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ABSTRACT

Specimens of 65/35 polvester/cotton fabrie were
washed and/or dried under various conditions. The white
broadcloth, with permanent press and soll release finishes,

‘was dried in the dryerg line dried inside, and line dried
outside. These fabrics were Subsequéntly tested with regard
to appearance, weight, tear strength, and wrinkle recovery.

Fabric appearance ratings, as anticipated, placed

the dryer dried semples higher than those line dried.

o

Weight loss was significant in the washed samples when come
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 periocds end/or lower radiztion. Also, wrinkle
recovér§ angle was greater in the four hour high radistion

treatment than in the other treatments,




CHAPTER 1
INTRODUCTION

Purposs of the Study

4

7 The purpose of this study'was to determine the
effect of various drying treatments on a 65/35 polyester/
cotton blemd febric with permanent press and solil releass
fihishesa' The fabrics were subseguently tested With regard

to appearance, welght, tear strength, and wrinkle recovery.

Importance of the Study

Permanent press fabrics, initially in one hundred
per@en% cotton garments, brought anticipations that the
problems of wash-gnd-wear were finally o%ercome {5.,9,32}),
The exaggerated performance c¢laims from manufacturers of
wash-and-wear digappointed homemakers (5,32). They hoped
that the permenent press'g&rments'would be the answer to the
drudgery of ironing (9,11,13}). |

The permanent press fabrics had many good quelities,
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},

Regin finishes are used‘td give the wrinkle free
quality to permenent press febrics (5,9,33}. This finish

1



2
results from the resin appllication end a curing method. The
process significantly reduces cellulosic fabric-téar
strength (12,15,31), Blending polyester with cotton is one
way of reducing the strength loss. This combinstion is the
most widely used (9,14,32}. |

Polyester {ibers are desirable in fabric with a
permanent press finish because tear sStrength 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 sddition of a soil
relesse finish reduces the oil attraction problem of this
generic group (22,23},

Soil releaseAfiniShes were developed as a result of

wet soll redeposition on permanent press fabrics, especially

‘those fabrics contsining polyester fiber (1l,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 indicéted_by the amount of
Wrinklingg is dependent upon the loundering m@thod,employedw
Full benefit of finishes results from sound laundering pro-

cedures (17,20)}. Manufacturers indicate that no ironing is

required if thelr care instructions are followed., Their

\

directions state that optimum results are obtained by tumble

Cdrying (11,172,



The mannér of drfing items in homes varies greatly
because ménufacturers instructions are not followed. Home-
makersg often do not care to launder as suggested, Wish.to
proceed with past habits, or do not have the adéquate on -

proper facilities available to them (19).

Objective of the Stuéx

Because drying methods vary greatly, was éhe 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 appesrance, welght, tear
strength, and wrinkle recovery of the fabric was evaluated
with special emphesis on outside line drying.

Limitations of the Study.

Special emphasis was placed on outside line drying

because of the need for practicel consumer~oriented research -

in Arizona. The ma jority of Arizons households are without
avtomatic clothes dryers; therefore, this‘regearch was aimed
toward this group {(35).

Twenty-Ffive launderings (washing and/or drying) was
chosen as the termination polnt. Tide XX was chosen by the

! b

regearchsr since it is avalilable to consumers.

A}




- Bypotheses

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

The twenty-~Live launderingg.given samples will
adversely affect fabric appearance, welght, tear strength,
and wrinkle recovery.

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

Washing will change fabric appearance,; reduce

weight, reduce tear strength, and reduce wrinkle recovery.
O & g

Definition of Terms

1. &

ppearance - 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 areA
‘added to wash cycle to meintein a 4.pound load.

3 3 o 2 > ﬁ% )
3. Conditioning - stabilizing fabric at 70' T 27 F.

and 65 percent relative humidity + 2 percent.
lke Control - sample used for comparison purposss
which does not undergo washing or drying.

5. Hend snemomeber - an instrument for measuring

and indicating the veloclity of air currents in miles per

7

hour (m.p.he ).




6. High radistion period - solar fadﬁation on the
éarth's surfece from 11300 a.m. to 3¢00 p.m. solar time.

7. Langley ~ the amount of solar radiation equiva~
lent to one gram-calorie per SQQarereantimater received on a
horlzogt L surface at ground level.

8, TLow radiation Deriad ‘solar radzat&on on the

earch?s surface from 6230 a.ms to 10230 a.m. solar time.

9. Permanent press finish.w a finish whieh glves

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 nsvch%ezvter_e & hygrometer comprised of

two thermometers, one wet and one dry bulb, which indicates
alr temperature and relative humidity.

12. Soil relegse finish - g finish which allows

absorption of wabter and stains into fabric end facilitates

imurzﬁmmﬂ<mrn laundering.

13, Solar time - actual sun +?me based on high
point of sun ?&diaéion_as 12 noon; wvaried betwesn minus 20
and minus 2L minutes fLrom Mountein Stend ard Time for this
study {36}. |

1h. Subgecplve evaluation - the personal judsment
| pers JRGE

by three gr aduate home . ecomomics students with regard to

fabrie appearancs.




15, Tear gstrength - the smount of tearing resist-

ance which a fabric is able to withstand.

16. Trained observer - a person {expert) having

adequate textile background to be deemed qualified to per-
form subjective tests on fabric sppearance.

17. Treatment - the method of washing and/or drying
samples; three éamples (replicates) comprised each of the
nine treatments. |

18. Weight - the number of grems or ounces per

linear yard.

19, JWrinkle recovery =- the percent of recovery

resulting from creasing.



CHAPTER 2
REVIEW OF LITERATURE

Todey's consumer wants germents that will launder
easily and return to thelir originel sppearance with wminimal
effort (31}, Hcmemakeré found no-irvon claims of wash-and-
wear to be misgleading; therefore, the advent of the perma-
nent pregs finish brought much skepticism of its care
qualities. _Beca&se previous exaggerated promises of wash-
and-weer dissppointed the homemeker, confusion and doubt
prevailed when the fabrics with the_péﬁmanent press finish

were first imtrodaced (15,17).

Permanent Pressg Pinish

Many definitions and explanations about permanent
press finishes ere aveilable (8,13,31,33).

Permanent press fahriess first introduced in 196l
should not be confused with the earlier wash-and-wsar fab-

rics, Permanent press is a Lfinish which gives fabric the

° L)

ability to resist wriﬁkling and to retaln its shape~holding
property throughout its wear 1ife (33},

Speéific properties of permenent press fabrics can
be achieved in various WAYS ¢ poétwcuveg pre~cure,; re-cure,
and no-cure (8}. Success and stability in production of
these methods, as well as other newer or experimental

T



8 .
methoda, are dependent upon the textile industry. They are
responsible for agreement of'performéﬂ@e standdrds. Satige
factory performance begins with industry, but it 1s also
influenced by consumer laundering methods (19,30},

. One hundﬁgé percent coftton, first used in the manu-
facture of perm&hent pregs garments, was undesirable because
of tear strength reduction of'thirtwaive to fifty percent
(15}¥. Polyester fiber tear strenéth was unaffected by the
permanent press finish; therefore, it was blended with

cotton. Polyester fibers were added to cellulosic fibers to

improve tear strength, wrinkle resistence, and abrasion

‘registence., This blend met all performance specificaticns

and appeared unlimited iﬁ end use possibilities {3,14,22,32}),
Congumer satisfaction of polyester/cotton blends of

the permanent pr@sé finished fabric was very good. Industry

experimentation developed 2 new finish to aid the consumer

in ecare of fabrics,

S0ll) Release Finish

2

The first s0il relesse finish was announced in June, -
1966 (22}, During the interim, many systems have been
developed,

These finishes involve four aspectssy (1) soil

“repellency, (2} soll release, (3) soil redeposition, and (L)

anti-static. The scil release gystems are of two general

types. In one a f£ilm ls crested im which oil or water-borre




stainsg float away. The oﬁher regults in a changed surface.
This chemical reaction alters the polyester fiber from
hydrophoblic (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 eaaiiy enter fabric and
remove atains (3,22).

Leundry procedures have been aided because of this
finish. Previous problems of reteining oil-borne gtalins
have béan signif;e&ntly reduced with the advedu of the soil
release finish. Because of these finlshes, polyester @10Se1y
resembles the ideal fiber (9,32).

As previously ment loﬂedg satigfectory performance of‘

permanent press ls dependent upon the laundering method

employed.

Weathering

butside drying of f&béias varies ifh use and laune
d@?i&f methods. Although most textiles are not comstantly
exposed to sunlight; they are us sually exposed sometblr
during use and wear (10}. Because textiles.re@eive radia-
tion at some polnt, many ocutdoor exposure tests have been
vnderitaken in the past (1692§$8692&}a

Qutside prlng9 or- weathering, of cellwlosics hava

been studied in detail (l1,19,26,27). Photochemical or fabe-

ric degradation of c@lluloszs fabrics has been studled since




10 .

the 1920's, At that time there was questionable evidence

P

about degradation by weathering. Weathering is "™ . . . the
aggregate effect of emvironmentsl factors of sunlight, |
microorganisms, industrial fumes, rain, and wind® (16,

po T5).

