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CHAPTER I
INTRODUCTION

Facing the very real possibility of future energy
shortages, the consumer is now in a state that requires en-
ergy to be put to its most efficient use. Awareness of en-
ergy requirements for maintenance of apparel can assist the
consumer in wise utilization of available energy.

Many studies have been undertaken on durability,

comfort and laundering of cotton, cotton-polyester blends and

polyester. Comparisons of the required energy for produc-
tion, manufacturing and maintenance of these fabrics only
recently have been a concern of the textile industry.

At present there are two opinions in relation to
the energy requirement for the maintenance of wearing ap-
parel. One opinion states that although less energy is re-
quired to produce cotton and to manufacture a cotton shirt
than is required to make a shirt from polyester, the ad-
vantage is lost in the wearing and maintenance cycle. Poly-
ester was claimed to have a wear life equal to one and one-
half times that of cotion (25).

The other opinion claims that total energy con-

sumption should include energy requirements for maintenance

= 1 =
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and durability of the garment. However, the wear life of a
garment is determined not only by its durability, but by
other appearance features as rated by the consumer (7).
Consumer concerns for appearance have been noted
many times in wear studies involving men's dress shirts. Re-

cently, concerns of the consumer as well as the manufacturers

of home laundering equipment have brought about changes in

the design of washing machines which will assist in the

conservation of energy.

This information leaves the following guestions

unansvered: Is there a difference in the minds of many with

regard to the wear life of a garment? Is durability the

concern of the consumer in evaluating the wear life of the

garment? Also, can cotton perform under the same mainter.—-

ance procedures as polyester? This study was undertaken to

answer these guestions.

Objectives

The overall objective of this study was to compare
the amount of energy required for maintenance of four dif-
ferent types of men's white dress shirts during their normal

woar life. The following specific objectives were chosen to
provide this information:

1. To determine the availability of shirts of the

(100 percent cotton, 60/40 cotton-polyester,

four fabric types
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65/35 polyester-cotton and 100 percent polyester) with equiv-
alent fabrics and shirt style.

2. To develop procedures for measuring the energy
needed to wash, dry and press each of the four shirt types.

3. To determine the differences between the energy
required for maintenance of the four shirt types laundered at
temperatures of 105°F and 120°F.

4, To evaluate the comparative performance of the
four shirt types during normal wear on the bhasis of param-
eters associated with durability, appearance and comfort at

two wash temperatures.



CHAPTER 1IT
REVIEW OF RELATED LITERATURE

For many decades energy has been priced at a level
which encouraged consumption with even lower prices offered
to consumers with greater usages. The consumer was not con-
cerned with the price or availability of energy sources until

the shortage following the 1973 Arab o0il embargo and the

critical gas shortage of 1977.
Until man-made fibers bhecame available for apparel,:

home laundering was a relatively simple procedure. The wash

load was cotton, there was little or no choice of deter-
gents, and the wash water was usually hot (120°-150°F). (11)
Morey and Shuck (16) stated in 1978, that approx-
imately 95 percent of the direct energy consumed in launder-
ing a load of white or colorfast garments is consumed in
Condi-

raising water temperature to desired temperatures.

tions once considered necessary were 140°F hot wash temper-

ature and 100°F warm rinse temperature. The authors pointed

out that obviously the conservation of energy requires im-

mediate scrutiny of wash temperature and its functional ef-

fect on cleaning.

Polyzou (19) reported in Family Economics Review

-4 -
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that clothing and shoes comprised only 6.6 percent of per-
sonal consumption expenditures during the first three quar-
ters of 1978. However, clothing and shoes are purchased

frequently and do require a great amount of care.
Maintenance of apparel requires energy. As this

is a repetitive procedure in the household, the total energy

consumption in clothing maintenance is worthy of examination

as related to household energy conservation.

According to Rudd (22), much information is avail-

able on attitudes toward or perceptions of the energy sit-

uation. More research needs to be directed toward areas such

as clothing selection. Comparative energy cost of differ-
ent choices and performing tasks in different ways were sug-

gestions for research. Information should be made available

to the consumer by reducing findings to guidelines that

people can understand and use.

Two studies, which are reported below, illustrate
that the direction of research has changed over the last few

years. Two decades ago Barlow (4) presented a paper related

to the comparative cost of several methods of laundering

resin-treated and untreated men's, cotton, dress shirts. No

allowance, however, was made for depreciation of the washing

machine or for the cost of water, electricity, detergent,

starch, bleach and labor for the home laundering method.

With a change in priorities, Mork (17), in 1970,
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presented information on the cost of‘home laundering. The
findings were dependent on several things: the initial in-
vestment in laundering equipment, the frequency of the use
of the eguipment, the required fuel and water, the rates

paid for these utilities and the cost of supplies.

At present there are two opinions in relation to
the energy requirements for the maintenance of wearing ap-

parel. The Man-Made Fiber Producers Association (9) has

published information stating that cotton garments use sub-

stantially more energy for maintenance than do comparable

garments from synthetic fabrics. This statement was based on

research which compared moisture retention after a wash-spin

cycle, drying time and touch-up ironing of different fabric

types.

Van Winkle (25) examined men's white dress shirts

in comparing the energy used to maintain cotton, cotton-

polyester blends and polyester. The cotton shirts were

washed at hot wash/hot rinse cycle; whereas, the polyester

blends were washed at a hot wash/cold rinse cycle. The re-

sults of the energy measurement part of this study revealed
that, although less energy is required to produce cotton and
to manufacture a cotton shirt than is required to make the
fiber and construct a shirt from polyester, the advantage is
Based on dur-

ljost in the wearing and maintenance cycles.

ability, the polyester blend shirt was reported to have a
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lifetime of one and one-half times that of the all-cotton

shirt.

Wallenberger (26) reported results of a research
study which indicated that in home laundering and drying, the
combined energy demand for 100 percent cotton fabrics is

several times higher than for 100 percent polyester or blends

having a high polyester content. The fabrics used in his

study were single knit, T-shirt fabrics consisting of 100

percent Dacreon polyester, 100 percent cotton (with and with-

out resin finish) and 100 percent Orlon acrylic. Also, fab-

ric blends of various percentages of Dacron, cotton, Orlon

and rayon were included. As home washing and drying is re-
peated 20 to 50 times during the wear life of the fabric, the
difference in the energy required to launder polyester versus

cotton in 50 million households was reported to be equal to

330 trillion BTUs annually. However, the two hydrophilic

cotton fabrics were laundered at 140°F and rinsed at 104°F.

The man-made fiber fabrics were laundered at 104°F and rinsed

at 54 F

The other opinion concerning the energy maintenance
requirements of polyester versus cotton is supported by in-
formation released by the National Cotton Council (7) to the

effect that any comparison of energy consumption should in-

clude the maintenance and durability of the garment. How-

cver, many factors limit the wear life of a garment other
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than durability, such as whiteness rétention, pilling and
smoothness. Consumer habits influence both the amount of
energy used in maintenance aﬁd length of wear 1life.
The concern of the consumer for the appearance of
apparel has been reflected in results of a shirt study re-

ported by the editors of Consumers' Research Magazine (15).

Seven brands of woven, "Natural Blend" shirts, which had been
exposed to 52 laundering periods, were rated according to
seam strength, soil release properties, appearance, quality
of construction and workmanship, shrinkage and tensile and
tearing strength. Ratings for the tested shirts were re-
ported by ranking the brand names represented.

The concern of consumers as well as manufacturers
of home laundering equipment has resulted in changes in de-

signs of washing machines which will assist in conservation

The editors of Consumers' Research Magazine (27)

of energy.

reported that some of the changes which have been made are

larger drum sizes, numerous water level selections and re-

cycling of hot water.
Hirst (14) pointed out that there is nothing con-

sumers can do to reduce fuel costs, but they can control

these costs by improving the efficiency of fuel usage. TwO

suogestions were made which could bring about these changes.

Fi1s5t, the consumer can change the way in which existing sys-

tems are operated, such as changes in thermostat settings.
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Secondly, changes must be made in improving the technical ef-

ficiency of the equipment used and of the home in which the

consumer lives.

The Federal Energy Administration Act in 1974, and

the Energy Policy and Conservation Act in 1975, began to

change the lifestyle of consumers. As a result of these Acts,

research has been directed toward collecting accurate and

usable information to aid the consumer in energy conserva-

tion.

The Energy Policy and Conservation Act of 1975

directed the Federal Trade Commission to issue labeling rules

for the energy efficiency of home appliances. Final approval

of the labels came in September 1979, and black and yellow

labels appeared on appliances in the Spring of 1980. These

labels provided information for comparison shopping by dis-
closing standard operating cost or energy efficiency. Claims
made by manufacturers must be supported by test data result-
ing from tests conducted in the energy department labora-
tories (8). This program is aimed at roughly 90 percent of
the energy used in homes. At first the regulations will in-
clude the manner in which the appliance is to be advertised
and marketed, but will eventaully set mandatory energy-
efficiency standards (16).

