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ABSTRACT

Specimens of 65/35 polyester/cotton fabric were 
washed and/or dried under various conditions. The white 
broadcloth, with permanent press and soil release finishes, 
was dried in the dryer, line dried inside, and line dried, 
outside. These fabrics were, subsequently tested with regard 
to appearance, weight, tear strength, and wrinkle recovery.

Fabric appearance ratings, as anticipated, placed 
the dryer dried samples higher than those line dried.
Weight loss was significant in the washed samples when com­
pared with, the unwashed samples.

Tear strength and wrinkle recovery indicated the 
most unexpected results. The fabrics dried for four hours 
in high radiation conditions were stronger than those dried 
for shorter periods and/or lower radiation. Also, wrinkle 
recovery angle was greater in the four hour high radiation 
treatment than in the other treatments.

ix



CHAPTER 1 

'IETRODHCTIOE

Purpose of thp. Study 
The purpose of this study was to determine the 

effect of various drying treatments on a 65/35 polyester/ 
cotton blend fabric with permanent press and soil release 
finishes. The fabrics were subsequently tested with regard 
to appearance, weight, tear strength, and wrinkle recovery.

»
Importance of the. Study 

Permanent press fabrics, initially in one hundred 
percent cotton garments, brought anticipations that the 
problems of wash-and-wear were finally overcome (5,9,32).
The exaggerated performance claims from manufacturers of 
wash-and-wear disappointed homemakers (5,32). They hoped 
that the permanent press garments would be the answer to the 
drudgery of ironing (9,11,13)«

The permanent press fabrics had many good qualities, 
but they created additional problems for the manufacturer 
and consumer (31,32). Strength loss of cellulosic fibers 
was one of the problems encountered from the resin applica­
tion (12,15,32).

Resin finishes are used to give the wrinkle free 
quality to permanent press fabrics (5,9,33)» This finish

1
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results from the resin.application and a curing method. The 
process significantly reduces cellulosic fabric tear 
strength (12,15,31)* Blending polyester with cotton is one 
way of reducing the strength loss. "This combination is the 
most widely used (9#14.,32).

Polyester fibers are desirable in fabric with a 
permanent press finish because tear strength is not signifi­
cantly reduced by resin application (5,12). They are, how­
ever, hydrophobic or water repelling as well as oleophilic 
or oil attracting (13,14,20), The addition of a soil 
release finish reduces the oil attraction problem of this 
generic group (22,23)*

Soil release finishes were developed as a result of 
wet soil redeposition on permanent press fabrics, especially 
those fabrics containing polyester fiber (14,20), Soil 
release finishes facilitate removal of stains during the 
laundry-process because water and detergent can enter 
fabric more easily (11,22),

Fabric appearance, as indicated by the amount of 
wrinkling, is dependent upon the laundering method employed. 
Full benefit of finishes results from sound laundering pro­
cedures (17,20), Manufacturers indicate that no ironing is 
required if their care instructions are followed. Their 
directions state that optimum results are obtained by tumble 
drying (11,17)*



The manner of drying items in homes varies greatly 
because manufacturers instructions are not followed* Home­
makers often do not care to launder as suggested, wish to 
proceed with past habits, or do not have the adequate or 
proper facilities available to them (19)« ' -

Objective of the Study - '
/ Because drying methods vary greatly, was the purpose 

of this study to determine the effect of various drying 
treatments on a 65/35 polyester/cotton blend fabric with per 
manent press and soil release finishes. The effect of 
various drying treatments on appearance, weight, tear 
strength, and wrinkle recovery of the fabric was evaluated 
with special emphasis on outside line drying.

Limitations of the Study - ■

Special emphasis was placed on outside line drying 
because of the need for practical'consumer-oriented research 
in Arizona. The majority of Arizona-households are without 
automatic clothes dryers; therefore, this research was aimed 
toward this group (35).

Twenty-five launderings (washing and/or- drying) was 
chosen as the termination points Tide XK was chosen by the 
researcher since it is available to consumers*



Fabric appearance, weight,- tear strength, and 
wrinkle recovery are influenced by method -of drying, length 
of outside drying time, and total sun radiation received.

The twenty-five launderings given samples will 
adversely affect fabric appearance, weight, tear strength, 
and wrinkle recovery.

Outside line drying will not substantially change, 
fabric appearance, but will reduce tear strength and wrinkle 
recovery.

Bashing will change fabric appearance, reduce 
weight, reduce tear strength, and reduce wrinkle recovery.

Definition of Terms
1» Appearance - the amount of wrinkles (creases or 

ridges) on fabric surface.
2. Buffers - additional fabric pieces (dummies) 36 

inches x 36 inches, identical to test fabric, which are 
added to wash cycle to maintain a I4. pound load.

3» Conditioning - stabilizing fabric at 70* * 2r.F« 
and 65 percent relative humidity + 2 percent.

Control - sample used for comparison purposes 
which does not undergo washing or drying.

'5® . Hand aneraometer - an instrument for measuring 
and indicating the velocity of air currents in miles per 
hour (m.p.he). ' . .



earth8s surface from XXtOQ aeia* to JsOO p.m. solar tiae>
7» Itangley - the amount of solar radiation equiva­

lent to one gram-ealorie per square centimeter received on a 
horizontal surface at ground level. . .

8. Low radiation period - solar radiation on the 
earth8s surface from 6230 a.m. to 10:30 a.m. solar time.

9« Permanent press finish - a finish which gives 
fabric the ability to resist wrinkling and to retain Its 
shape-holding property throughout its wear life.

10. Sample - the three replications in each treat­
ment.

11. Sling psychrometer - a hygrometer comprised of 
two thermometers, one wet and one dry bulb, which indicates 
air temperature. ■ and relative humidity.

12. Soil release finish « a finish which allows 
absorption of water and stains into fabric and facilitates 
their removal during laundering. ■

13® Solar time - actual sun time based on high 
point of sun radiation as 12 noon; varied between minus 20 
and minus 24 minutes from Mountain Standard lime for this 
study (36). '

U4.0 Subjective evaluation - the personal judgment 
by three graduate home economics students with regard to 
fabric appearance. .



15® Tear strength - the amount of tearing resist­
ance which a fabric is able to withstands

X6» Trained observer - a person (expert) hairing 
adequate textile, background to be deemed qualified to per­
form subjective tests on fabric appearance®

■ 17« Treatment - the method of washing and/or drying 
samples?, three samples (replicates) comprised each of the 
nine treatments®

18, Weight - the number of grams or ounces per 
linear yard®

19® 'Wrinkle recovery - the percent of recovery 
resulting from creasing®



CHAPTER 2

REVIEW OP LITERATURE

Today6 s consumer wants garments that will launder 
easily and return to their original appearance with minimal 
effort (31)e Homemakers found no-iron claims of wash-and- 
wear to be misleadingi therefore, the advent of the perma­
nent press finish brought much skepticism of its care 
qualities® Because previous exaggerated promises of wash- 
and-wear disappointed the homemaker, confusion and doubt 
prevailed when the fabrics with the.permanent press finish 
were first introduced (15,17)®

■ ' Permanent Press Finish
Many definitions and explanations about permanent 

press finishes are available (8,13,31,33)®
Permanent press fabrics, first introduced in 19614., 

should not be confused with the earlier wash-and-wear fab­
rics® Permanent press is a finish which gives fabric the 
ability to resist wrinkling and to retain its shape-hoiding 
property throughout its wear life (33)®

Specific properties of permanent press fabrics can 
be achieved in various ways: post-cure, pre-cure, re-cure,
and no-cur© (8)® Success and stability in production of 
these methods, as well as other newer or experimental

7



8
methodss are dependent upon the textile industry. They are 
responsible for agreement of performance standards. Satis­
factory performance begins with industry, but it is also 
influenced by consumer laundering methods (19?30),

. One hundred percent cotton, first used in the manu­
facture of permanent press garments, was undesirable because 
of tear strength reduction of thirty-five to fifty percent 
(15). Polyester fiber tear strength was unaffected by the 
permanent press finish; therefore, it was blended with 
cotton. Polyester fibers were added to eellulosic fibers to 
improve tear strength, wrinkle resistance, and abrasion 
resistance® This blend met all performance specifications 
and appeared unlimited in end use possibilities (3,1^,22,32), 

Consumer satisfaction of polyester/cotton blends of 
the permanent press finished fabric was very good. Industry 
experimentation developed a new finish to aid the consumer 
in care of fabrics.

Soil Release Finish •
The first soil release finish was announced in June, 

1966 (22). During the interim, many systems have been 
developed.

These finishes involve four aspects§• (1) soil
repelleney, (2) soil release, (3) soil redeposition, and (4) 
anti-static. The soil release systems are of two general 
types. In one a film is created in which oil or water-borne



9 .
stains float away* The other results in a changed surface« 
This chemical reaction alters- the polyester fiber from 
hydrophobic (water repelling) and oleophilic (oil attract­
ing) to hydrophilic* plus reducing the oil problem# The 
laundry process is aided since the soil release system 
allows water and detergent to more easily enter fabric and, 
remove stains (3,22)» '

Laundry procedures have been aided because of. this 
finish# Previous problems of retaining oil-borne stains 
have been significantly reduced with the advent of the soil 
release finish# Because of these finishes, polyester closely 
resembles the ideal fiber (9,32).