Outdoor exposure tests should provide direct corre~
lation with d@terioratien of textiles in use. DBecause of
uncontrollable varisbles, a standard weathering pattern does
not existy therefore, results are never precisely pre-
dictable or reproducible (16,26). They are valid only for
the particular conditionsg time and place of exposure.
Since climatic conditions vary, published data of weather-
ing varies (261}, Present fleld exposure tesbts are the most
widely accepted method;in testing textiles fox degra&atioﬂa
They only indicate the relative velue (16).

Artificial sunl&ghtg although constant and easiiy ‘
controlled, has substantial disadvantages (10}, Laboratory
methods do not correlate with out door eypoaure {261, |

Ideally, effects such as "o e e wea&herg ¢ o o temperatureg

" ghould be correlateds

moisture, wind, and . o o contaminants

This integrating may be possible someday (i, p. 55).
Measurement of solar radiation was done in thevpaét

only by the sun-<hour method, Ex?ariments baged on'time

alone are not considered velid, reproducible, or repeatable

(27). There is.no stamdard sunlight test (26). The langley,




the only accurate and most widely used measurs of btobal

o

incident radiation, measures the amount and intensity of
solar radiation (3,27)., "One langley is = 1 grem caloris of
radiant energy per squ&we'a@ntim@ter'of exposed area, or
3.69 Biu! 8 per square foot" (I, P 55},

The Eppley pyroheliometer, which measures solar
radiation by &ngleysg is used by the United States Weather
Bureau. It's accaracyg according to the manulacturer, is_g

1% percent (L}.

Light rays In solar r&dlavﬁaa are thought the gremt«
05t cause of weathering (). The absorption of light rays
may chenge the molecular structure of textiles. Light may be
reflected, transmitted, or &bSOFbGd depending upon the fex=-
tile capacity bto absorb the eﬂeﬂg? of the light rays,

Fabric degradation is dependent on the concentration of dye
or pigment, varn, and fabric coanstruction (10,16}.

Radiatlion wave length and sssociated energy

decreasges as wave length increases {(10), Raﬁi&ﬁioﬁg or

-t

light traveling in the form of waves, is subject to varia-
tions in intensity and digtribution (10,26}, Thess d@pend
on Yseason of vear, time of day, altitude . . ., amout (sig}
of water vapor, dkstg and other absorbing materials in the
atmosphere o " (26, p. 18},

Photochemical reaction is of two types: phobolysis
&

(chemical decomposition) and photosensitization. Heat,




. iz
which involves light, is not photochemical since lighﬁ is
not absorbed (10926}0' "The amount of light converted to
thermal energy is absorbed rediation® (26, p. 20). In
degradation by heat ths maximum tempsrature occurring during
radiation is probably wmost mesningful (28}9 Heat, while not
photochenical in nature, does not csuse light to be absorbed.
But, cellulosic degradation occurs becsuse of aen iﬁcré&sedf
rate of chenical reaction (10,26},

Photosensitization, éith en impurlity in the cellu-
logle febric which carries the 1ight energy, varies depend-
ing on moisture and oxygen present (10,26}, Degradation
increases with moisture, especially with alternate wsgtiﬁg
and drying eycles (13). Demage to cellulosics can be |
measured by breaking strength loss, cuprammonium fluldity,
‘methylene blue number, tearing sérengtﬁs etec. Degradation
of noncellulosic textiles is presently 1imiﬁed to measuring

tensile . (tear) strength (26},

‘

- —_— ————— —— ——




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 sgoil releasge

o

finishes., The effect of these drying treatments on appear-
ence (as indicated by wrinkling), weight, tear strength, and

wrinkle recovery was determined.

Selection and Preparstion of Sawmples

 The chosen test fabrio was white broadeloth of 65
‘percent Dacron, polyester and 35 percent cotton‘with a pre?
cured permanent press finish and & soll r¢“ease finish. The
bolt of fabric was purchased at & department store in
Tuc&onﬁﬂArizonao Fabric weight had a mean 3.826 ounces per
linear yard with an average thread count of 132 in the warp
directlion and 71 in the £illing direction.

Twenty~-seven samples, each 29 inches in the warp
direction and 23 inches in the £illing diractién were used
in the study. Nine treatments, esch with three samples
(replications), comprised the fabric for the regesrch. All
were from the same bolt of Ffabric and chosen at rendom for

placement in one of the nine treatments,

13
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All samples were torn on warp and filliﬁg threads
and zlig zagged on the edges to prevent fraying. Two small
poclkets, plug additionel elastic thread, were sewn in the |

-

upper right.han@ area of the samples which were to be hung
outside. The poeckets woere used to hold thermomaters and did
not interfere with areas.reserVed for laboratory testing of
fabrics (see Figure 1}.

Three conﬁrol samples, to be used for comyarison

purposes, were withdrawn immedlately after cutting.

Washing Frocedure

Siz treatments, or elghteen 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 weres permanent press 6
minute wash; hot water, cold rinse: bhigh agitation: high
sping high water level.

Well water from the University of Arizona water sys-
tem was used., Temperature was checkéd with an electronic
thermometer and washing began'when water was 1&0’ + 27 .P,

,ThreeQOarters cup of Tide XK, nonionic biodegradable deteéu
gent, was added<to each washer load.

The load counsisted of nine samples, each 29 inches xv
22 inches, welghing approxisately one and one-half pounds.

Fifteen buffers (dummies), identical with test fabric, were
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added. These>3é ineh = 36 inch buffers w@ighad approxi-
mately two and one-half pounds, bringing the btotal wash load
to epproximately four poun&ao _

| In £illing %he washer the hot setting was alternated
with the waﬁm settimg until the desired ot w, waé reached.
Detergent, added after tub was full, was allowed to agitate
until powder appsared dissolved. The samples and buffers
were then.addad to the machine.

A water sample was taken from that entering during
the £ill qycle of each washeyr load, It was used to deter-
mine hardness in greins per gallen {(see Appendix A).
Monthlyg & water sample was taken from tap entering tub and
analyzed for the following: soluble salts, HC x 1033 Cal=~
clum, Megnesium, Sodium, Chloride, Sulfate, Carbonate,
‘Bicarbonate, Fluoride, Nitrates Nitrogen, Boron, Copper,

Iron, Silicon dioxide, hardness, and pH (see Appendix B).

Drying Procsdure

Samples were given various drying treatments, one of
which was tumble drying. This was done in a 1967 Whirlpool
dryer (Model LSE 9920). Settings used were: regular perma-
nent ﬁress with gentle agitation; 20 minutes with last 10
minutes belng a cool-off period. Hach dryer load contaﬁmed
3 samples and 15 buffers.

A second drying treatment was inside line dryim}

o

Zo
Semples were hung individually from hengers by clothespina,
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No attempt was made to record pri@hamge conditions of drying
POOM | -

Four treatments involved weshing and subsequent out-
side line drying. Each treatment, composed of thres seme
ples, was btaken to the roof of the home ecomnomics building
immediately after washer completed cycieo% 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 were: (D) 1 hour + 5 minutes at low rediatiom; 6830
8.m. = 72830 a.m, solar time; (E} It hours + B8 minutes at low
rediationy 6:30 a.m. - 10:30 a.m. solar time; (F)} 1 hour #
5 minutes at high radiastion; 11:00 a.m. - 12 noon solar
time; and, (G} L hours % 5 minutes at high radiation; 11300
@.We = 33500 pom. solar time (see Appendix Fl.

Two tréatmentsg involving six samples, underwent
‘outside drying without washing. They were hung at the seme
time as-were the washed samples, with unwashed samples
placed on line immediately behind washed samples. Drying
times for these were id@ntical with'hhs longer times pre-

viously given: (E) L hours + 5 minutes at low radistion;

#A11 outgide line drying was done on clothesline
facing due South on roof of home economiceg building at the
University of Arizona, Tucson, Arigzons D Sec. 7, Twp. 1L S,
R 1l E, NE section of SE guadrasnt. The buillding was 139°' in
height, with the clothesline L7 5/87 in height and having
ZZJ‘%J between lines, : : ’
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6230 = 10:30 a.m. solar time and (G) L hours + 5 minutes ab
high rediationy 11:00 a.m, = 3:¢00 p.m, solar btims,
| Febric and environmemﬁal factors which were con=
sistently checked at predetermined times weres (1) sample
teﬁpefat&re with & thermometer in aforementioned pocket, {2}
ailr temperature with a sling psychrometer, (3) relative
humidity with a sling psychrometer, and (I} wind velocity
with & hand enemometer (see Appendices C and D), Total
incident sun radistion for each drying period was also
recorded by an Eppley pyroheliometer at the Envirommental
Research Leboratory, University of Arizona (see Appendix E).
Date collection began on Apri1.19p 1968 and con-
tinued until June 12, 1968. Bach treatment received twenty~
five washings end/or dryings (excluding control) with e éne
"to five day rest perlod hetwesen each laundering. Dﬁring the
rest period samples were hung Ffrom hengers and surroundsd
with a plasgtic bag.
Coding of samples is listed in Table I. Replicates

of each treatment were listed asg Aq, Ass A39 and B, etc.