The washing machine industry has made significant

contributions to energy conservation by recommending that all
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rinses be performed in cold water. No losses in cleaning

performance have been observed through this procedure (16),

(6).
Hassoun (13) investigated cnharacteristics of fam-
ilies and ownership of home electric equipment as predictors

of electric usage. The information revealed a positive sig-

nificant relationship between total, direct energy used and:
household size, employment of home manager, water heater
types and number of major appliances owned. Torres (23)
stated that only 19 percent of the participants in an energy

related study could classify more than seven of 12 common

home appliances by broad wattage ratings. Awareness of watt-

age ratings is necessary in order to determine the additional
electrical demand that is made by each appliance used.
of fab-

The consumer is faced with a wide variety

rics, soils and cleaning products. Morey and Shuck (16)

noted that improved detergency, fabric developments and ma-

chine improvements will enable acceptable laundering at lower

energy consumption for many families. The authors reported

that the ultimate decision must be based on natural or real
soil removal measured in an actual wear and wash sequence.
llowever, they reported that there are heavily soiled clothes
in some families which will continue to require hot water and

thus high energy consumption for acceptable cleaning.

Woodfin (28) investigated the interaction of
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detergent type, detergent concentration and laundering tem-
perature in the removal of soil from standard soiled poly-
ester, cotton and cotton-polyester fabrics. The most ef-
ficient combination for cleaning both cotton and polyester
fabrics was the use of the recommended concentration of non-
ionic detergents at a wash temperature of 160°F. The ad-
dition of more detergent was found to be feasible only when
hot water was used; higher temperatures were beneficial only
when detergent concentration was "ample".

The energy reduction potential in apparel main-
tenance in the area of household energy consumption is a
challenge which must be met with improved detergency, ma-
soil-release fabrics and adequate consumer

chine efficiency,

guldelines. If the results of the research directed toward
apparel maintenance are made available to the consumer, the

consumer will be able tc contribute to the conservation and

preservation of the energy resources.



CHAPTER III
PLAN OF PROCEDURE

The procedure has been divided into the following
sections: 1) description of the experimental shirts, 2)
selection of the wearers, 3) wearing procedure, 4) laun-
dering procedure, 5) energy measurement, 6) equipment,

7) visual and physical evaluations and 8) data analyses.

Description of the Experimental Shirts

One hundred men's long sleeve white dress shirts
of four fabric types (100 percent cotton, 60/40 cotton-poly-

ester. 65/35 polyester-cotton and 100 percent polyester) were

used as experimental garments in the study. The fabric des-

criptions are given in table 1. There were 25 shirts of each

of the four types; 12 shirts of each type were laundered at
each of the respective temperatures, and one was reserved for

initial evaluations. The shirts were made of woven fabrics

in similar weights. Particular details such as interfacings,

thread, buttons and style were as comparable as possible for

all fabric types.

Selection of the Wearers

Participants in this study included 48 male, white

- 12 -



CONSTRUCTION DETAILS OF THE
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TABLE 1

SHIRT FABRICS

Yarn Count

Fabric Fiber Content Weave
C . .
aue Warp Filling
1, 5 100% cotton Plain 124/in. 110/in.
2, 6 60/40 Plain 133/in. 69.8/in.
cotton-polyester
3, 7 65/35 Plain 134.6/in. 103.8/in.
polyester-cotton
’I“'Ji].l 118.4/i1—l| 9502/in0

100% polyester
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collar university personnel. All men selected were of med-

ium build and average sleeve length as all shirts were pur-
chased in the same size to facilitate laundering of like
loads. A partially balanced incomplete block design was

utilized in assigning two shirts to each participant.

Wearing Procedure

The shirts were coded as to fabric type, wash tem-
perature and shirt number. This code was permanently marked
on the right front tail of each shirt.

The participants were instructed to wear each shirt
for a minimum of eight hours before returning it to be laun-
dered. The shirts were examined and treated for stains,

washed and evaluated before they were returned to the wearer

for additional wear. This plan continued until all shirts

had been exposed to 25 wear/laundering periods.

Laundering Procedure

Laundering was accomplished as recommended in wash-
ing conditions I and II of AATCC Test Method 143-1975 (1).

Twelve shirts of each type were lauandered together for each

of the two temperatures being employed.
1n preparation for laundering, each shirt was

checked for heavy soiling stains. Stains were pretreated

'ith a paste of equal parts of laundry detergent and water.

AZter pretreatment, the detergent paste was washed out of the
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shirt. All of the shirts were sprayed with Spray-and-Wash

on the collar, inside of neck band, cuff edges and any cther

heavily soiled areas.
The wash cycle was set for twelve minutes, and
127.8 grams of AATCC #124 detergent with brightners was used

in each wash load. The water level was set on high, and the

permanent press cycle was selected for the laundering cycle.
The shirts were removed immediately after the wash

cycle was completed and transferred to the dryer. The dryer

was set for the permanent press cycle with a cool down ending
cycle. The "normal dry" setting was scelected in order to

utilize the moisture sensor in the dryer to measure drying

time for each fabric type.

After the drying cycle was completed, the shirts
were removed, marked and placed on a wire hanger for eval-
uation or for pressing and redistribution. Any pressing that
was required to provide at least a 4.0 durable press value

was done by means of a hand iron.

Energy Measurement

Electric meters provided by the City of Denton were
used Lo easure the amount of energy used to wash, dry and
press the shirts and to heat the wash water for this wear/
the

laundering study. The meter revolutions were counted and

following formula, supolied by the City of Denton official.
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Mr. John Goldman (12), was used to calculate the kilowatt
hours used. The energy cost of operation was obtained by
using $.04 as the average cost per kilowatt hour in the City
of Denton at the time this study was conducted.

Formula:

3.6 x No. of revolutions = watt hrs. =
1000 1000

kilowatt hrs.

Kilowatt Hours x $.04 = Operation cost

The hot water heater thermostats were adjusted to
yvield water at a temperature of 105°F. Then the water was
drained from the hot water heater and refilled with tap water.
The amount of energy necessary to heat the 40 gallon tank of
water to 105°F was recorded as the number of meter revolu-
tions. Since the wash cycle used 23 gallons, 58 percent of
the {total kilowatt hours used by the water heater was consid-
ered to be the amount of energy required for the heating of

the water. This procedure was repeated for the other tem-

perature of 120°F.
The dryer lint trap was cleaned, and the dryer was
preheated five minutes before the shirts were put into the

dryer. The revolutions of the meter required to dry 12

shirts of each fabric type were counted and recorded. The

moisture sensor was used to determine when each fabric type

vas dried.
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The washing machine energy requirements were mea-
sured by recording the number of meter revclutions required
to wash a load of 12 shirts. The energy requirements for
the iron were measured after the iron had been preheated for

two minutes. As the meter revolutions reading was so small

for the pressing of one shirt, six shirts of the same fabric

type were pressed on a continual basis in order to calculate

the time and energy requirements per shirt.

Equipment
A domestic washing machine as specified in AATCC

Test Method #124 was used for all launderings. The design of

this machine included an extra large 2.71 cubic foot washing

drum, two washing agitator speeds and two spin speeds. The

rinse consisted of a power spray rinse and an agitated deep

rinse.

Two tumble speeds and a permanent press cycle with

an automatic cool down were two of the features of the se-

lected dryer, which was a domestic, Whirlponl LDE with a 6.9

cubic foot drum. This model was equipped with a moisture

senscr with three dryness selections.
Individual electric meters were used for the hot

water heater, washing machine, dryer and iron as a means of

measuring the amount of energy required during the refur-

bishing of the shirts. Meter revolutions were counted and



converted to kilowatt hours.

A Sears hand, steam iron was used for necessary
pressing, with a setting of #3 Permanent Press. Water heat-
ing for the two wash temperatures was accomplished with a

40 gallon Rheem electric hot water heater.

Visual and Physical Evaluations

During the course of the study, the shirts were

evaluated with regard to parameters that were important to

the consumer at intervals of 0, 5, 10, 15, 20 and 25 wear-

ings. The visual evaluations made after each wear interval

included soiling, durable press, broken yarns, pilling and
whiteness retention.

After the visual evaluations were completed, phy-
sical testing was performed which included breaking strength,
air permeability, absorbency and electrostatic build-up.
Specimens for the tests performed after the terminal wearing
and washing were cut from the shirts as indicated in fig. 4.

All specimens were tested under standard conditions specific

to the test conducted.

Soiling

Prior to each five laundering periods, the shirts

which had been worn were rated by visual examination accord-

ing to their degree of soiling. Each shirt was checked by

technician who was elevated above the shirts by the use oOf

9
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a high stool. A fluorescent light, which was 18 inches
above the shirt, was the light source. The degree of soil
on the collar and the overall appearance of the shirt were

ascertained in determining the assigned rating.

