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The main objectives of this study were to determine if the

manufacturer's claims for a soil-release-finished fabric were true

and to determine if the finished fabrics were satisfactory from the

consumers' point of view.

Differently colored (white, blue and yellow) blouses constructed

from soil-release-finished polyester knit fabrics and comparable

unfinished polyester knit fabrics were worn by six women for 24

wearings each. For comparison purposes, test specimens cut from

each fabric were laundered but not worn, and test specimens were

neither worn nor laundered, but were used as controls.

The participants in the wear study found that the soil-release-

finished blouses were more comfortable to wear in terms of tempera-

ture and water-carrying properties than the unfinished blouses.



The white test specimens after 24 launderings had the greatest

change in color as perceived by consumers. Reflectance readings

found this to hold true for the soil-release-finished fabrics, but

showed that the greatest change in color for the unfinished fabrics

occurred with the color yellow. The greatest change in color for the

blouses as perceived by consumers was for the color blue. This was

consistent with the reflectance readings. Consumers would accept a

change in color if it were uniform within the garment more readily

than they would if the two pieces were in one garment. From

reflectance readings it was found that there was a difference in color

on the original fabrics due to the soil-release finish.

There were indications that the soil-release-finished blouses

had a greater tendency to pill than the unfinished blouses.

Consumers rated the blouses made from the soil-release-

finished fabrics as having better soil-release than the unfinished

blouses. Artificially soiled soil-release-finished specimens had con-

siderably less soil build-up after laundering than the unfinished

sample.

There was no soil redeposited during laundering on the soil-

release-finished fabric.

There was a loss of durable press appearance due to the soil-

release finish.

Residual shrinkage occurred through the entire 24 launderings



with the exception of the white fabrics (warp knit construction) in the

course direction. The amount of dimensional change would be con-

sidered acceptable for all fabrics tested.

From electron micrographs, distinct differences in the surfaces

of the unfinished and soil-release-finished fibers were found. The

soil-release-finished fibers had very etched surfaces compared to

smooth surfaces for the unfinished fibers.

Based upon the findings of this study it can be concluded that the

soil-release-finished polyester knit fabrics would be acceptable from

the consumers' point of view.
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PERFORMANCE CHARACTERISTICS OF A SOIL-RELEASE
FINISH ON POLYESTER KNIT FABRICS

INTRODUCTION

There has been much interest in oily soil release generated by

consumers' complaints regarding polyester. Fabrics made from this

fiber often retain oils after home laundering. Steiniger and Dardis

(52) list pills and fuzzing on surfaces, shrinkage, color change,

wrinkling, staining and soiling, and clinging as common problem

areas in clothing.

Many textile manufacturers have introduced new soil release

finishes to provide the consumer with a more satisfactorily laundered

product.

What the consumer would like to expect from these soil-release

finishes might be (4, 42): a) there would be easy removal of soil in one

home laundering, that is, soil from body oils and stains from common

foods; b) there would be no color change or graying upon repeated

laundering; c) there would be no loss of durable press appearance

because of the finish; d) there would be no decrease in wear life; and

e) there would be a decrease in static electricity build-up.

Of the many fabrics tested in the Sears laboratory over the past

few years not many would qualify for these claims (42). It is with

much skepticism that the consumer looks at the advertisers' claims.
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Statement of the Problem

The main purpose of this research is to define the performance

of soil-release-finished polyester knit fabrics.

The study is based on these objectives:

1. to determine the amount of oily soil retained by a soil-

release-finished polyester fabric and a comparable unfinished

fabric after laundering;

2. to determine changes in color due to the soil-release finish;

3. to determine changes in color due to wear and laundering;

4. to examine pilling on a soil-release-finished polyester knit

fabric and a comparable unfinished fabric;

5. to determine any loss of durable press appearance due to the

soil-release finish; and

6. to compare dimensional changes of soil-release-finished

polyester knit fabrics and unfinished polyester knit fabrics

after laundering.

The general objective of this study is to determine if the soil-

release-finished fabrics are satisfactory to meet the consumers'

expectations for this product.
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Hypotheses

The experimental hypotheses being tested in this study are:

1. The participants in the wear study will find that the soil-

release-finished blouses will be more comfortable to wear

based on these properties:

a. cooler to wear

b. less static electricity build-up, and

c. better water-carrying properties.

2. There will be a loss in durable press appearance due to the

soil-release finish.

3. There will be changes in color of the blouses due to wear and

laundering.

4. There will be a difference in color due to the soil-release

finish.

5. The consumers will accept a change in color if it is uniform

within the garment more readily than a change in color if the

two pieces are in the same garment.

6. There will be a difference in pilling between the soil-release-

finished polyester fabric and the unfinished fabric.

7. The consumers will find that the soil-release-finished

blouses will show less soil than the unfinished blouses.

8. The consumers will continue to wear the soil-release-finished
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blouses and the unfinished blouses based on these properties:

a. color change

b. pilling, and

c. soil-release.

9. There will be a difference in dimensional stability after

laundering between the soil-release-finished fabrics and the

unfinished fabrics.

10. There will be a difference in dimensional stability between

the warp knit fabrics and the double knit fabrics.

11. The greatest dimensional change will occur between the first

and sixth launderings.

12. The artificially soiled soil-release-finished fabric will

retain less soil than the unfinished fabric after successive

launderings.

13. There will be less soil redeposited during laundering on the

soil-release-finished fabric compared to the unfinished

fabric.

Delimitations

The number of garments in the wear study was limited to the

amount of fabric available to test. Ideally, additional garments would

have been constructed to be laundered, but not worn, and not to be

laundered or worn, as a basis of comparison. Since this would have
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entailed a large amount of fabric, 15 x 15 inch test specimens were

cut and used in these categories instead of garments.

The laundered test specimens were not laundered during the

same time period as the garments. The garments were laundered

over a seven month time span, whereas the test specimens were

laundered over a two month period.

A standard detergent without optical brightener was chosen so

that there would be no interference due to the optical brightener with

the reflectance readings.

Laundering temperatures and conditions were chosen according

to the manufacturer's suggested care procedures.

Definitions

Buffer fabrics are small pieces (approximately 20 x 20 inch)

of fabric cut from the white unfinished and white soil-release fabrics.

They are used in laundering to make a load of either four pounds for

the wear test or two pounds for the artificial soiling and laundering

test.

A consumer is someone who evaluated the garments for color

change, pilling and soil after 24 wearings and launderings.

Controls are original fabrics, not used and not laundered, in

either the soil-release finish or the unfinished state.
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A participant in the wear test is any individual who wears the

test garments (8, p. 599).

Soil checks are specimens which are soiled but not laundered

at the 1st, 6th, 12th and 24th soiling to detect uniformity of soiling

during the period of soiling.

Unfinished is any fabric to which there has been no soil-release

finish applied.

Water-carrying properties are the fabric's ability to wick water

and absorb moisture.
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REVIEW OF LITERATURE

Literature related to this study includes: properties of

polyester; soil-release theories, finishes and test methods; the nature

of oily soils; perception and measurement of color differences and

wear tests.

Polyester

The most common type of polyester is a polymer that is formed

by reacting dimethyl terephthalic acid and ethylene glycol (13, 27).

It is a fiber which will be in ever-increasing demand because it

makes fabrics which possess these desirable properties: high

strength and abrasion resistance, wrinkle resistance, ease of care

and dimensional stability (27). Halaby (21) found that polyester double

knit fabrics retained these same properties. Some of the shortcom-

ings of polyester fabrics are: low moisture absorption, static

electricity build-up, low perspiration absorption; soiling, affinity for

oil-based contaminates; and tendency to pill (27). Childress (14)

found in a wear study of polyester double knit garments that the

wearers encountered problems of accumulation of static electricity

and minor oily stains.

The accumulation of electric charge on fabrics is a great

problem from the standpoint of the manufacturer during processing and



the consumer during wear. Because of the hydrophobic nature of

polyester the absorption of moisture is so low that a conducting layer

cannot form on the surface of the fiber (13).

Soiling is caused by one or more of the following: physical

contact, static attraction and redeposition during laundering (4, 13,

43, 47). Generation of static charge results in an increased attraction

of fine dirt particles (13). Since polyester fabric is not easily wet

by water, it is more difficult to remove soil (43). Redeposition dur-

ing laundering causes a graying of polyester fabrics. During

laundering, the oily soil removed from fabrics which are easily wet

is attracted to the polyester due to its oleophilic character (13,43).

The pilling performance of polyester fabrics has been a real

problem, When a pill forms on the surface of the fabric, the polyester

fibers refuse to let go. This results in an unsightly accumulation of

fuzz balls. By reducing the flex abrasion resistance of the fiber by

lowering its molecular weight, the pills fall off the fabric almost as

soon as they are formed (9, 27). Amis (5) found that the knit construc-

tion of polyester fabrics had the greatest effect on the degree of

fuzzing during laundering. Fabrics having a tighter and more compact

surface exhibited the lowest degree of fuzzing and snagging.

Knits made from polyester are easily cleaned, but shrinkage can

be a problem. At a recent AATCC symposium (24), Anne Lyng of

Procter and Gamble said that a recent survey indicated that most
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consumers are not concerned about shrinkage of knits. Incorrect

laundering methods can intensify this problem. Presently, most new

washing machines have special knit cycles. She also noted that tests

have shown that more shrinkage occurs with dryer drying than with

line drying. Nelson (39) found that washing temperatures over 120°F

produced unacceptable shrinkage and appearance of polyester double

knits. Progressive vertical and horizontal shrinkage occurred after

1, 5, 10, 15 and 20 washings. The most shrinkage occurred between

the first and fifth evaluations. Johnson (28) found there was no

significant difference between the dimensional stability of polyester

single knit and double knit fabrics.

Soil-Release Theories

Smith and Sherman (49) define staining as involving "a wetting

or absorption phenomenon in which a contacting fluid flows out to

form a film over the surface of the fabric" (p. 105). They define

stain release as "a desorption process in which the staining fluid is

displaced from the fabric surface in water" (p. 105).

It has been found (17) that naturally soiled fabrics often include

a sheath of oil spread over the fiber surfaces with soil particles

embedded in the sheath. It has been suggested that if a washing proc-

ess could be devised to remove the oil the particulate matter would

give little trouble.
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Smith and Sherman (49) concluded that the spontaneous release

of soil from polyester is very unlikely. They suggested that since

polyester is a relatively low energy, non-polar substrate, it would be

expected to exhibit high interfacial energy in water (no hydrogen bond-

ing with water) and low interfacial energy in oil. This is in contrast

to untreated cotton where release of soil stains is spontaneous.

Cotton is a high energy, very polar substrate, exhibiting very low

interfacial energy in water due to hydrogen bonding.

