposed to environmental elements.
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10. Disperse Dyes.--a class of dyes whose par- 

t i d e s , which when held in colloidal suspension, attached 
themselves to the fiber surface and dissolved, rendering 
the fiber colorfast to washing and to light.

11. Disperse-Reactive Dyes:— dyestuff composed 
of both disperse and reactive dye pigments, The disperse 
dye pigments colored the polyester fiber, and the reactive 
dye pigments colored the cellulosic fiber.

12. Durability;— the measure of weight, tear 
strength, and colorfastness in fabric.

13. Durable Press Finish;— a finish applied to 
fabric to enable it to retain its shape and resist 
wrinkling during normal wear and laundering throughout 
the life of the textile product.

14. Environmental E l e m e n t s various climatic 
conditions which normally occurred outdoors including solar 
radiation, humidity, temperature, and atmospheric con
taminants ,

15. Eppley Pyroheliometeran instrument used 
to measure solar radiation in langley units. it was 
connected to a recording instrument that drew a daily 
graph of the data.

16. Hue;--the position of the color on the color 
wheel or in the color spectrum. Hue was often synonomous 
for the name of the color.



17, Intensity;— the saturation or strength of 
the color,

18, Langley Unit:'— a measure of solar radiation 
equal to one gram-calorie per square centimeter of ex
posed area.

19, Permanent Press Finish;•^-synonomous with 
Durable Press Finish.

20, Reactive Dyes;-— dyes which reacted chemically 
with the cellulosic fibers under alkaline conditions to 
impart color.

21, Sling P s y c h r o m e t e r a hygrometer comprised 
of two thermometers, one wet and one dry bulb, which 
measured air temperature and relative humidity.

22, Soil Release Finish:— a chemical finish 
applied to fabric to give it hydrophilic and oleophilic 
properties in order to facilitate stain removal.

23, Solar Radiation;— the transmission of radiant 
energy by the sun to the surface of the earth.

24, Solar Time;-^a system of reckoning time 
determined by the position of the sun in the sky with 
the high point of sun radiation being at 1 2  noon and. 
varying 11 to 37 minutes from Mountain Standard Time.

25, S p e c i m e n a piece of fabric cut from the 
sample of a correct size for a specific test.
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26. Sun Exposure Cabinet:-~a metal cabinet of a 

convenient size constructed so as to allow free access 
of ambient air to all test specimens and covered with 
window glass to protect the specimens from elements of 
weather.

27, Tear Strengths-^the force required to continue 
a tear previously started in a fabric.

28. Value;--the lightness or darkness of a color 
with white being the lightest and black being the darkest.

29, Weight; *— the number of grams measured in a 
fabric test specimen.



CHAPTER 2

REVIEW OF LITERATURE

The use of polyester/cotton blend fabric increased 
from 200 million yards in 1960 to 2,250 million yards 
in 1970 ("Single Dye System for Polyester-Cotton Blends," 
American Dyestuff Reporter 1971). Both performance and 
quality in these fabrics were important to the consumer 
of the 1970's (Elkins 1971), Consumers had the right to be 
given information concerning the end-use performance of 
the textile products that they purchased ("Consumerism,
A Live Issue in Textiles," American Fabrics 1971).

Durable Press Finish 
The durable press concept was called a natural 

outgrowth of wash and wear (Cowan and Jungerman 1969, 
p, 197), The first durable press fabrics^— then called 
permanent press fabrics— were marketed in the early 
1960 * 8  by Koret of California under the trade name of 
Koratron (Holien and Saddler 1973  ̂ p. 232) , These fabrics 
were made from 1 0 0  per cent cotton.

Due to the chemicals used in the durable press 
resin, the application of durable press finishes to cotton 
caused a reduction in tear strength, abrasion resistance,

10



and breaking strength of the cellulosic fiber (Joseph 
1972, p, 299), To help alleviate this problem, cotton 
was blended with polyester or nylon fibers (Deynes 1966),
The majority of durable press fabrics were polyester/cotton 
blends. The polyester fiber was not affected by the 
finishing chemicals and maintained its strength and 
abrasion resistance in the fabric (Stultz 1966). Polyester/ 
cotton durable press fabrics were credited with having 
excellent crease retention and wrinkle resistance and 
good strength and wear qualities (Deynes 1966).

Two major theories were used to explain how dur
able press finishing was used to create easy care fabrics. 
The first theory stated that the finishing resins built a 
memory into the fiber so that it always returned to the 
size and shape it had during the finishing operation.
The second theory, known as the cross-linking theory, 
stated that the finishing resins reacted chemically with 
the cellulose fibers so that the fiber molecules laying 
parallel to each other became crosslinked. When the 
fibers were moved, they experienced a strain, but when 
the strain was removed, they returned to their original 
position. Durable press finishes used a cross-linking 
resin, a metal catalyst, a softening agent, a fulling 
agent, and a wetting agent. The use of these chemicals



on the fibers created both advantages and disadvantages 
for the consumer (Joseph 1972, pp. 299-300).

Soil Release Finish 
One disadvantage of durable press fabrics was 

that they had a tendency to pick up and hold oily spots 
and stains. Both the resin finish used for durable press 
and the polyester fiber were hydrophobic and oleophilic. 
They absorbed oil-borne stains easily but did not absorb 
water to facilitate stain removal. This meant that the 
oily soil would not come out of the fabric during washing 
It was, therefore, necessary for the fabric to be dry- 
cleaned or spot-cleaned (Hollen and Saddler 1973, p. 235) 
The fact that such high concentrations of cross-linking 
resins were necessary for durable press finishing ac
centuated the problem of soil retention (Pingree 1968),

In answer to the problem of soiling, the soil 
release finish was developed to insure ease of care for 
durable press fabrics. The soiling of a textile product 
could occur in three ways: (1 ) by physical contact,
(2) by static attraction, and (3) by redeposition during 
washing (Perry 1968), Soil release finishes enabled the 
fabric to resist soiling, release soil, and resist re
deposition of the soil from the wash water (Hollen and 
Saddler 1973, p. 235), However, these finishes did.not 
last the life of the garment. They also could cause a
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reduction in the durable press qualities of the textile 
fabric and could cause some color loss (Joseph 1972, p. 
298)* Still, when properly applied to fabrics which in 
turn were appropriately cared for, these finishes could 
impart excellent soil release properties to textile 
fabrics (Pingree 1968).

Selection of Dyestuffs
Fabrics with excellent colorfastness properties 

were demanded by consumers. The selection of dyestuffs 
that assured excellent color performance of the dyed 
fabric was therefore of great importance to the manu
facturer (American Home Economics Association 1970, 
p. 53). The choice of dyestuffs was dependent upon the 
compatibility of the dye with the fiber, any subsequent 
finishing operations, and the intended end use of the 
fabric (Cowan and Jungerman 1969, pp. 221 and 226).

Disperse dyes were often used to dye polyester 
fibers. The disperse dye pigments attached themselves 
to the fiber surface and dissolved in the fiber. They 
gave polyester fibers good colorfastness to light, 
laundering, and dry cleaning. However, when exposed to 
oxides of nitrogen from the atmosphere, they were subject 
to fume fading (Joseph 1972, p. 324).

I
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Reactive dyes were primarily used for dyeing 

cotton fibers„ The reactive dye pigments reacted chemi
cally with the cellulose fiber to impart color. Reactive 
dyes exhibited good to excellent colorfastness to light, 
dry cleaning, and fume fading (Joseph 1972, p. 327).

To achieve even dyeing of a blended fabric, it 
was often necessary for the dyer to mix several dyes in 
one dye bath (Cowan and Jungerman 19.69, p. 223). This 
process was called union dyeing (Hollen and Saddler 1973, 
p, 210). In dyeing polyester/cotton blend fabrics, 
reactive dyes were often used in combination with disperse 
dyes. The disperse dye pigments colored the polyester 
fibers in the blend, and the reactive dye pigments colored 
the cotton fibers in the blend.

With the development and use of durable press and 
soil release finishes on polyester/cotton blend fabrics, 
problems were created in producing colorfast fabrics.
The high temperatures used in the durable press finishing 
process caused the transfer of the disperse dye to the 
softener in the finishing resin thereby making the fabric 
more susceptible to fading. The metal catalyst, used in 
the finishing resin also reacted with some types of 
disperse dyes and became soluble in the finish. The 
migration of the disperse dye to the resin led to a loss 
in colorfastness to light, dry cleaning, crocking.
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perspiration, and atmospheric gases (SaIvin 1966 and 
Schnider and Schouten 1969). Soil release finishes used 
in combination with durable press finishes on polyester/ 
cotton blends further decreased the colorfastness of the 
fabric.

In the 1970ls, a single dye system for polyester/ 
cotton blends was developed by E. I. duPont de Nemours 
and Company, Incorporated. The system, called Dybln, 
could be used satisfactorily with a wide range of finishes 
including durable press and various types of repellent 
finishes. It provided industry with a process for dyeing 
polyester/cotton blend fabrics with the same dye. The 
dye was a new dye which was related to the disperse dye 
family ("Single Dye System for Polyester-Cotton Blends," 
American Dyestuff Reporter 1971).

Through research, dyestuff manufacturers developed 
dyes which fulfilled consumer demands for colored fabrics 
that provided lasting pleasure if the color was properly 
applied and the fabric properly cared for (Joseph 1972, 
p. 318). Yet, the consumer, in making intelligent buying 
decisions, needed to be aware that colorfastness of 
durable press fabrics was often reduced, thereby shortening 
the wear life of the textile product (Hollen and Saddler 
1973, p. 215 and Cowan and Jungerman 1969, p. 237).
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Weathering of Textile Materials 

The exposure of textile materials to the elements 
of the weather, specifically sunlight, caused degradation 
to textile fibers, The action of the sunlight resulted in 
a breakdown of the fiber*s molecular chain at the fiber's 
surface (Singleton, Kunkel, and Sprague 1965) . The presence 
of dye in the fiber markedly increased the chemical reac
tion. Factors that affected the rate of fiber degradation 
included (1 ) the nature of the fiber, (2 ) the nature and 
concentration of the dye, (3) the atmospheric conditions
present, (4) the temperature, and (5) the nature of the 
sunlight (Egerton 1956).

Solar radiation was recognized as one of the 
greatest contributing factors to color change in fabric 
(Norton 1957), The exposure of fabric to light was also 
considered to be a matter over which the consumer had 
little or no control. It was a semicontinuous or coh- 
tinuous reaction on dyed fabric. Lightfastness testing 
of dyed fabric was necessary in order to accurately 
predict the end-use colorfastness of a textile product 
for the consumer and to reduce confusion between manu
facturers and consumers (Schmitt 1960).

Fabric could be tested for lightfastness either 
by exposure to artificial light in the laboratory or by 
exposure to natural sunlight and weather conditions
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(Schmitt 1960), In sunlight testing, samples were ex
posed under glass to sunlight. The exposure periods were 
calculated by the sun hour, an hour during which the 
intensity of solar radiation received was greater than .823 
gram-calories per square centimeter per minute (Caryl 
1960), This method was commonly called the Sun-Hour Test 
Method (Norton 1957)»

The amount of solar radiation received from one 
year to the next was variable. Even greater variations 
occurred during shorter units of time. It was, therefore, 
unreliable to use time as a basis for measuring sun ex
posure periods because it was not valid and reproducible. 
Other components of the weather including temperature, wind, 
humidity, and atmospheric contaminants were also variable. 
The most appropriate unit for timing exposure periods was 
a unit which correlated all components of the weather. 
However, such a unit did not exist (Caryl 1960),

The amount and intensity of solar radiation 
received on an exposed area was measured by langley units. 
One langley unit was equal to one gram-calorie'of radiant 
energy per square centimeter of exposed area. The 
langley unit served to integrate time and intensity of 
radiation. Since the amount of radiation received was 
the greatest contributing factor to color change in fabric.



researchers agreed that it was the best unit for measuring 
sun exposure periods (Caryl 1960 and Norton 1957) .