The amount of soil was rated according to the fol-
lowing scale as used by Roch (20), Turner (24), Ball (3),

Roemhildt (21) and Calvert (5):

Rating Description of Soiling and Staining
5 Clean all over; no visible spots of
stains
4 Light so0il; small o0il stains; pencil

and ink marks or other discoloration

3 Medium soil; medium-sized or many
0il, food or earth stains; shoe pol-
ish; small permanent stains

2 Dirty overall; localized ground-in
soil; large o0il stains; splattered
paint; persistent discoloration

1 Heavy so0il; dirty oil stain; large
or many paint stains; other perma-
nent, unsightly discolorations.

Durable Press Appearance
The durable press appearance of the shirts was de-

termined by the AATCC Test Method 124-1973 (1) after each

five wear/laundering periods. After removing the shirts fiom

the dryer, each shirt was placed on a wire hanger. The top

putton was buttoned, and the shirt was allowed to hang for

tvo hours before being evaluated. The durable press
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appearance was rated individually by three panel members in a
semi-darkened room with walls draped with black-out curtains
to eliminate any possible light reflections. A fluorescent
overhead lighting system provided the lighting for the shirt
evaluations. The shirt on a wire hanger was hung on a hook
on a viewing board below the light. The back of the shirt

faced the evaluator with AATCC Photographic Standards for

smoothness placed on either side of the shirt. Each of the

three evaluators stood four feet from the viewing board and

compared the smoothness of the shirt with the standards.

Broken Yarns

A preliminary examination was made on each shirt

before they were assigned to the wearers. Fabric flaws,

ruptured yarns and slub yarns were recorded. After every
five laundering periods, this examination was repeated and

the findings recorded. At each evaluation period, a dif-

ferent color of ink was used to mark the diagram represen-

tative of the front and back views, sleeves and collar of

the shirts (figure 1). When holes and tears were observed
in the shirt between the evaluation periods, these yarns

were counted and recorded. Any damaged areas were mended,

and the shirt was returned to circulation.
The examinations were performed over a light box

with the aid of a Suter yarn counter. Additional light was

provided by an overhead fluorescent light placed 15 inches
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|

Fig. 1. T1lustration of shirt parts used for recording

broken yarns.
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from the light box.

Pilling

A pill was defined to be an accumulation of fibers
which was attached to the fabric by another fiber. A black
plastic plate with four one-inch holes was centered over the
right side of the collar and neck band seam at the center
back of the shirt (figure 2). After the shirt was placed
over the light box, a technician counted and recorded the
number of pills within each opening. A pick and a magnify-

ing glass aided in the observation.

Whiteness Retention

Each shirt was evaluated for whiteness retention

initially and after each five wear/laundering periods. A

Hunterlab Model D-40 Reflectometer was used to determine the

whiteness retention of the shirts according to AATCC Test

Method 110-1972 (1).

Reflectance readings were made in the following

five areas of each shirt: center back (below yoke), center

back (waistline), center front (waistline) and sleeves (right

and left upper front).

Air Permeability

The four areas of the shirt selected for air per-

meability tests were: center back (waistline), right front
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"ig. 2. Part A. Pattern used for pilling evaluations.

Part B. Diagram of shirt collar indicating areas
where pills were counted.
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(waistline), left front (underarm) and left sleeve back (un-
derarm (figure 3).

The falling cylinder method, Federal Test Method
5452 (10), was employed to measure the rate at which air
passed through the specimen. This was determined by the use
of a stop watch to measure the time necessary for the divi-
sion marks on the inner cylinder to pass the upper edge of
the outer cylinder. Air permeability values were the aver-

age of the specimen readings, and were reported to the near-

est second.

Breaking Strength
The grab method, specified by ASTM Designation:
1682-70 (2), was used to determine the breaking strength of
the shirt fabrics. Five warp and five filling specimens

which measured four inches wide and six inches long were cut

on the straight of grain (figure 4). An Instron Tensile

Tester was used to measure the number of pounds of force re-

quired to break the specimens for each shirt. The results

were reported to the nearest 0.1 pound.

Absorbency

The absorbency cata of the four fabric types were

collected by the use of AATCC Test Method 79-1975 (1). The

shirts were exposed to standard conditions prior to conducting

the test. The tail of the shirt, approximately two inches



o |

tfs;
]

3 1 f | > 1 | 1‘y tests.
1t ns 2 S re¢s r0r ailr permcabj.ll
Fi ag. 5. LLocations on the shirt




- 96 -
from the hem, was stretched taut in an embroidery hoop and
placed on a stand 3/8 inch below the tip of a burette which

had been filled with distilled water. The burette was ad-

justed to deliver one drop of water every five seconds. Each

drop was observed until it was completely absorbed and reg-
istered no light reflectance. Five readings were taken on

each shirt and recorded to the nearest one-tenth of a second.

Electrostatic Build-up
AATCC Test Method 115-1977 (1) was used to eval-

uate the electrostatic build-up of the experimental shirts.

Six specimens, three warp and three filling, were cut from

the upper sleeves of each garment (figure 4). A metal plate

was used to simulate the charged surface of the human body.

The fabric specimen, after being de-charged with a 500 micro-

curies Staticmaster Ionizing Unit, was attached to the stand-

ing metal plate with a clamp. A piece of nylon test fabric,

stretched over a block of wood, was used to develop an elec-

trostatic charge. The time required for the charge of the
fabric specimen to deteriorate enough for the gravitational-
forces to intervene and pull the specimen away from the metal

plate was measured and recorded to the nearest one-hundredth

of a minute.

Data Analyses

The experimental design selected was a partially
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Grab breaking (filling)

Grab breaking (warp)
Electrostatic build-up (£filling)
Electrostatic build-up (warp)
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Fig. 4. TIllustration of front,
showing location of test specimens.
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balanced incomplete block design. This design was selected

because of the preset number of wearers and shirts; each in-

dividual wearer constituted a block; each block contained the

two "treatments'". Certain of the fabrics occurred together

in some blocks; others did not. Nevertheless, analysis per-
mitted comparison of fabric types washed at the same temper-
ature and at different temperatures. Bonferroni's Test was
utilized to determine significant differences at the 0.05 level

of probability that existed when the treatments were com-

pared.
The broken yarn data were analyzed separately by

presenting totals and comparing simple means, as the broken

yarns were a combined total of broken yarns resulting from

tears and abrasion. With few exceptions the soil ratings

were all rated as fours (five is maximum); therefore, these

data were also totaled and averaged for presentation.

The final two evaluation tests, breaking strength
and electrostatic build-up, which were destructive tc the

fabrics were not suitable for the block design, as four

shirts from each fabric type were retained for further wear-

ing. These results were analyzed with a one-way analysis of
variance, and significantdifferences were calculated using

Newman-Keuls Multiple Comparison Test. Comparisons were made

between the four fabric types washed at the two wash temper-



CHAPTER IV
PRESENTATION OF DATA AND DISCUSSION OF FINDINGS

One hundred men's white dress shirts were purchased
for experimental testing in order to evaluate the energy cost
requirements for the four fabric types represented: 100 per-"

cent cotton, 60/40 cotton-polyester, 65/35 polyester-cotton

and 100 percent polyester. Each shirt was worn and laundered

25 times. Visual and physical tests were performed to deter-
mine the durability and appearance of the shirts after 5, 10,

15, 20 and 25 wear/laundering periods. Data collected from

tests for absorbency, electrostatic build-up and air perme-
ability were included to provide information concerning the

comfort features of the four fabric types.

Energy Measurement

The energy cost figures (table 2) are based on

averages taken when outside temperatures varied during the
course of this study. Twenty-three gallons of water were

used per wash cycle. A cold rinse was used for all fabrics;
therefore, this was not a factor in the energy cost as in

other studies (25), (26). Table 2 shows that the average

cust to heat 23 gallons of water from the average initial
temperature of 77°F (standard deviation of 5) to 105°F

-~ 29 =
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was $.0838 and to heat 23 gallons of water to 120°F was
$.122. The energy efficiency of the electric hot water heat-
er was calculated using the initial average tap water tem-
perature (77°F) during the duration of this study. 1In rais-
ing the water temperature %o 105°F, the hot water heater had
an efficiency rating of 85 percent; whereas, for a 120°F
reading the efficiency rating was 89 percent. Regardless
of the fabric fiber content, the washing machine operation
cost for washing 12 shirts was $.077. The average costs to
operate the clothes dryer for 12 shirts were:

100% cotton shirts - $.09

60/40 cotton-polyester shirts $.07

65/35 polyester-cotton shirts $.055

100% polyester shirts $.06

The drying cost per shirt was less than one cent,
regardless of fiber content. The 100 percent polyester shirt
felt wet when removed from the washer which might account for
the cost being more thén for the 65/35 blend.
The costs of pressing 12 shirts of each fabric type

were: 100% cotton shirts $.012

60/40 cotton-polyester shirts $.006

65/35 polyester-cotton shirts $.007

100% polyester shirts $.007
The cost of pressing twelve all-cotton shirts

y . R — - ~ent lvester
wvas twice the cost for pressing the 100 percent polyes
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shirts; however, the small cost of energy for pressing is
obvious when the cost of the 12 shirts is divided to reveal
the individual cost of pressing one shirt. As noted in
table 2,the unit costs for refurbishing the shirts in this
study did not agree with results of previous researchers
who reported that cotton garments require "substantially"

more energy for maintenance than do comparable garments of

synthetic fabrics.

Soiling
The mean soiling values of the shirts observed be-
fore the 5, 10, 15, 20 and 25 laundering periods are shown
in table 3. As most shirts, with few exceptions, received
a rating of four or better out of a possible five, the de-
gree of soiling was not found to be important in this study.
Results revealed no observable soil accumulation at either

temperature on any of the four shirt types examined; however,

the 100 percent polyester shirt registered tl.e lowest value
of the four shirts at the final evaluation period at both

temperatures.