Fort, Billica and Grindstaff (16) reported a study of the kinetics

of desorbing radioactively tagged oily compounds by water. The

films they investigated were composed of cellophane, polyester,

polyamide and polytetrafluoroethylene. They found that in all

instances where anionic detergents were used, oil was released more

rapidly and completely from the cellophane than it was from the lower

energy substrates. These results support the findings of Smith and

Sherman (49).

It has been found (55) that the oily soil removal from a fabric is

not only affected by the hydrophilic nature of the fiber, but that sur-

face irregularities, cross-sections, fiber assembly and weave con-

struction also have a substantial effect. Fabrics made from

texturized filament yarns exhibited less cleansing during laundering

when compared to fabrics made of non-texturized yarns. Fabrics

made of round-shaped filament yarns showed better oil-removal than
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fabrics made of irregularly shaped filaments.

Hoffman (23) drew these same conclusions and further indicated

that most of the oil removal difficulties stem from the entrapment of

oil between fibers inside the yarn bundle.

Soil-Release Finishes

From the literature it becomes apparent that there are three

ways to approach the solution of polyester's soiling problem: 1) to

formulate finishes which would repel soil; 2) to formulate finishes

which would allow the easy removal of soil and stains by regular

laundry methods; or 3) to develop more effective cleaning agents (6).

It is the second category that is of interest in this study.

From the above studies, it becomes evident that the surface of

the polyester is the problem in soil-release. It has been suggested

that

. . . a reduction in the hydrophobicity of the polyester
would aid soil release during laundering. This would bring
the free energy of the polyester-water interface more in
line with that of the cellulose-water interface (13, p. 141).

Garrett and Hartley (18) studied the Permalose T°) finish. It

is specific for polyester fibers and produces a surface modification

which makes the fiber more hydrophilic. Extensive wear trials con-

firmed these advantages: good anti-static properties and decreased

soiling. This same soil-release finish is produced in the United



12

States under the name of Cirrasol-PT®. Perry (43) studied this

finish and came to the same conclusions as Garrett and Hartley.

Aliman, Dunlap and Zybko (4) described a Fybrite -Rortrel®

anti-soiling finish. It contains hydrophilic polyglycol groups which are

anchored to the fiber surface. The polyglycol groups contain oxygen

atoms which are available for hydrogen bonding with water.

Surface Activation Corporation (earlier known as Radiation

Research) has patented (US 3,600,122) a process which would give

natural and synthetic fabrics improved soil-release, wettability and

reduced susceptibility to static electricity build-up (44). The

electronic discharge process grafts organic monomers, such as

acrylic acid, to the surface of the fibers. This provides a permanent

polar surface.

It has been suggested (40) that chemical fiber makers plan to

replace ethylene glycol with higher glycols which would offer substitu-

tion points along the chain lengths.

Polar groups, such as methyl, hydroxyl, chloride, and
acetate. . . would impart greater adhesion characteris-
tics to the fiber surface through hydrogen bonding and
electrostatic forces. And finally they would also increase
the hydrofilicity of the polyester fiber so that ambient
moisture would collect and dissipate static build-up
(40, p. 43).

Treatment of fabrics containing polyester with strong alkali (36)

modifies the chemical constitution of the fiber surface as a result of

the partial surface saponification. The amount of carboxyl and
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hydroxyl groups on the surface is changed resulting from the breaking

of ester links on the surface. It was concluded that the effect of the

hydrolysis is equivalent to that of conventional soil-release finishes

and was found to be more durable.

Namboori (38) studied the effects of sodium hydroxide on

polyester fibers at 60°, 80° and 100°C using various concentrations

of alkali. The percent weight loss was found to depend on the initial

concentration of alkali and showed a linear relation with regard to

length of treatment. The hydrolysis was assumed to be a surface

hydrolysis.

J.P. Stevens and Co. , Inc. has announced a new soil-release

finish for polyester fabrics called Fantessa (34). The molecular

structure of the fiber undergoes some change during the process

which is applied before the dyeing of the fabric. Properties claimed

by the manufacturer include: increased comfort due to an improve-

ment in absorption of perspiration and moisture; improved laundering,

increased soil-release properties, and elimination of soil redeposition.

The process is designed for 100% polyester fabrics and once applied

lasts the life of the fabric. Abrasion resistance is supposed not to be

affected (34,41).
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Many analytical studies of natural soils have been made.

Generally speaking, both fatty and inorganic constituents are present,

the exact proportions depending upon the source of soil.

Powe and Marple (46) analyzed organic soil that had gradually

accumulated on cotton garments and was not removed by normal

washing procedures. They found the composition of the oily constitu-

ent to include: 15-30% fatty acids, 12-16% wax esters, 30-50%

triglycerides, 10% ,mono- and di-glycerides, 3% cholesterol, 10-12%

squalene and 1-3% hydrocarbons.

Bille, Eckel and Schmidt (10) defined the composition of the

fatty substance secreted by human skin to be: 22-27% free fatty acids,

20-22% wax and sterol esters, 25-35% triglycerides, 6-10% diglycer-

ides, 10-15% squalene, 2-5% sterols and 0. 5 -1. 5% paraffin.

Artificial soils have been designed to give as realistic results as

possible. The soils most frequently used by researchers are:

1) synthetic sebums (12, 25); 2) heavy lubricating oils, sebum-type

oils (11); 3) used motor oil, colloidal graphite in water (32); and

4) combinations of fatty acids, fatty esters, fatty alcohols and hydro-

carbons (17).
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Measurements of Soil-Release

Many techniques have been employed to detect oily soils on

polyester fabrics.

AATCC Test Method 130-1970, Soil-Release: Oily Stain

Release Method (3), has been designed to measure the removal of oil

stains from a fabric during home laundering by subjective evaluation.

Appendix D, Figure C, shows the oily stain release replica used in

this test method. Stein (51) evaluated this test method and its applica-

tion to textured polyester double knit fabrics. Results indicated that

the choice of oily staining agent was an important variable. Nujol

stains were effectively removed from the polyester fabrics under all

laundry treatments, but castor oil stains were not effectively

removed. The observers reported difficulties in distinguishing

between possible stains and surface shadows.

Kissa (33) noted that although the above test method is simple,

its accuracy and precision were not high. He described a reproduci-

ble and accurate method for the evaluation of soil-release where a

measured amount of dyed soil was placed on a 6.5 x 6.5 inch fabric

swatch by means of a micropipette. Reflectance measurements of the

soiled area and the clean areas were taken before and after laundering.

The reflectance data were converted to soiling values by the Kubelka-

Munk equation.
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Reflectance measurements are often used to determine the

degree of soiling and soil removal (31,37,47).

Microscopic methods (17, 23) have proven effective when trying

to determine the location of soil on a fiber. Through electron micro-

graphs, Fort, Billica and Sloan (17) found that soil deposited during

use is concentrated on the filaments at the exposed surface of the

fabric. However, soil deposited during laundering is distributed over

each filament and concentrates at fiber-fiber junctions.

Arai and Maruta (7) studied adherent natural soils on polyester

fiber surfaces with the scanning electron microscope. The soils on

the fiber surfaces resembled oily soil.

Labhard and Morris (35) developed a radioactive tracer tech-

nique to detect synthetic sebum on fabrics. They extracted oily soil

from the samples and evaluated aliquots of the extract with a gas-flow

detector. The activity of the extracted synthetic sebum, tagged with

tristearin carboxyl 14C, was considered directly proportional to the

mass of soil remaining on the fabrics after laundering.

Gravimetric methods to determine the amount of soil retained

after laundering are commonly used in studies with cotton fabrics.

The author found no reported studies in the literature utilizing this method

for polyester fabrics.
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Measurement of Color and Color Difference

Color has been defined as the "sensation resulting from

stimulation of the retina of the eyes by light waves" (20). There are

three things necessary for the eye to perceive color: a light source,

an object, and a detector. The most common light source would be

the sun, the object could be almost anything colored, and the detector

would be the human eye. For an instrument to measure color the

same three things would be needed: a lamp would be the source, the

object could be a sample of a textile, paint, plastic, etc. , and a

phototube would be the detector (54).

The sensitive elements of the eye (the rods and cones in the

retina) play an important part in how a person sees color. The rods

make it possible for the eye to see at night and the cones for day

vision. The cones enable the eye to detect red, yellow, green and

blue differences as well as light and dark (54).

It was found that when a product was compared to a color

standard by each of a number of people there were almost as many

descriptions of color difference as there were people. It was there-

fore found necessary to resort to a standard observer to interpret

spectrophotometric results. In 1931, the International Commission

on Illumination (CIE) adopted a color order system based on work

done by W. D. Wright and J. Guild to define the color matching
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characteristics of the 1931 Standard Observer. This system is widely

used today. Judd (29) presented an excellent report defining the 1931

CIE Standard Observer and coordinate system.

The properties of the standard observer are given by his
tristimulus specifications of the spectrum stimuli as
functions of wavelength (29, p. 363).

A normal observer can duplicate the effect of any color stimulus

by mixing the lights from three primary sources in the proper pro-

portions. It does not matter what three lights are chosen as primaries

as long as no two will match the third (50). The amounts of the

primaries needed are called tristimulus values of the color that has

been matched. With this method any color can be matched with three

primaries (19). Since people are not going to match colors by pro-

jecting lights on a screen but are going to calculate the amounts of

primaries needed by suitable measurement of a specimen, there is no

need for the primaries to be real colors. Therefore the CIE adopted

three imaginary primaries which meet two properties: 1) no negative

values occur using these primaries, and 2) the Y primary describes

the lightness of the color (50). Since the primaries are not real,

they cannot be described in terms of red, green and blue (22). The

tristimulus values are usually denoted as X, Y, and Z. The Y or

green value was made to correspond with the visibility curve of the

normal eye. Thus, the brightness or lightness of a sample can be

indicated directly by the Y value which represents perfect white at
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100 percent (56).

From the X, Y and Z values, the chromaticity coordinates can

be calculated:

Xx =
X+Y+Z

y X+Y+Z

The chromaticity coordinates (x and y) and the tristimulus Y

value can be used to completely specify a given color in the CIE

system (54).

Approximate tristimulus values may be measured directly with a

colorimeter. The physical color of the three filters in a colorimeter

are usually green, blue and amber. "The filters are the color of the

weighing factors that permit a colorimeter to integrate a spectral

distribution by optical means" (50, p. 43).

Judd (30) defined the perceived color difference, AE, between

two colors. The size of the color difference was given in National

Bureau of Standard (NBS) units.

Hunter (26) redefined the NBS unit based on an alpha-beta

chromaticity diagram.

The present definition of the NBS unit of color difference is:

1/4 2 2 1/2 2 1/2 ,2 1/2
AE = f{[ZZ1Y Aa +AP ) [kA(Y )1 } (19).
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The values f and k are variable. If takes into account the masking'

influence of gloss on the detection of color difference. "k" is the

proximity factor. To obtain the best agreement between instrumental

data and visual estimates it was found necessary to vary k according

to the proximity of the areas visually compared (26). Stearns (50)

recommends that for textile work f = and k = 12. This ky+2, 5

value would be equivalent to samples separated by a very narrow or

nonexistent dividing line (57).