As previously mentioned, satisfactory performance of 
permanent press is dependent upon the laundering method 
employed.

Weathering
Outside drying of fabrics varies with use and laun- . 

dering methods. Although most textiles are not constantly 
exposed to sunlight, they are usually exposed sometime 
during use and wear (10). Because textiles receive radia­
tion at some point, many outdoor exposure tests have been 
undertaken in the past (16,25,26,28).

Outside drying, or- weathering, of cellulosics have 
been studied in detail (4-,19,26,27). Photochemical or fab­
ric degradation of cellulosic fabrics has been studied since



the 19208 So At that time there was questionable evidence 
about degradation by weathering* Weathering is ” * » „ the 
aggregate effect of environmental factors of sunlights 
microorganisms, industrial fumes, rain, and wind” (16,
P* 72).

Outdoor exposure tests should provide direct corre­
lation with deterioration of textiles in use* Because of 
uncontrollable variables, a standard weathering pattern does 
not exists therefore, results are never precisely pre­
dictable or reproducible (16,26)* They are valid only for 
the particular conditions, time and place of exposure*
Since climatic conditions vary, published dyata of weather­
ing varies (26), Present field exposure tests are the most 
widely accepted method in testing textiles for degradation* 
They only indicate the relative value (16)*

Artificial sunlight,„although constant and easily - 
controlled, has substantial disadvantages (10)* Laboratory 
methods do not correlate with outdoor exposure (26)*
Ideally, effects such as 11 * » * weather, « , » temperature, 
moisture, wind, and , » * contaminantsu should be correlated 
This integrating may be possible someday (I4., p* 55)®

Measurement of solar radiation was done in the .past 
only by the sun-hour method* Experiments based on time 
alone are not considered valid, reproducible, or repeatable 
(27)« There is.no standard sunlight test (26), The langley



11
the only accurate and most widely used measure of total 
incident radiation# measures the amount and intensity of 
solar radiation (3#27)« “One X&ngley is « 1 gram calorie of 
radiant energy per square centimeter'of exposed area# or 
3»69 Btu9s per square foot'9 (1$.# p0 55)® ,

The Eppley pyroheliometer# which measures solar 
radiation by langleys# is used by the United States Seather 
Bureau. It9s accuracy# according to the manufacturer# is t 
1% percent (4)»•

Bight rays in solar radiation are thought the great­
est cause of weathering (If,)« The absorption of light rays 
may change the molecular structure of textiles. Light may be 
reflected# transmitted# or absorbed depending upon the tex­
tile capacity to absorb the energy of the light rays.
Fabric degradation is dependent on the concentration of dye 
or pigment# yarn# and fabric construction (10#l6).

Radiation wave length and associated energy 
decreases as wave length increases (10). Radiation# or 
light traveling in the form of waves# is subject to varia­
tions in intensity and distribution (10#26), These depend 
on “season of year# time of day# altitude . » .# araout (sic) 
of water vapor# dust# and other absorbing materials in the 
atmosphere « « .n (26# p. 18),

Photochemical reaction is of two typess photolysis 
(chemical decomposition) and photosenaitigation. Heat#



. ’ * . . 12 
which involves light$ is not photochemical since light is 
not absorbed (10,26), "The amount of light converted to 
thermal energy is absorbed radiation" (26, p, 20), In ■ 
degradation by heat the maximum temperature occurring during 
radiation is probably most meaningful (28)* Heat, while not 
photochemical in nature, does not cause light to be absorbed® 
But, cellmlosie degradation occurs because of an increased ' 
rate of chemical reaction (10,26),

Photosensitisation, with an impurity in the .oellu** 
losio fabric which carries the light energy, varies depend­
ing on moisture and oxygen present (10,26). Degradation 
increases with moisture, especially with alternate wetting 
and drying cycles (13), Damage to eellulosies .can be 
measured by breaking strength loss, cuprammonium fluidity, 
methylene blue number, tearing strength, etc. Degradation 
of noncellulosic textiles is presently limited to measuring 
tensile -(tear) strength (26).

I



CHAPTER 3

. METHODS AND PROCEDURE

Introduction
The objective of this study was to determine the 

effect of various drying treatments on a 65/35 polyester/ 
cotton blend fabric with permanent press and soil release 
finisheso The effect of these drying treatments on appear­
ance (as indicated by wrinkling}, weight, tear strength, and 
wrinkle recovery was determined.

Selection and Preparation of Samples 
' The chosen test fabric was white broadcloth of 65 

percent Dacron, polyester and 35 percent cotton with a pre­
cured permanent press finish and a soil release finish. The 
bolt of fabric was purchased at a department store in 
Tucson, Arizona., Fabric weight had a mean 3»826 ounces per 
linear yard with an average thread count of 132 in the warp 
direction and 71 in the filling direction.

Twenty-seven samples, each 29 inches in the warp 
direction and 23 inches in the filling direction were used 
in the study, line treatments, each with three samples 
(replications), comprised the fabric for the research. All 
were from the same bolt of fabric and chosen at random for 
placement in one of the nine treatments,

13



34
All samples were torn on warp and filling threads 

and zig sagged on the edges to prevent fraying0 Two small 
pockets, plus additional elastic thread, were sewn in the

r

upper right hand area of the samples which were to be hung 
outside®' The pockets were used to hold thermometers and did 
not interfere with areas reserved for laboratory testing of 
fabrics (see Figure 1)<>

Three control samples, to be used for comparison 
purposes, were withdrawn immediately after cutting®

Mashing Procedure 
Six treatments, or eighteen samples, were washed for 

a total of twenty-five times® The .following washing pro- ‘ 
cedure was used for all treatments® ■

A 1967 [Whirlpool top-loading' automatic washer (Model 
LSA 99220) was used® Settings used were % permanent press 6 
minute wash? hot water, cold rinse? high agitation? high 
spin? high water level®

Well water from the University of Arizona water sys­
tem was used® Temperature was checked with.an electronic 
thermometer and washing began when water was llirQ1 ± 25 .F» 
Three-quarters cup of Tide XK, nonionic biodegradable deter­
gent, was added to each washer load® 1

The load consisted of nine samples, each 29 inches x 
23 inches, weighing approximately one and one-half pounds® 
Fifteen buffers (dummies), identical with test fabric, were
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added. These 36 inch x 36 inch buffers weighed approxi­
mately two and one-half pounds# bringing the total wash load 
to approximately four pounds«

In filling the washer the hot setting was alternated 
with the warn setting until the desired 14.O’ F, was reached. 
Detergent# added after tub .was • full# was allowed to agitate 
until powder appeared dissolved. The samples and buffers 
were then added to the machine„

A water sample was taken from that entering during 
the fill cycle of each washer load. It was used to deter­
mine hardness in grains per gallon (see Appendix A),
Monthly# a water sample was taken from tap entering tub and 
analyzed for the following? soluble salts# BO x 10̂ # Cal­
cium# Magnesium# Sodium# Chloride, Sulfate# Carbonate# 
'Bicarbonate# Fluoride, nitrate# Hitrogen# Boron# Copper# 
Iron# Silicon dioxide# hardness, and pH (see Appendix B),

Drying_ Procedure 
Samples were given various drying treatments# one of

which was tumble drying. This was done in a 196? Whirlpool 
dryer (Model LSE 9920), Settings used were2 regular perma­
nent press with gentle- agitation? 20 minutes with last 10 
minutes being a cool-off period. Each dryer load contained 
3 samples and 15 buffers,

A second drying treatment was inside line drying. 
Samples were hung individually from hangers by clothespins.



Ho attempt was made to record, or change conditions of drying 
room a

Pour treatments involved washing and subsequent out­
side line drying«, Each treatments composed of three sam­
ples, was taken to the roof of the.home economies building 
immediately after washer completed cycle'.# They were hung 
in the same order and in the same position on line each • 
time. The four outside drying times for the washed treat­
ments weres ' (D) 1 hour + 5 minutes at low radiation* 6130 
a.m® - 7§30 aoifto solar time; (E) 1$. hours + 5 minutes at low 
radiation*' 6sJO a.m. - 10:30 a.m. solar time; (P) 1 hour *
5 minutes at high radiation) 11:00 a.m. - 12 noon solar 
time| and, (Q-) i|. hours 5 minutes at high radiation* 11:00 
a.m. - 3:00 p.m. solar time (see Appendix P).

Two treatments, involving six samples, underwent 
outside drying without washing. They were hung at the same 
time as-were the washed samples, with unwashed samples 
placed on line immediately behind washed samples. Drying 
times for these were identical with the longer times pre­
viously given: (E) ij. hours 5 minutes at low radiation,

#A11 outside line drying was done on clothesline 
facing due South on roof of home economics building at the 
University of Arizona, Tucson, Arizona D Sec. 7, Twp. ll|_ 8,
R II5, E, HE section of SB quadrant. The building was 139s in 
height, with the clothesline I4.7. 5/8n in height and having 
Zkjh between lines. -
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61*30 - 10£30 a„m» solar time and (O) Ij, hours + 5 minutes at 
high radiation* 11:00 aeiâ  - 3 lOO solar time0

Fabric end environmental factors which were con­
sistently checked at predetermined times were t (1) sample 
temperature with a thermometer in aforementioned pocket, (2) 
air temperature with a sling psychrometei% (3) relative 
humidity with a sling psychrome-ter, and (1$.} wind velocity 
with a hand anemometer (see Appendices 0 and D)» Total 
incident sun radiation for each drying period.was also 
recorded, by an Bppley pyroheliometer at the Environmental 
Research Laboratory, University of Arizona (see Appendix E)» 

Data collection began on April 19, 1968 and con­
tinued until June 12, 1968. Each treatment received twenty- 
five washings and/or dryings (excluding control) with a one 
to five day rest period between each laundering. During the 
rest period samples were hung from hangers and surrounded 
with a plastic bag.