During the 1950 ̂ s, researchers concentrated on 
the determination of the best method for sunlight exposure 
of fabrics using the langley unit for timing the exposure 
period. Several investigations were conducted throughout 
the United States. The fabrics tested were varied by 
fiber content and dye type. They were exposed to sunlight 
under glass by one of three methods-- (1 ) exposure of the 
fabric continuously for 24 hours, (2) exposure of the
fabric from 9:00 a.m, to 3:00 p.m. Solar Time, and (3) 
exposure from 3:00 p.m. to 9:00 a.m. Solar Time. It 
was found that when fabric was exposed to the same number 
of langley units, the sum of fading experienced in the 
methods of exposure from 9:00 a.m. to 3:00 p.m. Solar 
Time and from 3:00 p.m. to 9:00 a.m. Solar Time correlated 
closely with the amount of fading experienced by the 
exposure of fabric samples continuously for 24 hours. 
Researchers, therefore, concluded that the amount of 
color loss in fabric was in proportion to the number of 
langley units to which the fabric was exposed and was 
dependent upon the amount of and intensity of light to 
which the fabric was exposed (Norton 1957) .

In 1956, a task group was established by the 
American Association of Textile Chemists and Colorists
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Committee on Colorfastness to Light» The purpose of this 
task group was to evaluate the method of exposing fabric 
to light for 24 continuous hours and the method of ex
posing fabric to light from 9:00 a.m. to 3:00 p.m. Solar 
Time. The results of their investigation showed that 
fabric samples that were exposed to light for 24 con
tinuous hours experienced the most fading (Norton 1957).
It was noted that during the night, the temperature 
dropped, and the air became more humid. Therefore, the 
fabric retained moisture from the air which contained a 
variety of contaminants. As the temperature during the . 
day rose f the humidity became lower and the temperature of 
the fabric samples began to evaporate and left behind 
contaminants which reacted with some dye-fiber combinations 
(Schmitt 1960),

The conclusions that the task group reported to 
the committee were that the total amount of radiation 
received by fabric was the greatest contributing factor 
to the amount of color change that occurred„ They also 
stated that the amount of color change was also affected 
by specimen temperature, moisture content, radiation 
intensity, spectral distribution, and possibly other fac
tors not yet recognized or identified. It was concluded 
that the method of exposure of fabric continuously for 24 
hours f though not as reproducible f was a better predictor
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of the service performance of fabric than the method of 
exposure of fabric under glass from 9:00 a.m. to 3:00 
p.m. Solar Time (Norton 1957},

One of the factors in sunlight exposure that con
tributed to the fading of fabrics, was atmospheric con
taminants (SaIvin 1958). These contaminants included 
both oxides of nitrogen and ozone, and they could react 
on the fabric either simultaneously with light or in the 
absence of light (Beloin 1972 and Salvin 1964). Among 
some of the noticeable effects of atmospheric contaminants 
on fabric were the fading of durable press garments and 
strength losses in both natural and synthetic fibers.
('*Air Pollution Survey May Aid in Quest for Non-fading 
Dyestuffs," American Dyestuff Reporter 1968). Fading due 
to atmospheric contaminants occurred in acetate, nylon, 
wool, cellulosic, and polyester fibers (Beloin 1972).

Oxides of nitrogen in the air were derived pri
marily from automobile exhaust. They were also derived 
from natural sources such as electrical storms. Acetate, 
nylon, wool, polyester, and cellulosic fibers were faded 
by oxides of nitrogen. Dyes with a free amino group in 
their structure were vulnerable to fading due to oxides 
of nitrogen. Among the dyes which were subject to fading 
by oxides of nitrogen were disperse and reactive dyes 
(Salvin 1964),
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Ozone, which was present in significant concen

trations in both urban and rural locations, was derived 
from photochemical action on oxygen. Oxides of nitrogen 
and hydrocarbons acted as catalysts in these reactions. 
Ozone, being highly reactive, reacted with most dyes 
including both disperse and reactive dyes. Blue dyes 
tended to exhibit the highest degree of fading by ozone.
The fading rate of dyes by ozone was largely dependent 
upon the position of the dye in the fiber. The chemical 
reaction between ozone and the dye depended upon the 
solubility and diffusion of ozone on the fiber surface.
High humidity facilitated the absorption rate of the ozone 
and served to increase its concentration (Salvin 1964).
Ozone also caused degradation to both natural and syn
thetic fibers (Brysson, Trask, and Cooper 1968 and Yocum 
1958). Durable press fabrics dyed with disperse dyes 
demonstrated fading due to ozone. This was especially 
apparent when softeners were used in the durable press 
finishing operation (Lyon 1966).

The results of research investigations conducted 
on fading due to atmospheric contaminants showed that an 
appreciable amount of fading occurred in the absence of 
sunlight. The high temperature and humidity alone had 
little effect on fading. However, when atmospheric
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contaminants were present, the high temperatures and 
humidity appeared to increase fading (Beloin 1972).

Consumerism Movement in the 1970*s 
The 1970‘s was called the decade of the consumer 

in which emphasis was placed not on the product or on the. 
product manufacturer but on consumer demands and satis
faction. Consumers wanted information on the fiber con- ~ 
tent, the care, and the warranties and guarantees of the 
textile products that they purchased. They expected 
fashion, comfort, and ease of care in the textile products 
purchased for both garments and home furnishings (Elkins
1971). The product information demanded by consumers 
could guide them in the selection of products that could 
provide them with greater end-use satisfaction (Fortess
1972).



CHAPTER 3

METHODS AND.PROCEDURES

The purpose of this investigation was to study 
the effects of environmental elements on the color re
tention, tear strength, and weight of dyed 65/35 polyester/ 
cotton blend fabric with durable press and soil release 
finishes. Environmental elements considered included 
sunlight, air temperature, relative humidity, atmospheric 
contaminants, and fabric sample temperature.

Selection and Preparation of Fabric
Data were collected from 45 fabric samples con

structed from 65 per cent polyester and 35 per cent 
cotton with durable press and soil release finishes.
The fabric was dyed with disperse-reactive dyes in in
tense shades of red, blue, and yellow. There were 15 
samples each of the colors, red, blue, and yellow.

The fabric, manufactured by Klopman Mills, 
Incorporated, was purchased from a department store in 
Tucson, Arizona. The bolts of fabric were cut into 
samples which measured 24^ inches along the warp and 2 2  

inches along the fill. A square pocket, constructed of 
a separate piece of the same fabric, was sewn onto each

23
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fabric sample by hand. This pocket was sewn five inches 
in from one edge of the fabric sample parallel to the 
warp yarns and ten and one half inches in from another 
edge of the fabric sample parallel to the fill yarns.
The pocket, made from four thicknesses of fabric, held a 
thermometer used for measuring the fabric sample tem
perature during sunlight exposure, thereby shielding the 
thermometer bulb from exposure to direct sunlight.

The fabric samples used were cut from the same 
bolts as were fabric samples used in a laundry investiga
tion conducted at The University of Arizona (Wesolowski 
1974), Data collected in this investigation were compared 
to data collected from specimens of the laundered and 
line-dried fabric samples.

Establishment of Treatment Groups 
Five treatment groups for the exposure of the 

fabric samples were established. Nine fabric samples, 
three of each color, were randomly assigned to each 
treatment group. The treatment groups were varied ac
cording to length of sun exposure period as measured by 
langley units,.

The amount of sun exposure to which the fabric 
samples used in the laundry investigation were exposed 
(Wesolowski 1974) was measured in langley units on an 
Eppley pyroheliometer located at the Environmental
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Research Laboratory, The University of Arizona. The 
average number of langley units received by four treat
ment groups in the laundry investigation were calculated.
A description of each of the four treatment groups and 
the average number of langley units to which each treat
ment group was exposed is presented in Table 1.

As previously mentioned, fabric samples used in 
this investigation were randomly assigned to five treat
ment groups. The first treatment group of fabric samples 
was the control group. Each of the remaining four treat
ment groups of fabric samples were exposed to sunlight 
and other environmental elements until the fabric samples 
had received approximately the same number of langley 
units as the treatment groups in the laundry investiga
tion had received. Therefore, the four remaining treat
ment groups were to be exposed to 1,349, 2,836, 5,551, 
and 11,627 langley units of solar radiation respectively.

Before exposure to sunlight and other environmental 
elements, each fabric sample was assigned a code which 
was printed in ink in the lower left hand corner along 
the fabric selvage. Each sample was coded according to 
the treatment group in which it was placed and the color 
of the fabric. In addition, since there were three 
fabric samples of each of the three colors in a treatment 
group, the samples of each color were numbered with a 1 ,
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Table 1, Description of treatment groups

used in the laundry investigation.

Code Treatment Group
Average Langley 
Units Received

ULC Control fabric
samples None

L ^ ' - 2 0 Fabric samples 
washed 2 0  times,
line dried 1  hour 1,349

Li"4*) Fabric samples 
washed 40 times,
line dried 1  hour 2,836

1*4^20 Fabric samples 
washed 2 0  times.
line dried 4 hours 5,551

tr1 tit*. 1 o Fabric samples 
washed 40 times.

-
line dried 4 hours 11,627

2, or 3, The code of each fabric sample enabled the 
researcher to distinguish between the fabric samples being 
tested. The coding system that was used is presented, in 
Table A,1 (Appendix A).

Procedure for Exposure to Solar Radiation 
and Other Environmental Elements

Each fabric sample was sewn along the sample edges 
onto wire mesh screens with mercerized cotton thread and 
were placed in sun exposure cabinets manufactured by the
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Atlas Electrical Devices Company. The cabinets, con
structed from metal, were louvered underneath so that air 
could circulate in the cabinet, and the cover of the 
cabinet was made from glass. The fabric samples, when 
placed in the sun exposure cabinets, faced south at a 
45 degree angle.

The sun exposure cabinets were located on the 
roof of the Home Economics building at The University of 
Arizona, Tucson, Arizona, The Home Economics building 
was 139 feet high.

During the exposure of the fabric samples, the 
amount of langley units of solar radiation was measured 
and recorded on the Eppley pyroheliometer in the Environ
mental Research Laboratory. The measurements were graphed 
per hour.daily but were posted only once each week. To 
compensate, it was necessary to approximate the number 
of langley units received on certain days until the actual 
data could be obtained. When approximating the langley 
units of solar radiation received for a given day, the 
day of the year, the air temperature attained on that day 
and the weather conditions for that day were observed,

The fabric samples remained in the sun exposure 
cabinets continuously for.24 hours per day except during 
periods of adverse weather conditions and for periods 
when fabric sample temperatures, air temperature, and
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relative humidity readings could not be measured by the 
researcher, During these time periods, the screens holding 
the fabric samples were removed from the sun exposure 
cabinets and were stored in a dark, dry storage cabinet 
located in a textile laboratory.