There are several other equations used for calculating color

difference. The Adams chromatic value color difference was used to

standardize the gray scales (53). The Adams-Nickerson color differ-

ence formula has been recommended by the. Society of Dyers and

Colourists for generaluse in the textile industry in England (15).

Stearns (50) discussed many of these formulae.

The color difference calculations are very difficult without the

use of a computer.

Calculated color differences are very useful in the textile

industry to the dyer. There seems to be very little published informa-

tion regarding what a tolerable color difference represents. Hunter

(26) stated that "measured differences of more than one unit, however,

were expected to represent color differences which are commercially

important" (p. 17). However this was based on the first equation

devised by Judd which later was modified, Suga (53) gave the color
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differences and numerical fastness ratings of the gray scale:

Fastness Rating Color Difference in NBS Units
5 0.0
4 1.5
3 3.0
2 6.0
1 12.0

Wear Tests

Wear tests are becoming increasingly important as the textile

industry is becoming more aware of the value of testing under actual

use conditions. In a paper on "Performance Studies of New Finishes

for 100% Polyester Knits, " presented at a New England Regional

AATCC meeting (45), it was suggested that the most effective wear

test procedure was to have a section of untreated and one of treated

fabric in each garment so comparisons could be made under identical

test conditions.

ASTM recently has published a test method (8) for wear tests

(ASTM Test Method D-3181-73T). The randomized block design is

considered to be the preferred method where cost and time are not

considered vital. The advantages are that each participant would

wear all the garments and it would be easier to handle missing data.

A major drawback is that it requires more time because each person

wears all garments and therefore it is not practical for wear tests

involving more than four types of garments.
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Research on soiling of polyester fabrics and soil-release has

led to the production of soil-release-finished polyester fabrics. Wear

tests and evaluation of the worn fabrics by consumers enable the

effectiveness of these finishes to be determined from the consumers'

point of view,



23

PROCEDURES

Fabric Description

Six different 100% polyester fabrics have been donated by

J. P. Stevens and Co., Inc. and were used in this study: 1) a white

Fantessa polyester warp knit; 2) a white unfinished polyester warp

know; 3) a blue Fantessa ®polyester double knit; 4) a blue unfinished

polyester double knit; 5) a yellow Fantessa polyester double knit;

and 6) a yellow unfinished polyester double knit (Appendix A),

A. Wear Test of Six Polyester Knit Fabrics

Blouses made from soil-release-finished polyester fabrics and

comparable unfinished fabrics were worn by six women. For com-

parison purposes, 15 x 15 inch test specimens were laundered, but

not worn, and 15 x 15 inch test specimens were neither worn nor

laundered. The garments and test specimens were subjected to tests

to evaluate these performance properties: color changes, pilling,

soiling, durable press appearance and dimensional stability.

Sampling

Three blouses from each test fabric were cut and sewn, giving a total

of eighteen garments (Appendix B). Six 15 x 15 inch ( 38.1 x 38.1 cm)

specimens were cut from each test fabric. Three of these were
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laundered and the remaining three were used as controls. No portion

of any test specimen was cut closer than one -tenth the width of the

fabric in from the selvage. All garments and test specimens were

number coded with a laundry marking pen, Buffer pieces measuring

approximately 20 x 20 inches were cut from the white soil-release-

finished fabric and the white unfinished fabric to be used during

laundering to make a wash load of the appropriate weight.

Design of Wear Test

The randomized block was chosen for this wear test. Each

participant wore all garments, thus minimizing the effect of wearer

severity.

Each garment was worn a minimum of eight hours per week.

At the end of the week the garment was returned to the laboratory

where it was laundered and then passed on to the next participant.

This continued for 24 wearings.

The garments were issued to the participants with instructions

to wear the garment as they would normally wear a garment of similar

type and design.
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Sorting and Laundering

Garments

When the garments were received at the laboratory, they were

sorted into six loads according to type of fabric. Individual garments

were checked for stains and were pre-soaked to remove stains when

it was found necessary. The selection of an appropriate method to

remove the stain was made according to the U. S. Department of

Agriculture Home and Garden Bulletin, "Removing Stains from

Fabrics- -Home Methods" (48).

A Whirlpools automatic washer, model LSA 9920, was used

to launder the garments. The high water level (approximately 17

gallons of water) of the washer was used. Water temperature was

105°F ± 5° (40.5°C ± 3°) for the washing cycle and the rinse water

temperature was 70°F ± 5°. Temperature readings were taken after

the tub had been filled plus one minute of agitation. After the tem-

perature had been reached 90 grams of AATCC Standard Detergent

124 (without optical brightener) was added and the water was allowed

to agitate for one minute.

The garments and enough buffer fabrics to make a four pound

(1.8 kg) load were added to the washer. The washing cycle settings

were: Perma Press setting at 10; agitationhigh; spin--low. The

garments and buffers were removed after the final spin cycle.
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model LSE 9920, and tumble dried. The settings for the dryer were:

auto cycle, perma press with dial set on first marking of normal

section on dryness selector; speed selector--auto perma press,

regular. The load was removed immediately after the machine

stopped.

15 x 15 Inch Test Specimens

The test specimens were laundered in six separate loads

according to type of fabric. They were washed and dried by the same

procedures as outlined for the garments.

Participants

Six married women, ranging in age from 23 to 38, volunteered

to wear the blouses. Five were graduate students and one was a

housewife.

Measurements of Performance Properties

Evaluation During the Wear Test

An evaluation was included with each garment during the wear

test (Appendix C). On this sheet the participant noted the day and

the number of hours that the garment was worn. The participant also
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evaluated the garment for stains, discolorations, durable press

appearance and comfort. For the duration of the wear test, weather

temperatures were recorded. The purpose of the evaluation sheet was

for reference and description.

Consumer Evaluation

A group of ten consumers (including five of the participants in

the wear test) volunteered to evaluate the eighteen garments and six of

the laundered specimens for color changes, pilling and soil. Only one

laundered test specimen from each fabric was randomly selected to

be evaluated because reflectance readings indicated that there was no

difference among the three test specimens from each fabric and the

length of time required for the evaluation was quite long.

The consumers were females, ages 23 to 38. Seven were

married, two were single, and one was divorced. Six were instructors

at the university level, three were graduate students and one was a

housewife.

An evaluation area and lighting as described in AATCC Test

Method 124-1973 were used (1). The garment or test specimen was

mounted on the viewing board with the wale in the lengthwise direction.

Color Change. A color difference standard was used in the

evaluation of color perception and acceptance. Pink cotton fabric

swatches were faded to equivalent ratings of the gray scale:
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no change in color was equivalent to 5 on the gray scale

slight change was equivalent to 4.5 on the gray scale

noticeable change was equivalent to 4 on the gray scale

considerable change was equivalent to 3 on the gray scale

very severe change was equivalent to 2 on the gray scale

(Appendix D, Figure A). This standard was placed to the right of the

viewing board. On the right of the garment or test specimen, an

unused (control ) 15 x 15 inch piece of fabric was suspended. For the

garments this piece of fabric was folded in half crosswise; for the

test specimens, a single layer of fabric was used. The garment or

test specimen was always compared to the corresponding control

piece of test fabric.

The garments and test specimens were presented to each con-

sumer in a random order. The consumer checked the appropriate

response(s) of PART A of the Consumer Evaluation (Appendix E) and

continued to PART B.

To determine the score for color change for each garment and

test specimen, a rating was assigned for each response:
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Rating Response
1 no change in color

2 slight change in color

3

4

noticeable change in color

considerable change in color

very severe change in color

1 continue to wear

2 hesitant about wearing

3 would not wear

Scores for color perception, color acceptance and acceptance

of perceived color change were calculated. The acceptance of per-

ceived color change scores were obtained by multiplying the rating

for perception by the rating for acceptance.

Pilling. A pilling standard was used in the evaluation of pilling

of the garment or test specimen:

no pilling was equivalent to 0-1 pills

slight pilling was equivalent to 2-5 pills

noticeable pilling was equivalent to 6-9 pills

considerable pilling was equivalent to 10-14 pills

very severe pilling was equivalent to more than> 14 pills

(Appendix D, Figure B). The standard was placed on a table below

the garment or test specimen.

The consumer checked the appropriate response(s) of PART B
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of the Consumer Evaluation (Appendix E) and continued to PART C.

To determine the score for pilling for each garment and test

specimen, a rating was assigned in the same manner as it was for

color change. Scores for perception of pilling, acceptance of pilling

and acceptance of perceived pilling were calculated in the same way

as they were for color change.

. The Stain Release Replica used in AATCC Test

Method 130-1970 (3) was used as a standard in the evaluation of soil:

no soil was equivalent to standard stain 5

slight amount of soil was equivalent to standard stain 4

noticeable amount of soil was equivalent to standard stain 3

considerable amount of soil was equivalent to standard stain 2

very severe amount of soil was equivalent to standard stain 1

(Appendix D, Figure C). The garment or test specimen was placed

flat in the center of a "no-glare" black topped table, with one edge of

the table touching the viewing board. The stain release replica was

placed against the viewing board with the bottom edge touching the table.

The consumer checked the appropriate response(s) of PART C

of the Consumer Evaluation (Appendix E).

To determine the score for soil for each garment and test

specimen, a rating was assigned for each response in the same man-

ner as it was for color change. Scores for perception of soil,

acceptance of soil, and acceptance of perceived soil were calculated

the same way as they were for color change.

Durable Press Appearance

The durable press appearance of the garments, laundered test
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specimens and control test specimens were evaluated using AATCC

Test Method 124-1973 (1).

The garment or test specimen was mounted on the viewing

board with the wale in the lengthwise direction. The AATCC

3-dimensional durable press replicas were placed on each side of the

test specimen to facilitate comparative rating.

Three trained observers from the Clothing, Textiles and

Related Arts Department at Oregon State University rated each

garment and test specimen. The number of the replica which most

nearly matched the appearance of the test specimen or garment was

as signed.

Fabric smoothness ratings include:

DP-5 an appearance equivalent to DP-5 replica

represents the smoothest appearance

DP-4 an appearance equivalent to DP-4 replica

DP -3.5 - an appearance equivalent to DP -3. 5 replica

DP-3 - an appearance equivalent to DP-3 replica

DP-2 an appearance equivalent to DP-2 replica

DP-1 - an appearance equivalent to DP-1 replica

represents the poorest appearance
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Dimensional Changes

The dimensional changes of the laundered test specimens were

determined according to AATCC Test Method 135-1973 (2).

Each test specimen was marked off in three 10 inch (25.4 cm)

gauge marks parallel to the length at least one inch (2,5 cm) from all

edges of the test specimen, and approximately 5 inches (12.7 cm)

apart. The same markings were made in the width direction.

