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INTRODUCTION

Knowledge of the physical and chemical characteristics and per-
formance-in-use of fabrics identical in construction but ifferent in
fiber content is important as a basis for evaluating the performance of
the materials for houschold textiles. Several studies have been
reported in which certain physical properties of cotton and raven
fabrics have been compared ; for the most part, however, these fabrics
came from the retail market, and little is known about the details of
man.facture or about the kind of fiber that w-s used.

Reported here are the results of physical, chemical, and MICEOSCOPIC
tests on sheetings made entirely or’in part from rayen staple aml

! Bubmitted for publication May 6, 1954,

2 Avknowledlgment is made of fthe work of Bess V. Morrison (deceased) in
planping and initiating vhe study; appreciation is expressed to CGeorge 8. Whan,
Jr., termerly textile technologist of the Burean of Human Nutrition and Hotme
Econemics, for supervision of fabric manufactyre; to lda Adelaide Anders,
University cof Tennessee, and Alpha . Latzke, Tuansas State College, for agsistance
in planning and making arrangements ror the serviceability phase of the project
at their respective institutions; to Sarah T, Brier and Jeanne W, Beaty, and to
Florence F.. Markee and Alice T. West for assistance it carrying ont in-service
studies at the University of Teuneisee and Wansas State Cullege, respectively;
to Paul G. Homeyer snd Mary .t Clem, Statisrical Laboratory, lowa State
College, for assistance in. planning the tabulations and analyses, and in planning
and supervising the_coding, tabulatious, aud computations of the data, respec-
tively; to Rowena Dowlen for supervision of laboratory analyses; and {o the
many techniciang who assisted in the study,
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from cotton of known genctic origin. In a preliminary investigation,
7 sheatings composed of all-cotion, all-tayon, or of different biends
of these 2 fibers were evaluated in the Iaboratory and changes duc
to repeated launderings were determined. Based on the results of this
investigation, sheets composed of all-cotton, allrayon, and of a
50-30 blend of cotton and ravon were manufactured and placed in
serviee in dormitorics at the University of Tennessce and Kansas
State College. The effiect of actual use on the properties of the sheets
was determined after specified intervals of laundering and wear.

MANUFACTURL OF YARNS AND SHEETINGS

Yarns and sheetings composed enfirely or in part of cotlon and
myon were manufactured by the Textile School of ihe Clemson
Agricultural College, Clemson, 8. C., under conditions as accurately
controlled and as comparable as the existing facilitics and the nature
of the fibers wounld permit.  With only a few minor deviations, the
manufacturing processes paradleled these usel by commercial plants.

An American Upland (Empire Variety} cotton, tvpical of that
normally seleeted by mills for the commercial production of sheetings,
was procured through the cooperation of the Field Crops Research
Braneh, Agricultural Researeh Service, U. 8. Department of Agricul-
ture, Tt was of middling grade, 14-inch staple length, and was grown
from pure seed and uneler isolation by the Georgia Agricultural Experi-
ment Station.  Care was exercised i iis scleclion to insure as great
umformity as possible in leaf, character, foreign matter, prepacation,
color, and staple length. The rayon was 1.5 «denier, hright stapie,
regudar viscose, and consilered suitable for Dlending with the cotton,
The tength of the ravow staple was 14 inches for the prelimmary
invesligntion and 1¥e inches for the serviceability phase of the sty

MaNtrpaerurING SpeciricarTiorns.—3even lots of yarns were spun
for the preliminary investigation and three lots for the serviceability
study. The fiber content of these yams was as follews:

Preliminary investigation: Serviceability stusly:
All-cotion, All-cotfarn.
¥ cotfon--4 rayon. 4 eolton="'4 rayvon,
4% cotlion-3 ravon. All-rivon.
% cotlon=3% ruynn,

5% colton=} rayon,

Y% eolton=% rayorn,
All-rayon,
Specifications for the construetion of yarns and fabries were as
follows:

r
Ttem ‘ Warp \ Filling
i !
Yarn—

T e e e amaeme g Uarded L ¢ Curded.
Numberoooo.. .. L -1 - R ©22%.
Twisl multiplier . ..o ooy FL I L TR I N
I'wist direetion__ . _. /P A

Talsrie COunbo e oo e e e G o Ll G
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Propucriox or Suerrings.—The hules of raw fibers were apened
and scattered on the picker room Hoor where {hey remained for 24
hours for conditioning at room temperatures. Opening was dorne
by passing the rayon 2 times and the cotton 3 times through the
hopper feeder of the breaker picker with the combing rolf sel, very
close. The raw stock swns aowed to drop from the hopper feeder
to the floor after each successive passage. The fibers for the mixed
yarns were blended, sandwich siyle, on the floor of the picker room.
The stoclk was then passed through three-process picking, carding,
two drawings, slubber roving, intermediate roving, and ring spinning.