The exposure periods for the fabric samples were 
divided into three cycles. Three fabric samples per 
treatment group-— one red sample, one blue sample, and one 
yellow sample-^-were exposed to sunlight and other environ
mental elements at a time. This constituted a segment 
equal to one-third of one treatment group. The fabric 
samples remained in the sun exposure cabinets until 
exposure to the desired approximate number of langley 
units for each treatment group was attained. Then a 
segment equal to one-third of another treatment group 
was exposed to environmental elements« This procedure 
was continued until one-third of each treatment group had 
been exposed to environmental elements. This constituted 
one exposure cycle.

■ The order in which the three fabric samples of 
each treatment group in an exposure cycle were exposed 
to environmental elements was rotated. In order to ensure 
that there was no bias involved in the selection of en
vironmental elements to which each treatment group was 
exposed, the rotation sequence was randomly assigned.
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Table 2 indicates the rotation sequence of the fabric 
samples by treatment group for each exposure cycle. .

The fabric samples were also rotated by color so 
that each sun exposure cabinet was used for the exposure 
of a different color during each of the three exposure 
cycles. The rotation sequence used for the rotation of 
color is shown in Table 3.

Once every day during the exposure of the fabric 
samples to environmental elements, the glass lids covering 
the fabric samples in each sun exposure cabinet were 
cleaned with a liquid glass cleaner. This was done to 
remove any accumulated dirt and soil from the glass.

Temperature readings were taken from ther-  ;
mometers in each fabric sample pocket at 9:00 a.m., 12:00 
noon, and 3:00 p.m. Solar Time + five minutes. At the 
same times that fabric sample temperature readings, were 
taken, air temperature and relative humidity readings 
were measured with a sling psychrometer. Daily high and 
low temperature and humidity readings were also recorded.

On September 21, 1973, the concentration of ozone 
present in the sun exposure cabinets and in the immediate 
proximity of the sun exposure cabinets was measured.
This was done to determine whether concentrations of 
atmospheric contaminants, specifically ozone, inside of 
the sun exposure cabinets were similar to the concentrations



Table 2, Rotation sequence of unlaundered fabric samples 
in exposure cycles.

Exposure Average Langley
Cycles Fabric Samples Units Received

Z~Ai' Z-B1, Z-C3 11,627
Y"A1 Z Y-Blf Y-Cl 5,551
W-Alf W~Bj f w-c^ 1,349
X"A1' X-B1 , x-c2 2,836

w -a 2, w -b 2, W - C 2 1,349
y -a 2, y -b2 ,

Y - C 2
5,551

Z-A2 , Z-B 2 ' z-c2 11,627
x-A2 , x -b2, X-C2 2,836

r X-B3  , X~c 3 2,836
w-A3 , W-B3 , w*~ĉ 1,349
z- a3 , Z-B , z-c3 11,627
Y-A3 , Y-B3 , y -c 3 5,551

Table 3. Rotation sequence of unlaundered 
fabric samples by color.

Cabinet Exposure Cycle
I II . Ill

1
2
3

Red Yellow Blue
Blue Red Yellow
Yellow Blue Red
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of atmospheric contaminants outside of the sun exposure 
cabinets. The measurements were made on a Mine Safety 
Appliance Toxic Gas Analyser manufactured by the Mine 
Safety Appliance Company. The readings obtained showed 
that there were .05 parts per million of ozone in the air 
outside of the sun exposure cabinets and .04 parts per 
million of ozone in the air inside the sun exposure 
cabinets. The two ozone readings indicated that there 
was negligible difference in the concentrations of ozone 
both inside of and outside of the sun exposure cabinets.
From this information, it was assumed that the levels of 
concentrations of atmospheric contaminants present in 
the air both inside of and outside of the sun exposure 
cabinets were similar. Therefore, data collected on the 
concentrations of atmospheric contaminants present in the 
air could be used in evaluating the possible effects that 
they might have on the durability and color retention of 
the fabric.

During the periods of exposure of fabric samples 
to environmental elements, the amount of.ozone present 
in the air was measured. Data were made available by the 
Pima County Air Pollution Control laboratory, located on 
the fifth floor of the Pima County Health and Welfare 
Building, Tucson, Arizona. The quantities of ozone present 
in the air were reported in parts per million.



Laboratory Test Methods
After the exposure of the fabric samples to en

vironmental elements, the fabric samples were removed 
from the wire mesh screens and taken to the textile 
laboratory for testing. Test specimens were cut from 
each fabric sample. Figure 1 shows the cutting diagram 
used for cutting test specimens from fabric samples 
exposed to environmental elements.

The laboratory tests conducted on specimens of 
the fabric samples exposed to environmental elements in
cluded the evaluation of tear strength, weight calcula
tions, and the evaluation of colorfastness to fading. 
Determinations of tear strength and weight were made in 
a constant temperature and controlled relative humidity 
room in which the temperature was kept at 70° ± 2° F. 
and the humidity was kept at 65% ± 2%. Determinations of 
colorfastness due to fading were made in an adjoining 
laboratory.

Test specimens for evaluating tear strength were 
also cut from fabric samples of identical fabric that was 
used in a laundry investigation at The University of 
Arizona, Tucson, Arizona (Wesolowski 1974). Data from 
tests conducted on the weight and colorfastness of these 
laundered fabric samples were also obtained. Figure 2 
shows the cutting diagram used for cutting the laundered
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Figure 1, Cutting diagram of unlaundered fabric 
samples exposed to environmental elements.
CD = color difference; F = fill; TS = tear strength;
W = warp; WT = weight.



34

W 7T

W T
CD

WT
CD

T S

T 5

TS

TS

TS

TS TS T S TS

W T 
CD

CD

ro
vo

36

Figure 2. Cutting diagram of laundered and line- 
dried fabric samples.
CD = color difference; F = fill; TS = tear strength;
W = warp; WT = weight.



test specimens. Testing the tear strength and weight of 
these fabric specimens was also done under conditions of 
a constant temperature of 70° ± 2° F. and a controlled 
relative humidity of 65% ± 2%, Determinations of color
fastness were made in an adjoining laboratory.

Tear Strength
The ASTM Designation; D 1424-63 was used to 

measure the tear strength of the fabric (American Society 
for Testing and Materials 1973). This method utilized a 
falling-pendulum (Elmendorf) apparatus. The test speci
mens f 1 0 2  millimeters long by 70 millimeters wide, were 
cut with a cutting die. Five of the specimens were cut 
with the short dimension parallel to the warp yarns and 
five specimens were cut with the short dimension parallel 
to the fill yarns» The tearing force in grams was 
measured for each test specimen and was then averaged for 
the fill and the warp directions,

Weight
The weights of the fabric specimens were measured 

in grams on a Mettler balance. Because it was impossible 
to move the Mettler balance to the constant temperature 
and controlled relative humidity room, the method had to 
be modified. This was accomplished by conditioning and . 
weighing bottles with lids. The bottles were weighed for



36
ten consecutive days and the bottle weights were then 
averaged for each bottle. This was done so that the 
bottles would not have to be weighed each time the fabric 
specimens were weighed. While in the constant temperature 
and controlled relative humidity room, the test specimens, 
cut to a size of four inches by four inches, were each 
placed with tongs in a weighing bottle. The lids of the 
bottles were then placed on each bottle. The bottles 
with the test specimens inside were then transferred 
with tongs to a cart that was covered with a chamois 
cloth and were taken to an adjoining laboratory where 
the bottles were weighed on the Mettler balance. By 
subtracting the known bottle weight from the total weight 
of the bottle and the test specimen, the specimen weight 
could be determined.

Color Difference
Colorfastness measurements were made on the 

Hunterlab D25 Color Difference Meter, manufactured by 
Hunter Associates Laboratory, Incorporated. The Hunterlab 
Color Difference Meter measured light reflected by a speci
men in a manner corresponding to the way in which the 
human eye responded to light (Hunter Associates Laboratory, 
Incorporated 1970).

Measurements were taken from two sets of test 
specimens per sample. When placed under the viewing
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instrument of the Color Difference Meter, the specimens 
were folded or arranged so that four thicknesses of fabric 
were viewed. The first test specimen which was eleven 
inches long by four inches wide was folded with both 
short ends toward the center and then in half. The second 
test specimen was made by using the four specimens used 
for making weight calculations^ They were arranged on 
top of each other with weight specimen number one at 
the top.

The Color Difference Meter was calibrated to a 
standard colored ceramic tile that was closest to the 
specimen color. Each specimen was placed under the 
viewing instrument, and the measurements were recorded.
The specimen was then turned ninety degrees, and measure^ 
ments were again recorded. This procedure was continued 
until measurements had been made on six specimens. A 
second measurement, taking each specimen in reverse 
order, was then made to insure accuracy. After all 
measurements were made, the instrument was checked against 
the calibrated standard tile to insure that it had not 
drifted electronically while the specimen readings were 
being measured.

The measurements obtained from the Hunterlab D25 
Color Difference Meter included L, a, and b readings. The 
L reading measured lightness with 100 being perfect white
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and zero being black. The a reading measured redness 
when plus, gray when zero, and greenness when minus. The 
b reading measured yellowness when plus, gray when zero, 
and blueness when minus. The pairs of L readings for 
each specimen were averaged with each other to obtain the 
average L measurement per fabric sample. The average a 
and b measurements were obtained in the same manner.

In order to interpret the L , a , and b color dif
ference readings, an understanding of color theory and 
the characteristics of color were necessary. The three 
major characteristics of any color were its hue, value, 
and intensity or chroma. The hue of a color indicated 
the position of the color on the color wheel or color 
spectrum. Hue was often synonomous for the name of the 
color. Value described the lightness or darkness of a 
color with white being the lightest and black the darkest. 
The intensity or chroma of a color was determined by the 
quantity of the predominant hue and was commonly referred 
to as the saturation or strength of the color (Faulkner 
and Faulkner 1968, pp. 125-136),

The color difference readings were interpreted 
by reviewing the color system formulated by Albert Munsell, 
This system is illustrated by a three dimensional form 
similar to that of a wheel and is presented in Figure 3,
In the Munsell diagram (Faulkner and Faulkner 1968, p. 135),
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the hues are shown on the outermost circular band of the 
wheel. The value scale depicting the lightness or darkness 
of the color is pictured as the central vertical axis of 
the wheel with zero being pure black and 1 0  pure white.
Chroma or intensity of the color is represented on the radial 
spokes of the wheel with zero indicating complete neu'- 
trality and 1 0  or further indicating very vivid colors,

A similar diagram which was simpler than the com
plex Munsell diagram was used to explain the L, a, and b 
color difference readings (Hunter Associates Laboratory, 
Incorporated 1970), This diagram was based on the three 
dimensional form by Albert Munsell and is presented in 
Figure 4 „ In this, diagram the â and b axes disect the 
square into four smaller but equal squares. The L reading 
is represented on the central vertical axis which runs 
through the point at which the â and b axes intersect. The 
intersection point of the L, a, and b axes indicated com
plete neutrality. On the L axis, the value of the color 
was represented with zero indicating black and 1 0 0  indi
cating pure white. The intensity of the color was repre
sented on the a and b axes with zero being neutrality and 
1 0 0  being full intensity.