Laboratory Procedurs

All legboratory testing wes done under standard
atmospheric conditions of 70! + 2' ¥, and 65 + 2 percent.

averr

relative humidity.




TABLE I
CODING OF FABRIC SAMPLES

Treatment . ~Description
ﬁ Control s
B Washed, dryer dried
¢ Washed, inside line dried
D Washed, outslide dried; L hour, low radiation
B Washed, outside dried, L hours, low radlation
B Hashed, outside dried, 1 hdarﬁ high radiastion
G Washed, outside dried, L hours, high radiation
H Unwashed, outeide dried, | hours, high raediation
I Unwashed, omﬁside dried, I hours, low radiation
Appearance

The surface appearasnce of the treatments wes evalu-
ated after all launderings were completsd. Control samples
- were evaluated for comyarisén PUSPOSSS. AATCG 12&&196?’T
was used with the following procedures utilized: (1) wash-
ing procedure IIIl; machine, 1&0? F; with variation in rinse

3 o4

temperature (130' - 140! F. instead of suggesbted 105¢ R,

v e

5t F,, {2) drying procedure 4 and B (line dry inside and
tumble dryl}, there were no instructions for ouitside line
drylng, end (3} evalustion procedures low-angle using AATCG

thres~dimensional plastic replicas as stendards (see
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Table IL). The three samples, 29 inches x 23 inches instead

of the suggested 15 inches xz 15 inches, from sach trsatment

were uged in the evaluation of surfasce smoothness. The

trained observers evaluated the specimens by comparing them

with closely matched plastic replicas.

Results Trom the

three obsgsrvers were averaged to the nearegt tenth of a

decimal (see

Table IIL},

TABLE IX

FABRIC SMOOTHNESS RATINGS#

Replice

Rating Description

Di- S%M An appearance equivalent to the DP-5 Replica

DE=y An appearsnce eguivalent to the DP-lL. Replica
DE=3.5 An gppearance eguivalent to the DP=3.5 Replica
DP=3 An appearance eguivelent Lo the DPF-3 Replica

DE=-2 An appesrance edquivalent to the DP=-2 Replica
DRl w4 An appearance eduivalent to or worse than the DP-1

# Adspted from ”ahle IX, AATCC laanEQG?W (1}

Wt Smoothest appearance and best retention of

nal appearance,

#*#% Poorest appearance and gooreaa retentio
inal appearance.

orig

’

origi-

o

n of
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. TABLE IIX
MEAN APPEARANCE OF PABRIC TREATMENTS

Treatment _ Mean Rating

A DP-5s
B DP-3.5
G DP=3

D DP=2.6
B DP=3
F bP-3

G DP=-3

H DP-5%
I DP=5

'% Smoothest appearance and best retention of origi-
nal appearance,
Weight | S

D@termiﬁatiom of fabric weight was done by the
- wmethod established by the United States Testing Company (37).
Four li-inech sguares from each spécimen.were weighed on a
Mettler balance. The ounces per sq&afe vard was determined

by the formulat

o

cad sl T g v AP "
weight in gramzhof i sgusres x LE.71 = ounces per square

yard
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This was then converted to ounces per linear yard by:

ounces per square yard x width of fabric
'3 b
z (b5 inches) = ounces per
3 : linear yard

- Welght wes determined and repertsde.

Tear Strength

Tear strength (resistance) was determined by the
Flmendorf instrument, a falling pendulum type apparatus,
following ASTM 1L2L~63 specifications. Five warp and fivé
filling specimens, each 75 x 102 millimeters, were cut from
each of the fabric samples. '@rams per centimeter results
were averaged seperately for warp and £filling. Results

> "

indicated the average work performed in tearing the specimen.

Wrinkle Recovery

mrinkle recovery of febrics from creasing was deter-
mined by the Monsanto Wrinkle Recovery Tester, following
AATCC 1295-60 T specifications. PFive warp and five.filling”-
samples, each 1.5 x L.0 centimebersy were cut ffom each of-
the fabric samples. Long direction represented the direc-
tion of the test, The percent of crease recovery was déeter

mined by the formula:

crease recovery . 100

P 2 nir
= T WILNKLe Iecovwedr
1801 ’

Warp and £illing results were averaged separately and
u .
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reported to the nearest one percent. These results gave the

percent of wrinkle recovery.

Analvasis of Data

& factorial analysis of variance was compubed bo
determine the effect of the various treatments and the
'intera@tioms of the tests conducted in.this study.

Statistical analyses were. . not used with appearancse
evaluations because of their subjéctivity and since near
perfect Jjudge agreement made %his unnecessary (see Teble
III).

h mateé hardness readings (see Appendix A) were
averaged and monthly water snalysis results (éee Appendix B}
reoorded; Total iﬁcident solarlradiations expressed in
langleys, was totaled (see Appendix F)a Other recorded
outglde envirconmental factors (sample temperature, alr tem-
perature, relative humidity, and wind velocity) were given in
Appendices C and D, Note thet no statistical asnalysss were
done with these flgures.

A 1sd {Least significant diff@fence) value was
established where aspplicable to detefmine the significance
between treatments. In order for two velues to be gignifi-
cantly different,; thelr absolute difference must have been
greater then the lad vaiueo In ﬁhis study, lsd values were

established at the .05 level of significance.
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Spearman's coefficient of rank correlation was used

to find possible correlation between the various treatments.



CHAPTER L

RESULTS

4

Appearance

A statistiaal analysis of the appearasnce was not
necessary since ali trained observers (experts) agreed in
rating all tréatmenﬁs except in one treatment. Appearance,
although evaluated under controlied conditions, was subjec~
tive. | |

The ratings were divided into six categories, as_seﬁ
up by the American Assoclation of Textile Chemlsts and
Coloriats (AATCC), with the followﬁng smoothness ratingse
DP-5, DP=l, DP-3.5, DPF=3, DP-2, and DPF=l. DP-5 represented
the smoothest appearancs and DP=1 represented the poorest |
eppearance {see Tables II and III).

Three treatments received means of DP-5., This indi-
cated the smoothest appearsnce and best retention of origl-
nal appearance, They included all of the unwashed trgatm
ments-=control (A), L hours at low radiation (I}, and i
hours at high radiation (H).

| DF-3.5 mean ratings were glven the dryer dried
treatment (B} and mean ratings of DP-3 were glven four of
the washed treatments. Those receiving these were inside
line dried (C}, outside dried for [ hours at low radiation

25
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(B}, outside dried for 1 hour ab high radiation (F}, and
outside dried for l hours at high radiation (G).

'Rating gifferences occurred in the treatment that
was washed and outside dried for 1 hour under low radiatidn
conditions (D). Ratings were divided between DP=2 and DP=3
with a mean of 2.6. The above mentioned treatment was the
only one re@@iving,a rating in the DF-2 category. - This
treatmemts which caused variance in observer ratings, was
the most wrinkled in the study (see Table IIL}. As pre-
viously stated; the DP=1 rating representsd the poorest

t

appearance and poorest retention of coriginal appesarance.

Meight

The analysis of variance F-test indicated that sig=
nificant differences éxisted emong the individual ﬁeighﬁ
treatments when aver&ged‘across all treatments (see Appendix
G). Because F-values were significant, specific treatment
comparisons waré mads uging the Least significant difference,
or 1sd. Only tbosé individual treaéments that exceeded the
18d at the .05 level will be discussed. Weight 1sd (.08) =
095, | |

A significent increase in welght over the control
(A} ocourred in the washed and inside line dried tre&tment
(Gl

Two treatments showed staﬁistically significant

decreases in wWeight when compared with the ¢ trol (A).
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Both li~hour line dried treatments that were washed (I and G}
had these weight changes. The decresse in weight was some-
what greater in the washed, li-hour dried high radiation

.
treatment (G¢) than in the washed, lL<~hour dried low radiation
treatment (E).

Several other significant differences occurred when
compa?ing individual washed treatments with one another.

: The#a was a weight decline in the'guhour low radiation
treatment (E} over the dryer-driéd treatment (B). A slight
welght decrease was noted in the lL-hour high fadiatiqn
treatment (G) over the dryer dried treatment (B).

A1l of the following washed and outside dried treat-
ments had welght &ec?easés over the washed snd inside dried
treatment (CG)}: lehour low radistion (E}, l-hour high radia-
tion (P}, and l~-hour high radiation (&).