Durable Press Appearance

The appearance of 96 men's white shirts laundered

at 105°F or 120°F wash temperature were evaluated by a panel

of three textile specialists according to AATCC procedure at
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TABLE 3

MEAN SOILING VALUES OF THE SHIRTS OBSERVED BEFORE
THE 5, 10, 15, 20 AND 25 LAUNDERING PERIODS

Wear/Laundering Periods

Fabric Code? 5 10 15 20 25
1 4.1 4.0 4.0 4.2 4,2
2 4, 4,0 4.0 4, .
3 4.5 4.1 4.1 4,1 4.2
4q 4.2 4,1 4.0 4.0 4.0
5 4.1 3.9 4.0 4, 4,
6 4, 4.1 4,2 4, 4,
7 4.2 4.1 4.0 4.0 4.1
8 4.0 4,1 3+9 4.2 3.9

a
105" F Fabric 120°F

100% cotton

60/40 cotton-polyester
65/35 polyester-cotton
100% polyester

BW N
©®Jo W
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5, 10, 15 20 and 25 wear/laundering periods. The mean dur-
able press values of the eight shirt codes are presented in

table 4 and figure 5. The all-cotton shirt received the

lowest value of the four shirts at both wash temperatures;
however, their smoothness improved after the 20 wear/laun-

dering interval. The durable press value of the two blended

shirts and the 100 percent polyester shirt registered sim-

ilar high values at both temperatures. Although the value

for the all-polyester shirt was second at both wash temper-
atures at the five wear/laundering evaluation period, the
value continued to decline and was third highest by the
final wear/laundering evaluation period. The 65/35 poly-
ester-cotton shirt had the highest durable press value at
the first evaluation period of all of the four shirt types.
This shirt maintained this throughout all testing intervals
at both wash temperatures.

Results of Bonferroni's Test are presented in

table 5. There were significant differences between the dur-

able press values of the all-cotton shirt and the other
three fabric types at both 105°F and 120°F wash tempera-

tures at each of the five evaluation periods.

Smaller significant differences were noted after
o

five and 15 wear/laundering evaluation periods at the 105 F

wash temperature. At the five laundering period, the 65/35
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polyester-cotton shirt showed a slightly better smoothness
appearance than did the 60/40 cotton-polyester shirt. The
65/35 polyester-cotton values again showed positive sig-
nificant differences when compared with the durable press

values of the 100 percent polyester shirt following the

15 wear/laundering period. Only one significant difference

was found among the four fabric types when laundered at the
120°F. This difference occurred at the terminal test inter-
val when the 65/3% polyester-cotton was found to have a

smoother appearance than the 100 percent polyester shirt.

At three evaluation periods, 5, 10 and 25 launder-

ings, the significant differences between shirts supported
the fact that the 100 percent cotton had a superior durable

press value when washed at the 120°F temperature. At the

higher temperature, after the 10 wear/laundering period, the

65/35 polyester-cotton shirt and the 100 percent polyester
shirt received a significantly better smoothness score than
did the identical fabfic refurbished at the lower temper-
ature.

Althongh significant differences were found at var-
ious testing periods, the graphic illustration in figure 5
shows that durable press appearance did not change notice-

ably after the first evaluation period regardless of the

wash temperature. The two cotton-polyester blends claimed



36

3 Jo3saAktod %00T v

L uo3300-I93sa4t1od GE/G9 €

9 a93s9dTod-u031302 0%/09 Z

G uo3300 %00T T

d.,0CT oTaqed 4,601
90° ¢ 8T°¢€ ge'e [A7AR 29’ ¢ 8
67V ¢ ov € eV’ € 0G°¢ 172 3 L
ov*€ 9g° € ov € TE"E 6v'€ 9
6v° ¢ T ¢ GZ°'¢ 06°¢ 28°C S
T€° € CE'E EE'E 9p* € L € i
1747883 (47483 , 9€° € 0S¢ €8°¢ €
ey e ge*¢g v € 1747283 €G6°¢€ E
ik Sl 4 €T ¢ EE"Z 79°¢C 9G6° ¢ T

)4 0¢ ST 0T G popP0O) dTageyd

SpoTiod buriopuneT/Ieopm

SHINILYIAINIL HSYM OML IV SAOTYId ONTIIANNYT/HVIM
GZ ANY 0Z ‘ST ‘0T ‘G ¥dLJAV SI¥IHS FHL JO SIANIVA SSI¥Nd FIdVdNd NYIW

¥ g1dYL



- 37 -

Key: 100% cotton O0————0
60/40 cotton-polyester A----A
65/35 polyester-cotton O—--—0O

100% polyester X— —X
13 105°F
A==
~—..__\_.~.8~ w.:e-__: _—ﬁ_—a'_z-—':?
3L
m2 | o———‘__‘o\o\o/o
Q
3
=
;l_
Q 1 1 1 1 1
5 10 15 20 25

4r 120°F
-SSR e R s e =R
3k T —x
/""'/0
02t
U
3
—
©
> 1
0 . ' d ‘ -
5 10 15 20 25

Number of Launderings

Fig. 5. Mean durable press values of the shirts after

5, 10, 15, 20 and 25 wear/laundering periods at two wash
temperatures.



38

: , T ‘0T- €T~ #82°TT- o014l
9g° € LGS0 8C'¢ *TL°0T ¥9G" ¢ % 2DUvaa3IITId

820 90°0 AN v0° T~ ZE* T~ 0T T- uespy po3isnlpy
c2
x0€"€ 8G°T T AR x79°TT-  *99°vT-  *xTT €T~ onTeA-L
o0Uaa=aI11Td
ze"0 LT*0 GT'0- ZZ 1~ bGT- 6€°T- uesp paisnlpy
0z
T%°0- GG'0- P10~ *b8* 6~ x2h" 6~ *627° 6= anTeA-J,
20UaI8IITd
v0° 0~ 90 0- T0°0- 0T 0- 96° 0~ v6* 0~ ueap po3snlpy
GT
650 6G°'0 00°0 *LL"L- *9€" 8- *9€ " 8- SnTe AL
20uUdIeIITd
90°0" 90°0 00°0 vL0- 6L 0~ 6L 0~ uespy poisnlpy
0T
69°T EZ T~ %96 2~ x9Z°ZT—  *P6°€T-  %66°0T1- snTeA-L
90Uaa23IT(J
LT'O AR 62 0- TZ ' T- 8E"T- Bl T~ uesy pajysnlpy
G
 SA € P sa 7 € SA T v SA T € SA T 7 SA T poTaad

suosTtaedwo) DTIgeJ Pbutaepune]/ieopm

SHINLVITdNIL HSYM OML IV

SAOI¥Ad ONIVIANNVYI/YVIM GZ ANV 02 ‘ST ‘0T ‘G ¥ALJIV SI¥TIHS FHIL 40 SANIVA

SSddd FTAVINA NIFIMLIE SIONIITIAIA LNYOIJAINOIS 804 LSIL S+ INOJYIANCH
S FTAYL



39

x00° ¢ 98°¢C 7 ¥8C° 99— 8¢ TT- *PT " 6- SnTeA-L
Slelich R ady
6%°0 8¢°0 TZ'0- T9°0- ot 'T- 68°0- ueal peaisnlpy
%4
79°¢ 86°T L9°0- *CL" 8~ $9E°T1~ ¥x0L 0T~ SNTeA-L
20Usa9331d
8¢C°'0 TZ°0 LO"* 0O~ 260~ 6T T~ A I uesw poisnloy
B d
¢ ¢ v6° 1T LT 00— £GT°6- ¥LE'TT— *OT°TT- ONTBA-L
ChlichEhhady|
[AAN0) 0Z°'0 €0°0- €6°0- GT ' T- T~ uean poajsulpy
CT
€L 0 G0 ¢- 8L T~ ¥89° 6~ ¥V 0T— *C9°L- ONTEA-L
20UL2I83I3ITQ
LO"0 6T "0~ 9Z°*0- ¢6°0- 66°0- L 0~ uesp paisnlpy
0T
v " 1- perz- ET* T~ *8G° 6~ *x[T"8- *P0° L- onTeA-L
90uU9I9313Ta
PT1°0- gz 0- IT°' 0= Vo 0- T8°0- 69°'0- ueaw pajsnlpy
S
8 sSA [ 8 SA 9 L SA 9 8 SA G L SA G 9 SA G potaad

suosTaedwo) DTadgeJ]

butaspuneT/IeoMm

panutjluod—--G JIdVL

$4.02T1



- 40

A3TTTqRq0ad jJO TOAdT GO'0 3B JURDTITUDTS«

IV°'T 88°0- €0 T— YA oNTeA-L
aouaIa3llqg
€1°0 80'0- 60°0- 0€°0- ueapn paisulpy
G¢
VAN L9*0 8T°0- 98° - SNTBA-L
9DuULI9IITQ
Z0°0 LO"0 Z20°0- g¢" 0~ uesl peaisnlpy
0¢
90°¢ GL'0- 09°0- €e°T onTep-J
aouLIaIiTq
0c0 LO°0- 90 0- €T°0 ueap peojsulpy
ST
*89° G- *78° G- 98 - *%9°*€- onTeA-L
a0uUsIaIITa
0g°0- 28" 0- Gz 0~ ZE°0O- ues poisnlpy
0T
TZ'1- TL*°C GT°0 L0 b- oanTeA-L
20us13331Q
T1°0- 6T°0 T0°0 8€° 0- ueap poasnlpy
q
g 84§ L sn € 9 sA 7 G sA T potaad

suosTaedwo) DTIqeqg

butaspuneT/Ievopm

panuljuod--G JT9YL

:d 021 Pu® 1,601



- 41 -
first and second values; whereas, polyester was third, with

cotton fourth.