By comparing the L , a, and b color difference 
reading means of a color with the Munsell diagram
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(Figure 3)r the characteristics of any given color could, 
be analyzed. In interpreting the a and b color difference 
readings, the sign of the reading indicated the color for 
which the intensity was being measured, and the size of 
the number indicated the saturation or strength of the 
color. Each step on the value and the intensity scales 
in the JMunsell diagram contained ten color difference 
numbers. To verbally describe the numbers, certain 
adjectives were used by the researcher to refer to the 
various steps on the value and the intensity scales.
The adjectives used to define each value and intensity 
scale step are given in Table 4.

Table 4. Adjectives used for defining value and intensity
scale steps.

Scale Steps Value Scale Intensity Scale
Numbers ending -
with

0 Black Neutral
1 0 Low Dark
2 0 One-third neutral
30 Dark
40
50 Medium One-third intensity
60 Light
70
80 High Light Two-thirds intensity
90

1 0 0 . White Full, intensity
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Analysis of Data

All data collected from the laboratory tests con
ducted on the fabric samples and from the environmental 
elements to which the fabric samples were exposed were 
statistically analyzed by analysis of variance. Means 
were determined from the tear strength measurements, 
weight calculations, and the color difference readings 
for fabric samples treatment groups and for fabric sample 
colors, The Student-Newman-Keulst test for mean compari
sons was used to test for significant differences between 
the means of the treatment groups and between the means 
of the three colors of the unlaundered fabric samples 
(Steel and Torrie 1960, pp. 110-111, 444—445), A T test 
was used to test for significant differences between the 
means of the laundered and the unlaundefed fabric samples. 
All significant differences were reported at the 0.05 
level of significance.

Correlation coefficients were calculated for the 
correlation of the environmental data with the means of 
each of the laboratory test measurements. Coefficients 
of determination were also calculated in order to express 
the size of the correlation coefficients. The correla
tions were calculated using the Statistical Package for 
the Social Sciences computer program (Nie, Bent, and Hull 
1970).
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Throughout the discussion of the results of the 

laboratory tests that were conducted on the fabric 
samples, each treatment group of unlaundered and laundered 
fabric samples was referred to by an assigned code« The 
codes used to name each treatment group of unlaundered 
and laundered fabric samples are presented in Table A.2.



CHAPTER 4

RESULTS

In order to evaluate the effects of environmental 
elements on the tear strength, weight, and color retention 
of dyed 65/35 polyester/cotton blend fabric with durable 
press and soil release finishes, the raw data collected 
from each of the laboratory tests conducted on the fabric 
samples and collected from the environmental elements to 
which the fabric samples were exposed were statistically 
analyzed. The analysis of the data was made to compare 
each treatment group of unlaundered fabric samples with 
each other, the three colors of unlaundered fabric samples 
with each other, and the treatment groups of unlaundered 
fabric samples with the treatment groups of laundered 
fabric samples,

Solar Radiation 
In past literature containing information on 

the weathering of fabric (see Chapter 2, p. 16), it 
was reported that amount of solar radiation received 
was the largest contributing factor to color loss and 
possible degradation of the fabric. The researcher, 
therefore, felt that in order to meaningfully compare the

44



data collected from the fabric samples that were laundered 
and exposed to environmental elements for line drying 
(Wesolowski 1974) with the data collected from the un
laundered fabric samples used in this investigation, it 
was first necessary to determine if there were any sig
nificant differences between the amount of langley units 
to which each of the corresponding treatment groups of 
both unlaundered and laundered fabric samples were exposed. 
A T test was used to compare the mean langley units 
received by each of the four treatment groups of the laun
dered fabric samples exposed to environmental elements 
with the mean langley units received by each of the four 
treatment groups of the unlaundered fabric exposed to 
environmental elements. No significant differences were 
found to exist between the mean langley units received 
by the corresponding treatment groups of unlaundered and 
laundered fabric samples except between treatment groups 
UL 2836 and L^-iO. The mean langley units received by 
treatment group UL 2836 was significantly higher than the 
mean langley units received by treatment group L^-40.
This indicated that the treatment group of unlaundered 
fabric samples had been exposed to more solar radiation 
than the treatment group of laundered fabric samples. 
Individual means of the langley units to which each
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treatment group of unlaundered and laundered fabric 
samples were exposed are reported in Appendix B ,

Tear Strength 
To measure the tear strength of the fabric, the 

amount of force needed to propagate a previously started 
tear in the fabric was calculated. A total of ten tear 
strength measurements were made-~five in the warp direction 
and five in the fill direction, The means of both the 
warp and the fill tear strength measurements for each 
treatment group of unlaundered and laundered fabric samples 
were statistically analyzed. These means are reported in 
Table C,l.

Unlaundered Fabric Samples
To test for significant differences between the 

five treatment groups of unlaundered fabric samples, the 
mean warp and the mean fill tear strength measurements 
were calculated for each treatment group of unlaundered 
fabric samples. In the warp tear strength measurement, 
the tear strength mean of treatment group ULC was sig
nificantly higher than the tear strength means of the 
treatment groups of fabric samples that were exposed to 
environmental elements, The warp tear strength means 
progressively decreased in each of the treatment groups • - 
beginning with treatment group ULC which had the highest
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mean and ending with treatment group UL 11627 which had 
the lowest mean. In the. fill tear strength measurement, 
the tear strength mean of treatment group ULC was also 
significantly higher than the tear strength means of the 
treatment groups of fabric samples that were exposed to 
environmental elements. In addition, the fill tear 
strength means of treatment groups UL 1349 and UL 2836 
were significantly higher than the fill tear strength 
means of treatment groups UL 5551 and UL 11627, The 
relationships among the means of the warp tear strength 
measurements and among the means of the fill tear strength 
measurements in each treatment group of fabric samples 
are presented in Figure 5.

In both the warp and the fill tear strength mea
surements , the tear strength of the fabric tended to 
decrease as the number of langley units and the time 
period during which the fabric samples were exposed to 
other environmental elements increased. In all of the 
fabric samples, the warp and fill tear strength means were 
highest in the treatment of control fabric samples and 
were lowest in treatment group UL 11627, Unlike the warp 
tear strength means, which became progressively lower in 
each treatment group of fabric samples .that were exposed 
to an increased number of langley units, the fill tear 
strength means did not decrease progressively. This was
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Figure 5. Warp and fill tear strength means for 
treatment groups of unlaundered fabric samples.
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because the fill tear strength mean of treatment group 
UL 2836 was higher than the fill tear strength mean of 
treatment group UL 1349. Otherwise, the fill tear 
strength means of the remaining treatment groups of fabric 
samples did decrease as the fabric samples were exposed 
to an increased number of langley units.

- A review of the tear strength means for each 
color of fabric samples in Table C.2 showed that the fill 
tear strength means of the red and yellow fabric samples 
in treatment, group UL 2836 were consistently higher than 
the fill tear means of the red and yellow fabric samples 
in treatment group UL 1349. A review of the warp tear 
strength means also showed that the warp tear strength 
means of the red and blue fabric samples were higher in 
treatment group UL 2836 than in treatment group UL 1349. 
However, the warp tear strength mean of the yellow fabric 
samples in treatment group UL 1349 was higher than the 
warp tear strength means of the red and blue fabric 
samples in treatment group UL 1349 and, therefore, raised 
the entire mean of that treatment group of fabric samples. 
This may explain why the warp tear strength means were 
higher in treatment group UL 1349 than in treatment, group 
UL 2836, while the fill tear strength means were lower in 
treatment group UL 1349 than in treatment group UL 2836;,
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The higher yellow warp tear strength mean in 

treatment group UL 1349 might have been caused by a dif
ference in the technique used by the researcher in operating 
the Elmendorf instrument or possibly to a difference in 
the warp yarns of one or more of the yellow fabric samples„ 
The lower fill tear strength means in treatment group 
UL 1349 and the lower warp tear strength means of the red 
and blue fabric samples in treatment group UL 1349 may 
possibly be due to difference in the fill and warp yarns 
of those fabric samples, to a measuring technique used 
by the researcher, or to a difference caused by environ
mental factors other than solar radiation. A review of 
individual fabric sample temperatures in Table F.3 showed 
that the range of the low fabric sample temperatures 
attained by the fabric samples during exposure was higher 
for treatment group UL 1349 than for treatment group UL 
2836, This higher fabric sample temperature range may 
have caused a larger decrease in the mean fill and warp 
tear strengths of those fabric samples. Generally, the 
results of both warp and fill tear strength measurements 
indicated that as the fabric samples were exposed to an 
increased amount of solar radiation and other environ
mental elements, the tear strength of the fabric tended 
to decrease.



The means of both the warp and the fill tear 
strength measurements were calculated for all of the red 
fabric samples, blue fabric samples, and yellow fabric 
samples. These means were then statistically compared to 
determine if a significant difference existed among the 
three colors of fabric samples.

The warp tear strength means of both the red and 
yellow fabric samples were significantly higher than the 
warp tear strength mean of the blue fabric samples, The 
fill tear strength means of all three colors of fabric 
samples were significantly different from each other with 
the mean of the red fabric samples being the highest, 
followed by the mean of the yellow fabric samples, and 
then by the mean of the blue fabric samples. The graph 
in Figure 6 presents the relationships among the means of 
the three colors of fabric samples in both warp and fill 
tear strength measurements.

For both tear strength measurements, the red 
fabric samples consistently had the highest tear strength 
means, followed by the yellow fabric samples, and then 
by the blue fabric samples. However, the numerical 
ranges between treatment group ULC and treatment group 
11627 indicated that in the warp tear strength means the 
red fabric samples experienced the largest decrease in 
tear strength, followed by the blue fabric samples, and
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Figure 6, Means for warp and fill tear strength 
measurements in red, blue, and yellow unlaundered fabric 
samples,



then by the yellow fabric samples, In the fill tear 
strength measurements, the blue fabric samples experienced 
the largest decrease in tear strength followed by the red 
fabric samples, and then by the yellow fabric samples.
As indicated in Table F .3, the fabric sample temperatures 
attained by the fabric samples during exposure to environ
mental elements was consistently higher in the blue and 
red fabric samples than in the yellow fabric samples. This 
may have caused the lower tear strength measurements in 
the blue and red fabric samples. Also, the blue fabric 
samples may have had a dye-fiber combination that was 
more reactive with solar radiation and other environmental 
elements. This could have resulted in more degradation 
to the fiber, thereby, causing lower fill tear strength 
means in the blue fabric samples.

Laundered and Unlaundered 
Fabric Samples

Both the warp and fill tear strength means of 
the unlaundered fabric samples were found to be sig
nificantly higher than the warp and fill tear strength 
means of the laundered fabric samples in all of the 
corresponding treatment groups except two. The warp 
tear strength mean of treatment group UL 1349 was not 
significantly higher than the warp tear strength mean of 
treatment group L^-20. Table 5 indicates where significant
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' Table 5, Significant differences between tear strength

jneans of treatment groups of unlaundered and
laundered fabric samples.

Treatment Group Warp Tear Strength* Fill Tear Strength*

UL 1349 1116 770 **
Ly-20 1017 691
UL 2836 1078 796* * * *

1 O 967 654
UL 5551 1008 708** **
L4”20 931 631
UL 11627 991 697** •k *
L̂ '-40 850 543.

*Tear strength in grams.
**Significant difference at the.0.05 level.

differences were found between each of the corresponding 
treatment groups of laundered and unlaundered fabric 
samples.