Many weight changes of significant ngture were found
when comparing the washed and outside line drled treatments
with one another, Those compared were listsd together with
the smaller in weight listed first, Theé@ gsignificant
weight differences includeds washed and li=hour low radia-
tion treatment (E)} weighed less than l-hour high radiation
treatment (F}; l-bour low radiation treatment (E) welghed
less then l-bhour low radiation treatment (D); and li-hour
high radistion treatment (G} weighed less than l-hour high

radiation treatment (F).
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Two treatments,weré not washed, but instead given
only outside line drying. Signifi@amtg oémparable differ-
ences, exlsted between the unwashed, l-hour dried high _
rediation (H) and the washed and L-bhour dried high radiation
treatments (G). The washed traétm@@t had a welght decrease.
Also, the washed, li-hour dried high radiation treatment (H}
wa.s lower in weight then the unwashed, L-hour dried low -
radiation treatment (I). Teble IV shows statisticsl deter=
mination of gignifi@anée and Appendlx G shows ﬁhe_&nalysis

of varisnce.

TABLE IV
ST&TZSTICQL DETERMINATION OF SIGNIFICANCE
BETWEEN TREATMENTS IN WEIGHT

e wszryvose T A A St e T O o s - e Resrsiarssree
ke D Ky A TS P ST : =5 T em e AT caips i

Treatment Mean (Weight in Grams)

@3351
L.352
he 37
L. 370
I.191
L. 295
163
Ipo 341
L. 301

5 o W

=2 oM Qo

1sd (.05} = ,095

e




Tear Strength

Warp Tear Strength.

Significant differences smong the various warp tear
strength treatments were indicated by the analysis of
" variance F-test (see Appendix H). The least significant
differ@ncé; lsd, was used to find specifically which treate
ments differed from one another. All lsd were made at the
.05 level of significance with 1sd (.05} = 100.721.

| All eilght trealtments showed significent strength

losses when compared with the control. Most strength loss
was in the washed, l-hour dried high radiation treatment (F}
followed closely by the ﬁaéhed end li=hour dried low radia-
tion t?@aﬁment (B}, 'Two treatments tied for the next
strength loss. Both the washed and dryer dried treatment
(B} and the washed and l-hour dried low radiation treatment
(D} had the same mean strength loss. Somewhat less strength
loss occurred in the washed and ingide line dried trestment
(C). The least strength loss, of the washed treatments,
occurred in the l-hour dried high radiation treatment (G,

Smaller, yet significant, strength losses occecurred
in the uwnwashed treatments when compared with the eoﬁtrol
(A vs., H and I}. The least strength loss was in the
unwashed, l-hour dried low radiastion tréatmant (I},

A comparison of each treatment with each otﬁer

treatment was undertaken through the use of lsd. No
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differences of signifigance occcurred between any of the
washed treatments.

Unwashed treatments did differ from their washed
céunt@rpartsa The wnwashed, li-hour dried low radigtion
treatment (I} was significently stronger than the washed,
L-hour dried low radiation treatment {(E}, Also, the
unwashed, l-hour dried high radiation treatment (H} was
strongérrﬂhan the washed, L~hour dried high radiation treat-
ment (G). Stetisgtical determinatian of significance is
found in Table ¥V and the analysig of variance is in Appendix
H. |

Spearﬁamqs coefficient of rank correlation indicated
a significgnt éorr&latiom between warp ead filling tear

strength treatments with rg = .833.

.Filling Tear Strength

Differences were gignificant among the filling tear
strengtﬁ treatments. This was indicated by a significant
Feyvalue in the enalysls of variance (se@.Appendix I}e

&n avalysis of the in d%v1dgal treatments was unders
taken through the use of lsd at the (05 level of signifi-
cence with lsd (.05} = 98,595,

. The control (A} was found to differ s significant ly

‘from cach of the other treatments., Most strength loss
occurred in the washed and lL-hour dried low radiation tréaﬁm

ment (B}, Second in strength loss was in the washed, l-hour
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 TABLE V
STATISTICAL DETERMINATION OF SIGNIFICANCE BETWEEN
TREATMENTS IN WARP TEAR STRENGTH

e A cxzs
A L e P :

B i A g e ertvevaia: x: e
et e AR Ty AL en oot R A AT o A A D T et K

Treatmen@ ' Mean (Weight in Grems)
A < 1,390,000
B ' 8140000
G. 850.000
D 81,0, 000
E | 826,667
» , 82OQQQOV
G : o ' 890,000
H 1,140,000
I ‘ 1,226,667

1sd {.05) = 100.721

dried high redlation treatment (F}. A smaller smount of
£illing strength loss occurred in the washed snd l-hour
dried low radistion treatment (D), followed closely by the

washed and dryer dried trestment (B). Lesser differences in

&

strength losses were noted in the washed and inside line
dried treatment {(C), followed by the washed and outside
dried l-hour high radiation treatment (Gj}. DBoth unwashed
treatments (H and I) were wesker than the control (A}, yet

stronger then sll other treatments., The unwashed, li-hour
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dried low radiation treatment (I) was strongest of the
unwashed tre&tments and stroﬂg@r‘than all other_treatments
{excluding control ).

A comparison of each washed treatment with each
other washed treatment showed some statisticelly significant
differences. The washed and line dried L-hour high radia- -
tion tﬁeatment (G} was stronger than: washed and dryer:

dried (B), washed and dried for 1 hour &t low radiation (D),
washed and dried for 4 hours at low radiation (E), and
waghed and dried for 1 hour at high radiation (¥},

The two unwashed treatments (H and I) were signifi-

cantly different from ome another with regard to the'filling

EA ]

tear strength differences. The sample exposed to low radla-

tion (H) wes astronger than the one exposed to high radiation
(I). Also, the unwashed,; lL-hour dried low radistion treat-
ment (I) was gtronger than the washéd end similarly dried
~treatment (E}a‘ No other comparsble &iffa@en@eé exlisted
between treatments. Teble VI shows stetistical determina-
tlon of significence and Appendix I shawé the aﬂalysisvof
variance. '

A significant éorrelation wag found between filiing
and warp tear atr@mgﬁh treatments whanbf&nkeda Spearman's
coefficlent of rank correlation wes used in determining this

with ry = 833
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TABLE VI

STATISTICAL DETERMINATION OF SIGNIFICANCE RETWEEN
TREATMENTS IN FILLING TEAR STHERGTH

e e e e R e R S AR e T G e
s e B A e R R P T S e

e - T e
e R e et = = o b N

Treatment Mean (Weight in Grams)
A . : 810,000
B : 423.333
c | - L6667
D - 1,20, 000
E o 106,667 -
P 116,667
@ - 533.333
H :  54,0,000 .
I ’ - 663.333

1sd (4:05) = 989595

Wrinkle Recovery

Warp E%inkle Recovery

Significant differences existed among the warp
wrinkle recovery treatments according to the F-test in the
analysis of varlance. Lsd was used to make specific com-
parisons with lsd (.05) = 2G736@:

Treatuent differences which were significent were
fews The control (A} differed sigoificantly from all other

treatments except for the washed and l-hour dried low
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radiation treatﬁent (D}; No other differences occurred
betwesen any of the otheﬁ treatments,. See Table VII for sta-
tistical determination of significance.
Spearman’s coefficlent of rank corrslation was used
and showed a sigrificant correlation between warp and f£ill-

ing wrinkle recovery treatments with rg = 975,

TABLE VIX
STATISTICAL DETERMINATION OF SIGNIFICANCE BETWEE
TREATMENTS IN WARP WRINKLE RECOVERY

CreTmvnen e . D e 0 A o Y 0 ST S e e P 7 e A iy g > T
et A R S TR A N e B e A e S A B e LA e A AR fisd s DN P R e

Treatment Moan (Recovery Angle in Percent)

80,911
83.836
8L.111
82,994
814,903
83.853
814997
85.278

Hom o oeue o ® Y oa w e

| 83,700
1sd (.05) = 2,736

s e AT s e s e g ey o racarTron i DTt vt oo ey St
pctibm oy R e R A i S e S Y S i e e T e R S SRS AT N SRR R SR BT EaRs
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Filling Wrinkle Recovery

The Fetest in the snalysis of variance indicat@d
that the significant differences existed among the filling
wrinkle r@co%ery treatments, Specific comparisons were made
through uge of the least significant difference, or lsd.

All lsd were made at theloOS level of significanc@a The 1sd
(.05) = 2,896,

O0f all possible treatmsnt compé?igonsg only tﬁo
treatments showed significant differences. The wgshéd and
L=hour dried high radiation treatmentiéG} wes greater in
recovery than the control (A). The other difference
écc&rred between the washed end l-hour dried low radiation
treatment (D) and the washed and li~hour dried high radistion
treatment (G). Ho other differences ccourred bebween sny of
the other treatmente. The comparison of the averages of
the two sides showed no differences. Statistical determing-
tion of significaence is shown in Teble VIII and the analysis
of varisnce appesrs in Appendix K,

A correlation hetween rankiﬁga cf £illing and warp
wrinkle recovery treatments proved gignificant., TheAccrrem
lation, determined through use of Spearman's coaffiaiént of
rank correlation was vy = .975. No other eorrelati&ngg
excepting warp and filling tear strength, were Tound betwsen

any treatments.
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. TABLE VIII

STATISTICAL DETERMINATION COF SIGNIFICANCE BETHEREN
TREATMENTS IN FILLING WRINKLE RECOVERY

Treatment ‘Mean (Recovery Angle in Percent)
A 83.142
B 8l.. 061
N . 8L.039
D - 83.719
B 85,56l
F 8l .B811
G 86,678
H 85.878
i BlL.675

Rediation

The total incident sun radiation received in Tucson
during outside drying times was re@orded'daily (see Appendix
E). The readings, expressed in langleys, were reoord@d by
an Bppley pyroheliometero Totals of the twenty-Live days

t

were made {(see Table IX).
Treatment ¢, washed and exposed to high radistion
for four hours, as well as the similar unweshed treatment

(H}, recelved the greatest number of lengleys, 7819.3.