Coding of samples is listed in Table I. Replicates 
of each treatment were listed as Ag, Aj, and B, etc.

Laboratory Procedure 
All laboratory testing was done under standard 

atmospheric conditions of 70 6 .i 28 F, and 65 d; 2 percent 
relative humidity.
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TABLE 1 

CODING- OP FABRIC SAMPLES

Treatment . Description

A Control *
B Mashed* dryer dried '
0 Mashed* inside line dried
D Mashed* outside dried* 1 hour* low radiation
E Mashed* outside dried* 4- hours* low radiation
F Mashed* outside dried* 1 hour* high radiation
0 ■ Mashed* outside dried* 4 hours* high radiation.
H Unwashed* outside dried* 4 hours* high radiation
1 Unwashed* outside dried* 4 hours* low radiation

Appearance
The surface appearance of the treatments was evalu­

ated after all launderings were completed. Control samples 
were evaluated for comparison purposes. AATCC 124-1967 T 
was used with the following procedures utilized! (1) wash­
ing procedure III; machine* 1401 F* with variation in rinse
temperature (130s *» 140s P.. instead of suggested 105s P» )
5s P°* (2) drying procedure A and B (line dry inside and 
tumble dry}* there were no instructions for outside line 
drying* and (3) evaluation procedures low-angle using AATCC 
three-dimensional plastic replicas as standards (see ■.
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Table 11)<, The three samples, 29 inches x 23 inches instead 
of the suggested 15 inches x 15 inches, from each treatment 
were used in the ©valuation of surface smoothness* The 
trained observers evaluated the specimens by comparing them 
with closely matched plastic replicas* Results from the 
three observers were averaged to the nearest tenth of a 
decimal (see Table III).

TABLE II 
FABRIC SMOOTHNESS RATINGS*

Rating Description

DP-5** An appearance equivalent to the DP-5 Replica
DP-4 An appearance equivalent to the DP-4 Replica
DP-3*5 .. An appearance equivalent to the DP=?3«5 Replica
DP-3 An appearance' equivalent to the DP-3 Replica
DP-2 An appearance equivalent to the DP-2 Replica
DP-1*** An appearance equivalent to or worse than the DP-1

Replica

* Adapted from Table II, AATCC 12Lj.~X96?T (l),
** Smoothest appearance and best retention of origi­

nal appear anoe*
Poorest appearance and poorest retention of 

original appearance*
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TABLE 111

MEAN APPEARANCE OF FABRIC TREATMENTS 

Treatment . .Mean Rating

A . DP-5«
B DP-3 o 5
C DP-3
D DP-2.6
E ' DP-3 ;
F DP-3
Q DP-3 .
H ' DP-5*
1 ' DP-5*

* Smoothest appearance and best retention of origi­
nal appearanceo

Weight '
Determination of fabric weight was don© by the 

method established by the United States Testing Company (37)< 
Four Ip-inch squares from each specimen were weighed on a 
Mettier balanceo The ounces per square yard was determined 
by the formula; '

*

x b,$0 71 ™ ounces per square 
^ yard
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This was then converted to ounces per linear yard byI 

ounces per square yard x width of fabric
(L$ inches} = ounces per 

linear yard36
Meight was determined and reported

Tear Strength
Tear strength (resistance} was determined by the

ELmendorf instruments a falling pendulum type apparatuss 
following ASTM Ii4.2l1.~63 specificationsa Five warp and five

each of the fabric samples» Grams per centimeter results 
were averaged separately for warp and filling® Results 
indicated the average work performed in tearing the specimen®

mined by the Monsanto Wrinkle Recovery Tester* following 
AATCO 1295"60 T specifications® Five warp and five filling 
samples* each 1«5 x I4.®0 centimeters* were cut from each of 
the fabric samples. Long direction represented the direc­
tion of the test® The percent of crease recovery was deter­
mined by the formulas

Warp and filling'results were averaged separately and

filling specimens* each 75 x 102 millimeters* were out from

Wrinkle Recovery
Wrinkle recovery of fabrics from creasing was deter

x 100 ~ $ wrinkle recovery
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reported to the nearest on© percent® These results gave the 
percent of wrinkle recovery,'

• Analysis of Data
A factorial analysis of variance was computed to 

determine the effect of the various treatments and the 
interactions of the tests conducted in this study.

Statistical analyses were.not used with appearance 
evaluations because of their subjectivity and.since near 
perfect judge agreement made this unnecessary (see Table 
III),

Sfater hardness readings (see Appendix A), were 
averaged and monthly water analysis results (see Appendix B) 
recorded. Total incident solar radiation, expressed in 
langleys, was totaled (see Appendix P), Other recorded 
outside environmental factors (sample temperature, air tem­
perature, relative humidity, and wind velocity) were given in 
Appendices C and D, Note that no statistical analyses were 
done with these figures,

A lad (least significant difference) value was 
established where applicable to determine the significance 
between treatments. In order for two values to be signifi­
cantly different, their absolute difference must have been 
greater than the Isd value. In this study, Isd values were 
established at the «0$ level of significance.
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Spearman8 s coefficient of rank correlation was used ' 
to find possible correlation between the various treatments®



CHAPTER Li.

RESULTS

Appearance ' '
A statistical analysis of the appearance was not 

necessary since all trained observers (experts) agreed in 
rating all treatments except in one treatment. Appearance* 
although evaluated under controlled conditions* was subjec­
tive. ,

The ratings were divided into six categories* as set 
up by the American Association of Textile Chemists and 
Colorists (AATCC), with the following smoothness ratings $ 
DP-5* DP”i$.» DP-3.5, DP-3, DP-2, and DP-1, DP-5 represented 
the smoothest appearance and DP-1 represented the poorest 
appearance {see Tables II and III),

Three treatments received means of DP-5* This indi­
cated. the smoothest appearance and best retention of origi­
nal appearance. They .included all of the unwashed treat­
ments--control (A), I4. hours at low radiation (I)* and Lj. 
hours at high radiation (H).

DP-3»5 mean ratings were given the dryer dried 
treatment (B) and mean ratings of DP-3 were given four of 
the washed treatments. Those receiving these were inside 
line dried (0)* outside dried for Lj. hours at low radiation

25
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(E)j, outside dried, for. 1 hour at high radiation (F), and 
outside dried for if. hours at high radiation (G-)„

Rating differences occurred in the treatment that 
was washed and outside dried.for 1 hour under low radiation 
conditions (D)a Ratings were divided between DP=»2 and DP-3 
with a mean of 2»6» ihe above mentioned treatment was the 
only one receiving a rating in the DP-2 category« • This 
treatment, which caused variance in observer ratings, was 
the most wrinkled in the study (see Table 111)® As pre­
viously stated, the D M  rating represented the poorest 
appearance and poorest retention of original appearance®

The analysis of variance F~test indicated that sig­
nificant differences existed among the individual weight 
treatments when averaged across all treatments (see Appendix 
G)» Because P-values were significant, specific treatment 
comparisons were made using the least significant difference, 
or Isdo Only those individual treatments that exceeded the 
lad at the ®05 level will be discussed® Weight, Isd (»05) =
.095.

A significant increase in weight over the control
(A) occurred in the" washed and inside line dried treatment 
(Ob.

Two treatments showed statistically significant 
decreases in weight when compared with the e 'xtrol (A)®
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Both l4~hour line dried treatments that were washed (B and Q-) 
had these weight changes. The decrease in weight was some­
what greater in the washed* lj.-hour dried high radiation 
treatment (0-5 than in the washed, i|.»hour dried lox-gr radiation 
treatment (E)a

Several other significant differences occurred when 
comparing individual washed treatments with one another. 
There was a weight decline in the 4-hour low radiation 
treatment (B) over the dryer dried treatment (B)» A slight 
weight decrease was noted in the 4"hour high radiation 
treatment (S) over the dryer dried treatment (B),

All of the following washed and outside dried.treat­
ments had weight decreases over the washed and inside dried 
treatment (C)s 4-hour low radiation (E)# 1-hour"'high radia­
tion (F), and 4”*hour high radiation (G),

Many weight changes of significant nature were found 
when comparing the washed and outside line dried treatments 
with one another. Those compared were listed together with 
the smaller in weight listed first. These significant 
weight differences includeds washed and 4"”hour low radia­
tion treatment (E) weighed less than 1-hour high radiation 
treatment (F}$ 4-hour low radiation treatment (E) weighed 
less than 1-hour low radiation treatment "(D)? and 4"hour" 
high radiation treatment (G) weighed less than 1-hour high 
radiation treatment (F)»
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Two treatments were not washed., but instead given 

only outside line drying» Significant, comparable differ­
ences, existed between the unwashed, l{.-hour dried high 
radiation (H) and the washed and 2j."hour , dried high radiation 
treatments (G1)® The washed treatment had a weight decrease » 
Also, the washed. If.-hour dried high radiation treatment (E) 
was lower in weight than the "unwashed. If.-hour dried, low 
radiation treatment Cl}6 Table IV shows statistical deter­
mination of significance and Appendix Q shows the analysis 
of variance..,