The significantly lower tear strength jneans in the 
laundered fabric samples may indicate that the laundering 
and line drying of the fabric samples caused a larger 
amount of decrease in the tear strength of the fabric than 
did exposing the fabric samples in sun exposure cabinets
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to environmental elements. Abrasion of the fabric caused 
by the water, minerals, and detergent in the wash water 
and by rubbing against other fabric samples during washing 
could reduce the tear strength of the fabric. Wind and 
dust particles flying through the air could also act to 
abrade the fabric, thereby causing a reduction in the 
tear strength.

Weight
Weight calculations were made on four specimens 

from each fabric sample and averaged to determine if there 
was a difference in weight between the control fabric 
samples and the unlaundered fabric samples exposed to 
environmental elements, among the three colors of un
laundered fabric samples, and between the laundered and 
the unlaundered fabric samples. The means of the weight 
calculations for both the unlaundered and the laundered 
fabric sample treatment groups are reported in Appendix D .

Unlaundered Fabric Samples
The weight for each treatment group of unlaundered 

• fabric samples became progressively higher as the fabric 
samples were exposed to a larger number of langley units 
and to more environmental elements. However, no significant 
differences existed among the weight calculation means of 
the five treatment groups of fabric samples. These results



56
may indicate that the exposure of the fabric to varying 
amounts of solar radiation and other environmental elements 
did not cause a significant weight loss in the fabric.
Ratherf the fabric samples experienced an increase in 
weight which was probably due to an accumulation of dust 
and dirt from the air that had collected on the fabric 
samples while in the sun exposure cabinets.

Means were also determined for the weight calcula
tions of all of the red fabric samples, the blue fabric 
samples, and the yellow fabric samples. The mean weights 
of the red fabric samples and of the yellow fabric samples 
were significantly higher than the mean weight of the blue 
fabric samples. In all observations, the red fabric 
samples had the highest mean weight, followed by the yellow 
fabric samples, and then by the blue fabric samples. The 
relationships among the weight calculations of the red, 
blue, and yellow fabric samples is presented in Figure 7.

The significant differences among the weight cal
culations of the red, blue, and yellow fabric samples 
were probably due to individual differences in the weight 
of each of the three colors of fabric samples. This con
clusion was made because no significant differences were 
found to exist between the mean weights of the five treat
ment groups of unlaundered fabric samples.
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Laundered and Unlaundered 
Fabric Samples

When comparing the mean weights of the treatment 
groups of laundered and unlaundered fabric samples, the 
mean weight of treatment group UL 11627 was found to be 
significantly higher than the mean weight of treatment 
group L^-40 = The mean weight of the other treatment 
groups was also higher in the unlaundered fabric samples 
than in the laundered fabric samples, but the differences 
between the weight calculations of these corresponding 
treatment groups of laundered and unlaundered fabric 
samples were not significant.

The higher weights of the unlaundered fabric 
samples may have been due to a combination of several 
factors. The unlaundered fabric samples were exposed to 
solar radiation and to other environmental elements for a 
prolonged period of time. Although the air circulating 
in the sun exposure cabinets was filtered, small particles 
of dust and other suspended particulates probably were 
deposited on the fabric samples. This would have increased 
the weight of the fabric samples. The laundered fabric 
samples, on the other hand, were subjected to long periods 
of abrasive action during laundering and line drying. The 
laundering of the fabric samples probably removed some of 
the fibers that had abraded away from the fabric. Also,
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any particles, of dirt or dust deposited on the fabric 
samples were washed out during laundering.

Color Difference
Three types of measurements were made to evaluate 

the color difference of the three colors of fabric samples. 
These measurements were L , a , and b readings. The L 
reading measured the value of the color, and the a and b 
readings measured the intensity of the color. Because 
of differences in the color characteristics of the red, 
blue, and yellow colors, the color difference readings 
were analyzed separately by color. The means of the L , 
a, and b readings for each color were compared to determine 
if any significant differences existed among the color 
difference readings in the five treatment groups of un
laundered fabric samples and between the laundered and the 
unlaundered treatment groups of fabric samples. Individual 
color difference reading means for each color and each 
treatment group of unlaundered and laundered fabric samples 
are reported in Appendix E.

The L , a, and b measurements were made on two 
fabric test specimens cut from each fabric sample. Because 
the two test specimens varied by size, shape, and the 
manner in which the four thicknesses of fabric necessary 
for making the measurement were formed, the data from each
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test specimen were first analyzed to determine if there 
were any significant differences between the.color values 
measured in the two types of test specimens. In the laun̂ - 
dered fabric samples, there were no significant differences 
reported between the values read from each of the two test 
specimens in each fabric sample (Wesolowski 1974). In 
the unlaundered fabric samples, an F test was used to test 
for significant differences among the standard deviations 
of the color difference reading means of the fabric test 
specimens. The analyses showed that there were no sig^ 
nificant differences between the L and between the b color 
difference reading means of the two test specimens.

A significant difference did, however, exist 
between the a color difference readings of the two test 
specimens. The test specimens that were 11 inches long 
by four inches wide and were folded to four thicknesses 
of fabric had higher a reading means in the blue test 
specimens, while the four test specimens measuring four 
inches by four inches which were placed on top of each 
other had higher a reading means in both the red and the 
yellow test specimens. There was only a ,1 numerical 
difference between the a_ reading means of the two red 
test specimens and between the a reading means of the two 
blue test specimensf whereas a .3 numerical difference 
existed between the a_ reading means of the two yellow
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test specimens. The significant difference between the 
a reading means of the two test specimens may indicate 
that the use of the two different types of specimens may 
have yielded inconsistent a readings.

Unlaundered Fabric Samples
L Color Difference Reading. The mean L color dif

ference readings of the red, blue, and yellow fabric 
samples were calculated for each treatment group of un
laundered fabric samples. The results indicated that the 
L reading mean of treatment group ULC was significantly 
lower than the L reading means of the remaining treatment 
groups of fabric samples in all three colors, As the 
fabric samples in each of the treatment groups were 
exposed to more langley units, the L reading means became 
progressively higher. There were significant increases 
in the L reading means of the remaining treatment groups 
of the red and yellow fabric samples except between treat
ment groups UL 2836 and UL 5551 in the red fabric samples 
and treatment groups UL 1349 and UL 2836 in the yellow 
fabric samples, No significant increases occurred in the 
remaining treatment groups of blue fabric samples.

The values of all of the colors tended to become 
lighter in each treatment group of fabric samples that was 
exposed to more langley units. In the control fabric 
samples, the values of the colors were the darkest. The
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values of the red and yellow fabric samples tended to become 
significantly lighter as the fabric samples were exposed 
to more langley units, but the values of the blue fabric 
samples did not become significantly lighter. Reported 
in Table 6 are the L color difference reading means for 
each treatment group of unlaundered fabric samples.

a Color Difference Reading, The a reading means 
for each treatment group of fabric samples were calculated 
and statistically analyzed for each fabric sample color.
In all three colors of fabric samples, the a reading 
means were positive numbers Indicating a measurement of 
the saturation of red in color.

No significant differences were found to exist 
among the a_ reading means for each treatment group of blue 
fabric samples. In the red fabric samples, the a reading 
mean of treatment group UL 11627 was significantly lower 
than the n  reading means of the other treatment groups of 
red fabric samples indicating a significant decrease in 
the saturation of red in treatment group UL 11627. In 
the yellow fabric samples, the a reading mean of treatment 
group UL 11627 was also significantly lower than the a 
reading means of the other treatment groups of yellow 
fabric samples, In addition, the a_ reading mean of treats 
ment group UL 5551 was significantly lower than the a_ 
reading means of treatment groups UL 2836, UL 1349, and
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Table 6. Significant differences in L color difference

reading means between treatment groups of un
laundered fabric samples.

Treatment Groups of Fabric Samples 
Color ULC UL UL UL UL

1349 2836 5551 11627

Red 35.5* 36.2b 36.9° 37.4° 38.7d
Blue 37.2* 38.3b 38.3b 38 . 6b 38. 9b
Yellow 71,3* . 71. 8b .7.2,0b . 73.1° . 74.ld

Those means with similar expotential letters 
indicated no significant difference at the 0.05 level by 
the Student-Newman-Keuls1 test,

ULC, and the a_ reading means of treatment groups UL 2836 
and UL 1349 were significant lower than the a reading means 
of treatment group ULC. This indicated a significant and 
progressive decrease in the saturation of red measured in 
each treatment group of yellow fabric samples. Generally, 
the saturation of red measured in all three of the colors 
of fabric samples tended to decrease as the fabric samples 
were exposed to an increased number of langley units. The 
a reading means of each color in each treatment group of 
unlaundered fabric samples are presented in Table 7.

b Color Difference Reading, The mean b readings 
of each treatment group of fabric samples were also
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Table 7, Significant differences in a color difference

reading means between treatment groups of un
laundered fabric samples.

Treatment Groups of Fabric Samples
Color ULC UL UL UL UL

1349 2836 5551 11627

Red +48.2a +48.7a +48.la +47.4a +45.2b
Blue + 2.7a + 2. 2a + 2.1a + 1. 8a + 1. 6a
Yellow +11.8a +10.lb + 9.2b + 6.9° + 4.5d

Those means with similar expotential letters in
dicated no significant difference at the 0.05 level by the 
Student-Newman-Keuls* test.

statistically analyzed for each fabric sample color. In 
the red and the yellow fabric samples, the b readings were 
positive numbers indicating a measurement of the saturation 
of yellow in the color. In the blue fabric samples, the 
b readings were negative numbers indicating a measurement 
of the saturation of blue in the color.

No significant differences were found to exist 
between the b reading means in any of the treatment groups- 
of red or yellow fabric samples. However, in the blue 
fabric samples, the b reading mean of treatment group 
UL 11627 was significantly lower than the b reading means 
of the other treatment groups of blue fabric samples. This
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indicated that the saturation of blue measured in the blue 
fabric samples in treatment group UL 11627 had decreased 
significantly. In addition the b reading mean of treat
ment group UL 5551 was significantly lower than the b 
reading means of treatment groups UL 2836, UL 1349, and 
ULC, and the b reading means of treatment groups UL 2836 
and UL 1349 were significantly lower than the h: reading 
mean of treatment group ULC. Generally, the b reading 
means of all three colors of fabric samples tended to 
decrease progressively as the number of langley units to 
which each treatment group of fabric samples were exposed 
increased. Reported in Table 8 are the b reading means 
for each color in each treatment group of fabric samples.

Summary of Color Difference Readings 
by Fabric Sample Color

By applying the color theory to the L, a, and 
b color difference readings (see Chapter 3, p. 38), 
the color change that occurred in each color was 
evaluated. A general description of the color change 
experienced by each color could be made by interpreting 
the relationships among the color difference reading means 
of the three colors in each of the five treatment groups 
of fabric samples (Appendix E).