Broken Yarns

Table 6 shows the total number of broken yarns ob-
served in the warp and filling directions of the shirts at

each wear/laundering evaluation period. The grand total

appears in the last column. A statistical analysis was not

applied to these data as they are a combination of broken

yarns caused from abrasion and tears. A few tears that were

noted appeared at the waistline where the shirt buttoned
over the stomach and may have been caused by stress (fig-

ure 6). The tears occurred on the all-cotton shirt and the

60/40 cotton-polyester shirt. The all-cotton shirt had the

largest number of broken yarns; the blends received the two

middle places; the all-polyester shirt had the fewest number

of broken yarns. Although snags and pulls were not consid-

ered as broken yarns, they did affect the appearance, as

shown pictorially in figure 7.

Pilling
The mean pilling evaluations made on shirt collars

and neck bands are recorded in table 7 as the average number

of pills counted for each fabric type. Figure 8 depicts a

0.0 to 0.3 range for number of pills counted for the



- 42

T9¢ 89 1T L L 1% 9 1% d,0¢T
€6T €Ct 0T S 4 8¢ Gl J 601
Toae0ATod-TTIVY
€ee L6T 9¢ 6T LT 9¢ €9 9¢ qd.,0¢T
9FtT €e 6¢ G¢ €c e T d 60T
U0330D
-Io3saAtod ¢g/G69
08¢ 0ST LT 6T 0g LY € 1% 4,0¢T
0€c 17474 €e o€ j 54 G8 LT d,60T
PERCEYST
-uo3302 Q0F/09
S69 174%0% (015 GE TEC £Z TEeT i% Jd,02T
Ve % (007 08 €L LT 0T d,50T
U03300-T1TVY
STe30L STe30] G¢ 0¢ ST 0T S 0 adA: 3ITYS
pueIo
SpoTaad Dutaspuner]/ievopm
STINLVIAAWIL HSVYM OML LY SAOI¥Id ONIVIANNVT/IVIM
GZ ANV 0Z ‘ST ‘Ot

‘G IV GNY ATIVILINI dIAJISHO SNAVA NIMO¥d J0 JIIWNAN

9 "T1dVYL



bserved on

£ a tear o

Fig. 6. A pictorial example ©
ester shirt.

60/40 cotton-poly



Fig. 7. A pictorial example of snags observed on a 100
percent polyester shirt.
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Fig. 8. Mean pilling values of the shirts after 9, 10,
15, 20 and 25 wear/laundering periods at 105°F wash temper-

2y
ature.
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all-cotton and 60/40 cotton-polyester shirts at the lower
temperature, as these two shirt types produced fewer pills.
The largest number of pills counted for an evaluation period
were observed on the 65/35 polyester-cotton blend at the
second evalvation period. The number of pills counted cn
this shirt type declined in the final two evaluation periods.
At the lower temperature evaluation periods, the number of
pills counted on the 100 percent polyester shirits continued
to increase as use-launderings increased with the 20 wear/
laundering period being the peak. This shirt was highest in
number of pills counted at the 25 wear/laundering period
when compared to the other three shirt types.

Table 7 and figure 9 report information obtaired at
the five evaluation periods for the shirts washed at 120°F.
The two lowest numper of pills were recorded for 60/40 cot-
ton-polyester and 100 percent cotton shirts. The 65/35
blend had the most pills at 5, 10, 15 and 20 wear/laundering
periods, but the higheét number of pills were counted on the
100 percent polyester shirts in the final evaluation period.
A continued increase in pilling at each wear/laundering
peiriod was chserved on the 100 percent polyester shirt,

Significant differences between pilling values of

the 100 percent cotton and the 60/40 cotton-polyester shirts

(1 vs 4, 2 vs 4) and the 100 percent polyester shirts
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occurred at the last three testing intervals when laundered
at 105°F. This denotes that the 100 percent cotton shirts
were better relative to pilling than were the 100 percent
polvester shirts. The 60/40 cotton-polyester shirts were
also better relative to pilling than were the 100 percent
polyester shirts. At the 20 and 25 wear/laundering periods,
the 65/35 polyester-cotton shirts (3 vs 4) had significantly
fewer pills than did the 100 percent polyester shirts when
washed at the lower (105°F) temperature (table 8).

Comparisons made between the pilling values of the
shirts when washed at 120°F revealed significant differences
between the 100 percent cotton and the 65/35 polyester-cotton
(5 vs 7) after the tenth laundering and bhetween the 100 per-
cent cotton and 100 percent polyester (5 vs 8) shirts after

the final wear/laundering period. These findings demonstrate

cotton's superiority over the other fabrics investigated in

resistance to pilling.

Comparisons of the pilling vaiues of the blended
fabrics disclosed significant differences between the 60/40
cotton-polyester and the 65/35 polyester-cotton (6 vs 7)

after the 15, 20 and 25 wear/laundering periods and between

the 60/40 cotton-polyester blend and 100 percent polyester

(¢ vs 8) after the final washing. The results again ilius-

trato the remarkable ability of colton to resist pilling.
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Comparisons of identical shirt fabrics washed at
the two selected temperatures also were made with respect
to pilling values. Results revealed no significant differ-
ences between any of the experimental fabric types washed
under the two different temperatures until after the 20 wear/
laundering period. At both the 20 and 25 washing periods
the pilling values of the identical 100 percent cotton shirts
differed significantly as did the difference between the
identical 65/35 polyester-cotton shirts. Only one signif-
icant difference between the identical shirts of 60/40 cot-
ton--polyester occurred and this was after the final wash-
ing.

Results of pilling value analyses showed that the
all-cotton and 60/40 cotton-polyester blend shirts developed
very few pills throughout the study. In some comparisons
the 65/35 polyester-cotton shirts and the 100 percent poly-
ester shirts were not significantly higher in number of pills

than were the other experimental fabiics, but these fabrics

consistenly registered the greatest number of pills at each

evaluation period. Pictorial examples of observed pills on

these tvo fabric types appear in figures 10, 11, 12 and 13.

Whiteness Retention

Table 9 shows the mean whiteness retention values

7 the shirts initially and at specified use-laundering
) ther shirts 1nitially I
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Fig. 10. A pictorial example of pills observed after
25 wear/laundering periods on the collar of a 65/35 poly-
ester-cotton shirt washed at 105°F.



Fig. 11. A pictorial example of pills observed after
25 wear/laundering periods on the shirt front of a 100 per-
cent polyester shirt washed at 105°F.



Fig. 12. A pictorial example of pills observed after
25 wear/laundering periods on the shirt front of a 100 per-

cent polyester shirt washed at 105°F.



Fig. 13. A pictorial example of pills observed after
25 wear/laundering periods on the shirt front of a 100 per-

cent polyester shirt washed at 120°F.
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periods and graphically illustrated in figure 14. As was
expected the whiteness retention values of the four fabric
types usually decreased as the wearings and launderings in--
creased with three exceptions. The 60/40 cotton-polyester
showed a veryslight increase in whiteness retention after the
fifth and the finai laundering at the 105°F temperature and
after the twentieth laundering at the 120°F temperature.

Table 10 shows results of Bonferroni's Test for
significant differences between the whiteness retention

values of the shirt fabric types initially and at each spec-
ified testing period when washed at two temperatures. When
the ali-cotton shirts were compared with the 60/4C cotton-
polyester shirts (1 vs 2), the 65/35 polyester-cotton shirts
(1 vs 3) and the 100 percent polyester shirts (1 vs 4) at the
105°F temperaiure, significant differences occurred between
+he whiteneass retention values at all testing intervalis ex-
cept at the 20 laundering periced when all-cotton shirts were
compared with the 60/40 cotton polyester shirts. The white-
ness retenticn values of the 60/40 cotton-polyester shirts

wvere significently Qifferent from those of the 65/35 poly -

the 100 percent polyester shirts at all

ester-cotton and t
ovaluation periods when washed at the lower temperature. The
65/35 polyestar-cotten shirts differed significantly 1n

whiteness retention from the 100 percent polyester shirts
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after 10, 15 and 25 wear/launderings at 105°F.

When the four fabric types were washed at the
higher temperature (120°F), sicnificant differences between
whiteness retention values of the 100 percent cotton shirts
and the other three fabric types were noted at all testing
intervals except between all-cotton and 100 percent poly-
ester fabrics at the 20 laundering period. Comparisons be-
tween the 60/40 cotton-polyester shirt fabric and both the
€5/35 polyester-cotton and the 100 percent polyester fabrics
Revealed significant differences in whiteness retention at all
six evaluation periods. Significant differences between the
whiteness values of the 65/35 polyester-cotton shirts and
the 100 percent polyester shirts also were noted after 10
and 15 washings at 120°F.