The test specimens were conditioned at 70°F ± 2° (21° C f 1° )

and 65% RH ± 2% by lying flat for at least four hours before marking

and measuring.

Measurements were taken after 1, 6, 12 and 24 launderings.

Dimensional changes were calculated as follows:

% dimensional change = original - final
original X 100

where both original and final measurements are the totals of the three

measurements in each direction.

Reflectance Readings

Reflectance readings of the garments and laundered test speci-

mens were made using a Photovolt® Reflectance Meter 670.

Search unit 610Y and three tristimulus filters were employed:

green, blue and amber.
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On the blouses, readings were taken on the inside right and left

back collar positions, center front inside collar, center front bodice

midway between the two darts and the right underarm. The three

collar readings were averaged since they were less precise due to

varying fabric thicknesses. One reading was taken in the center of

each laundered test specimen. An enamel standard plaque was used

to back the fabric when the readings were taken.

Readings were taken after 0, 1, 6, 12 and 24 launderings.

The green, blue and amber reflectance values were converted

to CIE tristimulus values (X, Y, and Z) and chromaticity coordinates

(x and y) by these equations:

X = 0.8 amber reading + 0.18 blue reading
100

Y =
green reading

100

Z = 1.18 blue reading
100

Xx
X+Y+Z

Y X+Y+Z

The x, y and Y values were used to calculate the difference in

color between two fabrics in NBS-Judd units:

E = ff[221Y1/4(Pa 2 2 1/2 2 , 1/2 2 1/2
p ) + Lic,6(y )i }
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2.4266x 1.3631y - 0.3214a = 1.0000x + 2. 2633y + 1.1054

0. 5710x + 1. 2447y - 0.5708
1. 0000x + 2. 2633y f 1.1054

a = (a1 a2)

P (R1 -f32)

f y +2.5

k = 12

Y1 +Y2
Y

2

Electron Microscopic Analysis of Soil and Abrasion

Approximately 3/8 inch square swatches were cut from the

original white fabrics, the laundered white fabrics, and the collars

and fronts of the white blouses and were examined in an ISI Mini-

Sem°, model MSM-2, scanning electron microscope.

On the 15 x 15 inch test specimens, cuttings were taken from the

centers of the fabrics. One specimen from a collar was randomly

chosen from each test fabric, This swatch was cut from the center

front inside collar. On the fronts, one cutting was made approxi-

mately six inches above the hemline in the center front area on two

blouses from each test fabric. One blouse was severely abraded and

a swatch was cut from that area; otherwise all other cuttings were

randomly chosen.
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A thin layer of silver paint was applied to the specimen mount

or stub. The swatch was placed upon the stub before it had completely

dried. The edges of the swatch were painted with the silver paint.

The purpose of the paint was for good conductivity. After drying

about ten minutes, the mounted swatch was put into a Mikros-

VarianO, model VE-10, vacuum evaporator. The swatch was coated

by vacuum evaporation with 60:40 goldipalladium alloy. The swatch

was rotated in such a way as to coat all the surfaces. The purpose

of the alloy was two-fold: it prevented charging and improved signal

strength of the polymer.

The swatch was examined in the scanning electron microscope

at 15 kV accelerating potential and approximately 100 (lamps beam

current.

Artificial Soiling of Polyester Knit Fabrics

The amount of oily soil retained by artificially soiled white

polyester knit fabrics after laundering was determined by gravimetric

methods. The amount of oily soil redeposited on the two test fabrics

during laundering was also determined.

Sampling

Specimens to be soiled and laundered were cut from the white

unfinished polyester knit fabric and the white Fantessa° polyester
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knit fabric. Five 5 x 5 inch test specimens were cut from each type

of fabric for each of four laundering cycles (1,6, 12 and 24). Of the five

test specimens, three wereLused for gravimetric analysis and the

remaining two were for electron microscopic analyses. Replacement

specimens for cycles 1, 6, and 12 were also cut. Three specimens

from each fabric were cut for the 1st, 6th, 12th and 24th soil applica-

tions respectively to give a total of 24 soiling check specimens. Five

specimens from each fabric were cut to be laundered without soiling

to measure redeposition. Three specimens were cut from each

fabric, dried and extracted to indicate what oil and residue was in the

fabric. After preliminary experimental work was completed, an

additional ten specimens from the unfinished polyester fabric were cut,

dried and extracted to give additional information on what oil was in

the fabric.

Holders for laundering these test specimens consisted of two

strips of each test fabric, measuring 8 x 36 inches. Fourteen

specimens were attached to the edges of each holder with two pins per

specimen. To bring the weight of the wash load to two pounds,

buffers were cut from each fabric. All specimens were number coded

with a laundry marking pen.

Soil

The soil chosen for this study was composed of: 7% cetyl
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alcohol, 25% triolein, 15% palmitic acid, 15% oleic acid, 5%

cholesterol, 8% squalane and 25% tristearin (percent by weight).

The cetyl alcohol and triolein were heated until the mixture was

melted and well blended. The remaining ingredients were added and

heat was applied. The mixture was stirred until blended and

homogeneous.

Soil Application

A total of 2.5 grams of the oily soil were weighed into a 100 ml

beaker. The soil was heated on an asbestos pad over a gas flame the

minimum amount of time needed to melt the solid. Then 100 ml of

perchloroethylene were added and the solution stirred.

The fabric specimens were placed on clean sheets of glass.

Then 3.5 ml of the soil solution were pipetted onto each specimen by

touching the pipette to the center and gradually moving it in an ever-

increasing circle around the fabric allowing the pipette to drain.

The specimens were dried on glass fiber screens under a

forced-air hood for two hours, then air dried to make a total of

24-72 hours drying time.

Laundering

The specimens were laundered by the same procedures as used

in the wear test with a few exceptions. Since the load only weighed
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two pounds, the setting for the water level in the tub was low

(approximately 10-1/2 gallons) and the amount of detergent was

reduced to 45 grams.

Measurements

Gravimetric Analysis

The test specimens were placed in 2-1/2 inch diameter metal

weighing cans (one specimen per can) in a vacuum oven at 60-65°C

for approximately 16 hours. The cans were removed to a dessicator

to cool for 30 minutes and weighed. They were returned to the oven

for four hours and reweighed. The drying and weighing were repeated

until the weights agreed to 0.0003 grams.

Test specimens were extracted with Freon-TF in a soxhlet

apparatus for a minimum of two hours for six siphonings.

After drying on a glass fiber screen in a forced air hood, the

specimens were oven dried as above and another weight was obtained.

The difference in weights which indicated the amount of soil

retained by the fabrics was calculated.

Electron Microscopic Analysis of Soil

Approximately 3/8 inch square swatches were cut from the

soiled and laundered test specimens. Cuttings were taken from the



39

centers of these test specimens: after one application of soil, after

the 24th laundering and from the redeposition specimens after 24

launder ings.

The cut swatches were prepared and examined in the same

manner as those from the blouses.
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RESULTS AND DISCUSSION

A Wear Test of Six Polyester Knit Fabrics

Evaluation During the Wear Test

A total of 18 garments were worn 24 times each from the period

of July 1973 to February 1974. Six women participated in the test with

one wearer not completing the test because she moved out of the area.

An evaluation sheet (Appendix C) was included with each garment for

each wearing. The data obtained from these evaluations were: analyzed

by tallying the responses.

The wearers recorded the number of hours the garment was

worn. These hours were totaled and the means were calculated

(Table 1). Generally, the Fantessa° -finished polyester blouses

were worn a few hours less than the unfinished polyester blouses.

But over the entire period of time worn, this difference was very

small.

Table 1. The means of the total number of hours the
unfinished polyester and Fantessaepolyester
blouses were worn.

Unfinished Fantes sa(13)

White 262.0 259.0
Blue 260.0 252.0
Yellow 262.5 249.0
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Some of the common stains encountered during the wear test are

listed in Table 2. Dirt and general food stains appear to be the most

common stains encountered during the wear test.

Table 2. The frequency of common stains encountered
during the wear test.

Stain
Frequency

Unfinished Fantessa

Fruit 9 14
Food (general) 20 13
Grease (food) 3 3

Coffee 3 13
Dirt 18 25
Make -up 7 7
Miscellaneous (marks from
metal, pen, pencil, etc.) 7 5

The wearers rated the garments for comfort during wear.

Table 3 shows the frequencies of responses checked by the wearers

regarding the warmth or coolness of the garments. Generally, the

Fantessa e) -finished blouses were found to be slightly more comfort-

able to wear than the unfinished polyester blouses.

The garments were found to be too warm during July, August

and September when outdoor temperatures exceeded 80°F. The

garments were found to be too cool to wear during October and

November when temperatures averaged 45°F. The blouses most

likely would have been worn with sweaters, jackets or coats during the

winter months.
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Table 3. Comfort of the blouses. Frequencies of responses
of wearers regarding the warmth or coolness of
the unfinished and Fantessa blouses.

Unfinished Fantessa°

Too cool 3 4
Too warm 20 12
Comfortable 193 200

Table 4 shows the frequencies of responses checked by the

wearers regarding the static electricity build-up of the blouses during

wear. It appears that the participants in the wear study found that

there was more noticeable static electricity build-up in the

Fantes sa -finished blouses than in the unfinished polyester blouses.

This is in contrast to the expected performance of a soil-release

finish on polyester fabrics (18,44).

Table 4. Comfort of the blouses. The frequencies of
responses of wearers regarding static electricity
build -up.

Unfinished Fantessa

No build-up or not noticeable 183 173
Some 31 35
Much 2 8

Table 5 shows the frequencies of responses checked by the

participants in the wear study regarding the water-carrying properties

of the blouses during wear. The Fantessa garments appear to have
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a somewhat better rating than the unfinished garments.

Table 5. Comfort of the blouses. The frequencies of
responses of wearers regarding water-carrying
properties.

Unfinished Fantessa°

Good 33 41
Average 11 16
Poor 8 4
Not noticeable 164 155

Based upon the wearers' evaluations of the garments during

wear, hypothesis one regarding comfort of the blouses is accepted for

parts a and c, i.e. , cooler to wear and better water-carrying proper-

ties. Part b, static electricity build-up, is rejected.

The frequencies of the wearers' responses regarding the durable

press appearance of the garments during wear is given in Table 6.

Generally, the Fantessa Oblouses showed a slight loss of durable

press appearance during wear when compared to the unfinished

blouses.

Table 6. Durable press appearance. The frequencies of
responses of wearers.

Unfinished Fantessa°

Wrinkles easily 0 1

Average appearance 32 42
Little or no wrinkling 184 173
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The wear test conducted with these blouses was very limited and

the responses to the evaluation by the wearers during the test should

be taken as indications of what might be expected of these fabrics

rather than as conclusive results.