In the control treatment group of fabric samples, 
both the red and the blue colors were dark in value while
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Table 8. Significant differences in b color difference

reading means of treatment groups of unlaundered
fabric samples„

Treatment Groups of Fabric Samples
Color ULC UL UL UL UL

1349 2836 5551 11627

Red +16.8a +17.0a +16.9a +16.8a +16.6a
Blue -39.7a -38,5b -37. 8b -35.9C -33.2d
Yellow +41.6a +41,6a +41.5a +41.4a +41.la

Those means with similar expotential letters indi
cated no significant difference at the 0.05 level by the 
Student-Newman-Keuis' test.

the yellow color was high light in valuei. The saturation 
of red and yellow in the red color was at one-third in
tensity, and the saturation of blue in the blue color and 
yellow in the yellow color was at one-third intensity. 
Saturation of red at neutral intensity was also present in 
both the blue and the yellow colors.

In all three colors of fabric samples, the value 
of each color tended to become progressively lighter as 
the fabric samples were exposed to an increased amount of 
solar radiation and other environmental elements. The 
saturation of both red and yellow in the red fabric samples 
and the yellow fabric samples and the saturation of red and 
blue in the blue fabric samples also tended to decrease as
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the fabric samples were exposed to more solar radiation and 
other environmental elements.

Because of the differences in color characteristics 
of each of the three colors of fabric samples, the L, a 
and b color difference readings were not statistically 
analyzed to determine if significant differences existed 
among the three colors of fabric samples, However, a 
comparison of the amount of color change experienced in 
each color could be made by studying the numerical ranges 
of the L, a, and b color difference readings for each color. 
The numerical range for each color difference reading in 
each color was determined from the number span between 
the color difference readings of treatment groups ULC 
and UL 11627.

The numerical range among the L color difference 
readings for each color in the five treatment, groups indi
cated that the red fabric samples had the largest amount 
of decrease in value followed by the yellow fabric samples, 
and then by the blue fabric samples. In the a color dif
ference readings, the yellow fabric samples had the largest 
decrease in the saturation of red measured in the color 
followed by the red fabric samples and then by the blue 
fabric samples. In the b color difference readings, the 
saturation of blue measured in the blue fabric samples 
decreased the most. This was followed by the saturation
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of yellow measured in the yellow fabric samples and then 
by the saturation of yellow measured in the red fabric 
samples. Generally, the numerical ranges of the L, a, 
and b color difference readings indicated that the largest 
amount of color change occurred in the red and yellow 
fabric samples and that the least amount of color change 
occurred in the blue fabric samples, This conclusion was 
made because the red and yellow fabric samples had the 
largest amount of decrease in their values, while the blue 
fabric samples had the largest amount of decrease only 
in the saturation of blue measured in the color.

Since the three colors of fabric samples were ex
posed to identical amounts of solar radiation and types 
of other environmental elements, the larger amount of 
color change occurring in the red and yellow colors may 
indicate that the red and yellow disperse-reactive dyes 
may have been less colorfast to solar radiation and other 
environmental elements than the blue disperse-reactive 
dye. Another possible explanation for more color change 
occurring in the red and yellow fabric samples could be 
that a color transfer from the fiber to the durable press 
resin may have occurred in the red and yellow fabric 
samples during the durable press finishing process. This 
could have made the fabric more susceptible to fading. It 
was, however, interesting to note that the value and the



intensity of all of the colors of fabric samples did not 
decrease by one full step.on either the value or the in
tensity scales» This could imply that the colorfastness 
of the disperse-reactive dyes to solar radiation and other 
environmental elements was good.

Laundered and Unlaundered 
Fabric Samples

No significant differences were found to exist 
between the color difference readings in the corresponding 
treatment groups of laundered and unlaundered fabric 
samples indicating that the amount of color change was 
similar for both types of treatments, The exposure of 
the fabric samples to solar radiation and other environ
mental elements rather than the laundering of the fabric 
samples, therefore, tended to be the major cause of the 
color change that occurred in the fabric samples. This 
conclusion would indicate that the fabric samples were 
more colorfast to laundering than to exposure to solar 
radiation and other environmental elements.

Correlations of Laboratory Tests 
with Langley Units

The mean number of langley units to which each 
treatment group of unlaundered and laundered fabric sample 
was exposed was correlated with the warp and fill tear 
strength measurements, weight calculations, and L , a, and
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b color difference readings of the unlaundered and laun
dered fabric samples. Correlation coefficients and coef
ficients of determination were calculated for the correla
tions of each of the laboratory tests with langley units.
The coefficient of determination served as an indicator 
of the size of the correlation coefficient.

Tear Strength
The correlations of warp and fill tear strength 

measurements with langley units yielded negative correla
tion coefficients for all three colors of unlaundered and 
laundered fabric samples. A negative correlation coef
ficient meant that as the number of langley units to which 
the fabric samples were exposed increased, the tear 
strength of the fabric samples decreased. In all three 
colors of fabric samples, the correlation coefficients 
were higher for the laundered fabric samples than for the 
unlaundered fabric samples.

In the unlaundered fabric samples, the coef
ficients of determination indicated that the correlations 
of warp tear strength measurements with langley units were 
weak negative correlations, and the correlations of fill 
tear strength measurements with langley units were moderate 
negative correlations. In the laundered fabric samples, 
the coefficients of determination indicated that the 
correlations of warp tear strength measurements with



langley units were moderately strong negative correlations 
in the red and yellow fabric samples and strong negative 
correlations in the blue fabric samples. The correlations 
of fill tear strength measurements with langley units were 
moderately strong negative correlations. Individual cor
relation coefficients and coefficients of determination 
in both unlaundered and laundered red, blue, and yellow 
fabric samples are presented in Table 9„

Table 9, Correlations of warp and fill tear strength 
measurements with langley units.

Fabric
Sample

Warp Tear 
r

Strength
R2

Fill Tear 
r

Strength
R2

UL Red -.55 30% -.76 58%
L Red — .86 74% -.94 88%

UL Blue -.67 45% -.66 44%
L Blue -.98 96% -.84 71%

UL Yellow -.54 30% — .66 44%
L Yellow — .89 79% — .84 71%

2r = correlation coefficient; R 
determination.

= coefficient of
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As the number of langley units to which the fabric 

samples were exposed increased, the tear strength of the 
fabric in both the warp and the fill directions tended to 
decrease. This pattern was consistent for all of the 
fabric samples. However, the relationships between the 
tear strength measurements and langley units for each 
color of unlaundered and laundered fabric samples were 
inconsistent in that they tended to vary from weak correla
tions to strong correlations, with the laundered fabric 
samples having the stronger correlations. The lack of a 
consistent pattern in the strengths of the correlations 
probably indicated that the exposure of the fabric to 
solar radiation did not have a predominate effect on re
ducing the tear strength of the fabric. The lower cor
relation coefficients in the unlaundered fabric samples 
and the higher correlation coefficients in laundered fabric 
samples implied that the additional laundering and line 
drying of the fabric also affected its tear strength.

Weight
The correlations of weight calculations with 

langley units yielded positive correlation coefficients in 
all three colors of unlaundered fabric samples and in 
the red and blue colors of laundered fabric samples. This 
meant that as the number of langley units to which the 
fabric samples were exposed increased, the weight of the
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fabric samples also tended to increase. The coefficients 
of determination indicated that the correlations of weight 
calculations with langley units in the unlaundered blue and 
yellow fabric samples and the laundered blue fabric 
samples were very weak positive correlations. In the un^ 
laundered and laundered red fabric samples, the coef
ficients of determination indicated that the correlation 
coefficients were so small that there was actually no 
correlation between weight calculations and langley units. 

Unlike all of the other correlations, the correla
tion of weight calculations with langley units in the 
laundered yellow fabric samples yielded a negative 
correlation coefficient which meant that as the number of 
langley units to which the fabric samples were exposed 
increased, the weight of the fabric samples tended to 
decrease. The coefficient of determination for the yellow 
laundered fabric samples, indicated that correlation was 
a moderate negative correlation.

In all of the fabric samples, the.correlations of 
weight calculation with langley units were not strong 
correlations. Therefore, the number of langley units to 
which the fabric samples were exposed did not appear to 
affect the weight of the fabric samples. All of the cor
relation coefficients and coefficients of determination for
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the correlations of weight calculations with- langley units 
are reported in Table 10.

Color Difference
The L, a, and b readings for each color within each 

treatment group of fabric samples were correlated with 
the number of langley units to which each treatment group 
of fabric samples was exposed. The correlation coef
ficients for the correlations of the L,' a, and b readings 
with langley units for the unlaundered and laundered red, 
blue, and yellow fabric samples are reported in Table 11.

In the L color difference readings of all of the 
unlaundered and laundered fabric samples, the correlation 
coefficients and the coefficients of determination indi
cated that the correlations of L readings with langley 
units were moderately strong to strong positive correla
tions , This meant that as the number of langley units to 
which the fabric samples were exposed increased, the L 
readings also tended to increase, indicating that the 
values of the three colors tended to become lighter.

In the a color difference readings of all of the 
fabric samples, the correlations of a readings with langley 
units were moderately strong to strong negative correla
tions « As the number of langley units to which the fabric 
samples were exposed increased, the a readings tended to 
decrease. Since the a_ readings for all three colors of
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Table 10. Correlations of weight calcula

tions with langley units.

Fabric Samples
Weight
r

Calculations
R2

UL Red + .02 0%
L Red + .06 0%

UL Blue + .32 10%
L Blue + .42 18%

UL Yellow + .44 19%
L Yellow -.72 . ...... 5.2%

2r = correlation coefficient? R = 
coefficient of determination,



76
Table 11, Correlations of L, and b 

readings with langley units.
color difference

Color Difference Reading
L a_ b .

Fabric Sample r R2 r . R2 r R2

UL Red + .89 79% -.85 72% -.62 39%
L Red + .85 72% -.89 79% -.80 64%

UL Blue + .76 57% -.87 76% + .93 87%
L Blue +, 92 86% -.99 98% + .98 96%

UL Yellow + .96 93% -.96 92% -.63 40%
L Yellow + .98 97% -.94 89% + .95 90%-

2 .r = correlation coefficient; R coefficient of
determination.

fabric samples were positive numbers (a measurement of the 
saturation of red in the color), a decreasing a reading 
meant that the saturation of red in each color tended to 
become weaker.

The correlations of the b readings with langley 
units in the unlaundered and laundered red fabric samples 
and the unlaundered yellow fabric samples were moderate 
negative correlations« The b readings of these red and 
yellow fabric samples tended to decrease as the number of
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langley units to which the fabric samples were exposed 
increased. Since the b readings were positive numbers (a 
measurement of the saturation of yellow in the color), the 
decreasing b readings meant that the saturation of yellow 
in.the red and yellow colors tended to become weaker. Un
like the unlaundered yellow fabric samples, the correla
tion of the b readings,of the laundered yellow fabric 
samples with langley units was a strong positive correla
tion. This meant that the b reading (a measurement of 
the saturation of yellow in the color) tended to increase 
as the. langley units to which the fabric samples were 
exposed increased. The saturation of yellow in the color, 
therefore, tended to become stronger.

In the blue fabric samples, the b readings were 
negative numbers which measured the saturation of blue in 
the color. The correlations. of b readings with langley 
units in these fabric samples were strong positive cor
relations. The b readings tended to increase, moving 
towards zero, as the number of langley units to which 
the fabric samples were exposed increased. This meant 
that the saturation of blue in the color tended to become 
weaker..

As the number of langley units to which the fabric 
samples were exposed increased, the value and the intensity 
of the red, blue, and yellow colors of fabric samples
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tended to decrease. This relationship between langley 
units and L, a^ and b color difference readings was con
sistent for all of the fabric samples except the laundered 
yellow fabric samples.