The organization and speeds of machines emploved for the ¥arn
manufacture were identical for all the yarns except that the licker-in
and the dofler of the card were slowed for stock containing rayon,
Different. drafting roll settings were nccessarily used for the all-
cotton, the 1f-inch staple rayon, and the 1%s-inch staple rayon.
Scitings for the two latter fibors were also used for blends of onelt
of these rayons with cotton.

All warps were slashed with the same thin boiling size mixture which
consisted of waler, cornstarch, and plasticizers, applied ai 208° K.
The temperature of the drying drums ranged from 220° . for the
brst drum to 185° F. for the seventh drwin. The varn was stretehed
approximately 2 percent during slashing.

Weaving was done on automalic looms.  The fabries for the prelimi-
nary investigntion were woven 36 inches wide and those for the serviee-
ability stuily 71 inches wide.

The chemical ireatment given the abries during the finishing
process i1s shown in tables | and 2. The wide fabrics were sewn
together, pulled through pot-cyes, brought 1o open width, dried on
drying cans, tentered, and rolled on a cotton sheet range.  The heat
was considerably reduced on the deving cans and in the tenter frame
housing for the all-riyon fabric.  No sizing was applied to the finished
sheetings and they were not calendered.  The fabries were torn into
108-ineh picces and sewn into sheets with a 3-inch hem at one end
and u L-inch hem at the other end.

EXPERIMENTAL PROCEDURES

Laboratory tests were made on yarns, finished fabrics, and on the
laundered-only sl Taundered-and-used sheetings.,  All sampes were
brougit. to moisture cquilibrium weder standnrd cowlitions of 67
pereent relative humiiity and 70° 1. temperature (£).3

Yanxy Nusser axn Twist.—The yarn number was determined on
a dircet reading yarn mimbering balanee, Ten rendings were taken
for ench set of waap nnul filling yarns from ench of five bobbins.  The
iverage of the 50 determinations wus recorded as the yarn numiber,

f Ttalic nombers in pureniheses refer to Literak)re Clited, . A7,
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A twist-tester of the type described in ASTM D-76-40 (1) was used
to find the amount of twist in the yarns. The average of 50 specimens
taken frem 5 bobbins of varn was regarded as the number of turns
per inch.

TasLe 1.—Chemical treatment given. the T narrow sheelings in the process

of finishing
Fabric and Reagent Tempuorature Time
operation ! 220 mperaiiu Tim
All fabries: o .
Desizing_ . ______ Starch-digesting-enzyme______ {gf:g)hﬁgi)aﬁi '{i}g 1!:1::;;‘]:“
Rinsing_ ... .._. Water______ .. 180" Fo_____ 30 minutes,
Ali-cotton febrie: '
Scouring_ .. ..___ Hoda ash and a sodiom sul- | Boiling..____
fonate of an alkyl oleato. i
Rinsing. . ..__.__ o Watero___ . ______ [ do . . _ L 30 minutes,
Seouring_ .. ... 1 pezicent; sotution sulphuric § 60° ¥_oo_____ ' 10 minutes.
acid. i
Bleaching . ____._ 1 pereent solution 100-voiume { 175°~180° I"‘_!; 34 hours,
hydragen peroxide pius so- ;
dium = siticate and  triso- I |
diumn phosphate pH 9-10. ! j
Rinsing_ .. _ ... Water. ... » Boiling__. _. . 30 minutes.
Cotion-rayon fab- ‘; :
_ ries: i
Scouring_ . ..._.. 5 percent solution frisodium [__._. doo.. ... 1 hour.
phosphiate and 4 percent |
solubion sodium Izmr\} aul- |
: phate. :
Rinsingo oo ___ Y Water el 180T P___ ... 30 minytes.
Rieaching . _____ ' 1 pereent solution 100-volume | 175°-180° F_! 544 hours.
hydrogen peroxide plus so-
dium siticate and trisodium
phosphate pH 8-10.
Rinsing_______._ Water ... 180° oo ... 30 minntes,
All-rayon fabric:
Seouring______.. 3 percent solution irisodium | Boiling_ ____. 1 hour.
phosphate and ¥ pereent
solukion sodimn lauryl sul-
i phaic.
Rinsing. . _.._._. PWaber L eiaiaaao.- I80° F_____. 30 minutes.
Bleaching___.._. 1 W pereentsolution 100-volume | 175°-180° F_i 45 minutes,
hydrogen peroxide plus so-
drumn silieate and trisodinm
phosphate pil 8-10.
Rinsing .. .___.. Water.___ .. _____ D 11 (O 36 minutes.
i

" All fabries were desized, scoured, and bleached in a laboratory dye tub.
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Tasur 2.—Chemical treatment given the 3 wide sheetings in the process

of finishing

Fabric and
operation

Reagent !