Consumer Evaluation

Ten consumers evaluated the blouses and laundered test

specimens for the following properties: color change, pilling, and

soil (Consumer Evaluation, Appendix E). The perception and accept-

ance of each property was rated.

In the development of the Consumer Evaluation questionnaire,

the assumption was made that the response checked on the acceptance

of the property was based upon what the consumer perceived. In

order to see if the questionnaire was effective regarding this assump-

tion, an additional score was calculated, i. e. , the acceptance of the

perceived property. This was achieved by multiplying the score for

perception by the score for acceptance for each property. If the con-

sumer actually rated her acceptance based solely upon her perception,

the means of the scores for acceptance of the property and acceptance

of perceived property should rank in the same order.

There were several reasons why it was found necessary to

evaluate the effectiveness of the Consumer Evaluation questionnaire.

(1) It is presently fashionable to wear faded colors. Therefore, a
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person may want to continue to wear a garment even when the color

change is great. (2) People have color preferences. A consumer may

not like a particular color and therefore may not want to wear it

regardless of the intensity of the color change. (3) After rating the

blouses for color change and pilling, it may be difficult to separate

these properties from the evaluation of soil. Therefore, by the time

the consumer rates soil, she may be basing her score on her feelings

about all the properties.

An assumption was made in developing the questionnaire

regarding color change. The researcher had assumed that any change

in color would be considered a detrimental change. During the evalua-

tion, several consumers responded aloud that the color change they

saw was a change for the better. These responses were not recorded

and therefore cannot be analyzed. Therefore, a recommendation for

future studies regarding color change as perceived by human

observers is that color change be evaluated as being a change for the

better or the worse.

It should be noted that for the scores for the Consumer

Evaluation, the lower the score the better the rating, and the higher

the score, the worse the rating.
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Laundered Test Specimens

Analyses for variance for the laundered test specimens could not

be calculated in many instances because there was not any variation.

The exceptions were perception of color change and acceptance of

perceived color change if the two pieces were in one garment. The F

ratio for color was significant (a = 0.01) for the perception of color

change. The F ratio for color was also significant = 0.05) for the

acceptance of perceived color change.

An examination of mean scores for perception of color by color

(Table 7) shows that the white laundered test specimens had the

greatest change in color as rated by the consumers.

Table 7. Means of scores for perception of
color change by color for the
laundered test specimens.

White 1.70
Blue 1.10
Yellow 1.30

Although the perception of color change by finish was not found

to be statistically significant, an examination of the mean scores

(Table 8) indicates that the three Fantessa®laundered test specimens

had a greater color change than the three unfinished laundered test

specimens. The small number of specimens statistically analyzed

may be the reason this variable was not significant.
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Table 8. Means of scores for perception of
color change by finish for the
laundered test specimens.

Unfinished

Fantessa
1.27

1.47

The consumers accepted the perceived color change (if the two

pieces were in the same garment) of the white laundered test speci-

mens the least of the three colors as indicated by the mean scores

(Table 9). The blue laundered test specimens received the best

rating for acceptance of perceived color change.

Table 9. Means of scores for acceptance of
perceived color change if the two
pieces were in the same garment for
the laundered test specimens.

White 2.55
Blue 1.25
Yellow 1.90

The means of scores for acceptance of color change (Table 10)

and acceptance of perceived color change (Table 9) rank in the same

order, i.e. , blue, yellow and white. This is what would be expected

if the consumer rated her acceptance of the color change based upon

what she perceived.



Table 10. Means of scores for acceptance of
color change if the two pieces were
in the same garment for the
laundered test specimens,

White 1.30
Blue 1.05
Yellow 1. 20

Blouse s
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Statistical Treatment of Scores for Color Change. Analyses of

variance (Table 11) were calculated separately for the blouses regard-

ing perception of color change, acceptance of color change if the two

pieces were in one garment, acceptance of perceived color change if

the two pieces were in one garment, acceptance of color change if it

were uniform, and acceptance of perceived color change if it were

uniform to see if the variables of color, finish and consumers were

significant. The F ratios for color and consumers in all cases were

the only significant sources of variation. Expectedly, there should be

variation among the consumers and thus the F ratio is uninformative

regarding perception and acceptance of color change. Upon close

examination of means of scores by consumers it is evident that only

one consumer out of the ten always had a score differing from the

other consumers. This consumer remained constant in her evaluation.
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Table 11. Summary of analyses of variance for color change scores
of blouses for the variable color.

DF
Mean

Square F Ratio
Sampling

Error

Per ception of color change 2 11.32 61. 74 *** 0.1833

Acceptance of color change if two
pieces were in one garment 2 3,27 17.82** 0.1833

Acceptance of perceived color
change if two pieces are in one
garment 2 84.87 28.45*** 2.9833

Acceptance of uniform color
change 2 0.14 3.57* 0.0389

Acceptance of perceived uniform
color change 2 4,24 3,00* 1.4111

***Significant at 0.005 level of significance.
** Significant at 0.01 level of significance.
* Significant at 0.05 level of significance.

Color: The means of scores for change in color by color are

listed in Tables 12-16.

Table 12. Means of scores for perception of
color change for the blouses.

White 1.16
Blue 2.47
Yellow 1.75

Table 13. Means of scores for acceptance of
color change in the blouses if the
two pieces were in one garment.

White 1.28
Blue 1.72
Yellow 1.35
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Table 14. Means of scores for acceptance of
perceived color change in the
blouses if the two pieces were in
one garment.

White 2.52
Blue 4.68
Yellow 2.75

Table 15. Means of scores for acceptance of
color change if it were uniform
within a garment for the blouses.

White 1,12
Blue 1.03
Yellow 1.12

Table 16. Means of scores for acceptance of
perceived color change if it were
uniform within a garment for the
blouses.

White 2.12
Blue 2.60
Yellow 2.17

The greatest change in color as perceived by the consumers was

for the color blue (Table 12). This is equivalent to midway between

a slight and a noticeable change in color. Tables 13 and 15 show that

the consumers would continue to wear or be hesitant about wearing the

blouses. In general, the consumers would accept a change in color if

it were uniform within the garment more readily than they would if the

two pieces were in one garment. This supports hypothesis five.
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By examination of Tables 13 and 14, the orders of the mean

scores is white, yellow and blue. This is expected if the consumers

rated their responses for acceptance based upon what they perceived.

However, examination of Tables 15 and 16, shows that the orders are

not the same. This means that the consumers did not rate their

acceptance based upon their perception of the color change.

Comparing the mean scores for the laundered specimens (Table

8) and the blouses (Table 12) for perception of color change there

seems to be a difference due to color. The greatest change in color

was blue for the blouses and white for the laundered specimens.

Also, comparing Tables 9 and 14 for acceptance of perceived

color change if the two pieces were in the same garment, differences

can be noted. For the blouses, the color white has the greatest

acceptance and for the laundered specimens, blue has the greatest

acceptance. Apparently, wearing affects perception and acceptance

of color change.

Statistical Treatment of Pilling Scores. Analyses of variance

were calculated separately for perception of pilling, acceptance of

pilling and acceptance of perceived pilling to see if the variables of

color, finish and consumers were significant. None of these vari-

ables was statistically significant for the pilling scores. But an

examination of the means of the scores (Tables 17-22) shows a general

trend that the blouses made from the white or warp knit fabrics have a
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lower tendency to pill than the colored double knits. Also, the

Fantessat -finished garments have a greater tendency to pill than the

unfinished garments. Generally, the consumers would continue to

wear or would be hesitant about wearing the blouses regarding pilling.

Hypotheses 6 and 8b would have to be rejected because these

variables were not statistically significant, although general trends

were indicated.

An examination of Tables 18 and 19 shows that the consumers

based their acceptance of pilling upon their perception of pilling,

Therefore, the Consumer Evaluation questionnaire was effective in the

rating of this property.

Table 17. Means of scores for perception of
pilling by color for the blouses.

White 1.75
Blue 2.93
Yellow 2.60

Table 18. Means of scores for acceptance of
pilling by color for the blouses.

White 1.32
Blue 1.88
Yellow 1.68
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Table 19. Means of scores for acceptance of
perceived pilling by color for the
blouses.

White 2. 98
Blue 6. 08
Yellow 4. 98

Table 20. Means of scores for perception
of pilling by finish for the blouses.

Unfinished

Fantessa®
2. 27

2. 59

Table 21. Means of scores for acceptance of
pilling by finish for the blouses.

Unfinished

Fantessa
1.46

1. 80

Table 22. Means of scores for acceptance of
perceived pilling by finish for the
blouses.

Unfinished 3. 84
)Fantessa 41 5. 52

Pilling scores for the blouses and the laundered specimens

could not be compared because analyses of variance could not be

computed for the laundered specimens. The consumers observed a

very slight fuzzing on the surfaces of the laundered specimens.

Statistical Treatment of Soiling Scores. Analyses of variance

were calculated separately for the scores of the blouses for perception
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of soil, acceptance of soil, and acceptance of perceived soil to see if

the variables of finish, color and consumers were significant. The

F ratios for finish were the only significant variables. In all analyses

they were significant at the 0.05 level of significance. From an

examination of the mean scores for soiling (Tables 23-25), the con-

sumers rated the blouses made from the Fantessa 0-finished fabrics

as having better soil-release than the unfinished blouses. Based upon

this finding, hypothesis 7 is accepted. Table 24 shows that the con-

sumers would be hesitant about wearing the blouses. This finding

rejects hypothesis 8c.

An examination of Tables 24 and 25, shows that the consumers

rated their acceptance of soil on the blouses based on their perception

of soil. Therefore, the Consumer Evaluation questionnaire was

effective in the rating of perception and acceptance of soil.

Table 23. Means of scores for perception of
soil by finish for the blouses.

Unfinished

Fantes sa

3. 21

2. 16

Table 24. Means of scores for acceptance of
soil by finish for the blouses.

Unfinished

Fantessa
2.31

1.66
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Table 25. Means of scores for acceptance of
perceived soil by finish for the
blouses.

Unfinished

Fantessa®

8.09

4. 32

Although the F ratio for perception of soil by color was not

statistically significant the white garments tended to show more soil

than the colored garments (Table 26). This was found to be true in

another study (45) where the researchers concluded that darker or

deep colors tend to hide stains.

Table 26. Means of scores for perception of
soil by color for the blouses.

White 2.92
Blue 1.95
Yellow 1.87

Expectedly, there was no soil observed on the laundered

specimens. Therefore no comparisons could be made between the

blouses and the laundered specimens regarding soil.

The Consumer Evaluation questionnaire appeared to be effective

for assessment of soil and pilling, although observed differences

were not always statistically significant. A few discrepancies were

found regarding color and therefore it was necessary to compute

the additional score for acceptance of perceived color change.
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Durable Press Appearance

The durable press appearance of the blouses, laundered test

specimens and control test specimens was evaluated by three trained

observers.