TABLE IX

TOTAL SUN RADIATION (LANGLEYS) EXPOSED TO QUTSIDE
DRIED TREATMENTS IN TUCSON, ARIZONA,
APRIL 19, 1968 T0 JUNE 12, 1966

Treatment Total Langleys
D, washed, 1 hour, low radiation 714a0_
F, washed, 1 hour, high radiation 2,065.0
E, washed, l hours, low radiation' 5939998
¢, washed, L hours, high radistion . 7,819.3
I, unwashed, L hours, low radiation - - 5,399.8

H, uwnwashed, l. hours, high radistion 7:819.3

Washed and unwashed treatments exzposed for L hours under low
radietion conditions (B snd I}, had a total 5,399.8 laengleys.
Treetment F, washed and dried for 1 hour under high radiag-
‘tion conditions, had 2,005.4 total langleys. The washed and
l=hour dried low radiaﬁion treatment (D} reeeived the fewest
langleys, 7il.0.

' Statistical determinstion was not used with these
totals es enything other than total langleys received would
be misleading. - S@eaﬁman?s cosfficient of rank correlation
was used, but no correlation of.any type existed between

radiation and any of the laboratory tests gilven fabrics.




CHABTER 5

SUMMARY , CONCLUSIONS, AND
RECOMMENDATIONS

This study was conducted to determine the efféct of .
varions drying-treatmanté on a 65/35 polyestér/@aﬁtan blend
fabric with pe?manenﬁ press and soil release finishes. The
ef'fect of dreying treatments on &p@@aramcey weight, tear

strength, and wrinkle rscovery Was studied in depth.

Apvegrance

Appearance of the various samples within each come-
pleted treatment were viewed and judged by a panel of texbtile
experts., Semples were viewed in a predetermined random

order. The subjective evalustion ratings were divided into

six categories,; using AATCC plastic 3~dimensional replicag as.
(=3 & _

stendards from whiech to judge (see Tebles II and IIL}.

Rating uniformlity was appavent throughout all but one
treaﬁmanto Subjective evaluation results pl&c@d'%he unwashed
treatments (A, H, and I} in the highest appearasnce category
(DP=-5)}, as was expected. All washed treatments, except ons,
were in the two middle appearénce areas (DP-3 and DP-3.5},
Thus, washing and subsequent drying created & moderately

wrinkled eppesrance on the treatmenis.

38
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_ (ALl textile Judges rated the washed and dryer dried
treatment (B) slightly better than the other washed end line
dried treatmenbs (DFmBQE and DP«3 respectively). This unani-
msusqfinding supported Literature regarding optimum drying |
methods.

The aforementioned evaluation discrepancy occurred.
in the washed and l-hour dried low radiation treatment (D}.
Judges placed cholces near the miédle and the next lower
category (DP-3 and DP-2}. The washed and dried l-hour low
rediation treatment (D) was the only one receiving & rating
in this low appearsnce category (DP-2). No explanation wa.s
forthooming with regerd to the treatmwent receiving lowest
ratings {see Table II}. Bessuse of judging disagreement in
this category, evldence is inconclusive. There were many
differences expected, whichkﬁid not occur, pﬁgbably because
plastic replicas and samples were both white in colo? and
similar in texture.

This writer felt that subjective evaluation was.
exactly that--gubjective. It could be used as & basis for
comparisen as long as other fa@tors were ooﬁsiéeredo' One
mustvr@alig@ that, although controlled and standardized
factors were used, each judge was an im@ivi@ual &nd'éne
 might be more criticasl than oth@f@o Differences in height

of judges could also have been a Factor slnce nearly all
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other factors were constant. Also, eyesight end health

might have influenced Judge evaluations of the fabrics.

The washed and insilde liﬁa dried tréamﬁeﬁt‘QG}.
weighed slightly more then the control (A}, This was pr&bm
ably due to the dusty condition of the drying room as no
attempt was made to change @onditioné of this room. Samples
were enclosed in plastic only after they appeared dry to the.
touch,

Decreages in welght, over the contrél {A), were seen
in the two washed and l~-hour dried treatments (E and G},
Evidentally the washing and extended radiation period and/or
the other uncontrolled factors during these periods caused
this welght re@actioﬁa The weight decrease was greatest in
the l~hour high rediation treatment (G}, possibly indicating
that the length snd intensity of raéiation had & direct
influence on welght (see Table IV end Appendix Gl.

Individual treatment comparisons between washed
treatments showed statisticaelly significant weight changes.
Both Qwhoar'wash@d and dried treatments (E and G}, low and
high radiation, weighed less than the washed and dryer dried
treatment (B). The extended outside drying time and length
of radiation-probébly éausedg or was & signiiicant factor,
_in this weight reduction. Also, many other uncontrolled

factors undoubtedly influenced the treatwments (semple




temperature, air temperature, relative huwidity, and wind
velocity, etc.}. All listed factors were recorded at pre-
determined and consistent intervals but were not statisti-
cally analyzed (see Appendix C and D).

Three treatments had significant welght r@ductioﬁs
o&er the~w&shad and inside line dried trestment (C). Both
Q»houf high rediation treatments (E and G}; in addition to
‘the l-hour high radiation treatment (F), weighed less than
the inside line dried treatment (C)., Again, a dusty room
may have been the pertial cause In the welght of the inéide‘
line dried treatment. Exposure to solar radiation was
probably more eignificant in this weight reduction than the
uncontrolled enviroomental factoré which were presgent, The
~other factors were not comsidered in this analysis since
statistical computation was not done.

Time end radigtion differences most likeiy cauged
weight discrepencies in the followiﬁg washed treatments:
h-hour high radiation (G) welghed lese than the l-hour high
rediation (Fi; h=hour low fédi&tian (E) weighed less than
the l-hour low radiation (D); end li-hour high rediation {G}
weighed less than the l-hour high radiation (F)}. The first
two differences appeared consistent with all other observed
welight differemcaﬁc-'The L~hour high radiation treatment (G)
weighing more than the.lwhour high ?adi&%iom treatment (F)

appeared incongistent and unexplanable at this point. A
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weight decline WE.S @zpéctad due to radiation, but possibly |
increased outside exposure supplled increased environmental
contaminates,

Unweshed treatments, when compared with the washed
and identie&lly dried companion treatments, showed signifi-
cant welght changes. The two unwashed treatments (H and I)
were both higher in weight that thelr washed counterparts
(E end G}. Weshing eppeared to have a significant influencegﬁ
which most likely caused welght reduction, on the samples.

Under exlisting leboratory conditions it was not
possible to ascertain if the welght loss was consistent with
both fib@rsrigolyegtex and cotton) or graatér‘in one.
Reierenc@ will be made later with-regard to the polyester/
cotton ral&ti@mshipo

lany fa@tbfs wiaich could not be controlled ox
separated may, end undoubtedly did, have an influence on
fabric‘weighto These ineluded water varigbles {(hardness,
etc. ), sample temperature, sir température, relative humid-
ity, wind V@loeityg and various other atmospheric conditicons
(see Appondix C and D).

Spearman's coefficient of renk correlation did not
show co?re;atiOR between welight and any of the other tests

given this febric.
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Tear Strength

Warp Tear Strength

Strength losses were apparent in ell eight treat-
ments, with most loss (weakest fabric) in the washed, l-hour
dried high rediation treatment (F}, The L-hour 1ow'radiam
tion treatment (B) had slightly less strength losgs. . The
"high intensity rediation probably affected the former, while
an extended exposure pericd 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)
end the washed and l-hour dried low redlation treatment (D)
had tﬁé geme mean strength loss, In thia case the effect of
tumble drying seppeared similar to the short time, low radia-
tion conditiong the samples received. Theif welights were
also similar, although no correlation was found to exist
between welght and tear strength.

A smsller strength loss was found in the washed and
inside line dried treatment (C). This finding was hypd@haw
sized by the researcher., Outside enviromuental influences
eppeared to be more harmful to fabrics than the inside fac-
tors, |

The lesst strength loss; éf the ﬁashe& treatments,

occurred in the l-hour drled high rediation treatment (G).
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This finding waé'unezpeétedg yet intereétinge It was the
opinion .of this writer that the 1érge amount and high inten~
sity of radiation received (langleys) camused a fabric
'changea The thermal energy probably degraded a greater porye
tion of the cellulosic fiber than the polvester fiber |
ebntentg therefore, leaving a greater percentage of
polyester in the fabric. Polyester, having greater tear
strength then cotton probably ceused this unexpected result.
Note that tear strength tests appeared to be the'bnly way of
measuring noncellulosic fabrics.