TABLE IV *

STATISTICAL DETERMINATION" OF SIGNIFICANCE 
BETWEEN TREATMENTS IN "WEIGHT

Treatment Mean (Weight in Grams)

A If., 301
B l4.e352
0 "ll-.lt.37
D lj-e370
E if.. 191
F . . 4.295
G 4.163
H 4.341
1 4.304
Isd (.05) « .095
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Tear Strength

Harp Tear Strength■
Significant differences among the various warp tear 

strength treatments were indicated tiy the analysis of 
variance F-test (see Appendix H), The least significant 
difference, Isd, was used' to find specifically which treat­
ments differed from one another* All Isd were made at the 
*05 level of significance with Isd („05) = 100*721,

All eight treatments showed significant strength 
losses when compared with the control. Most strength loss 
was in the washed, 1-hour dried high radiation treatment (F) 
followed closely by the washed and If.-honr. dried low radia­
tion treatment (E). Two treatments tied for the next 
strength loss. Both the washed and dryer dried treatment
(B) and the washed and 1-hour dried low radiation treatment 
(D) had the same mean strength loss. Somewhat less strength 
loss occurred.in the washed and inside line dried treatment
(0), The least strength loss, of the washed treatments, 
occurred in the ^-hour dried high radiation treatment (G), 

Smaller, yet significant, strength losses occurred 
in the unwashed treatments when compared with the control 
(A vs, H and I), The least strength loss was in the 
unwashed, 4-hour dried low radiation treatment (I),

A comparison of each treatment with each other 
treatment was undertaken through the use of Isd, No
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differences of significance occurred between a.ny of the 
washed treatments*

Unwashed treatments did differ from their washed 
counterparts* The unwashed, Lj-~hour dried low radiation 
treatment (I) was significantly stronger than the washed, 
ij.-hour dried low radiation treatment (E}„ Also, the 
unwashed, Ij.-hour dried high radiation treatment (H) was 
stronger than the washed, î -hour dried high radiation treat­
ment (G)o Statistical determination of significance is 
found in Table ? and the analysis of variance is in Appendix

Spearman's coefficient of rank correlation indicated 
a significant correlation between warp and filling tear 
strength.treatments with rs = .833,

Filling Tear Strength
Differences were significant among the filling tear 

strength treatments„ This was indicated by a significant 
F-value in the analysis of variance (see Appendix l)e

An analysis of the individual treatmenta was under­
taken through the use of Isd at the «05 level of signifi­
cance with Isd (.05) ™ 98*595®

The control (A) was found to differ significantly 
from each of the other treatments. Most strength loss 
occurred in the washed and Ij.-hour dried low radiation treat­
ment (E)* Second in strength loss was in the washed, 1-hour



31
TABLE V

STATISTICAL DETERMINATION OF SIGNIFICANCE BETWEENTREATMENTS IN WARP TEAR STRENGTH

Treatment Mean (Weight in Grams)

.A . 1,390.000
B 8l|.0o 000
0 850e000
D 815.0.000
E 826.66?
F 820.000
G 890.000
H • 1,11+0.000
I 1,226.667
Isd (.05) = 100.721

dried high radiation treatment (F)0 A smaller amount of
filling strength loss occurred in the washed and l»hour 
dried low radiation treatment (D), followed closely by the 
washed.and dryer dried treatment (B)» Lesser differences in 
strength losses were noted in the washed and inside line 
dried treatment (G), followed by the washed and outside 
dried l5.-b.0ur high radiation treatment (G), Both unwashed 
treatments (H and I) were weaker•than-the control (A), yet 
stronger than all other treatments. The unwashed, l+-hour
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dried low.radiation treatment (I) was strongest of the 
unwashed treatments and stronger than all other treatments 
(excluding control)a .

A comparison of each washed' treatment with each 
other washed treatment showed some statistically significant 
differences. The washed and line dried ij.-hour high radia~ • 
tlon treatment (G) was stronger than: washed and dryer'
dried (B )» washed and dried for 1 hour at low  radiation (D ),  

washed and dried for J4, hours at low radiation (E), and 
washed and dried for 1 hour at high radiation (F)»

The two unwashed treatments (H and I) were slgnifi™ 
cantly different from one another with regard to the filling 
tear strength differences. The sample exposed to low radia» . 
tlon (H) was stronger than the one exposed to high radiation
(1), Also5, the unwashed, 4-hour dried low radiation treat­
ment (I) was stronger than the washed and similarly dried 
treatment (E), Mo other comparable differences existed 
between treatments. Table VI shows statistical determina­
tion of significance and Appendix I shows the analysis of 
■variance,

A significant correlation was found between filling 
and warp tear strength treatments when, ranked,- Spearman?s 
coefficient of rank correlation was used in determining this 
with pg = ,833,
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TABLE VI

STATISTICAL DETERMINATION OF SIGNIFICANCE BET1S2MTREATMENTS. II FILLING TEAR STRENGTH

Treatment Mean (Weight in Grams)

A 810,000
B 423.333
G ■ 44-6«667'
D 420,000
B 406.667
F ' 416,667
G 533.333
H 540.000 .
1 663,333
Isd (.05) = 98*595

»¥rinkle Re00very

Warp Hr*inkle Recovery
Significant differences existed among the warp 

wrinkle recovery treatments according to the F-test in the 
analysis of variance... Lsd- was used, to make specific com­
parisons with lsd (,05) ™ 2,736*

Treatment differences which were significant were, 
few. The control (A) differed significantly from all other 
treatments except for the washed and 1-hour dried low
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radiation treatment (D), No other differences occurred 
between any of the other treatments» See Table VII for sta­
tistical determination of significance^ -

Spearman*s coefficient of rank correlation was used 
and showed a. significant correlation between warp and fill­
ing wrinkle recovery treatments with rs « ,973*

TABLE VII
STATISTICAL DETERMINATION OP SIGNIFICANCE BETWEEN 

TREATMENTS IN WARP WRINKLE RECOVERY

Treatment Mean (Recovery Angle in Percent)

A 80.911
. %

B . 83,836
c i 84.111
D 82,994
E 84.903
F 83,853
G 84.997
H 85,278
I 83,700
Isd (.05) = 2,736
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Filling Erinkle Recovery

The F"test in the analysis of variance indicated 
that the significant differences existed among the filling 
wrinkle recovery treatments« Specific comparisons, were made 
through use of the least significant difference, or lsd» ■ 
All Isd were made at the .05 level of significance. The Isd 
(.05) = 2.896.

Of a.11 possible treatment comparisons, only two 
treatments showed significant differences. The washed and 
Zj.=*hour dried high radiation treatment (&} was greater in 
recovery than the control (A). The other difference 
occurred between the washed and 1-hour dried low radiation 
treatment (D) and the washed and ̂ -kour dried high radiation 
treatment (0). Ho other differences occurred between any of 
the other treatments. The comparison of the averages of 
the two sides showed no differences. Statistical determina­
tion of significance is shorn in Table Fill and the analysis 
of variance appears in Appendix K,

A correlation between rankings of filling and warp 
wrinkle recovery treatments proved significant.. The corre­
lation, determined through use of Spearman8s coefficient of 
rank correlation was rs « .975* Ho other correlations, 
excepting warp and filling tear strength, were found between 
any treatments.
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TABLE VIII

STATISTICAL DETERMINATION OP SIGNIFICANCE BETWEEN
TREATMENTS IN FILLING WRINKLE RECOVERY

Treatment -Mean (Recovery Angle in Percent)

A 83.142
B 84.061
c . . 84.039
D 83.719
E 85.564
F ' 84.811
a 86.678
H 85.878
I 84.675
Isd (.05) = 2.896

Radiation
The total incident sun radiation received in Tucson

during outside drying times was recorded'daily (see Appendix
B). The readings, expressed, in langleys, were recorded by
an Eppley pyroheliometer. Totals of the twenty-five days

1
were made (see Table IX).