Results of comparisons made between identical
shirts of the four fabric types laundered at the two temper-
atures disclesed significant differences between the white-
ness retention values of 100 percent cotton at the initial,
third, fifth and final testing intervals. Shirts of 60/40
cotton-polyester differed significantly at the initial,

third and final evaluation periods, while shirts of 65/35

polyester-cotton were significantly different at the initial,
third, fourth, fifth and final testing periods. The 100 per-

cent polyester shirts differed significantly in whiteness
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retention after 10, 20 and 25 washings.

An overall examination of the data did not show
any one fabric type as being consistently dependent on a
higher temperature in order to retain whiteness. With the
lower washing temperature, the 60,40 cotton-polyester and
the 100 percent cotton shirts maintained the two top values
throughout the study. Even though all four fabric types
decreased in whiteness values when laundered at the higher
temperature, the 60/40 cotton-polyester and 100 percent cot-
ton shirts retained the two top highest whiteness retention

values at all five evaluation periods (figure 14).

Air Permeability

The ability of air to pass through a fabric is re-
lated to many factors, such as yarn count and structure, fi-
ber content, fabric construction and/or textile finishes.
The measurements of air permeability were conducted both from
the outside to the inside of the garment and from tine inside
to the outside. As the measurements showed no difference in
regard to the direction in which the tests were conducted, the
readings were grouped together as air permeability values.
The findings related to air permeability of the shirts are
shown in tables 11 and 12 and figure 15.

The mean values in seconds of the four fabric types

rmeastured initially end after 25 wear/laundering periods at
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two temperatures are presented in table 11 and graphically
in figure 15. The 100 percent polyester ccntrol shirt re-
guired the least amount of time for air to permeate. The
65/35 polyester-cotton shirt required the second least
amount of time; while the cotton was third, and the blend
with the higher percentage of cotton was fourth.

After the shirts had been exposed to 25 wear/laun-
dering periods, a pattern among the four fabric types was
established that was evident at both the tenperatures. The
blend with the higher percentage of polyester was first, as
it required the least amount of time for air to permeate
the fabric. The 100 percent polyester was second in air per-
meability time; whereas, the 60/40 cotton-polyester shirt was
third in the fewest number of seconds required for this
value. The 100 percent cotton shirt required the longest
time in air permeability values.

A1l 16 fabric type compariscns resulted in signif-
icant differences between air permeability values as noted
At the 105°F wash temperature, the air permea-

in table 12.

5 poly-

4

bility values of the 60/40 cotton-polyester, the 65/
ester cotton and the 100 percent polyester shirts {1 vs 2,
1 vs 3, 1 vs 4) were significantly lower than that of the 100

percent cotton shirt. Both the 65/35 polyester-cotton and

the 100 pzrcent polyester (2 vs 3, 2 vs 4) required



TABLE 11

MEAN ATIR PERMEABILITY VALUES IN SECONDS OF THE
SHIRTS TESTED INITIALLY AND AFTER 25 WEAR/LAUNDERING
PERIODS AT TWO WASH TEMPERATURES

Initial:

Fabric Type Mean Value®

100% cotton 7.30

60/40 cotton-polyester 11.55

65/35 polyester-cotton 6.00

100% polyester 5.40

After 25 Wear/Laundering Periods:
Fabric Code Fabric Type Temp. Mean Value@

1 100% cotton 105°F 7.81

2 60/40 cotton- 105°F 6.82
polyester

3 65/35 polyester- 105°F 4.90
cotton

4 100% polyester 105°F 6.04

5 100% cotton 120°F 8.17

G 60/40 cotton- 120°F 7.38
polyester

7 65/35 polyester- 120°F 5.02
cotton

8 1C0% polyester 120°F 5.89

a
In seconds
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TABLE 12

TEST FOR SIGNIFICANT DIFFERENCES
PERMEABILITY VALUES OF THE SHIRTS AFTER 25 WEAR/LAUNDERING
PERIODS AT TWO WASH TEMPERATURES

BETWEEN AIR

Fabric Code @

Comparisons Adjusted Mean Difference T-Value
1 vs 2 113 5.46%
1 vs 3 2.+93 14 .14%*
1 vs 4 1.86 8.98%*
2 vs 3 1.80 8.68%*
2 vs 4 0.73 3.52®
3 vs 4 -1.07 -5.16%
5 vs 6 0.86 4,15%
5 vs 7 3.48 16.84%*
5 vs 8 1.93 9.35%
6 vs 7 2.62 12.68*
6 vs 8 1.08 5.20%
7 vs 8 -1.55 -7.49%
1 vs 5 1.02 5.28%
2 vs 6 0.75 3., B8%
3 vs 7 1..58 3.« 16%
al 6 1.10 5.67%

VS

a

*Significant at 0.05 level of probability

05°F Fabric 120°F
1 100% cotton 5
2 60/40 cotton-polyester 6
3 65/35 polyester-cotton 7
4 100% polyester 8
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significantly less time for air to permeate than did the
60/40 cotton-polyester shirt. At the lower temperature
the 65/35 polyester-cotton was significantly higher than the
100 percent polyester shirt (3 vs 4) in air permeability
values.

An identical pattern of air permeability values
was observed at the higher temperature. The significant dif-
ferences are indicated in .table 12.

Comparisons of all of the four fabric types showed
significant differences when identical fabric types were
subjected to two wash temperatures. Without exception. the
fabric type comparisons (1 vs 5, 2 vs 6, 3 vs 7, 4 vs 8)
required fewer seconds for air to permeate the fabric after
being washed 25 times at the higher temperature.

The yarn count of each fabric type (table 1) may
have exerted an influernce on the air permeability values.
Although the fabrics were selected to be as similar as poss-
ible, the selection was limited to the shirts which were
available in the market place. These differences in fabric
weave and yarn count could have had some influence on air

permeability.

Breaking Strength

The breaking strength values of the four fabric

types initially and those washed at two temperatures are
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shown in table 13 and graphically illustrated in figures 16
and 17. 1Initially, cotton in the warp direction was signif-
icantly stronger than the other three fabric types, also the
blend high in cotton in the warp direction was significantly
stronger than the two shirts higher in polyester. The 100
percent polyester rated third in warp strength; whereas, the
65,35 polyester-colten was last in warp strength (table 14).

When the filling strength was tésted in the con-
trol shirts, the 100 percent polyester was significantly
better than the other three fabric types. The 100 percent
cotton and 65/35 polyester-cotton shirts were ranked second
and third but did not differ significantly in strength. The
60/40 cotton-polyester was significantly weaker than the
other three fabrics.

After the 25 wear/laundering periods at 105°F, the
warp direction results showed the 60/40 cotton-polyester and
the 100 percent cotton to be the two strongest fabrics; how-—
ever, therec was no significant differences noted between
these two fabrics. Polyester and the 65/35 polyester-cotton
blend were third and fourth with no significant differences
between the two fabric strengths. The filling direction re-
sults placed the 65/35 polyester-cotton significantly strong-
er than the two shirts higher in cotton. The 100 percent

cotton shirt was third and was significantly stronger than



TABLE 13

MEAN BREAKING STRENGTH IN POUNDS OF THE
SHIRTS TESTED INITIALLY AND AFTER 25 WEAR/LAUNDERING
PERIODS AT TWO WASH TEMPERATURES

Initial:

Mean Breaking Strength @

Fabric Type

Warp Filling
100% cotton 63.53 39.8
60/40 cotton-polyester 60.1 31.5
65/35 polyester-cotton 44 .4 38.9
100% polyester 52.0 87.3
After 25 Wear/Laundering Periods:
Fabric Mean Breaking Strength?®
Code Fabric Type Temp. Warp Filling
1 100% cotton 105°F 60.0 .l
2 60/40 cctton- 105°F 62.0 28.5
polyester

3 65/35 polyester- 105°F 49.3 42 .6
cotton

4 100% polyester 105°F 49.3 40.6

5 100% cotton 120°F 57.6 40.0

o 60/40 cotton- 12C°F 56.7 28.4
polyester )

7 65/35 polyester- 120°F 43.7 42.9
cotton

8 100% polyester 120°F 51.4 42 .4

a
In pounds
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the 66/40 cotton-polyester shirt which was fourth.

The pattern discussed above was repeated at the
120°F wash temperature as far as the mean values observed.
The two shirts higher in cotton (types 5 and 6) were strong-
er 1in the warp direction than the two shirts higher in
polvester (types 7 and 8). A significant difference, not
found at the lower temperature, was noted when the 100 per-
cont polyester was significantly stronger in the warp dir-
ection tnan was the 65/35 polyester-cotton. There was no
difference in the strength of the filling direction at 120°F
when the 65/35 polyester-cotton shirt was compared with the
100 percent polyester.