Slight, yet significant, strength losses cccurred in
the unwashed treatments when compared with the control (A).
The least strength loss (strongesﬁ fabric} was in the l=bour
dried low radistion treatment (I). Evidentally the higher
intensity radiation acdversely affected the unwashed fabric.

HWashed fabrics were significantly wesker than their
'unwaéhed,@oanteﬁpartao The washed, L-hour dried low radia-
tion trestment (B) was weeker then the similar unwashed
treatment {I). Alsc, the washed and lL-hour dried high
rodiation treatment (G} was weaker than its unwashed
counterpart (H}. Washing appeared to directly influemée the
warp tear stréngth of this febric. All washed treatments,
as the hypotheses stated, were weaker in warp tear Strength

than the unwasghed treatments (see Table V and’Appendix H}.
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It was found that a direct correlation sexisted
between warp and £illing tear stvength results, DBecause the
fibers were intimately blended in this fabric, this was an
expected conclusion. |

One camnot generalize concerning outside line drying
becaunge of thé many uncontrolled envirommental factors which
existed during outside line drying. The results were in
reference only to the particular febric used and only under

the envirommental 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 (4},
Greatest strength loss wag found in the'@nhcur‘dried lowA
radiation treatment (Z). This was followed closely by'thé
l=hour dried high radiation treatment (F}, the l-hour dried
low radiation treatment (D), and the washed and dryer dried
treatment (B)a The above findings were sgimiler to the warp
tear strength~resultsc

Extended radiation, as well as high.intensity'radiaw

tion, &g@earsd'to have a hermful effect on the filling tear
strength of this fabric. Agein, as in the warp tear
strengthg the l-hour driad low rédiaticn treatment (D} wWa.s
similer to the washed and dryer dried treatment (B, In

this instance the outside dried treatment was slightly
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weaker. The 20-minute dryer period appeared to have an
ef'fect equal toe that of the 1waouw low radi iation, but only
under these particular conditions.

The washed and inside line dried treatwment (G}
sbowedg a8 expected, even lower strength lLosses. As found
with the warp samples, the £illing lL~-hour dried-high radiae
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 cobtiton degradation. We had no existing
laboratory equipment to test this,

Unwashed treatments (H and I) weﬁé weaker than the
" control (A) and stronger than all other treatments. As .
anticipated, the unwashed, l-hour dried low radiastion treat-
ment (I) was stronger than the unwashed, li-hour dried high
radlation 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, |

HWoshed and unwashed treatment comparisons wege con=
sistent with the werp tear strength findings. In both
instances the unwashed treatwent was sigpnificantly stronger'
- than 1ts washed companion. Washing was found %o be detri-
mental to fabric in both warp snd filling directiéns (see

Table VI end Appendix I).
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As previously explained; there existed a substantial

correlation between warp and filling tear strength findings.

>E?inkle Recovery

Harp @?inkle.ﬂeoovary

It was found that there wefe significaﬁt giffer=-
ences among warp wrinkle ?eeoﬁarybtreatmentso Upon further
aﬁalysisg few‘treatment differences were found. The con-
trol (A} differed slightly from all other treatments, except
in the‘waﬁhea and l-hour dried low radiation treatment (D).
No difference was found in that comparison. Seven treat-
ments had significantly greater w:inkle recovery angles than
did the control (A). No explanation was forth@omingﬁvother
than the possibllity of a greater proportion of polyester
~due to the loss of cotion during the outside line drying.

Since treatments did not differ from one another,
except when cowmpared with the control, 1littie was found from
this experiménto Both face and back of febric had been
tested sepavately to determine if side differénces existed
for this particular fabric. There were no differences;
ther@féreﬁ treatment comparisons were the seme regardless
of the -side tested. Fewer number of samples could have been
uged in this leboratory praced@re with equelly accurate

findings (see Table VII and Appendixz J).
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A significant correlation was found to exist between

r%he warp and filling wrinkle recovefy results of the various
treatments, Agsain, as with tear strength, this was anticia‘

pated.

Filling Wrinkle Recovery

Significant differences in the £illing direction
were feﬁa The washed and L-hour dried high rediation treat-
:m@mt (&) was significantly greater in recovery angle than
the control (4}. This finding was consistent with the warp
wrinkle recovery. Also, this same treatment was sbtronger
ihan all other washed tredtments in both warp and filling
tear strength t@sﬁsg This supportedthe theory that the
‘cotton portion of the fabric decreased with a corresponding
greater proportion of polyester fiber present. Thers
appeared a correlation, in this one Instaence, between tear
strength end wrinkle recovery. In both instances the find-
ing was not anticipatédg'

The only other difference cccurred betwesen the
washed and l-hour dried low radiation treatment (D) and the
washed and Q-hour dried high radiation treatmeﬁt (G)e The
li<hour high radistion treatment had a significantly greater
recovery angle than did the l-hour low radiation treatment.
The 6pposite finding haed been expected, but the suppdsi%ion

- that cotton was disintegrated again explained this result.
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As withﬂwafp saﬁplesg both face and bsck sides of
fabric were tested. No differenees‘wera found; the sides
éid not discriminate smong treatments (see Table VIII and
Appendix K)o . Beceuse of bthese findings it was this avnthors
conclusion that vesting both sides of this fabric was
unnecessary and therefore, & waste of time. The number of
samples reqaired'in'the test should then be cut in half.

As repéﬁtedg a significant correlation did exist

between warp and filling wrinkle recovery. Corrvelation,

<t

also found between warp and £illing tear strength, did no

exist between any other tests giveun fabric.

Rediation
Total incident sun radiation for the twenty-five

deys. are given in Table IX with the daily totals available
in Appendix E.

| ¥ashed and unwashed treatments (G and H}, exposed to.
high redistlion for four hours each day received the highest
number of langleys, as anticipated. The twe treatments
(B and 1) exposed Ffor L hours at low radiation placed second
in number of iangleys received. Treatment Py, washed and
dried for 1 hour under high radiation conditioms rated third
in nuwber of langlevs. This researcher 4id not know, prior

to experiment, which of the two preceeding treatments would

receive the most langleys, As expected, the washed and
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l-hour dried low radiation btreatment (D) received the lowest
total amount of sun radiation.

Treatment G, washed and dried high radietion L
hours, re@eiﬁing 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. Eélyesterg having
greater strength than cotton, probably caused the increase

in strength and recovery angle.

i

Recommendstiong .

4 similar study could be undertaken, using electri-
.cal restivity orAsimilar 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 identicel or different study, involving acinal
wearing of garments would be most helpful to the congumer;
one needs soll 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
creasges and wrinkle\?eaovery could be done; perhapég e
better and more meaningful test than that presently used in

~wrinkle recovery could be developed.




APBENDIX A

GRAINS PER GALLON HARDNESS OF WATER USED IN WASHED
TREATMENTS IN TUCSON,; ARIZONA, APRIL 19, 19@8
TQ JUNE 12, 1968%

s

oo am
oo e 2

Date Treatments C;, D, and B Treatments B, P, and &
L./19 10.32L 10. 32l
L/22 7.076 » 9.628
/2l 10,208 §.816
/26 6.196 ' 9.512
/29 8.1168 - ' - .8.700
5/1 ‘ 9. Thiy . 9.512
5/3 o 10.208 10.208
5/6 8.120 - 8.120
5/8 9.512 8.932
5/10 9,860 2.860.
5/13 5.800 8.352
5/15 - 9. 0L8" 8.58L
5/17 8§.816 8.816
5/20 8.352 8,932
5/22 8.00L 8.00L
5/23 8.352 Toli2h
5/28 9.280 7.868
5/29 10,90l 9.280
6/3 - 7.076 7.308
6/l 8,816 6. 380
6/5 9.628 5.916
6/6 8.816 8.700
6/10 T.076 6. 496
6/11 5.568 8. 58l
6/12 6. 3680 6.360
mean 8.477 - 8.L26

ot N p o g s e Zacas
P ATASLE, PR B satace ot

Water talten from The QBLVBISL@? of Arizona well
- water quteﬁo

52
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APPENDIX B

MONTHLY WATER ANALYSES OF

WATER USED IN WAS ED TREATMENTS IN
TUGSON, ARIZONA, APRIL 19, 1968 T0 JUNE 12, 1968+

Item | March 20-April 19  April 20-May 19

May 20-June 19

- Sodium ppm.

Soluble Salts ppine
EC x 107

Galclium ppm.
Magnesium ppm.

Ghloride pom.
Sulfate ppm.
Carbonate ppm.
Bicarbonate ppm.
Fluoride ppm.
Nitrate pDm.

Nitrogen (I)

F/ATHo
Boron ppm.
Silicon dioxide ppm.
Gopper ppM.