Treatment Gs washed and exposed to high radiation 
for four hours, as well as the similar unwashed treatment 
(H), received the greatest number of langleys, 7819.3.
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TABLE IX

TOTAL SUN RADIATION (LANGLEYS) EXPOSED TO OUTSIDE 
DRIED TREATMENTS IN TUCSON, ARIZONA,
APRIL 19, 1968 TO JUNE 12, 1968

• Treatment Total Langleys

D, washed, 1 hour, low radiation 714*0
P, washed, 1 hour, high radiation 2,065*4
E, washed, 4 hours, low radiation 5?399*8
G, washed, 4 hours, high radiation . 7,819-3
I, unwashed, 4 hours, low radiation ' 5,399-8
B, unwashed, 4 hours, high radiation 7®8l9-3

Mashed and unwashed treatments exposed for 4 hours under low 
radiation conditions (E and 1), had a total 5#399-8 langleys- 
Treatment P, washed and dried for 1 hour under high radia­
tion conditions, had 2,065-4 total langleys. The washed and 
1-hour dried low radiation treatment (D) received the fewest 
langleys, 714-0*

Statistical determination was not used with these 
totals as anything other than total langleys received would 
be misleading, Spearman1 s' coefficient- of rank correlation 
was used, but no correlation of any type existed between 
radiation and any of the laboratory tests given fabrics.
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SUMMARY* CONCLUSIONS, AMD 
RECOMMENDATIONS

This study was conducted to determine the effect of . 
various drying treatments on a 65/35 polyester/cotton blend 
fabric with permanent press and soil release finishes® The 
effect of drying treatments on appearance* weight* tear 
strength* and wrinkle recovery -was studied in depth®

Appearance . ■
Appearance of the various samples within each com™ 

pleted treatment were viewed and judged by a panel of textile 
experts® Samples were viewed in a predetermined random 
order® The subjective evaluation ratings were divided into 
six categories* using AATGG plastic 3“■dimensional replicas as. 
standards from which to judge' (see Tables II and III}®

Rating uniformity was apparent throughout all but one 
treatment® Subjective evaluation results placed the unwashed 
treatments (A* H* and 1} in the highest appearance category 
(DP-5)» as was expected® All washed treatments* except one* 
were in the two middle appearance,areas (BP-3 and'DP-3®5)* 
Thus* washing and subsequent drying created a moderately 
wrinkled appearance on the treatments®,
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All textile judges rated the washed and dryer dried 

treatment (B) slightly better than the other washed and line 
dried treatments (BP"3e5 and DP-3 respectively)« This unani« 
mous finding supported literature regarding optimum drying 
methods9

The aforementioned evaluation discrepancy occurred, 
in the washed and 1-hour dried low radiation treatment (D)e 
Judges placed choices near the middle and the next lower 
category (DP-3 sind DP-2}«, The washed and dried 1-hour low 
radiation treatment (D) was the only one receiving & rating 
in .this low appearance category (DP-2)« Ho explanation was 
forthcoming with regard to the treatment receiving.lowest 
ratings (see Table 11}s Because of judging disagreement in 
this category» evidence is inconclusive« There were many- 
differences expected^ which, did not occur# probably because - 
plastic replicas and samples were both white in color and 
similar in texturee

This writer felt that subjective evaluation was. 
exactly that-«subjeotive8 It could be used as a basis for 
comparison as long as. other factors were considered. One 
must realise that# although controlled and standardized 
factors were used# each judge was an individual and one 
might be more critical than others. Differences in height 
of judges could also have been a -factor sine© nearly all
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other factors were constant® Also* eyesight and health 
might have influenced judge evaluations of .the fabrics.

, The washed and inside line dried treatment (G). 
weighed slightly more than the control (A)® This was prob­
ably due to the dusty condition of the drying room as no 
attempt was made to change conditions of this room. Samples 
were 'enclosed in plastic only after they appeared dry to the. 
touch®

Decreases in weights over the control (A)# were seen 
in the two washed and li,”hou.r dried treatments (E and G-)» 
Evidentally the washing and extended radiation period and/or 
the other uncontrolled factors during these periods caused' 
this weight reduction, The weight decrease was greatest in 
the lt»hota,p high radiation treatment (&)„ possibly indicating 
that the length and intensity of radiation had a direct 
influence on weight (see Table IV and Appendix G)e

Individual treatment comparisons between washed 
treatments showed statistically significant weight changes® 
Both l{.=-hour washed and dried treatments (E an&'GS-), low and 
high radiation, weighed less than the washed and dryer dried 
treatment (B), The extended outside drying time and length 
of radiation probably caused, or was a significant factor, 
in this weight reduction. Also, many other uncontrolled 
factors undoubtedly influenced the treatments (sample



Ui

temperature, air temperature, relative humidity, and wind 
velocity, etc*}« All listed factors were recorded at pre­
determined and consistent intervals but were not statisti­
cally analysed (see Appendix C and D)„

Three treatments had significant weight reductions 
over the washed and inside, line dried treatment (C)„ Both 
I}.-hour high radiation treatments (E and G), in addition to , 
the 1-hour high radiation treatment (P), weighed less than 
the inside line dried treatment (C)* Again, a dusty room 
may have been the partial cause in the weight of the inside 
line dried treatment* Exposure to solar radiation was 
probably more significant in this weight reduction than the 
uncontrolled environmental factors which were present* The 
other factors were not considered in this analysis since 
statistical computation was not done*

Time and radiation differences most likely caused 
weight discrepancies in the following washed treatmentss 
4-hour high radiation (Q-) weighed.less than the l-hour high 
radiation (F); ^-hour low radiation (E) weighed less than 
the 1-hour low radiation (D) j and 4-hour high radiation (G-) 
weighed less than the 1-hour high radiation (F). The first 
two differences appeared consistent with all other observed 
weight differences* The [{.“hour high radiation treatment (G) 
weighing more than the 1-hour high radiation treatment (F) 
appeared inconsistent and unexplanable at this point* A



kz

weight decline was expected due to radiation* but possibly 
increased outside exposure supplied increased environmental 
contaminates @ . '

Unwashed treatments* when compared with the washed 
and identically dried companion treatments* showed signifi­
cant weight changess The two unwashed treatments (H and 1) 
were both higher in weight that their washed counterparts 
(E and 0}= Washing appeared to have a significant influence*■ 
which moat likely caused weight reduction* on the samples*, 

Under existing laboratory conditions it was not 
possible to ascertain if the weight.loss was consistent with . 
both fibers (polyester and cotton) or greater in one.
Reference will be made later with regard to the polyester/ 
cotton relationship.

Many factors which could not be controlled or 
separated may* and undoubtedly did* have an influence on 
fabric.weight. These included water variables (hardness* 
etc,)* sample temperature* air temperature* relative humid­
ity* wind velocity* and various other atmospheric conditions 
(see Appendix 0 and D), ' ■

Spearman1s coefficient of rank correlation did not 
show correlation between weight and any of the other tests 
given this fabric.
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Tear Strength

larp Tear Strength
• Strength losses were apparent In all eight treat™ 

mentisg with most loss (weakest fabric) in the washeds 1-hour 
dried high radiation treatment (P). The l{."hour low radia­
tion treatment (B) had slightly less strength loss,. The 
high intensity radiation probably affected the former, while 
an extended exposure period possibly changed the later.
These two highly significant strength losses were not antic­
ipated, by this researcher.

Two treatments had somewhat less, yet identical 
strength losses. The washed and dryer dried treatment (B) 
and the washed and 1-hour dried low radiation treatment (D) 
had the same mean strength loss« In this case the effect of 
tumble drying appeared similar to the short time, low radia­
tion conditions the samples received. Their weights were 
also similar, although no correlation was found to exist 
between weight and tear strength,

A smaller strength loss was found in the washed and 
inside line dried treatment (0). This finding was hypothe­
sized by the researcher. Outside environmental influences 
appeared to be more harmful to fabric a than the Inside fac­
tors.

The least strength loss, of the washed treatments, 
occurred in the labour dried high radiation treatment (G-)»



This finding was unexpected, yet interesting. It was the
opinion of this writer that the large amount and high inten­
sity of radiation received (l&ngleys) caused a fabric 
change® The themal energy probably degraded a greater por­
tion of the cellulosie fiber than the polyester fiber 
content| therefore, leaving a greater percentage of 
polyester in the fabrice Polyester, having greater tear 
strength than cotton probably caused this unexpected result. 
Note that tear strength tests appeared to be the only way of 
measuring noneellulosic fabrics.

Slight, yet significant, strength losses, occurred in 
the unwashed treatments when compared with the control (A), 
The least strength loss (strongest fabric) was in the 4-hour 
dried low radiation treatment (I), Evi&entally the higher 
intensity radiation adversely affected the unwashed fabric, 

Bashed fabrics were significantly weaker than their 
unwashed counterparts. The washed, 4“h>our dried low radia­
tion treatment (E) was weaker than the similar unwashed 
treatment (I)® Also, the washed and 4"hour dried high 
radiation treatment (Q) was weaker than its unwashed 
counterpart (H), Washing appeared to directly influence the 
warp tear strength of this fabric. All washed treatments, 
as the hypotheses stated, were weaker in warp tear strength 
than the unwashed treatments (see.'fable V and Appendix H),
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It was found that a direct correlation existed 

between warp and filling tear strength results» Because the 
fibers were intimately blended in this fabric> this was an 
expected conclusion, . ' '

One cannot generalize concerning outside line drying 
because of the many uncontrolled environmental factors which 
existed during outside line drying. The results were in 
reference only to the particular fabric used and only under 
the environmental conditions that existed at the time of 
this experiment, • .

Filling Tear Strength
In all cases the various treatments differed signif­

icantly in filling tear strength from the control (A), 
Greatest strength loss was found in the l̂ -hour dried low 
radiation treatment (B)« This was followed closely by the 
1-hour dried high radiation treatment (P), the 1-hour dried 
low radiation treatment (D), and the washed and dryer dried 
treatment (B)» The above findings were similar to the warp 
tear strength results, ■

Extended radiation* as well as high.intensity radia­
tion, appeared to have a harmful effect on the filling tear 
strength of this fabric. Again, as in the warp tear 
strength, the 1-hour dried low radiation treatment (D) was 
similar to the washed and dryer dried treatment (B)e .In 
this instance the outside dried treatment was slightly
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weaker. The 20-minute dryer period appeared to have an 
effect equal to that of the 1-hour low radiation, but only 
under these particular conditions.