To compare the four fabrics at the two wash tem-
peratures, the warp and filling data were grouped together
and results are shown in table 14. There were no signif-
icant differences in the breaking strengths of the fabrics
when laundered at two different temperatures. The twocotton
types (1 and 5) were first and second in overall breaking
strength. The all-polyester (types 4 and 8) were third and
sixth; while the blends (types 3 and 7, 2 and 6) claimed the
other ranks.

Absorbency

The absorbent properties of fabrics used for ap-

warcl are related to comfort in that body perspiration can
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be absorbed and passed through the fabric creating a cooling
effect. The findings listed in table 15 and illustrated
graphically in figure 18 show that 100 percent cotton was
superior in absorbency of all the shirts which were worn and
laundered 25 times at 105°F. The results after 25 wear/
laundering periods at 120°F, revealed that the 60/40 cotton-
pciyester blend, with a smaller mean, was more absorbent
than the cther two shirts and only slightly less absorhent
than the all cottor shirt washed at 105°F.

Bonferroni's test was used to determine signifi-
cant differences between two different fabric types when
laundered at 105°F or 120°F and between identical fabric
types which had been washed at the two temperatures. Table
16 shows these results.

Two comparisons of the shirts washed at 105°F re-
sulted in significant differences. There was a significant
difference at 0.05 level of probability between the absor-
bency values of 100 percent cottor and the 65/35 polyester-
cotton (1 vs 3), with cotton being more absorbent. O0if note
is the no significant difference in ebsorbency hetween 100
percent polyester and 100 percent cotton, which usually
would be expected. Although 100 percent polyester versus
100 percent cotton (1 vs 4) at this temperature did not re-
sult in a significant difference, the adjusted mean differ-

cnce was almost twice as large as the adjusted mean



= FB
difference recorded for the comparison of 100 percent cot-
ton versus 60/40 cotton-polyester (1 vs 2).

The other significant difference observed between
the shirts laundered at 105°F was in the comparison of 60/40
cotton-polyester versus 65/35 polyester-cotton (2 vs 3) with
the shirt higher in cotton content being more absorbent.

The largest significant difference was discovered
between fabrics five and eight when washed at 120°F. The
absorhency cof the 60/40 cotton-polyester shirt was found to
be significantly greater than that of the 100 percent poly-
ester shirt (6 vs 8). Other large sicnificant differences
were observed when comparing 100 percent cotton versus 100
percent polyester (5 vs 8) and 65/35 pclyester-cotton versus
100 percent polyester (7 vs 8) with the cotton shirt and
the polyester-cotton blend shirt being significantly more
absorbent than the 100 percent polyester shirt. When the
65/35 polyester-cotton was compared to the 100 percent cot-
ton shirt (7 vs 5), the result was the lowest adjusted mean
and
no significant difference resulted.

No significant differences in absoirbency values
were found when the identical fabrics of 100 percent cctton
and 60/40 cotton-polyester were compared at the twe temper-

atures (1 vs 5, 2 vs 6); however, the 65/35 polyester-cotton



TABLE 15

MEAN ABSORBENCY VALUES IN SECONDS OF THE
SHIRTS TESTED INITIALLY AND AFTER 25 WEAR/IAUNDERING
PERIODS AT TWO WASH TEMPERATURES

Initial:
Fabric Type Mean Value®
100% cotton 10.55
€0/40 cotton-polyester 104 .55
65/35 polyester--cotton 200.00
100% polyester 1s15

After 25 Wear/Laundering Periods:

Fabric Code Fabric Type Temp . Mean Value®@
1 100% cotton 105°F 18.0
2 60,/40 cotton- 105°F 42.8
polyester

3 65/35 polyester- 105°F 48.6
cotton

4 100% polyester 105°F 41:7

5 100% cotton 120°F 12.6

6 60/40 cotton- 120°F 75
polyester

7 65/35 polyester- 120°F 65.5
cotton

8 100% polyester 120°F 61.5

A
“In seconds
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TABLE 16

BONFERRONI'S TEST FOR SIGNIFICANT DIFFERENCES BETWEEN
ABSORBENCY VAILUES OF THE SHIRTS AFTER 25 WEAR/LAUNDERING
PERIODS AT TWO WASEH TEMPERATURES

Fabric Coded

Comparisons Adjusted Mecan Difference T-Value
1 vs 2 -10.95 -1.08
1vs 3 -40.91 -4.,02%*
1 vs 4 -20.56 -2.02
2 vs 3 -29.96 -2.94%*
2 vs 4 -9.62 0.94
3 vs 4 20 35 2.00
5 vs € 19.62 1.93
5 vs 7 8.99 .58
5 vs 8 -42 .52 -4,18%
6 vs 7 -10.63 ~1.04
6 vs 8 -62.14 -6.10%*
7 vs 8 -51.51 -5.06%
ivs S -19.48 -2.04
2 vs © 11.09 1.36
3 ve 7 30.42 3.19%
4 vs 8 -41 .44 -4.,35%

*Significant at 0.05 level of probakility

___105°F Fabric 120°F
1 100% cotton 5
2 60/40 cotton-polyester 6
3 65/35 polyester-cotton 7
4 100% poiyester 8
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shirts (3 vs 7) became mcre absorbent at the higher temper-
ature as revealed by the significant difference result. The
significant difference between identical polyester shirts
(4 vs 8) indicates an effect of the higher wash temperature
on the absorbency c¢f the 100 percent polyester.

Absorbency data are predictable if one knows the
hvdrophobic and hydrophilic properties of the fakrics being
tested; however, some of the results of this study do not
follow the usual paittern of predictability. The mean values
of the control shirts {table 15) point out the unusual and
erratic behavior of the 100 percent polyester experimental
fabric. The yarn constructicn and the fabric weave appar-
ently had some effect on these results. Of note is the re-
sult that at 105°F there was no significant difference be-
tween the 100 percent cottcn and the 100 percent polyester;
however, this was not true of these two fabrics at 120°F
wash temperature when cotton was more absorbent., Of further
note is the finding that only the 65/35 polyester blend be-

came more significantly absorbent after the 25 wear/laun-

dering periods at 120°F when compared to the similar shirts
& . e
laundered at 105 F.

Electrostatic Build-up

The electrostatic build-up of a fabric is related

to the comfort factor from the consumer's point of view.
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When the static build-up factor is high, the clinging of the
fabric increases,resulting in discomfort. Table 17 shows
the mean values of the electrostatic build-up which are
graphically depicted in figures 19 and 20. Results of the
Newman-Keuls Multiple Comparisons Test are shown in table 18.

lnitially, the 100 percent cotton, the 60/40 cot-
ton-polyester and the 65/35 polvester-cotton shirts regis-
tered no static cling in the warp or filling directions.
The 100 percent polvester shirt had significantly higher
clectrostatic build-up readings in the warp and filling dir-
ections.

The above pattern found in the control shirts was
evident without exception throughout the wash/wear duration
at both 105°F and 120°F temperatures. The 100 percent cot-
ton and the two blends were ranked the top three in the
least amount of static build-up with no significant differ-
ences between the three fabrics. As was expected, the 100
percent polvester continued to have higher readings in elec-
trostatic build-up and was ranked the least in both warp and
filling directions at bcth temperatures.

There was no significant difference noted between
the identical fabrics washed at the two temperatures when
the filling and warp data were combined for an overall value.
The two cotton shirts (1 and 5) were rated one and two;

whereas, the 100 percent polyester shirts (4 and 8) had the
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greatest static cling. The 60/40 cotton-polyester (2 and 6)
ranked better than the 65/35 polyester cotton shirts (3 and

7) as less static build-up was measured.



TABLE 17

MEAN ELRCTROSTATIC BUILD-UPF VALUES

SHIRTS THEST

_Initial:

SECONDS OF THE

ED INITIALLY AND AFTER 25 WEAR/LAUNDERING

PERIODS AT TWC WASH TEMPERATURES

Fabric Type

Mean Value®

Warp Filling
100% cotton 0.0 0.0
60/40 cotton-polyester 0.0 0.0
65,/35 polyester-cotton 0.0 0.0
100% polyester 180.0 180.0

After 25 wear/Laundering Periods:

Mean Value@

Fakric Code Fabric Type Temp. Warp Filling
1 100% cotton 105°F 4.6 Byl
2 60/40 cotton- 105°F 263 0.2
polyester

3 65/35 polyester- 105°F 38.0 54.9
cotton

4 100% poiyester 105°F 475.4 353.0

5 100% cotton 120°F 0.0 o

6 60/40 cotten- 120°F 21.4 29.0
polyester

7 65/35 polyester- 120°F 29.0 38.7
cotton

8 100% polyester 120°F 408.0 371.0

a
In seconds




Kev:

100% cotton

60/40 cotton-polyester
65/35 polyecster-cctton

100% polyester

OO0
T A
O-—- —D

T

11

A- i 4
0 r- - "*.—-\‘..__:_. 0 r' Qh{_*_'«::*:'::’.;)@
\‘n
\"]
100 f 100 L
X , X
200 F \ 200 | N
\ N
\ N
\ i %
300 [ m 300 |- N
T A T N
& \ o \X
0 Y &
9460 f \ o 400 L
0
v \
%
500 .- : 500 L ———
0 25 0 25
Number of Launderings
Fig. 1G. Mean ejectrostatic build-up values in seconds
of the shirts tested initizlly and after 25 wear/laundering
05° F wash temper=ture

periods at
directions.

the warp and £illing



- 87 -
Key:
100% cotton (e ®)
60/40 cotton-polyester OL----A

65/35 polyester-cotton O—.-C

100% polyester ¥ o— — X
Warp Filling
0 Pwrnm T C 0 F o SR —
r ;_é r M"’h\m&
100 F 100 F
200 } A\ 200 '\
\ AN
AN AN
300 } e L, 300 | AN
% \ T N\
ol \ o N\
$ 400 8 400 *
5 ] x 0 5
[9))] n
500 ! . 500 . .
0 25 0 25

Number of Launderings

Fig. 20. Mean electrostatic build-up values in sec-
onds of the shirts tested initially and after 25 wear/
laundering veriods at 120°F wash temperature in the warp
and filling directions.