Ircn ppm.
Hardness gr./gal.
nH '

332,00 356, QO
9)-4.2 r.)
41.00 18,00
It 00 7.00

- b8.00 Ly .00
20,00 2,00
66,00 76.00
0.00 0.00
147,00 146,00
. 20 .50
6,00 11.00
3.69 6,76
.22 . .18
32.00 32.00
o 1L o L1
.09 Ul
6.83 8.70
7.78 o717

158,00
« 50
6l, 00
8.00
L8.00
6,00
0,00
189.00
« 50
18.00

11,10
026
32.00
010
012
11.40
7.6l

wSampwvs teken the 20th of each month from The University of

Arizona well waber system.
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APPENDIX C

LOW RADIATION SAMPLE TEMPERATURE, AIR TEMPERATURE,
RELATIVE HUMIDITY, AND WIND VELOCITY READINGS -
IN TUCSON, ARIZONA, APRIL 19, 1968
TO JUNE 12, 1968

e - = -t - rrvor o, e
e -t

Semple Alr Relative Hind
Temperature ' , Temperature Humidity Velocity
(‘7. ) ('F.) (%} {m.p-h, )
- Sélar Treatment _ | ( ‘
Date Time Dl D2 BB El Eo ﬁB

L/19  7:10 1.0 §1.0 k1.0 k1,0 39.2 39.2 45 57 #
‘ 8200 1.8 51,8 51.8 51 39 %
9300 59.0 59,0 60.8 57 31 %
. 10500 66.2 Tl.6 66.2 60 30 o
h/22  7:10  55.p  55.4 BS.4 53.6  53.6  53.6 5l 59 6
. 8200 60.8 5%.0 59.0 59 L2 5
23200 62.6 62.6 62,6 59 38 10

, 10300 _ ‘ Oly.ly 6.l 6L.b 60 3 9

L/2l 7310 57.2  57.2  57.2 57.2 57.2 57.2 61 bl 1
£1300 . bli.ly 62,6 66.2 6l 3 3
9500 Ti.6 . Til.6  T73.L4 7L 33 i
10300 78.8  78.8 78.6 73 25 1
h/26  7:10 - 55.4 55.h B53.6  55.L 55.h BE.L 60 b3 0
. 8300 66.0 66.0 66,0 69 35 1
9300 71.6 73.4 73.4 T4 26 1
10200 80.6 8a2.L. 82.k4 78 2l 1




APPENDIX C--Continued

v

4/29 7810  69.8 69.8 71.6 69,8 Ti.6 69,8 72 19
8:00 75.2  75.2  75.2 o 36

9300 80,6 80.6 78.8 79 -3l

10200 . Bh.2 8.2 84h.2 81 32.5

5/L . 7230 6Ll 62.6 oh.h  62.6  6L.hL 60.8 70 Lo
8100 73.L  73.4  75.2 75 3k

9200 80,6 80.6 80.6 78 T 33

10200. 89.6 91.h  9i.h 85 25

5/3 7210  60.8 59.0 59,0 59.0 59.0 59.0 66 95
83200 C 71.6 Tl.6  71.6 69 55

9300 , 76.8  78.8  77.0 73 16

10:00 8h,2 8Bh.2 8h.2° 79 6
5/6 7210 6l 6l 6l ke Bhh 6k Blih 67 Wi
8300 68.0 69,8  69.8 70 36

- 9200 77.0 77.0 77.0 37.5 34
10500 80.6 82.h Ba.h - 76 3%

5/8 7510 66.2 L 6l.l Gl.d 6l 6lly 6lilh 68 3l
5200 73.h 3. 75.2 73 32

9200 80.6 80.6 80, .78 30

10300 87.8 &7.8 87.8 8k 26

5/10 7:10  6h.h 6h.l bbb 6.k bl 62,6 65 52
. 8200 71i.6  Ti.6 71.6 70 M
9300 5.2  77.0 5.2 78 30

10200 82.h  Ba2.h  82.4 78 30

OO O N0

=0 O

OO

OO

UL O
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APPENDIX C~-~Contimaed

et O Od

92 ¢v ¢o G0
20D OV O

i

OO0

7210 60.8 60,8
8200

9:00
103200

£/15

=t NO O

62.6° 62,6

7310
8200
9300

103200

5/17

C O

o
@

7210

- 8:00
9300
00

10

5/20

75.2

75.2

OO

~OOQ

¢ e Qe Q¢

b= OO
e

C O e o=t

blih  66.2

7310
8:00
9200

1000

5723

56 -
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IDIX C==Continued

'l
P

AP

QCOoOO

75.2  75.2

-3
e

7210
8:00
9200
10:00

5/26

COQoO

69.8 68.0 68.0

7210
8:00
Q2200

10300

5/29

Qe e O

77.0

77.0

oReNoRe]
QOO

&¢ 08 aé °v

L0l OO

6/3

O et o

7310 78.8 78.8
8200

9300
10:00

6/l

5.2 77.0

&~
@

7310
8:00
9200

00

10z

6/5

78,8 77,0

3
%
o
n

73210
8:00
9200

41¢]

103

6/6
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APPENDIX C~-Continued

2.6 65 b |

6/30 7210 6h.lu  6h. .l  62.6 2.6 62,6 62, 0
8200 6998 6908 71Q6 69 . 39 O

9200 7.0 T7.0 {7.0 7h 29 b

103200 Bh.2 8h.2 8h.2 79 28 1

6/11 7210  T71.6 66.2 68,0 68,0 68.0 6hh . 70 36 0
8300 78.8 78.8 78.6 177 32 0

9:00 8h.2 @ch 8lp.2 81 27 Q

_ 10:00 93.2 03.2 93.2 85. 22 Q
6/12 7210 73.4  T3.4 T34 T73.h T3.h 71.6 73 29 0
83200 8h.2 82.4 8it.2 80 29 i

9200 87,8 87.8 87.8 85 22 0

103200 93.2 93.2 1

Q3.2 88 . 20

P e o N AN A AR e U e g Ca Y

vt a et e s e e
o

i

|
5

#Data not available.

8%



APPENDIX D

HIGH RADIATION SAVPLE TEMPERATURE, AIR TEMPERATURE,
RELATIVE HUMIDITY, AND WIND VELOCITY READINGS
IN TUCSON, ARIZONA, APRIL 19, 1969
TO JUNE 12, 1968

n
Y B/19

Sample Alw Relative Wind
Temperature Temperature Humidity Veloelty
(PR, ) o {'FL) (%) {(mep.ho )
. Sgl ar Treatment
Date Time Fl FZ ~F3 Gl GE GB
11520 66.2  69.8 66,2  66.2 Gl 68,0 6l 26 #
12230 75.2  T3.4  75.2 65 2l %
. 1230 75.2 75,2 T75.2 66 25 %
2230 T7.0  73.hh  75.2 70 25 %
W/22 11320  66.2 66,2 66.2 66,2 66,2 66,2 62 36 11
12230 , 66,2 66,2 68,0 63 25 11
2230 | 66.2  68.0 68,0 63 29 8
2230 68.0 68.0 66.2 65 2h 6
W/2h 11:20 ¢8.8 78.8 80.6 78.8 77.0 78.8 7 23 9
12'1 3@ 81%.3.@ 2 alé,.e .2 6&0 2. 79 18 O
1830 . 8!—!_02 8!—«2—@ 2 8[.%-02 80 20 2
2330 86.6 87.8 86,0 82 21 0




APPENDIX D~-Continued

W/26 11320 B8L.2 86,0 87.8 87.8

, 87.8 87.8 83 23 1
12330 91.L4  91.k  91.h 83 21 3
1330 87.86 87.8 89,6 8h 19 8
2230 ' : 87.8 87.8 89.6 Sh 21 L
/29 11320 91.h  91l.h  9i.Lk  91i.h  91l.h  91.L 8L 32 5
12230 | 93,2 93.2 91.h - 86 36 7
1230 93.2 93.2 91.4 87 29 3
2330 - 93.2 95.0 93.2 89 26 3
5/1  11:20 93.2 . 93.2 932.2 93.2 91l.i 919% 82 21 0
12230 4 96.8 956.86 96, 87 2l 2
1230 91.L  91l.h  91.h 87 29 1
2230 - 91.b 91.h  91.hL 88 20 0
5/3 11:20 86,0 8h.2 Ba2.ih 8h.2 B2.h 82.h 82 2L 1
12330 91.L  9i.h  91.h 8l - 35 3
1230 91.4 - 91.4 91.h 86 31 3
2230 . : 91l.h  91.h  91l.h 85 30 3 .
5/6 11220 86,0 86,0 8h.2 8h.2 Bh.2 82.4 80 ‘ 26 3
12830 B 86.0- 86,0 86.0 - 82 22 10
1230 89.6 89.6 £9.6 8l 21 &
233‘0 ’ 8; 02 66@0 86@0 52 22 8
5/8 11:20 9i.h 91i.h  91.k 93.2 91.L  91.h 86 21 5
12230 93.2 93.2 93.2 86 21 2
12330 95,0 95.0 95,0 89 19 2
91.. 9i.h 88 15 7