The washed and inside line dried treatment (Q) 
showed, as expected, even lower strength losses. As found 
with the warp samples, the filling ^-hour dried high radia­
tion treatment (G) had the least strength loss of all washed 
treatments. As explained in the warp tear strength section, 
the probable cause was a greater proportion of polyester to 
cotton due to cotton degradation. Me had no existing 
laboratory equipment to test this.

Unwashed treatments (H and I) were weaker than the 
control (A) and stronger than all other treatments. As 
anticipated, the unwashed, 4--hour dried, low radiation treat­
ment (I) was stronger than the unwashed. If.-hour dried high 
radiation treatment (H)« Washing appeared to adversely 
affect all treatments.. In the unwashed treatments, the 
high intensity radiation (greater number of langleys) 
appeared most harmful to the fabric,

Washed and unwashed treatment comparisons were con­
sistent with the warp tear strength findings. In both 
instances the unwashed treatment was significantly stronger 
■ than its washed companion. Sashing was found to be detri­
mental to fabric in both warp and filling directions (see 
Table ¥1 and Appendix I),.
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As previously explain©ds there existed, a substantial 
correlation, between warp and filling tear strength findings „

Erinkle Recovery

Sarp Wrinkle Recovery
It was found that there were significant differ­

ences among warp wrinkle recovery treatments* Upon further 
analysis, few treatment differences were found* The con­
trol (A) differed slightly from all other treatments, except 
in the washed and 1-hour dried low radiation treatment .(D)* 
Ho difference was found in that comparison* Seven treat­
ments had significantly greater wrinkle recovery angles than 
did the control (A)* Ho explanation was forthcoming, other 
than the possibility of a greater proportion of polyester 
due to the loss of cotton during the outside line drying* 

Since treatments did not differ from one another, 
except when compared with the control, little was found from 
this experiment* Both face and back of fabric had been 
tested separately to determine if side differences existed 
for this particular fabric* There were no differences; 
therefore, treatment comparisons were the same regardless 
of the -side tested* Fewer number of .samples could have been 
used in this laboratory procedure with equally accurate 
findings (see Table VII and Appendix J)«
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A significant correlation was found to exist between 

the warp and filling wrinkle recovery results of the various 
treatmentso Again* as with tear strength* this was antic!" 
patedo

Pilling Mrinkle Recovery
Significant differences in the filling direction 

were few* The washed and l^hour dried high radiation treat­
ment (G) was significantly greater in recovery angle than 
the control (A)» This finding was consistent with the warp 
wrinkle recovery» Also* this same treatment was stronger 
than all other washed treatments in both warp and filling 
tear strength tests® This supported the theory that the 
cotton portion of the fabric decreased with a corresponding 
greater proportion of polyester fiber present® There 
appeared a correlation* in this one instance* between tear 
strength and wrinkle recovery® In both instances the find­
ing was not anticipated®

The only other difference occurred between the 
washed and 1-hour dried low radiation treatment (D) and the 
washed.and i|,-hour dried high radiation treatment (0)® The 
4"hour high radiation treatment had a significantly greater 
recovery angle than did the 1-hour low radiation treatment® 
The opposite finding had been expected* but the supposition 
that cotton was disintegrated again explained this result®
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As with warp samples, both face and back sides of 

fabric were tested. Ho differences were found; the sides 
did not- discriminate among treatments (see Table VIII and ' 
Appendix K)» ̂ Because of these findings It was this author’s 
conclusion that testing both sides of this fabric was ■ 
unnecessary and therefore, a waste of time. The number of 
samples required in the test should then be cut in half.

As reported, a significant correlation did exist 
between warp and filling wrinkle recovery. Correlation, 
also found between warp and filling tear strength, did not 
exist between any other tests given fabric»

Radiation ' -
Total incident sun radiation for the twenty-five 

days, are given in Table IX with the daily totals available 
in Appendix B,

Washed and unwashed treatments (G- and H), exposed to. 
high radiation for four hours each day received the highest 
number of langleys, as anticipated. The two treatments 
(E and I) exposed for 4 hours at low radiation placed second 
in number of langleys received. Treatment F, washed and 
dried for 1 hour under high radiation conditions rated third 
in number of langleys. This researcher did not know, prior 
to experiment, which of the two proceeding treatments would 
receive the most langleys. As expected, the washed and
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l^hour dried low radiation treatment (B) received the lowest 
total amount of sun radiation*

Treatment G> washed and dried high radiation ij. 
hours, receiving the most total sun radiation supported find­
ings in tear strength and wrinkle recovery areas* Both 
tests showed this treatment to be superior (stronger or 
greater recovery angle respectively) to others similarly 
treated® As stated, the only explanation forthcoming was 
that cotton decreased in amount present* Polyester, having 
greater strength than cotton, probably caused the increase 
in strength and recovery angle* .

Recommendations
A similar study could be undertaken, using electri- 

.cal restivity or similar tests, to determine the amount of 
finish present after laundering,

A determination of the amount of cotton, and perhaps 
polyester, present after similar laundry treatments might be 
contemplated, • ■

An identical or different study, involving actual 
wearing of garments would be most helpful to the consumer; 
one needs soil to effectively evaluate the soil release 
finish,

A similar project with fabrics mounted horizontally 
as well as hung vertically during outside line drying would
be beneficial.
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An evaluation of present tests with regard to 

creases and wrinkle recovery could be done# perhaps# a 
better and more meaningful test than that presently used in 
wrinkle recovery could be developed.



APPENDIX A
GRAINS PER GALLON HARDNESS OF HATER USED IN WASHED

TREATMENTS IN TUCSON, ARIZONA, APRIL 19, 1968TO JUNE 12, 1968*

Date Treatments C, B, and E Treatments B, F, and 0

11-/19 10.324 10.3244/22 7.076 9.628
4/24 10.208 8.816
4/26 6.496 9.512
4/29 8.468 8.700
5/1 9.744 9.512
5/3 10.208 10.208
5/6 8.120 8.120
5/8 9.512 8.932
5/10 9.860 9.860.
5/13 5.800 8.352
5A5 • 9.043 6.584
5/17 8.816 8.816
5/20 8.352 8.932
5/22 8.004 8.004
5/23 8.352 7.4*245/28 9.280 7.888
5/29 10.904 9.280
6/3 . 7.076 7.308
6/4 8.816 6.380
6/5 9.628 5.916
6/6 8.816 8.700
6/10 7.076 6.496
6/11 5.568 - ■ 8.5846/12 6.380 6.380

mean 8.477 8 0 426
«wiaiarinrftg«>aiira»^J3>cara^-Trre*ttsMa3p33<>=agSS«Sa5>ngiL^ ha1^TnMMjzeM«>5^^^S»c3swx™5seiHS)esea^waiB?=r«»a9«eo»a«s=soBaiaa

*Water taken from The University of Arizona well 
water system.
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APPENDIX B
MONTHLY WATER ANALYSES OF WATER USED IN WASHED TREATMENTS II 

TUCSONs ARIZONA, APRIL 19, 1968 TO JUNE 12, 1968*

Item March 20-Apr-il 19 April 20"May 19 May 20-June 19

Soluble Salts ppm.' 332.00 356,00 458.00
EC x 10> .42 ® 43 .50
Calcium ppm. 41.00 48.00 64,00
Magnesium ppm.. 4.00 7.00 8,00
Sodium ppm. . 48,00 lilf. ,00 48.00
Chloride ppm. 20.00 24.00 35,00
Sulfate ppm. 66.00 76.00 96,00
Carbonate ppm. 0.00 0,00 0,00
Bicarbonate ppm. 147.00 146.00 ,• 189.00 .
Fluoride ppm. .20 .50 .50
Nitrate ppm. 6,00 11.00 18.00
Nitrogen (N) . - 
#/A„fto 3.69 6,76 ll.io

Boron ppm. ' .22 a 18 .26
Silicon dioxide ppm. 32.00 32.00 32.00
Copper ppm. .11 ,11 .10
Iron ppm. .09 .44 ,12
Hardness gr./gal. 6.83 8.70 11.40 ■ '
pH 7.78 7.77 7.64

*Samples taken the 20th of each month from The University of 
Arisona well water system.