88

sueaw ay3} ul L3TTIqeqoad IC T9A2T GO0 92Uz IL 9DUsSISIIIR B ST 2394 930N

Jo3ssiATod %O0T = 8 ‘¥
uojjoo-Io3sedtod Ggg/G9 = L ‘¢
IonsvdATod-ue3300 0K/09 = 9 ‘¢

uc3zod %001 = G ‘T

-

(i3]

*3UTT owes syl Aq pouiTIapun j3ou

AR N7 ¢* o8¢ v ov
v S 2

mt
L,

(48}

(AT 8°LT
c N

672 0°0
T g

SonTeA UBRDONR

LOP0D DTIqES

(pautqwod ButiiTy pue diem

“4,02T pue g _50T)

:sPbutIspuner/Ieapm Gz I533Y

0°"TLE L*8E 0°6¢ 0°0 i 0°80V% 0°6¢ AN 0°0 sonTep UeSn

8 L 9 ) 8 L 9 S poPel STdqRd

(8,02T) :sbutaspuneg/iesp Gz I933Y

Creqge 6 7S (AN Z'T IZARTA % 0" 8¢ €°9¢ 9% Ssontej) Ue3N

174 e Z T 174 & 7 T mmﬁou otagedq

(1.60T) :sbutxepune]/Ieanm GZ 933V

0°08T 0°0 00 0°0 0° 08T 0°0 0°0 0°C sonTep UroR
8/ L/E 5/ S/1 8/ L/€ 9/ G/T poPO0 OTIqE]
curTITa drem tTeT3TUI

STANLVEIdNAL HSYM OML IV SAOI¥Td ONIYEANNVL/IYIM SZ

e

dULJVY ANV ATIVILINT dILSHEL SINIHS dHL J0 SANODES NI SANTYA
d0-d7TINg DILVLSOJLOITI J0 SNOSIIVAWOD FTAILTINW STOATM~NVRMAN

8T HTIIYL



CHAPTER V
SUMMARY AND RECOMMENDATIONS

This wear-study involved 100 men's white dress
shirts of four fabric types (100 percent cotton, 60/40 cot-
ton-polyester, 65/35 polyester-cotton and 100 percent poly-
ester). All of the shirts were purchased in size 15% x 33
so as to facilitate like laundering loads for enerdy measure-
ments. The shirts were worn for 25 eight-hour wearing per-
iods by male, white collar, university personnel. During
the duration of the study, the energy reguired for mainten-
ai:ce was measured for each fabric type with individual ne-
ters provided by the City of Denton. At each five wear/
laundering period, the shirts were evaluated for features
important for the appearance, durability and comfort of the
shirts.,

The cost for the energy used in maintaining each

shirt, regardless of fiber content, vas iess than two and

105°F wash temperature. The

once-half cents when washed at a

cosat for the ail-cotton shirt was $.0219. Costs rTor the
other three shirt tvrpes were: 60/40 cotton-polyestei $.0197,

65/35 polyester-cotton $.0185 and 100 percent polyester

=)

$.0160. The difference between the highest cost and the

- B9 -
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lowest cost was slightly more than one-third of one cent.
At the 120°F wash temperature, the all-cotton shirt reguired
$.025 in energy cost maintenance; whereas, the 60/40 cotton-
polyester cost $.023 to refurbish. At the higher tempera-
ture the blend higher in polyester required $.022 in energy
maintenance cost with the 100 percent polyester maintenance
costing $.0222. The difference in the cost fcr refurbishing
the four types of fabric included in this study was one
third of one cent. The minute difference observed dces not

make cotton a large energy consumer wherni compared to the

other fabric types.

A

e

The soiling evaluations did not reveal a so
build-uv; therefore, the fabrics were heing cleaned at both
temperatures. Although mest shirts did receive high ratings,

the 100 percent polyester shirt received the lowest rating

of the four cshirt types at the final evaluation period at
both temperatures.
The durable press appearance did not change notice-

abily after the first evaluation period reygardless of wash

temperature. The two fabric blends, 65/35 polyester-cotton
and 60/40 coctton-pclyesier, were rated first and second;
whereas, the 100 percent polyester shirt was a close third
with cotton receiving the lowest durable press rating.

Initially and after each five wear/laundering
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periods, the broken yarns were recorded and totaled. The
two fabrics higher in cotton had the largest totals. The
fabrics higher in polyester exhibited the smaller +otals.
Although snags were not included in the study, they were a
problem in the wearing appearance of the 100 percent poly-
ester shirt.

The all-cotton and the 60/40 cotton-polyester
shirts developed fewer pi;ls throughout the study. At every
evalvation veriod, the 65/35 polyester-cottcn shirt and the
100 percent polyester shirt had the greatest number of
pilis.

The whiteness retention results did not single out
any shirt type dependent on high temperature for whiteness.
The 50/40 cotton-polvester and 100 percenrt cotton maintained
the two top values at both temperatures throughout the study.
A+ the 25 wear/laundering period, all of the shirts, with the
exception of polyvester, were whiter at the lower temperature.

After the shirts had been cxposed to 25 wear/laun-
dering periods, the air permeability values were the same at
both temperatures. The biend higher in polyester wez the
most permeabkle, ds il required the ieast amount of time for
air to permeate the fabric. The 100 percent pclyester was
second; whereas, the 60/40 cotton-polyester shirt was third

in the fewest number of seconds required to permeate the

fabric. The 100 percent cotton required the longest time
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for the air to permeate it. The difference in fabric weave
and yarn count. could have had some influence on alr perme-
akility.

In order to determine overall breaking strengths,
the warp and filling readings were grouped together. The
temperature at which the fabrics were washed did not sig-
nificantly affect the strength of any of the four fabric
types. In overall breaking strength at the lower tempera-
ture, the 100 percent cotton was strongest; the 60/40 blend
rated second; the 65/35 blend was third; and the 100 percent
polyester placed last. At the higher wash temperature, cotton
was again stronger than the other three fabric types. Poly-
ester was next 1n overall strength with the two blends fol-
lewing.

The two fakrics higher in cotton were found to be
fhe most absorbent fabrics in the study with only slight
excepltions. The unpredictable absorbency data for the con-

trol shirts point. to the fact that this is a difficult
property to accurately measure as fabric weave, finish and

varn construction apparently had some effect on this prop-
erty.

The 100 percent cotton shirts were found tc have
iess electrostatic puild-up than the other three fabrics
tested. The blend higher in cotton percentage exhikited

jesc siatic clino than did the blend with the hicgher
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rercentage of peclyester. The 100 percent polyester had the
greatest electrostatic build-up and was significantly dif-
ferent from the other three fabric types.

The overall results of this study showed that
there is. as expected, a difference in energy costs when re-
furbishing four fabric types. However, this difference was
found to be much smaller than that reported by previous re-
searchers. The polyester and the blend with the higher per-
centage in polyester were‘superior in fewer broken yarns and
air permeability time. The 100 percent polyester shirt was
superior in durable press values; however, the blerd with
the higher percentage of cotton was rated above the blend
with a higher percentage of polvester. The cotton and cot-
ton-polyester blend had fewer pills, less static cling and
ware more absorbent than the 65/35 polyester-cotton and 100
percent polyester shirts. The 100 percent cotton shirt was
the strorgest overall of the four fabric types. Not cnly
the emneryy requirements, but the comfort, appearance and

durability features are all factors needed to be considered

in the selection of a garment.

Recommendations

The data generated from this study have suggested
possibilities for future research and study. As appliances,

fabkrics and test methods change, additional information will
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be needed. Recommendations are as follows:

1. Development of methods for measuring the ab-
sorpticn of body moisture by the fabric.

2. Investigate the effect of yarn construction,
finishes and fabric weave on air permeability.

3. A follow-up study of energy maintenance re-
quirements as new blends and finishes appear on the market.

4, Conduct a comparison of energy maintenance re-
guirements and labor using different laundering procedures.

5. A study to compare the cost of doing launder-
ing at home versus commercial laundering.

6. Conduct an assessment of consumer opinion as

to the wear life of a garment, man-made versus natural

fabrics.

7. TFollow-up study using different temperatures
to determine if higher temperature result in significantly

improved whiteness.
8. A study to determine the parl detergents and

bleach might play in energy conservation by compensating for

lower washing temperatures.
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