Correlations of Langley Units and Laboratory 
Tests with Other Environmentai Elements

In addition to obtaining correlations between 
langley units and laboratory tests, correlation coefficients 
were also calculated for the correlation of other environ
mental elements with the laboratory tests and with langley 
units. These other environmental elements included mean 
air temperature, mean high and mean low air temperature, 
mean relative humidity, mean high and mean low relative 
humidity, and mean ozone. The number of exposure hours 
for each fabric sample exposure cycle was figured in order 
to express the length of the time period for which the 
environmental elements were measured. All data collected 
on these environmental elements are reported in Table F ,1 
and Table F.2.

Mean high and low fabric sample temperatures were 
also reported for each fabric sample. These temperatures, 
taken at 9;00 a.m., 12:00 noon, and 3:00 p.m. solar time
by thermometers attached to each fabric sample, indicated 
the temperature range attained by each unlaundered fabric
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sample during Its exposure to environmental elements. The 
fabric sample temperatures are reported in Table F.3.

The correlation coefficients for the correlations 
of langley units, tear strength measurements, weight cal
culations, and color difference readings with environmental 
elements, fabric sample temperatures, and.exposure hours 
are reported in Table 12. All of the correlation coef
ficients reported were significant at the 0.05 level of 
significance (Steel and Torrie 1960, p. 453), The fabric 
sample color is indicated for each correlation coef
ficient.

The correlations of the warp and fill tear strength 
measurements with the other environmental elements did not 
produce any consistent patterns of strong correlations 
between any of the environmental elements and either the 
warp or the fill tear strength measurements for all fabric 
samples or for any one color of fabric samples. This 
indicated that none of the environmental elements had a 
predominant affect on reducing the tear strength of the 
fabric. Since the strengths of the correlations of tear, 
strength measurements with langley units were also in
consistent, the reduction in the tear strength of the 
fabric was probably due to the combined affect of all of 
the environmental elements on the fabric.



Table 12. Correlations of environmental elements, fabric sample temperatures, 
and exposure hours with laboratory tests and langley units*,
The letter following the correlation coefficient represents the color 
of the fabric samples (R = red, B = blue, Y = yellow).

Environmental
Elements

Langley 
Units • Weight

Warp Tear 
Strength

Fill Tear 
Strength L a b

Mean Fabric Sample 
Temperature

High Fabric Sample 
Temperature

Low Fabric Sample 
, Temperature + .65' (Y)
Exposure Hours +.87 (R) 

+.87 (B) 
+.87 (Y)

+ .69 (B) -.73 (B) 
-.71 (Y)

+ .96 
+ .87 
+ .91

(R)
(B)
(Y)

-.97
-.95-.94

(R)
(B)
(Y)

-.90 + .95 
-.93

(R)
(B)
(Y)

Mean Air
Temperature + .63 (Y)

Mean High Air ■ 
Temperature . 6 2 (R) + .72 (Y)

Mean Low Air 
Temperature -.61 (R) + .73 (Y)

Mean Relative 
Humidity + .77 (B)

Mean High Relative 
Humidity

+ .67 (R) -.60 (B) -.64 (Y) -.67
-.62

(R)
(B)

-.69
-.61

(R)
(B)

+ .76 (R)

Mean Low Relative 
Humidity + .60 (R) + .65 (B) + .71 (R) -.67 (R) + .72 (R)

Mean Ozone + .86 
+ .74

(R)
(B)

+.66 (R) 
+.64 (Y)

^Significant at the 0.05 level.
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Correlations of the weight calculations, with the 

other environmental elements did not produce any consistent 
patterns of strong correlations of weight calculations with 
any of the environmental elements, Since significant dif
ferences did not exist between the weight calculations of 
the treatment groups of unlaundered fabric samples and 
strong correlations of weight calculations with langley 
units were not found, the lack of consistently strong 
relationships occurring between the other environmental 
elements and weight calculations further indicated that 
the weight of the fabric samples, was probably not affected 
by exposure of the fabric to environmental elements.

Significant correlations coefficients that were 
consistent for all three colors of fabric samples existed 
only in the correlations of L, a, and b color difference 
readings with exposure hours and in the correlations of 
langley units with exposure hours. These correlation 
coefficients represented strong correlations.

For the correlations of langley units with ex
posure hours, the correlation coefficient was positive 
meaning that as the number of exposure hours for each 
fabric sample increased, the number of langley units to 
which the fabric samples were exposed tended to increase. 
Since the correlations of langley units with color dif
ference readings and the correlations of exposure hours
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with, langley units were strong correlations, the correla^ 
tions of the L f a, and b color difference readings with 
exposure hours r consequently, were also strong correla^ 
tions. As the number of exposure hours and the number 
of langley units to which the fabric samples were exposed 
increased, the values and intensities of the red, blue, 
and yellow colors decreased.

The correlations of langley units with color dif~ 
ference readings were the most consistent and the strongest 
correlations that existed between any of the environmental 
elements and laboratory tests. Therefore, the number of 
langley units to which the fabric samples were exposed 
tended to be the predominant factor in causing the values 
and intensities of the colors to decrease. The combination 
of all of the other environmental elements probably also 
affected the fabric colors. The affects of the other en
vironmental elements on the fabric colors were, however, 
secondary to the affects of solar radiation on the fabric 
colors.



CHAPTER 5

CONCLUSIONS AND RECOMMENDATIONS

This investigation was designed to assess the 
performance levels of the 65/35 polyester/cotton blend 
fabric with durable press and soil release finishes. The 
use of three different colors of fabric made possible the 
evaluation of fabric performance by color. Variation of 
the lengths of exposure to solar radiation and other en
vironmental elements made possible the evaluation of fabric 
performance according to the amount of and conditions of 
the environmental elements to which the fabric was exposed. 
Finally, the test results that were obtained on both un
laundered and laundered fabric samples made it possible 
to contrast the performance levels of the fabric following 
exposure to various types of treatments and exposure con
ditions .

Conclusions on Tear Strength, Weight, 
and Color Difference of the Fabric

At the start of this research investigation, three 
null hypotheses were proposed. Conclusions on the results 
obtained from laboratory tests conducted to determine tear 
strength, measurements, weight calculations, and color dif
ference readings and conclusions on the information

83



84
collected on the various environmental elements to which the 
fabric samples were exposed were made for each of the null 
hypotheses,

Hypothesis' 1
There will be no significant difference in the 

tear strength, weight, and color retention of each of the 
three colors of polyester/cotton blend fabric when exposed 
to approximately 1,349, 2,836, 5,551, 11,627 langley units 
of solar radiation. The hypothesis was rejected for tear 
strength and for color retention. As the number of langley 
units to which the fabric samples were exposed increased, 
both the warp and fill tear strengths of the fabric and the 
values and intensities of the fabric colors decreased sig
nificantly. No significant differences in the weight of 
fabric samples exposed to varying amounts of langley units 
were found to exist. Therefore, the hypothesis was not 
rejected for weight of the fabric.

Hypothesis 2
There will be no significant difference1 in the 

tear strength, weight, and color retention of each of the 
three colors of the polyester/cotton blend fabric samples 
when exposed to approximately equal amounts of langley 
units of solar radiation. The hypothesis was rejected for 
the tear strength of the fabric. The results showed that
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in both the warp and fill tear strength measurements, the 
blue fabric samples had a significantly lower tear strength 
than either the red or the yellow fabric samples. In 
addition, in the fill tear strength measurements, the 
yellow fabric samples had a significantly lower tear 
strength than the red fabric samples. The differences in 
the tear strength measurements of the three colors of fabric 
samples may, however, have been due to inherent differences 
in those colors of fabric samples since the blue control 
samples had the lowest tear strength, followed by the yellow 
control samples, and then by the red control samples.

The hypothesis was not rejected for weight and for 
color retention of the fabric. The weight calculations for 
each of the three colors of fabric samples were not sig
nificantly different from each other, and due to inherent 
differences in.the color characteristics of red, blue, and 
yellow, the three colors were not analyzed for significant 
differences in the color retention among the colors.

Hypothesis 3
There will be no significant difference in the 

tear strength, weight,.and color retention of each of the 
three colors of laundered and unlaundered fabric samples 
when exposed to approximately equal amounts of langley 
units of solar radiation. The hypothesis was rejected for 
tear strength and for weight, but not for color retention.
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The tear strength measurements of the unlaundered fabric 
samples were significantly higher than the tear strength 
measurements of the laundered fabric samples in all of the 
corresponding treatment groups of fabric samples except 
treatment groups UL 1349 and L^20„ The weight calcula^ 
tions of the unlaundered fabric samples were significantly 
higher than the weight calculations of the laundered fabric 
samples in two treatment groups of fabric samples— treatment 
groups UL 11627 and L^-40.

Summary of the Effects' of •
Environmental Elements on the Fabric

Controlling the environmental variables during the 
outdoor exposure of the fabric samples was not possible.
This also made the evaluation of the specific effects 
caused by the actions of the various, environmental elements 
on the fabric samples impossible. However, the statistical 
analysis and the correlations of the environmental elements 
with the laboratory tests did provide information on the 
strength of the relationships between each of the laboratory 
tests results and the environmental elements to which the 
fabric samples were exposed.

The warp and fill tear strength measurements of the 
unlaundered and laundered fabric samples.tended to decrease 
as the fabric samples were exposed to increased amounts of 
solar radiation and other environmental elements, The
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unlaundered fabric samples had significantly lower tear 
strength measurements than the laundered fabric samples. 
Correlations of tear strength with langley units were weak 
to moderate in the unlaundered fabric samples and were 
moderately strong to strong in the laundered fabric samples. 
In the correlations of tear strength with the other environ^ 
mental elements, few.correlations were significant and the 
strengths of these correlations were also inconsistent«
The amount of solar radiation received by the fabric samples 
did not appear to have a predominant effect on reducing the 
tear strength of the fabric. This may have indicated that 
the combined affects of all of the environmental elements 
lowered the fabric’s tear strength. In addition, the 
laundering of the fabric along with the exposure of the 
fabric to environmental elements during line drying was 
responsible for the lower tear strength measurements of the 
laundered fabric samples,

The amount of reduction in tear strength measure
ments for each color was not statistically analyzed.
However, the results did indicate that in the warp tear 
strength measurements, the red fabric samples experienced 
a larger reduction in tear strength than did the blue or the 
yellow fabric samples. In the fill tear strength measure
ments, the blue fabric samples experienced the largest 
reduction in tear strength.
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The weight of the fabric samples was not sig

nificantly affected by the exposure of the fabric to varying 
amounts of environmental elements« In addition, the weight 
of the fabric samples was also yery weakly correlated with 
langley units and with the other environmental elements. 
Exposure of the fabric to solar radiation and other en
vironmental elements therefore, did not appear to cause a 
weight loss in the fabric samples.

As the fabric samples were exposed to increased 
amounts of solar radiation and other environmental elements, 
the values and intensities of the colors were reduced sig
nificantly, Since the strongest and most consistent cor
relations occurred between langley units and color • 
difference readings, the exposure of the fabric to solar 
radiation appeared to be the predominant factor in de
creasing the values and the intensities of the three colors 
of fabric samples, Correlations of the other environmental 
elements with color difference readings were not consistent 
for all of the fabric samples, therefore indicating that the 
action of these environmental elements on the fabric was 
secondary to the action of solar radiation on the fabric.