APPENDIX G
LOW RADIATION SAMPLE TEMPERATUREs AIR TEMPERATURE, 
RELATIVE HUMIDITY, AND WIND VELOCITY READINGS 

IN TUCSON, ARIZONA, APRIL 19, 1968 
TO JUNE 12, 1968

Date
Solar
Time

Sample 
Temperature 

CF. )
Air Relative Wind 

Temperature Humidity Velocity 
.(8F«) (%) {m.p.h. )

D1 d2
Treatment
D3 E1 s2 E3

-

4/19 7 $10 . 41.0 41® o 41.0 41.0 39.2 39.2 45 57'8 £00 51.8 51.8 51.8 51 39 ,

9:00 59.0 59.0 60.8 57 31. 10:00 66.2 71,6 66.2 60 30
4/22 7:10 55.4 55.4 55.4 53®6 53.6 53.6 54 59 6 ’* 8 sOO 60.8 59.0 59.0 59 42 59:00 62.6 62.6 62.6 59 38 10

10:00 64.4 64.4 64.4 60 . 34 .9
4/24 ?sl0 57.2 57.2 57.2 57.2 57.2 57.2 61 44 1

8:00 64.4 62.6 66.2 64 34 39:00 71,6 71.6 73.4 71 33 1.
10:00 78.8 78.8 78.8 • 73 25 1

4/26 7:10 55.4 55.4 53.6 55.4 55.4 55.4 60 43 0
. 8 $00 68.0 68.0 68,0 69 35 ' 1
9:00 71.6 73.4 73® 4 .74 26 X
10:00 80.6 82.4 62.4 78 24. . 1



APPENDIX C--Continued

4/29 7sl0 69,8 69,8 71,6 69,8 71,6 69=8 72 49 98 s 00 75,2 75,2 75*2 74 36 8
9 s GO 80,6 80,6 78,8 79 34 9lOsOO 84,2 84,2 84.2 81 32,5 8

5/1 7:10 84,4- 62,6 64,4 62,6 64,4 60,8 70 40 0
8s00 73,4 73,4 75*2 '75 34 0
9s00 80o6 80,6 8o, 6 78 ' 33 1
10:00. 89,6 91,4 91,4 85. 25 ■ 4

5/3 7210 60,8 59,0 59,0 59,0 59,0 59,0 66 95 0
8 $00 71,6 71.6 71.6 69 . 55 0
9200 78,8 78.8 77.0 73 46 1
10:00 84,2 84,2 &4.2 79 4.6 2

5/6 7210 64,4 64,4 64,4 64,4 64,4 64,4 67 41 ■ 38:00 68,0 69,8 69,8 70 36 1
• 9200 77,0 ' 77,0 77,0 37*5 34 0
10:00 80,6 82,4 82,4 76 31 ■ 0

5/8 7:10 66,2 , 64,4 64,4 64»4 64,4 64,4 68 34 1
8:00 73,4' 73,4 75,2 73 32 . 0
9$00 80,6 80,6 60,6 78 30 0
10:00 87,8 67.8 87.8 84 26 1

5/10 7:10 64,4 64=4 64,4 64,4 64,4 62® 6 65 52 0
8:00 71,6 71,6 71,6 70 44 ' 59:00 75,2 77.0 75,2 78 30 510:00 82® 4 82.4 82,4 78 30 2



APPENDIX G"-Continued

5/13 7:io 59oQ 57,2 57,2 55,4 55.4 55,4 60 378:00 , 64,4 64,4 64*4 64 279:00 69.8 69.8 69,8 66 28
10 $00 76.8 78.8 78*8 71 21

5/15 ' 7:10 60 0 8 60»8 60,8 59.0 60.8 60.8 61 318:00 66,2 66,2 66,2 66 299:00 75,2 75.2 75.2 72 2110100 80,6 82.4 80.6 76 21
5/17 7:10 62o6 ' 62c 6 62,6 60,8 60,8 62,6 64 268:00 69,8 69,8 69.8 70 229:00 77,0 78.8 78.8 75 1410:00 86.0 86.0 86.0 79 13
5/20 7:10 71 o 6 71,6 68,0 66,2 66.2 66*2 72 248:00 77.0 77,0 77,0 ■ 76 25" 9:00 86,0 86.0 86,0 85 1510:00 ■ 95,0 95.0 95.0 90 11
5/22 7:10 75,2 75*2 ■ 75»2 75.2 75,2 75.2 74 368 8 00 80,6 80.6 80,6 78. 279:00 86,0 86,0 86.0 82 ’■ 2510:00 89,6 89.6 89 ® 6 84 24
5/23 7:10 66»2 62*6 64*4 64.4 64,4 68 318:00 71,6 71.6 73.4 . 72 289:00 80,6 •■ 80.6 80,6 . 76 2810:00 87.6 87.6 87.6 81 21

1
X
0
z
0
0
0
G
12
0
0
0
0
1
2
k
3
1512
0
0
1
1

vn



APPENDIX C--Continued

5/28 7:10 75.2 75.2 75.2 75.2 75.2 75.2 77 26 0
8:00 89.6 89.6 89.8 87 19 0
9:00 95.0 95,0 95.0 .90 19 0
10:00 100.if 100. k 100.k 93 18 0

5/29 7:10 69 o 8 68.0 68.0 68.0 68.0 68.0 72 31 08:00 ?8.8 78.8 78.8 79 .. 28 09:00 86.0 86.0 87.8 86 ' 23 v 0
10:00

- 100. k 100,k 100.k 93 16 0
6/3 7:10 77*0 77.0 78.8 77.0 78.8 77.0 78 27 0

8:00 .*» 87.8 87.8 87.8 85 25 , 1
9:00 95.0 95.0 95.0 90 19 110:00 98,6 100. k 100,k 93 16 0

6/lf 7:10 78.8 78.8 80.6 80.6 80.6 80.6 81 30 08:00 89.6 89=6 89.6 86 23 k9:00 93,2 93.2 93.2 89 21 110$00 ■ 98.6 98,6 98.6 91 .23 • k
6/5 7:10 75.2 77 ® 0 77.0 77.0 75.2 . 77.0 77 39 18 $00 80.6 80.6 80.6 80 35 99:00 87.8 86.0 87.8 83 3k 810:00 91.if 89,6 ' 89.6 -. 87 ■ 2k ■ ik
6/6 7:10 78.8 77.0 77.0 75.2 77.0 75.2 75 ko 18 $00 80.6 So. 6 78.8 77 3k k9:00 82.k 8k. 2 82.k 80 35 17lOsOO 8k. 2 86.0 . 8k=2 81 36 ii



APPENDIX 0— Continued

6/10 7:10 61l, i|- 6i|.0lj. 62.6 62,6 62c 6 62,6 65 448:00 69.8 69.8 71.6 69 399:00 77.0 77.0 77.0 74 2910:00 81*., 2 8i*.c2 8!*.,2 79 28
6/11 7:10 71.6 66,2 68,0 68.0 68,0 64*4 .. 70. 368:00 78.8 78.8 78,8 77 329:00 81*.. 2 8i|..2 84.2 81 2710:00 . 93,2 93.2 93.2 85 22
6/12 7:10 73.1*. 73,1*. 73.1*- 73.1*- 73.4 71.6 73 298:00 84.2 82,4 8lir.2 80 299:00 87.8 87.8 87.8 85 .2210:00 93,2 93.2 93.2 88 ■ 20

<Dafca riot available.

O 
O 

O 
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APPENDIX D
HIGH RADIATION SAMPLE TEMPERATUREs AIR TEMPERATURE* 

RELATIVE HUMIDITY* AND MIND VELOCITY READINGS 
IN TUCSON* ARIZONA * APRIL 19* 1969 

TO JUNE 12* 1968

Sample 
Temperature ('F, )

Air Relative Hind 
Temperature Humidity Velocity' 

(JFo) (%) (m«p«ho )

Solar Treatment
Date Time P1 P2 *3 Gi c-2 Oj

xn
^ 4/19 11:20 66 e 2 69.8 . 66.2 66.2 64.4 68,0 64 26 -X-

12 s 30 75.2 73.4 75.2 65 24
. 1:30 75.2 75.2 75.2 • 66 252:30 77.0 73.4 75.2 70 ■ 25 . ->

4/22 11:20 66o 2 66.2 66.2 66.2 66.2 66,2 62 36 11
12s30 66.2 66.2 68,0 63' 25 11
1:30 66.2 68,0 68.0 63 29 8
2:30 68.0 68.0 66,2 65 24 6

4/24 11:20 ?8,8 78.8 .80.6 ?8.8 77.0 78.8 74 23 ■ 912:30 84.2 84.2 84.2 79 18 0
1:30 84.2 84.2 84.2 80 20 : .22:30 86,0 87.6 86,0 82 21 ■ 0



APPENDIX P— Continued

4/26 11:20 84® 2 86,0 87*8 87*8 87*8 87*8 83 23 1
12230 91*4 91*4 91*4 83 21 3Is 30 87*8 87*8 89,6 84 ■ 19 8
2230 87*8 8?*8 89*6 84 21 4

4/29 11220 91*4 91*4 91*4 91*4 91*4 91*4 84 32 512:30 93*2 93*2 91*4 ■ 86 36 71:30 93*2 93*2 91*4 87 29 32:30. 93*2 95*0 93*2 89 26 .3
5/1 11s 20 93*2 . 93*2 93*2 93*2 91*4 91*4 89 . 21 012:30 96*8 96*8 96,8 87 24 2

1:30 91*4 91*4 91*4 87 . 29 ' 12:30 91 * 4 91*4 - 91*4 88 20 • 0
5/3 11:20 86*0 84*2 82*4 84*2 82.4 82,4 ' 82 24 1

12230 91*4 91*4 91*4 84 - 35 3. 1230 91*4 • 91*4 91*4 86 31 32:30 91*4 91*4 91*4 85 . 30 .. 3
5/6 11120 86*0 '86,0 84*2 84*2 84* 2 82*4 80 26 312:30 86,0- 86.0 86,0 82 22 101:30 89*6 89*6 89*6 •84 21 8

2:30 84*2 86*0 86.0 82 22 8
5/8 11:20 91*4 91*4 91*4 93*2 9-1*4 91*4 86 21 512230 93*2 93*2 93,2 86 21 2