Statistical Treatment of Durable Press Appearance Scores

An analysis of variance of durable press appearance scores was

calculated (Table 27). Sources of variation due to judges, color,

finish and type of test sample (i. e. blouse, laundered or control test

specimens) were found to be statistically significant. Interactions of

color by finish, color by type of test sample, and color by

finish by type of test sample were also found to be significant.

Table 27. Analysis of variance of durable press appearance scores.

Source of Variation DF Mean Square F Ratio

Judges 2 0.9630 7.09**
Color 2 3.6296 16.17**
Finish 1 3.2654 14.55**
Color x Finish 2 4.1728 18.60**
Type of Test Sample 2 8.6852 38.70**
Color x Type 4 0.7037 3.13*
Finish x Type 2 0.2284 1.02
Color x Finish x Type 4 1.6914 7.54**
Experimental Error 34 0.2244
Sampling Error 108 0.1358

**Significant at the 0.01 level of significance.
* Significant at the 0.05 level of significance.
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For the durable press appearance scores, the higher the score

the better the appearance, and the lower the score, the worse the

appearance.

Judges: An examination of Table 28 shows that judge number

one has a different mean score from judges 2 and 3. Although this

difference is statistically significant, it is uninformative about the

durable press appearance of the blouses or test specimens.

Table 28. Means of scores for durable press
appearance by judge.

Judge 1 3.87
Judge 2 3.61
Judge 3 3.69

Color: As indicated in Table 29, the blue fabrics have the best

durable press appearance and the white fabrics have the worst

appearance. It should be noted that the blue and yellow fabrics are

double knit construction, whereas the white fabrics are warp knit

construction. Therefore it is difficult to interpret whether the color or

the type of knit had a greater influence on the durable press appear-

ance.

Table 29. Means of scores of durable press
appearance by color.

White 3,46
Blue 3. 98
Yellow 3.72
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Finish: It is evident from Table 30 that there is some loss of

durable press appearance due to the soil-release finish. This was

also indicated by the wearers in their evaluation of the blouses during

wear. Based upon these findings, hypothesis two is accepted.

Table 30. Means of scores of durable press
appearance by finish.

Unfinished

Fantessa®
3.86

3.58

Type of test sample: Examination of Table 31 indicates that the

original or control test specimens had the worst durable press

appearance. This was due primarily to creases and folds in the

original bolts of fabric as they were received from the manufacturer.

There was no attempt made by the researcher to remove these

creases. Laundering improved the appearance as the deep creases

were removed. There was some loss of durable press appearance

due to wear.

Table 31. Means of scores of durable press
appearance by type of sample.

Blouses 3.78
Laundered 4.09
Control or original 3.29

The effect of interrelationships among color, finish, and type of

sample: Examination of Table 32 shows few general trends. In all
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types of samples (i.e. , blouses, laundered and original test speci-

ments) the blue color had the best appearance for the unfinished

sample. However, this was not true for the Fantessa®-finished

sample.

Table 32. Means of scores for durable press appearance by color by
finish by type of sample.

Unfinished
Blouse Laundered Original

Fantessa
Blouse Laundered Original

White 3.44 3.89 3.00 3.56 3.78 3.11
Blue 4.11 4.67 4.56 3.56 4.11 2.89
Yellow 4.00 4.33 2.78 4.00 3.78 3.44

Measurement of Dimensional Change

Six 100% polyester knit fabrics were measured before and after

laundering to ascertain any dimensional change.

Statistical Treatment of Dimensional Change Measurements

An analysis of variance was performed to determine if the

variables of soil-release finish, color and number of launderings were

significant for variations in the fabrics. Table 33 is a summary of

the statistical analysis of the study of dimensional change.
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Table 33. Analysis of variance of dimensional change measurements.

Source of
Variation

Wale Direction Course Direction

Mean
DF Square

F
Ratio

Mean
DF Square Ratio

Laundering 2 0.3064 181.34** 2 0.2105 89.15**
Color 2 0.1689 36.60** 1 0.0117 1.19
L x C 4 0.0013 0.77 2 0.0067 2.85
Finish 1 0.0002 0.04 1 0.0117 1.19
L x F 2 0.0273 16.14** 2 0.0105 4.44*
C x F 2 0.1042 23.69** 1 0.0001 0.01
LxCxF 4 0.0030 1.75 2 0.0042 1.79
Sampling

error 24 0.0017 16 0.0024
Experimental

error 12 0.0044 8 0.0099

**Significant at the 0.01 level of significance.
*Significant at the 0.05 level of significance.

Since there was no dimensional change in the course direction in

either the unfinished or the Fantessa®-finished white samples at any

of the laundering cycles, it was necessary to omit these values in

order to get a correct analysis of variance.

Only a few of the F ratios were significant: laundering cycles,

color, laundering cycle by finish and color by finish.

Laundering cycle: Residual shrinkage occurred through the

entire 24 launderings with the exception of the white fabrics in the

course direction. The greatest amount of shrinkage occurred

between the first and sixth launderings. This finding supports
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hypothesis 11. The percent dimensional change by laundering cycle

is given in Table 34.

Table 34. Total mean percentages of dimensional change
attributed to laundering cycle.

Unfinished Fantessa
Laundering Wale Course Wale Course

-0.1 0.0 -0.3 0.0
6 -0.8 -0.9 -0.8 -0.8

12 -1.3 -1.0 -1.0 -1.1
24 -1.5 -1.9 -1.8 -1.5

Color: The variable of color was significant (a = 0.01) in the

wale direction. Although color was not statistically significant in the

course direction it played an important part as can be seen by

examining Table 35.

Table 35. Total mean percentages of dimensional
change attributed to color.

Wale Course

White -1.6 0,0
Blue -1.0 -1.3
Yellow -1.0 -1.1

In the wale direction the white fabrics were the least dimension-

ally stable. The blue and yellow fabrics shrunk the same amount in

this direction. In the course direction, the white fabrics showed no

change and the blue and yellow fabrics changed approximately the
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same amount. Type of knit construction can be inferred as being the

important variable rather than color. The warp knit was the least

dimensionally stable in the wale direction and the most dimensionally

stable in the course direction. There was a great contrast in the

amount of shrinkage occurring in the wale and course directions of the

warp knit, whereas the double knits had approximately the same

amount of shrinkage in both directions. These findings support

hypothesis 10.

Since the amount of dimensional change was less than two per-

cent for all the fabrics, this would be considered an acceptable change

from the consumers' point of view.

The effect of interrelationships between laundering and finish:

Generally, there were few trends noticeable upon examination of

Figure 1. In the wale direction, the Fantessa -finished fabrics had

the least dimensional stability after 24 launderings with the opposite

holding true in the course direction. Although there were dimensional

differences between the unfinished and Fantessa fabrics after

laundering, it would be impossible to draw any conclusions about

finish based on this study. The F ratio for finish is not significant

and therefore hypothesis 9 is rejected.
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12
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Course Direction
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12 24
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Figure 1. Total mean percentages of dimensional change in wale and
course directions of Fantessae and unfinished knit fabrics
attributed to laundering.
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Color Difference Measured by Reflectance Readings

The difference in color between two fabrics was calculated in

NBS units using a programmed computer. All of the color differences

are listed in Appendix F. None of these measurements was

statistically analyzed because the analysis would have been too com-

plicated to undertake for the amount of information required in this

study. For example, nine /NE's for each sample would have had to

have been calculated for each color difference and then these LE's

averaged. Instead, the x, y, and Y's were averaged for each

sample and then a single DE was calculated. There was no simple

way to perform an analysis of variance when this was done.

From an examination of the .6E' s from Appendix F these

general trends were noted:

1. There was a change in color on the original fabrics due to the

soil-release finish (Table 36). The blue fabrics have the greatest

difference in color and the yellow fabrics have the least difference in

color. This finding supports hypothesis 4.

Table 36. The color difference in NBS units
between the original unfinished
fabrics and the Fantessa fabrics.

White 2.47
Blue 3.71
Yellow 1.58
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2. There was a change in color due to laundering (Table 37).

For the unfinished fabrics, the greatest change in color after 24

launderings occurred with the yellow fabrics and the least change of

color occurred with the blue fabrics. For the Fantessa fabrics,

the white fabrics changed the most after 24 launderings, with very

small changes in color recorded for the blue and yellow fabrics.

The consumers rated the white test specimens for having the greatest

difference in color. This finding agreed with the colorimeter readings

for the Fantessa® fabrics.

Table 37. The color difference in NBS units of the
unfinished fabrics and the Fantessa®
fabrics after 24 launderings.

Unfinished Fantessa®

White 1.18 2.05
Blue 1.02 0.17
Yellow 1.56 0.45

3. There was a change in color due to wear (Table 38). For

both the unfinished and Fantessa® blouses, the greatest difference in

color occurred for the blue fabrics. This was found to be consistent

with the findings reported by the consumers in their evaluation of

color change. These findings support hypothesis 3.
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Table 38. The color difference in NBS units ofrIttie
unfinished blouses and the FantessaV
blouses after 24 wearings.

Unfinished Fantes sa®

White 1.93 0.64
Blue 5.18 3.86
Yellow 0.94 0.61

4. There were differences in color due to the position on the

blouse (i.e. , front, collar, underarm), but there were no general

trends observed for these variables and therefore no further conclu-

sions can be drawn.

Electron Microscopic Analysis of Soil and Abrasion

The cut swatches from the blouses were examined in a scanning

electron microscope. Each specimen was observed and then typical

fibers were photographed.

Plates 1 and 2 compare the original unfinished and Fantessa°-

finished fibers. There were distinct differences between the two types

of fibers. The unfinished fibers had smooth surfaces where the

Fantessa fibers had very etched surfaces. Upon examination of the

Fantessa® fibers, a surface modification, almost sponge-like in

appearance, was observed. It appeared that the finish was applied

unevenly over the surface of each fiber and some fibers had a greater

modification than others.
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The small particles observed on the unfinished fibers are

probably dust particles possibly picked up during processing and held

by static electricity.

Plates 3 and 4 show cross-sectional fractures of the unfinished

and Fantessa fibers. The unfinished fibers fractured evenly and

exposed smooth surfaces. The Fantessa ®fibers fractured very

unevenly. In order to see the fractures of the Fantessa fibers and

interpret the observations correctly it was found necessary to rotate

the fibers and look at several different views. One general trend was

noted for the soil-release-finished fibers: the fibers tended to frac-

ture first at the edge where the finish was applied most heavily.

Namboori (38) found that an alkaline hydrolysis of polyester may be

hazardous because it breaks down the material.

Plate 5 shows the unfinished and Fantessa® fibers after 24

launderings. There was very little or no abrasion due to laundering

on either types of fibers. Most of the dust particles on the unfinished

fibers had been removed during laundering.