2330 9.l

09
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5/10 11320 8Bh.2 82.L 84.2 8h.2 8h.2 82.4 78 , 30
12230 8.6 89.6 89.6 83 : 27
1230 80.6 Bo.6 78.8 79 2l
2230 o 91.h 91.h  91.h4 85 23
5/13 11:20 80,6 80,6 80.6 80.6 80.6 B80.6 73 18
12330 . 8h.2 82.L 8.2 77 16
1230 : 8.2 8h.2 Bh.2 79 18
2330 89.6 83.6 89.6 81 ik
5/15 11380 86@0 6‘6@0 86&0 . 86@0 869@ 8600 ' 89 ' 18‘
123230 89.6 89.6 89.6 ge 12
1230 : | b 9L.L  9l.h 8l Ll
2230 : §9.6 91.hL Q1. - 8k i
5/17 11320 91i.h4 89.6 89.6 89.6 89.6 89.6 83 13
12:30 89.6 89.6 89.6 83 11
1230 93,2  93.2 93.2 85 10
2330 '89.6 89.6 89.6 85 13
5/20 11320 98.6 98.6 100.k 98.6 100.L 100.4L g2 11
12230 ' 102.2 102.2 .102.2 95 - 13
1230 1040 105.8 10L.0 g5 13
2’:3&0 1000@{-' 1003&}. 1000&. . 9? 9
5/22 11:20 93.2 93,2 93.2 93.2 9i.4  91L.h 88 _ 18
12230 95,0 93.2 93,2 89 1l
1330 95,0 95.0 93.2 91 il
2230 93.2 93.2

93.2 Q0 ‘ 13

HOWO NFEME OMOM

et o ‘
O WO =I W b POA




ARPENDIX D--Continued

5/23 11:20 89.6 89.6 89,6 89.6 89,6 85 17

£V OO0 MHODOD oY

8906
12330 89.6 89.6 89.6 86 16
1330 4 89.6 89,6 91i.h 85 17 1
2230 89.6 £9.6 91.h - 85 15
£/28 11:20 104.0 10L.0 104.0 105.8 105.8 10L.0 . - 99 12
123230 : 107.6 105.8 105.8 = 100 10
1230 105.8 105.8 105.8 100 12
230 : 107.6 107.6 107.6 102 8
5/29 11220 98,6 98.6  98.6 98.6 98.6 100.4 23 1L
12330 | . 105.8 10L.0 105.8 97 . 11
1230 _ 105.8 105.8 105.8 100 10
2230 105.8 105.8 107.6 100 12
"6/3 11220 102.2 102.2 10L.0 104.0 102.2 102.2 - 96 1,
12230 107.6 107.6 107.6 100 12
© 1230 , 107.6 107.6 107.6 102 1l
2230 . ' 107.6 107.6 105.8 101 Co11
6/l 11:20 95,0 96.8 96.8 956.8 95,0 96.8 g2 19 8
12230 : . 105.8 105.8 105.8 o8 17 0
1330 102.2 102.2 102.2 98 1l 0
2330 100.  98.6 100.4 97 17 .3
6/5 11:20 95,0 96,8 96.8 95,0 95,8 96.8 91 20 11
12230 25.0 95.0 95.0 90 22 12
1230 96.8 96,8 96.8 92 17 10
2530 . 95.0 95,0 95,0 92 17 11
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6/6 11:20 86.0 86.0 86.0
12:30
1230
2330

6/10 11:20 87.8 87.8 89,6
12:30
1230
2230

6/11 11:20 96,8 96.8 96,8
12330 '
1330
2330

6/12 11:20 100.L4 100.L 102.2
12:30
1:30

2230

giaO
Lol
86.0

89.6

89.6
93.2
91.4
3.2

g98.6
102,2
102,2
100. 1

104.0
3»@2“;0 O
10,0
10h.0

OO o000
WA ~0 OO O
D & LY ]

< 9 o °

O
o
(e o]

100, 1s

102.2
100.4

10h.0
104.0
105.8
10L.0

NN OOS OO

86.0
8.2
8600
89.6

fpeed

~ o s
PO bl b 0 COMD

N O ONOO

“#Data not available.
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' APPENDIX E

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

Low Radiation : High Rsadiation
Date Treatment D% Treatments E & Ik Treatment F% Treatmenbts G & Hus
b/19 2363 200.1 85,9 318.5
h/22 22.8 206.0 87.6 32h.8
/2l 30.4 217.9 Tho 0 287.6
b/zé 2.6 204, 0 83.7 312.1
Q/Pg. 2lL. 6 2b8.1 85,2 315.0
B/ 2h.5 207.2 85.0 2h7.8
5/3 26.l 208.3 82.0 312.6
- 5/6 271 174 87.6 23T
5/& 2705 2}.1&};@ @209 300c3
5/10 27.9 215.6 85.9 - 327.0.
5/13 29+l 223.7 86, 3 330. 4
5418 30,0 92108 87.1 3343
5/17 31,2 225 87,0 334.3
/20 31i.5 223 ? 83,7 32h..9
/22 3.2 223¢@ 87.1 333.3
5/23 . 3192 ’ 2284 3 39a2.€. Qx%lck@.
5/28 3L.2 223.7 - 85.0 325.7
5/29 21.9 189.0 69.8 260.4
6/3 30,0 - 216.3 83.1 322.8
6/l 30.0 209.0 6lL. 3 267.3
6/5 234 179.1 83.7 322.2
C6/6 31.2 215.7 66,0 261.0
6/10 3.2 232.3 80. 4 320.3




APPENDIX E--Continued

6/11 3.2  227.3 8li. 6

. 320.4
6/12 3.3 . 227.1 8h.2 320.0
Total 71k.0 5,399.8 2,065.h 7:819.3

# 1 hour
#% I hours

59



APPENDIX ®

CORVERSION OF MOUNTAIN STANDARD TIME TO TRUE SOLAR
- TIME IN TUCSON, ARIZONA, FOR ‘ '
APRIL, MAY AND JUNE 1968

e

o

Month Dates Algebraical Subtraétion
(in minutes}
- April 18-22 =23
23-27 =28
’2$m30 =21
May 1-6 =21
7-21 =20
22-31 ;21
. June 1-6 =22
7=11 =23
12-16 =2l -

e

pondsess

#Adgpted from the Americen Ephemeris and Nautical

Almanac (36,
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APPENDIX G

ANALYSIS OF VARIANCE INDICATING SIGNIFICANT VALUES
FOR THE WEIGET OF THE POLYASTER/COTTON FABRIC

Source DF Mean Sguare F=Value
T 8 022 To19%
Rx T 16 003

T = Treatment
R = Replication

#,05 level of significence
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APPENDIX H

ANALYSIS OF VARLANCE INDICATING SIGNIFICANT VALUES
FOR THE WARP TEAR STRENGTH OF THE
POLYESTER/COTTON FABRIC

Source DE Mean Square F-Value

- 1 8,222,222
T 8 689,726.852 10, Thise
Sx T - 32 29961@865 |
Brror a 16 16,928,241 L. B63%
Brror b 108 3,482,481 “
S = Sample
T = Treatment

#,05 level of significence
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APPENDIX T

ANALYSIS OF VARIANCE INDICATING SIGNIFICANT VALUES
FOR THE PILLING TEAR STRENGTH OF THE
POLYESTER/COTTON FABRIC

Sonrce DE Meaﬁ Square FQValue

S L 1,185,185

T 8 287,666,666 17.73%

Sx T 32 1,237.268

Error & 16 16,222,222 12, 70%

Error b 108 L,277-777 \
e e

S = Sample
‘ T = Treatment

#,05 level of significance
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APPENDIX T

ANALYSIS OF VARIANCE INDICATING SIGNIFICANT VALUES
FOR THE WARP WRINKLE RECOVERY OF THE
POLYBESTER/COTTON FABRIC

Source DR Mean Sq@are F-Value
S 1 548.080 169, 71%
T - 8 62,651 1.9
Sx T 8 - 20.520 . .06
BError a 3 32,295 T.6T7%
H ' 1 1,756,541 L117.23%
Hx S 1 bo6l6 1,10
HxT 8 6,974 - 1.66
Hx SxT 8 1.053 .03
Error b 36 L. 210 |
S = Side

T = Treatment -

H = Time

#.05 level of significance
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ANALYSIS OF VARTANCE INDICATING SIGNIFICANT VALUES

APPENDIX K

FOR THE FILLING WRINKLE RECOVERY OF

THE POLYESTER/COTTON FABRIC

F=Value

Source DF Mean $quére

s 1 310,934 8., 60%
iy ' uéeasg 1.28
Sx T 8 11.070 931
Error a 3l 36,168 12,1k
H 1 1,621,986 LS. 30%
Hx 8 1 296 .10
Hx T 8 5,000 1.68
Hx S xT 8 1.032 .35
Hrror b 36 2,980

S = 3ide

T = Treatmént

ﬁ = Time

#,05 level of significance’
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