1230 95*0 95*0 95*0 69 19 " 22:30 91*4 91*4 91*4 88 15 7



APPENDIX D~-Continued

5/io Ilf 20 8l|o 2 82.li 84.2 8/4.2 84,2 82.4 78 30 1
12:30 89.6 89.6 89.6 83 27 0
1:30 80.6 80.6 ?8.8 79 24 ' 1 -2:30 91.4 91.4 91*4 85 23 0

5/13 11:20 80»6 80.6 80.6 80 0 6 80.6 80.6 73 18 1
12 s 30 84*2 82.4 84.2 77 16 1 •
1:30 84.2 84.2 84* 2 79 18 ■ 42:30 89.6 89® 6 89.6 81 14 2

5/15 11220 86.0 86.0 86.0 86.0 86.0 86.0 • 80 18 0
12:30 89,6 89® 6 89*6 82 12 ' 31:30 91.4 91 = 4 910 4 84 14 0
2:30 89.6 91.4 ' 91.4 ■ 84 14 1

5/17 .11:20 91o i|- 89.6 89.6 89.6 89.6 89.6 83 13 1
.12:30 89.6 89.6 89.6 83 11 51:30 93,2. 93.2 93.2 85 10 . 22:30 89.6 89.6 89.6 85 ■13 1 '

5/20 11:20 98*6 98.6 loo. 4 98.6 100.4 100,4 92 11 2
12:30 102.2 102.2 .102,2 95 ■ 13 . 41:30 104.0 105.8 104,0 95 13 32:30 100.4 100,4 100,4 ' 97 . 9 7

5/22 11:20 93=2 93.2 93=2 93,2 91.4 91*4 88 18 . 1312 s 30 95.0 93.2 93*2 89 14 10
1:30 95.0 95*0 93*2 91 14 182:30 93.2 93*2 ■ 93*2 90 13' 9



APPENDIX D— Continued

5/23 11120 89»6 89.6 89,6 89,6 89.6 89.6 85 17 912 s 30 89,6 89.6 89.6 86 16 8ls30 89,6 89,6 91.4 85 1? 12
2:30 89.6 89.6 91.4 ' 85 15 8

5/28 11820 101$, 9 0 104.0 104.0 105,8 105.8 104.0 . 99 13 012:30 107.6 105.8 105.8 100 10 0
1:30 105,8 105.8 105.8 100 12 02 s 30 107,6 107.6 107.6 102 8 ■ 2

5/29 11:20 98.6 98.6 98,6 98.6 98.6 100,4 93 . 14 0
12:30 105,8 104.0 105.8 97 11 01:30. 105.8 105.8 105.8 100 10 02:30 105.8 105.8 107.6 100 12 5

6/3, 11:20 102.2 102*2 104,0 104,0 102.2 102.2 96 14 , 1
12:30 107,6 107.6 107.6 100 12 5' Is30 107.6 107.6 107.6 102 11 22:30 107.6 107.6 105.8 101 ' 11 . 4

6/k 11s 20 95,0 96,8 96,8 96.8 95.0 96,8 92 19 812:30 105,8 105.8 105.8 98 17 0
1:30 102.2 102.2 102,2 98 14 0
2:30 100.4 980 6 100.4 • 97 17 ■ 3

6/5 11:20 95.0 96.8 96,8 95.0 96,8 96,8 91 20 11
12 s 30 95.0 95.0 95.0 90 22 121:30 96,8 96.8 96.8 92 17 lo­2:30 95.0 95.0 95.0 92 17 ll

O'!\)



APPENDIX D—-Continued

6/6 11820 86*0 86,0 86* 0 86,0 86,0 86*0 82 33 1312s30 84*2 84*2 84*2 82 36 81:30 86*0 86,0 86,0 83 34 11
2:30 89,6 89.6 89 e.6 85 30 12

6/10 11:20 87*8 8?,8 89,6 89*6 89,6 89*6 81 ’24 1
12:30 93.2 92,0 95.0 84 19 : 11:30 91.4 93*2 91,4 85 17 1
2:30 93.2 93.2 93.2 86 18 2

6/11 11:20 96*8 96,8 96,8 98,6 96*8 90,6 91 16 012:30 102,2 100*4 100*4 93 10 0
1:30 102,2 102,2 102,2 94 14 2
2:30 100*4 100*4 102,2 94 13 0

6/12 11:20 100*4 100*4 102,2 104*0 104,0 102,2 94 16 1
12:30 104.0 104,0 104,0 95 13 01:30 104,0 105,8 104*0 98 14 : 1
2:30 104.0 104.0 102,2 98 12 . 7

•ss-Data not available*



APPENDIX E
SUN RADIATION (LANGLEYS) EXPOSED TO OUTSIDE LINE DRIED 

TREATMENTS IN TUCSON, ARIZONA, APRIL 19, 1968 TO
JUNE 12, 1968

Date
Low Radiation ■ 

Treatment D# Treatments E & I**
High Radiation 

Treatment F* Treatments G &

4/194/22
4/24
4/26
4/29
5/1
5/35/6
5/85/io
5A3
5/15
5/1?5/205/22
S/23'5/28
5/29
6/3
6/4
6/5
6/66/10

23.3 22.8
30.4 24.6 
24® 6
24.5
26.4 2?
2?2?
29.4 30.0
31.2
31.531.2
31.2 
31.2 
21.930.0
30.0
23,431.2
34*2

200.1206.0
217.9204.0248.1 
207.2
208.3
217.4211.4 
215.6
223.7221.8 
225.0
221.7223.9 228.3
223.7 189.0 216,3 209.0 
179,1
215.7 
232.3

85.987.6
74*0
83 85,2 85.0 82.087.6
82.9
85.9
86.3
87.187.0
83.787.1
89.4 8S.0 
69 08

l

4 
3 
766= 0

80,4

318.5324.8287.8 312,1 
315.0 
247.8 
312=6
334.7300.3
327,0.
330.4 
334.3

3
9
3
4 
7

3'34<
324. 333« 
341,
325, 280.4 
322,8
267.3 322,2261.0
320.3



APPENDIX E--Continued

6/11 34-2 227-3 ' 84-6 320-4
6/12 34-3 - 227-1 84-2 320-0

Total 714-0 5*399-8 2,065-4 7*819-3

# 1 hour 
«•# 4 hours



APFEIDXX F
CONVERSION OF- MOUNTAIN STANDARD TIME TO TRUE SOLAR

• TIME IN TUCSON* ARIZONA* FOR
APRIL, MAY AND JUNE

Month Dates Algebraical Subtraction
(in minutes}

April 18-22 . -23
23-27 -22
28-30 -21

May 1-6 -21
7-21 -20
22-31 —21

June. 1—6 —22
7-11 -23

12-16 -2lj.

^Adapted from the American Ephemeris and Nautical Lmanap (36)«, — - ^
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APPENDIX G
ANALYSIS OF VARIANCE INDICATING SIGNIFICANT VALUES
FOR THE WEIGHT OF THE POLYESTER/COTTON FABRIC

Source DP Mean Square F-Value

T 8 c 022 7ol9«*
R x T 16 .003

T « Treatment 
R ™ Replication

level of significance

6?



APPEHDIX H
ANALYSIS OP VARIANCE INDICATING SIGNIFICANT VALUES

FOR THE HARP TEAR STRENGTH OF THE
POLYESTER/COTTON FABRIC , .

J

Source DP Mean Square F-Value

k 8,222*222
T 8 689s 726*852 I{.0*7M
S x T 32 2,961»805
Error a 16 16,928*2^1 I4.0864
Error b 108 3,^81*^81

8 = Sample
T ™ Treatment
-x-,05 level of significance
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APPENDIX I
ANALYSIS OP VARIANCE INDICATING SIGNIFICANT VALUES

FOR THE PILLING TEAR STRENGTH OF THE
POLYESTER/COTTON FABRIC

Source DP Mean Square F-Value

S '  I4. 1S185«18£
T 8 287,666.666 17.73*
S x T 32 1,237.268
Error a 16 16,222.222 12.70*
Error b 108 1,277*777

S = Sample 
T = Treatment
*.05 level of significance
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APPENDIX J
ANALYSIS OP VARIANCE INDICATING SIGNIFICANT VALUES

FOR THE WARP WRINKLE RECOVERY OF THE
POLYESTER/COTTON FABRIC

Source DF Mean Square F-Value

S 1 5^8„080 169.71*
T 8 62.651 ; 1.94
S x T 8 20.520 .06
Error a 3i|. 32.295 7.67*
H 1 1,756.541 417.23*
E x  8 1 4.646 1.10
H x T 8 6.974 1.66
H x S x T 8 1.053 .03
Error b 36 4.210

S « Side 
T ” Treatment 
H ™ Time
*.05 level of significance
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APPENDIX K
ANALYSIS OF VARIANCE INDICATING SIGNIFICANT VALUES

FOR THE FILLING WRINKLE RECOVERY OF
THE: POLYESTER/COTTON 'FABRIC

Source DF Mean Square F-Value

S 1 310*931+ 8 a 60#
T 8 Ij.6 * 284- 1,28
S x T 8 11,070 .31
Error a 3k 36.168 12,14*
H 1 1,624,986 545.30#
H x S 1 1 ,296 .10
H x T 8 5.000 1.68
H x S x T 8 1,032 .35
Error b 36 2.980

S = Side 
T s Treatment 
H ~ Time
**05 level of significance
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