Plates 6 and 7 compare the unfinished and Fantessa® fibers

from the blouse fronts. Plate 6, Figure A, shows some oil on the

surface of the unfinished fiber. There was no oil observed on the

soil-release-finished fiber. The fibers observed on Plate 7 were

taken from different blouses than shown on Plate 6. Plate 7, Figure

A, shows there was a sheath of oil on the unfinished fibers with
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particulate matter embedded in the sheath of oil. Fort, Billica and

Sloan (17) found this same condition in their observations of polyester

fibers. The Fantessa® fibers showed very little particulate matter

and a slight amount of oil. These fibers generally looked clean when

compared to the unfinished fibers.

Plate 8 shows micrographs of fabric swatches cut from the

collar areas of the blouses. The unfinished fibers (Figure B) had a

large amount of oil on all fibers with particulate matter embedded in

the oil. The Fantessa fibers (Figure A) had some oil and particu-

late matter on them, but generally were much cleaner than the

unfinished fiber s.

Plate 9 also shows micrographs of fibers from the collar areas

of the blouses.

Plate 10 compares the unfinished fibers (Figure A) and the

Fantessa fibers (Figures B and C) from the blouse fronts for

abrasion. There were few broken unfinished fibers. The Fantessa®

fibers were taken from a severely abraded area. There were many

broken ends. Figure C shows several examples of different kinds of

fractures.

From the electron micrographs, these general trends were

observed: (1) There were distinct differences in the surfaces of the

unfinished and Fantessa® finished fibers. (2) The soil-release

finish was applied unevenly. (3) There was no abrasion due to
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laundering observed for the unfinished and Fante8sa® fibers.

(4) The soil-release finish was effective in removing oily soil from

the blouse fronts and collars. (5) There were different amounts of

soil observed for the collars and the fronts. (6) There was very

little abrasion due to wear observed on the unfinished fabric fronts.

(7) There was some abrasion due to wear observed on the Fantessa

fabric fronts.
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Plate 1 Electron micrographs of the original fibers.

Figure A. Unfinished (1000X),

Figure B. Fantessa® (1000X).
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Plate 2. Electron micrographs of the original fibers.

Figure A. Unfinished (4000X).

Figure B. Fantessa® (4000X).
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Plate 3. Electron micrographs of fractures of original fibers.

Figure A. Unfinished (3300X).

Figure B. Fantessa® (3300X).

Figure C. Second view of Fantessav fiber in
Figure B (2200X).
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Plate 4. Electron micrographs of fractures of Fantessa fiber.

Figure A. First view of fiber (1800X).

Figure B. Second view of fiber (1800X).

Figure C. Third view of fiber (2700X).
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Plate 5. Electron micrographs of laundered fibers.

Figure A. Unfinished fiber (1000X).

Figure B. Fantessa® fiber (1000X).
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Plate 6. Electron micrographs of fibers from blouse fronts.

Figure A. Unfinished fibers (3000X).

Figure B. Fantessa®fibers (3000X).
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Plate 7. Electron micrographs of fibers from blouse fronts.

Figure A. Unfinished (1000X).

Figure B. Fantessa ®(1000X).
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Plate 8. Electron micrographs of fibers from blouse collars.

Figure A. Fantessa (600X).

Figure B. Unfinished (600X).



85



86

Plate 9. Electron micrographs of fibers from blouse collars.

Figure A. Unfinished (2860X).

Figure B. Fante ssa® (3000X).
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Plate 10. Electron micrographs of fibers from blouse fronts.

Figure A. Unfinished (65X).

Figure B. Fante ssa (65X).

Figure C. Fante ssa (260X).
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Artificial Soiling of Polyester Knit Fabrics

Gravimetric Analysis

Unfinished and Fantessa -finished white polyester knit fabrics

were artificially soiled and laundered. Specimens were withdrawn at

1, 6, 12, and 24 laundering cycles and the amount of soil build-up was

calculated by gravimetric methods. Specimens were soiled at 1, 6,

12, and 24 soilings to determine if there was variation in the soiling

procedure. Specimens were laundered to measure redeposition of

soil during laundering.

During preliminary experimental work, Fantessa and

unfinished specimens were extracted to determine what oil and

residue was in the fabric. There was no residue removed from the

Fantessa® specimens, but there was 0.07 percent (by weight)

removed from the unfinished specimens.

There were several observations made during the soiling and

laundering of the specimens. There was a difference in weight of the

original unfinished and Fantessa® specimens. The Fantessa®

test specimens weighed less than the unfinished specimens. This

perhaps could give a clue as to what kind of treatment was applied to

the fabric to impart soil-release properties. Namboori (38) found

that sodium hydroxide on polyethylene terephthalate fiber caused a

weight loss. Liljemark and Asnes (36) found that alkaline hydrolysis
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imparted soil-release properties to polyester and cotton blends.

After the soil solution was applied to the test specimens, the

soil seemed to distribute over the Fantessa6 specimens more

evenly than the unfinished specimens. It is difficult to say whether

this was caused by wicking or absorption, or possibly a combination

of both processes. It became particularly noticeable after approxi-

mately the fourth laundering.

The Fantessa ®test specimens felt considerably softer to the

touch after successive launderings, whereas the unfinished test

specimens were harsh and stiff in comparison.

Statistical Treatment of Gravimetric Measurements

Analyses of variance were calculated for the soiled and

laundered specimens and the soil checks to determine if the variables

of finish and soiling cycle were significant. The weights of the

unfinished test specimens were corrected for the weight due to the

extractable material in the original fabric. All of the analyses cited

in this study use the correction factor.

The variables of finish and soiling cycle, and the interaction of

soiling cycle and finish were all found to be statistically significant

(a = 0. 01) for the soiled and laundered specimens (Table 39).
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Table 39. Analysis of variance of gravimetric measurements on
artificially soiled and laundered specimens.

Source of Variation DF Mean Square F Ratio

Finish 1 0.0586 3341.33 **
Soiling cycle 3 0. 0078 443. 03**
Finish x soiling cycle 3 0. 0031 177. 70**
Error 16 O. 0000175

**Significant at 0.01 level of significance.

Figure 2 shows the amount of soil remaining on the Fantessa

and unfinished test specimens at the end of 1, 6, 12 and 24 launderings.

The Fantessa sample had considerably less soil build-up and there-

fore displayed very good soil-release properties. Based upon these

findings, hypothesis 12 is accepted.

The soiling cycle was the only significant (a = 0.01) variable in

the analysis of variance of the soil checks. An examination of the

means of soil applied to the specimens at 1, 6, 12, and 24 soiling

cycles (Table 40) shows that the sixth soiling had the most soil applied,

while the 24th soiling had the least amount of soil applied. There was

hardly any difference in the soil applied at the other intervals.

Even though the soiling cycle was significant, the differences

in amounts of soil applied per cycle were very small when compared to the

total amounts of soil applied. This small amount of variation was there-

fore of very little concern.
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Table 40. Means of soil (in grams) applied at
1, 6, 12 and 24 soiling cycles.

1 0. 0987
6 0. 1037

12 O. 0989
24 O. 0962

There was essentially no soil redeposited on the Fantessa (;)

test specimens during laundering whereas an appreciable amount

(0.4% by weight) was redeposited on the unfinished test specimens.

This supports hypothesis 13.

Electron Microscopic Analysis of Artificial Soil

Swatches were cut from test specimens which had been

artificially soiled once, soiled and laundered 24 times, and laundered

24 times to measure redeposition of soil during laundering. These

were examined under a scanning electron microscope and typical

fibers were photographed.

Plate 11 compares unfinished fibers and Fantessa® fibers

which were soiled only once. The oily soil seemed to form droplets

and was visible on both kinds of fibers.

Plate 12 compares the unfinished fibers and the Fantessa®

fibers which had been soiled and laundered 24 times. There was a

large amount of oily soil observed on the unfinished fibers. No

particulate matter was found. The Fantessa fibers had some soil,
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but were generally cleaner than the unfinished fibers.

Plate 13 compares the unfinished fibers and the Fantessa

fibers which had been laundered 24 times. There was some oily soil

redeposited on the unfinished fibers during laundering. The

Fantessa fibers were clean.
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Plate 11. Electron micrographs of fibers with one application
of artificial soil,

Figure A. Unfinished (3000X).

Figure B. Fantessa ®(3000X).
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Plate 12. Electron micrographs of fibers which had been soiled
and laundered 24 times.

Figure A. Unfinished (1000X)

Figure B. Fantessa ©(1000X).
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Plate 13. Electron micrographs of fibers which had been
laundered 24 times to measure redeposition of soil
during laundering.

Figure A, Fantessa® (3000X).

Figure B. Unfinished (1000X).
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SUMMARY AND CONCLUSIONS

The objectives of this research were: 1) to determine the

amount of oily soil retained by a soil-release-finished polyester fabric

and a comparable unfinished fabric after laundering; 2) to determine

changes in color due to the soil-release finish; 3) to determine

changes in color due to wear and laundering; 4) to examine pilling on

a soil-release-finished polyester knit fabric and a comparable fabric;

5) to determine any loss of durable press appearance due to a soil-

release finish; 6) to compare dimensional changes of soil-release-

finished polyester knit fabrics and unfinished polyester knit fabrics

after laundering; and 7) to determine if the soil-release-finished

fabrics were satisfactory to meet the consumers' expectations for

this product.

Differently colored (white, blue and yellow) blouses constructed

from soil-release-finished polyester knit fabrics and comparable

unfinished polyester knit fabrics were worn by six women over a

seven month period for 24 wearings each. For comparison purposes,

15 x 15 inch test specimens cut from each fabric were laundered, but

not worn, and 15 x 15 inch test specimens were neither worn nor

laundered, but were used as controls.

The blouses and laundered test specimens were evaluated by

consumers for color change, pilling and soil. Durable press
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appearance, dimensional changes after laundering and color differ-

ences were also evaluated.

Test specimens cut from the white unfinished fabric and the soil-

release-finished fabric were artificially soiled and laundered. Also,

test specimens were laundered, but not soiled, to measure redeposi-

tion of soil during laundering. The amounts of soil retained after 1,

6, 12 and 24 launderings were determined by gravimetric procedures.

Swatches cut from the original fabrics, the blouse fronts and

collars, and the artificially soiled specimens were examined in a

scanning electron microscope.

The Consumer Evaluation used in the evaluation of color change,

pilling, and soil appeared to be effective in the rating of perception and

acceptance of pilling and soil although observed scores were not always

statistically significant. Due to some discrepancies it was found nec-

essary to compute the additional score for acceptance of perceived

color change to get an accurate evaluation for color change.

The following conclusions were formulated based on the results

of this study:

(1) The participants in the wear study found that the soil-

release-finished blouses were more comfortable to wear in terms of

temperature and water-carrying properties than the unfinished

blouses. The unfinished blouses had less noticeable static electricity

build-up than the soil-release-finished blouses.
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(2) The white test specimens after 24 launderings had the

greatest change in color as perceived by the consumers. The

reflectance readings showed this to be true for the soil-release-

finished fabrics, but showed that the greatest change in color for the

unfinished fabrics occurred with the color yellow. The consumers

accepted the perceived color change (if the two pieces were in the

same garment) of the white laundered test specimens the least of the

three colors. The blue laundered test specimens received the best

rating for acceptance of perceived color change.