It was not possible to statistically analyze the 
color differences among the three colors of fabric samples 
because of inherent differences in their color character
istics, However, the numerical ranges of the color
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difference readings indicated that the red and yellow 
colors experienced the largest amount of decrease in their 
color values. The intensity of red measured in the red, 
yellow, and blue colors also decreased the most in the red 
and yellow colors. The largest decrease in the intensity 
of blue or yellow measured in the three colors was seen 
with the decrease in the intensity of blue in the blue color. 
From the results indicated by the numerical ranges of the 
color difference readings, the red and yellow colors of 
fabric samples appeared to have experienced the most color 
change due to the affects of the solar radiation and the 
other environmental elements to which the fabric samples 
were exposed.

Recommendations' for Further' Study 
Further research in which the langley unit is used 

as a basis for timing the exposure period for the fabric 
samples would provide a means by which fabric samples in a 
variety of colors and fiber and finish compositions could 
be compared. In doing so, exposing all of the fabric sam
ples simultaneously until they reached the desired number 
of langley units would be helpful in eliminating variables 
caused by exposing fabric samples to a variety of environ
mental conditions. This would also facilitate the evalua
tion of the effects of the various environmental elements
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on the fabric samples. When exposing the fabric samples to 
solar radiation and other environmental elements, blocking 
out the solar radiation for some of the fabric samples would 
also enable the researcher to evaluate the effects of en
vironmental elements other than sunlight on the fabricst 
colorfastness.

By using colors other than the three primary 
colors— redf blue f and yellow’— research investigations could 
be conducted to compare the colorfastness of the primary 
colors with the secondary or tertiary colors. This type 
of research could be expanded to include various intensities 
and values of one or more colors. Various fiber contents r 
dye classes, and fabric finishes could also be used with 
emphasis placed on the selection of fabrics, finishes, and 
dyes commonly marketed for use in consumer goods that re
ceive large amounts of exposure to solar radiation and en
vironmental elements.

Finally, information collected on the effects of 
atmospheric contaminants on our environment could be 
applied to textile research. This could be accomplished by 
designing research investigations to evaluate the affects 
of. the various concentrations of contaminants present in 
the air on the color retention and durability of fabric 
with, various dye classes, fiber contentsf and fabric



finishes, Laboratory research using the identical con
centrations of atmospheric contaminants could be co
ordinated with the outdoor exposure of the fabric samples.
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Table A,l, Coding system designating unlaundered fabric

samples for exposure to environmental elements.

Average Langley 
Code Units Received Treatment Group

o ! > H c-a 2, C-Ag None ' Red control samples
C-Blf

C * " B 2  f C-Bg None Blue control samples
c -c l f c-c2. C-Cg None Yellow control samples

W-Aj^, w-A2, W-Ag 1,349 Red samples

W-B3 1,349 Blue samples
w-cl f W^c2 , W-Cg 1,349 Yellow samples

X-A1 f X"A 2 ' X-Ag 2,836 Red samples
x-b 2  r X"B3 2,836 Blue samples

x-c l f
X - B 2  ■ X-B3 2,836 Yellow samples

Y-A2, Y^Ag 5,551 Red samples
Y-B^, Yt' B2 ' Y-Eg 5,551 Blue samples
Y-Clf Y-c2, y-c3 5,551 Yellow samples

Z—A^ , z-a 2 , Z-Ag 11,627 Red samples
Z-Blf Z ^ , Z-B3 ■ 11,627 Blue samples
z-c2 , z-B2, Z-Cg 11,627 Yellow samples



Table A,2, Coding system designating treatment groups of 
unlaundered and laundered fabric samples for 
discussion of results.

Code Treatment Groups .
ULC Control fabric samples, no laundering or ex

posure to environmental elements.
UL 1349 Unlaundered, exposed to approximately 1,349 

langley units.
Lj- 2 0 Laundered 20 times, line dried 1 hour, exposed 

to lf349 langley units.
UL 2836 Unlaundered, exposed to approximately 2,836 

langley units,

Li - 4 0
Laundered 20 times, line dried 1 hour, exposed 
to 2,836 langley units.

UL 5551 Unlaundered, exposed to approximately 5,551 
langley units.

L4-20 Laundered 20 times, line dried 4 hours exposed 
to 5,5551 langley units

UL 11627 Unlaundered, exposed to approximately 11,627 
langley units.

IT1 1 o Laundered 40 times, line dried 4 hours, exposed 
to 11,627 langley units.
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Table B«l, Langley units received by treat

ment groups of unlaundered and
laundered fabric samples.

Treatment Groups
Actual Langley 
.Units. Received

ULC
UL 1349

Lr20
UL 2836

Ll"40 
UL 5551
L4^2Q
UL 11627
L 4 - 4 0

None
1,387
1,349
2,920
2,836
5,543
5,551

11,593
11,627.
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Table C,l, Warp and, jEill tenr strength jrieans1 for treatment

groups of unlaundered and laundered fabric
samples,

Treatment Group
Warp Tear 

. . Strength*.....
Fill Tear 

... Strength*
ULC 1244 940
UL 1349 1116 770
UL 2836 1078 796
UL 5551 1008 708
UL 11627 991 697

L 1 “ ' 2 0 1017 691
L1-40 977 654
L 4 ^ 2 0 931 631
L 4 - 4 O 850 543

*Tear strength in grams.
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Table C,2, Warp and fill tear strength- jneans for un

laundered. red, blue, and yellow fabric samples.

Treatment Group
Warp Tear 
Strength*

Fill Tear 
Strength*

ULC Red 1317 1 0 0 0

Blue 1 2 0 0 903
Yellow 1217 917

UL 1349 Red 1107 850
Blue 957 710
Yellow 1283 750

UL 2836 Red 1 1 1 0 903
Blue 1013 693
Yellow 1050 790

UL 5551 Red 1 1 0 0 790
Blue 960 653
Yellow 963 680

UL 11627 Red 1107 750
Blue 910 647
Yellowr 956 693

*Tear strength in grams,
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Table P,l, Weight means for. unlaundered 
and laundered fabric samples

Treatment
Group

Mean Weight for 
. Treatment Group*

ULC ,8993
UL 1349 ,8998
UL 2836 ,8985
UL 5551 ,8993
UL 11627 ,9053

l -l^ o .8737
Lit'40 .8913
L 4 ^2 Q v .8971
L^4Q .8838

*Weight in grams.
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Table E,l. Color difference reading means for unlaundered

and laundered fabric samples,

Treatment
Group

Color
Difference 

. .Reading Red ... Blue. . . . .Yellow
ULC L 35.5 37.2 71.3

a +48.2 + 2.7 + 1 1 . 8

b +16.8 -39.7 +41.6
UL 1349 L 36.2 38.3 71.8

a +48.7 + 2 . 2 + 1 0 . 1

' b -17.0 -38.5 +41.6
UL 2836 L 36.9 38.3 72,0

a +48.1 + 2 . 1 + 9.2
b +16.9 -37,8 +41.5

UL 5551 L 37.4 38. 6 73.1
a +47.4 + 1 . 8 + 6.9
b . + 16.8 -35.9 +41.4

UL 11627 L 38,7 38.9 74.1
a +45,2 + 1 , 6 + 4.5
b +16,6 -33.2 +41,1

L ^ - 2 0 ,L 35.8 39.0 71.8
a +49.5 + 2 . 2 +10.4
b +16.7 -38.9 +41.7

L̂ ''4 0 L 36.9 39.2 72.1
a +48.9 + 2 . 0 + 9.6
b + 1 6 . 8 -37.8 +41.8

L4-20 L 36,3 39.2 72.8
a +49.4 + 1.7 + 7.9
b +16.7 -36.5 +42.1

01A L 38.7 40.7 73.8
a +46.7 + 1 . 0 + 6.9
b + 16.6 —32.9 +42.3
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Table F.l. Mean air temperature and relative humidity.

_ X High/Low _ _
X Air Tern- Air Tern- X Relative X High/Low

Treatment Exposure Exposure perature perature Humidity Relative
Group Cycle Hours ( F) ( F) (%) Humidity (%)
UL 1349 I 72.5 83 86/53 27 36/14

II 92.75 77 82/48 35 37/11
III 50.5 75 80/54 31 3 8 / 1 0

UL 2836 I 158.5 76 89/56 30 38/15
II 118,5 77 79/49 16 41/14
III 101.25 74 78/49 23 38/13

UL 5551 I 274.0 84 86/56 24 35/13
II 400.25 6 8 71/42 33 54/17
III 192,25 82 88/56 31 27/10

UL 11627 I 533.0 87 90/61 27 45/14
II 715,5 65 67/37 37 58/19
III 310.0 85 88/57 26 34/11
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Table F.2. Mean ozone.

Treatment
Group

Exposure
Cycle

Exposure
Period Exposure Hours

Mean Ozone 
(parts per

Present
million)

UL 1349 I
II
III

10/73
11/73
4/74

72.5 
92.75
50.5

. 0 1  

. 0 1  

. 0 2

UL 2836 I

II
III

10/73
11/73
4/74
4/74
4/74

89.0
65.0 
4.5

158.5
118.5 
101.25

. 0 1

. 0 1

. 0 2

. 0 1

. 0 2

. 0 2

UL 5551 I
II
III

10.73
10/73
11/73
5/74

291.75
108.5

274.0
400.25
192.25

. 0 1  

. 0 1

. 0 1  

, 0 1  

, 0 2

UL 11627 I

II

III

9/73
10/73
4/74

12/73
1/74
2/74
4/74
5/74

312.0
219.0 

2 . 0

314.0
332.5 
69.0

122.5
187.5

533.0

715.5

310.0

. 0 1  

. 0 1  

. 0 2  

. 0 1  

. 0 1  

. 0 1  

. 0 2  

. 0 2

. 0 1

. 0 1

. 0 2
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Table jFs3 , Unlaundered fabric sample temperatures ^measured 

at 9;00 a,m,, 12 noon, and 3;00 p.m. Solar Time.

. Mean Temperatures C°F)

Fabric Sample 9:00 a.m. 1 2 . noon 3:00 p.m.
UL 1349 Red 1 134 165 1 1 0

Red 2 119 155 91
Red 3 1 1 2 148 89
Blue 1 140 170 1 1 2

Blue 2 125 159 95
Blue 3 1 2 1 148 91
Yellow 1 117 151 93
Yellow 2 114 146 85
Yellow 3 108 136 87

UL 2836 Red 1 117 161 70
Red 2 1 2 1 158 76
Red 3 117 163 85
Blue 1 119 163 6 8

Blue 2 123 159 78Blue 3 117 159 83Yellow 1 108 148 64Yellow 2 1 2 2 148 42Yellow 3 108 142 74
UL 5551 Red 1 138 167 106Red 2 108 155 32Red 3 117 157 70Blue 1 138 172 108Blue 2 1 2 2 161 32Blue 3 119 157 74Yellow 1 . 1 2 1 153 93Yellow 2 1 0 1 153 32Yellow 3 1 1 0 146 70
UL 11627 Red 1 138 176 95Red 2 1 0 1 151 49Red 3 1 2 1 157 83Blue 1 144 180 1 0 0Blue 2 106 159 53Blue 3 125 159 83Yellow 1 127 161 93Yellow 2 98 144 45Yellow 3 1 2 2 .. 144 81
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