(3) The greatest change in color of the blouses as perceived by

the consumers was for the color blue. This was consistent with the

reflectance readings. The consumers found the amount of color

change of the blouses acceptable. The consumers would accept a

change in color if it were uniform within the garment more readily

than they would if the two pieces were in one garment.

(4) From reflectance readings it was found that there was a

difference in color on the original fabrics due to the soil-release

finish. The greatest difference in color occurred for the blue fabrics.

The yellow fabrics had the least difference in color.

(5) Although not statistically significant, there were indications

that the soil-release-finished blouses had a greater tendency to pill

than the unfinished blouses.
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(6) The consumers rated the blouses made from the soil-release-

finished fabrics as having better soil-release than the unfinished

blouses. The consumers' acceptance of the blouses (i.e., whether or

not they would continue to wear the blouses) was dependent upon the

amount of soil perceived. They would be more hesitant about wearing

the unfinished blouses than the soil-release-finished blouses.

(7) There was a loss of durable press appearance due to the

soil-release finish. There was some loss of durable press appear-

ance due to wear.

(8) Residual shrinkage occurred through the entire 24 launder-

ings with the exception of the white fabrics in the course direction.

The greatest amount of shrinkage occurred between the first and

sixth launderings. The white fabrics (warp knit construction) were

the least dimensionally stable in the wale direction and the most

dimensionally stable in the course direction. The amount of dimen-

sional change after 24 launderings was less than two percent for all

fabrics tested. This amount of change would be considered acceptable

by consumers.

(9) From the electron microscopic analyses distinct differences

in the surfaces of the unfinished and soil-release-finished fibers

were found. The soil-release-finished fibers had very etched sur-

faces, almost sponge-like, whereas the unfinished fibers had smooth

surfaces. The soil-release finish was applied unevenly. From the

micrographs it was found that the soil-release finish was effective
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in removing soil from the fronts and collars of the blouses.

(10) The soil-release-finished artificially soiled specimens had

considerably less soil build-up after laundering than the unfinished

sample. There was some soil remaining on the soil-release-finished

fabrics, but it was very small compared to the unfinished fabrics.

(11) There was essentially no soil redeposited during laundering

on the soil-release-finished fabric.

Based upon the findings of this study it can be concluded that

generally, the soil-release-finished polyester knit fabrics would be

acceptable from the consumers' point of view. The claims made by

the manufacturer: improved water transport properties, increased

comfort, easier to wash and elimination of soil redeposition were

found to hold true.

There are a few recommendations for further study based on

this research. There were indications that there was some loss of

abrasion resistance due to the soil-release finish. Further studies

evaluating the abrasion resistance of these polyester fabrics are

re commended.

A refinement of the Consumer Evaluation questionnaire regard-

ing perception and acceptance of color change is needed.

Further evaluations of the water-carrying and static electricity

properties of this fabric need to be conducted.
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APPENDIX A

100% Polyester Knit Fabrics Used in this Study

Fantes sa Unfinished

warp knit warp knit

double knit double knit

double knit double knit
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APPENDIX B

The Type and Design of the Garment



APPENDIX C

Evaluation During the Wear Study

Wearer's Code Number:

Blouse Number:
Week of:

114

TO BE FILLED OUT BY WEARER:

Wear re (to be worn for minimum of 8 hours):

Hours wear: Mon ; Tues ; Wed ; Thurs

Sat ; Sun

; Fri

Note stains or discoloration at end of wearing, cycle:
Stain Location

Discoloration Location

Rate comfort of _garment during wearing:

1. Too cool Too warm Comfortable

2. Static electricity build-up:
No build-up (not noticeable) Some Much

3. Water carrying properties:
Good Average Poor Not noticeable

Durable press appearance:
Wrinkles easily Average appearance
Little or no wrinkling

TO BE FILLED OUT BY RESEARCHER:

Treatment of stain
Total hours of wearing at sorting



APPENDIX D

Consumer Evaluation Standards

1

Figure A. Color change standard.
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Figure B. Pilling standard.
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Figure C. Soil standard.
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Consumer Evaluation
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Consumer # Specimen #
PART A:

Check one:
( ) I see no evidence of any change in color.
( ) I see a slight change in color.
( ) I see a noticeable change in color.
( ) I see a considerable change in color.
( ) I see a very severe change in color.

If there is any evidence of change in color, continue; if there is no
evidence of change in color, go to PART B.

Consider that the two pieces are in one garment. .

Check one:
( ) I would continue to wear this garment in public.
( ) I would be hesitant about wearing this garment in public.
( ) I would not wear this garment in public.

Consider that the color change is uniform.
Check one:
( ) I would continue to wear this garment in public.
( ) I would be hesitant about wearing this garment in public.
( ) I would not wear this garment in public.

PART B:

Check one:
( ) I see no evidence of pilling.
( ) I see a slight amount of pilling.
( ) I see a noticeable amount of pilling.
( ) I see a considerable amount of pilling.
( ) I see a very severe amount of pilling.

If there is any evidence of pilling, continue; if there is no evidence of
pilling, go to PART C.
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Check one:
( ) I would continue to wear this garment in public.
( ) I would be hesitant about wearing this garment in public.
( ) I would not wear this garment in public.

PART C:

Check one:
( ) I see no evidence of soil.
( ) I see a slight amount of soil.
( ) I see a noticeable amount of soil.
( ) I see a considerable amount of soil,
( ) I see a very severe amount of soil.

If there is any evidence of soil, continue; if there is no evidence of
soil, stop here.

Check one:
( ) I would continue to wear this garment in public.
( ) I would be hesitant about wearing this garment in public.
( ) I would not wear this garment in public.



APPENDIX F

Color Difference Measurements

CODING:

F = Finish
1 = Unfinished
2 Fantessa

T =, Type of sample
1 = Blouse
2 = Laundered
3 = Original

L = Laundering cycle

P = Position
1 = Front
2 = Collar
3 = Underarm

119

1 = 0 3 = 6
2 = 1 4 = 12

5 = 24

FTPL compared with F T P L
£E in NBS Units

White Blue Yellow

1 1 1 1 1 1 1 2 1, 7543 1. 1407 1.4789
1 1 1 1 1 1 1 3 1.4325 0.6329 1.0086
1 1 1 1 1 1 1 4 1. 3314 1. 3921 O. 2904
1 1 1 1 1 1 1 5 1. 9308 5. 1837 0. 9380
1 1 1 1 2 1 1 1 2.4734 3.7074 1.5752
1 1 1 2 2 1 1 2 1.7115 4.9593 1.7277
1 1 1 3 2 1 1 3 1. 2130 4, 4021 1, 2829
1 1 1 4 2 1 1 4 2.3192 4.4949 1.4872
1 1 1 5 2 1 1 5 1.8358 2.4838 1.7407
1 1 2 1 1 1 2 2 0.7087 0.7903 3. 2681
1 1 2 1 1 1 2 3 O. 2820 2, 0423
1 1 2 1 1 1 2 4 O. 5437 0. 8453 2, 1308
1 1 2 1 1 1 2 5 1, 8875 1. 2016 3. 6648
1 1 2 1 2 1 2 1 2, 2696 3. 6286 3. 1318
1 1 2 2 2 1 2 2 1.8158 4.5773 2.0403
1 1 2 4 2 1 2 4 O. 7601 4. 6211 2, 2720
1 1 2 5 2 1 2 5 O. 8288 5.0179 2, 9041
1 1 3 1 1 1 3 2 1,1405 0.7095 2. 3786
1 1 3 1 1 1 3 3 0.7241 0.6329 0.4803
1 1 3 1 1 1 3 4 1.4732 0.0556 0.3750
1 1 3 1 1 1 3 5 2.1198 1.8835 2. 8676
1 1 3 2 2 1 3 2 1.4659 4.6824 2. 1408
1 1 3 3 2 1 3 3 1.7371 4.5307 1.2689
1 1 3 4 2 1 3 4 1, 1928 4. 5091 1, 4302
1 1 3 5 2 1 3 5 O. 6916 4. 7205 4.1299
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F T P L compared with F T P L
bE in NBS Units

White Blue Yellow

1 2 1 1 1 2 1 2 1.8351 0.6646 1.3290
1 2 1 1 1 2 1 3 1.5579 0.4943 0.5354
1

1

2

2

1

1

1

1

1

1

2

2

1

1

4
5

0.9056
1.1767

0, 98023072 1.0086
1.5582

1 2 1 1 2 2 1 1 2.4734 3.7074 1.5752
1 2 1 2 1 1 1 2 0.1732 1.5640 0.6841
1 2 1 2 1 1 3 2 0.2900 1.0380 0.8346
1 2 1 2 2 2 1 2 1.2739 3.6206 3.0105
1 2 1 3 1 1 1 3 0.3317 0.3215 0.5047
1 2 1 3 1 1 3 3 0.2964 0.3215 0.4403
1 2 1 3 2 2 1 3 0.9931 3.7514 1.1482
1 2 1 4 1 1 1 4 1.1237 1.9789 1.1306
1 2 1 4 1 1 3 4 1.1840 1.4113 0.8474
1 2 1 4 2 2 1 4 1.6018 4.1900 1.8196
1 2 1 5 1 1 1 5 1.1666 6.1825 2.2779
1 2 1 5 1 1 3 5 1.9454 2.8137 3.9525
1 2 1 5 2 2 1 5 0.9017 4.3528 1.9777
2 1 1 1 2 1 1 2 0.7183 0.4274
2 1 1 1 2 1 1 3 2.0444 0.6469 0.1600
2 1 1 1 2 1 1 4 1.5216 0.8605 0.1600
2 1 1 1 2 1 1 5 0.6379 3.8579 0.6130
2 1 2 1 2 1 2 2 0.5460 0.4199 1.1310
2 1 2 1 2 1 2 3 1.8441 1.3511 1.8188
2 1 2 1 2 1 2 4 1.8514 0.6620 2.1121
2 1 2 1 2 1 2 5 1.6761 3.1718 1.8828
2 1 2 1 2 2 1 2 1.2348 0.1886 1.0758
2 2 1 1 2 2 1 3 0.7489 0.1886 0.9597
2 2 1 1 2 2 1 4 2.9433 0,4513 0.6292
2 2 1 1 2 2 1 5 2.0512 0.1748 0,4493
2 2 1 2 2 1 1 2 1.8461 0.5652 1.5226
2 2 1 3 2 1 1 3 1.4965 0.6774 0.9155
2 2 1 4 2 1 1 4 2.1346 1.2813 0.6884
2 2 1 5 2 1 1 5 1.5139 3.9103 0.8247