Equipiment
used

Temperature

OF pressure Time

All fabries:
Singeing
Desizing
Rinsing

All-cotton fabrie:
Scouring

Rinsing_________
Bleaching

Rinsing___._____
Cotton-rayon fal-
ries:
Scouring ... ___

Rinsing
Bleaching

Ringing
Ali-rayun fabrie:
Seouring

Rinsing________.
Bieaching

Rinsing_ ________

3.8 pereent sodium  hy-
droxide, 0.5 pereent
sodium  silicate, 2.75
percent synthetic de-
tergents and soaps.

Water___________ ___._

2 pereent 130-voinme hy-
drogen peroxide and 3
pereent sodium silicate.

Water

1.75 percent, telrasodimmn
pyraphosphats, .34
poreent synthelie de-
tergents and zoaps.

Water____. . __._...__..

Same as the all-colton
fabrie,

Waler

Solgtion of sodinm car-
bonate, soup, and syn-
thetic detergent.

Watero.______ .. ___ ...

Bolulion of hydrogen per-
oxide, sodium siitcate,
and svnthetic  detor-
gont,

Water

! Pereentagoes are based on th

e weight of the cloth.

Houwrs
Gas singer,
Pad.
Coutinuous
washer,

I ] Kier.

|| Dye beck.

Do,
Do,

Breaxixe Stresern axp Evosearion—The breaking strength of
the yarn was determined by the single-strand method on an ineline-
plane serigraph-type muchme in accordance with ASTM Mothod

D-180-52T (7).

The clongation

The mean of 50 determinations was taken as Lhe
strength of the yarn,

of the yarn, automatically

recorded rt the instant of yarn break, was reported in pereent,
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Raveled-strip breaking strengths of the fabrics, both wet and dry,
and elongation were measured in accordance with procedures outlined
in ASTM D-39-45 (7). The mean of 20 values was regarded as the
Lreaking strength of the fabric. The clongations of the 20 strips at
instant of fabric break were averaged, the percent caleulated and
reported.

Count sxp WeiGHT.—The number of yarns in 1 inch of fabric
was counted with a micrometer counter on alternate warp and filling
breaking strength strips after they were prepared for testing. The
average of five readings was reported as the count.

To determine the weight of the shectings, five 2-inch square speci-
mens were cut with a die dingonally across the sampling arca.  The
samples were then weighed on a torsion balance calibrated to read
in ounces per square yard.

Dimensioxat Caaxee—For the laundered-only sheetings, dimen-
sional changes were determined by mensuring three 18-inch distances
which had been marked on the fahric in both warp and filling diree-
tions. For the lanndered-and-used sheets, three measurements weer
made across the entire length and width of the sheets.

ABnrasiox.—Resistance Lo abrasion was determined in aceordance
with the rotary platform double head method deseribed in ASTN
D-1175-51T (f). C8-8 ealibrase wheels were used with each wheel
exerting a pressure of 230 grams.  Sufficient 6-inch squares for cach
testing interval were cui from each fabric and then randomized.
Samples were abraded a predetertined number of eyeles from 500
o 3,500 in steps of 500. The ling formed during abrasion was re-
moved with a soft brush. At the end of 1,000 exveles the wheels were
refaced by running 25 exeles on carhurandum paper,

From each specimen 2 warpwise and 2 fillingwise strips were cug
Y inches wide, raveled to 1 inch in width and broken on a Suter
pendulum-type breaking strength machine having a l-inch gage
length aml a capacity of 0 to 100 pounds, The average of L0 read-
ings was regarded as the breaking strength of the fabric. The re-
duction in strength expressed ns percent loss versus eyeles of abrasion
was taken as the measure of the extent of damage.

Frumry 1y Crpuassoxiuy Hynroxipe.—Fluidity  (reciproeal
viscosity) measurements in cuprammonium hydroxide solution were
maude according 1o the ASTM Method D-5339-51T (1), with the fol-
lowing changes: 80-mesh copper gauze was used instead. of powdered
copper in making up ihe sallntion and the samples were dissolved in
mixing vials similar to those used by Mease (5), then transferred to
the viscometers for measurement, The weight of samples used for
the viscosity determinations was calenlnted to give the following
solutions for the various sheetings:  All-cotton, 0.50 percent; ¥ cot-
ton, 0.75 percent; % cotton, 1.00 percent; ¥ cotbon, 1.25 pereent; %
cotbon, 1.50 pereent; ¥ cotton, 175 pereent; amd all-rayon, 2.00
percent.

Viscosrry oF CELLuLoss NItrats 18 Burvn Ackrate—Viscosity
mensurements of cellulose nitrate in butyl acetate were maile accord-
ing to the method of Hessler, Merola, sl Berkley (4). Samples of
the sheetings were nitrated for one-half hiour at room temperature
with & mixture of 56 pereent HNQs, 39 percent HsPPOy, and 5 pereent
P.O,, using o 1:100 ratio of fiher Lo niteating mixture, ’.['lho vis-
cositics were determined at 25° €, in Cannon-Fenske pipeties, which
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had been previousty calibrated with standard viscosity eils supplied
by the National Bureav of Standards,  Dilferent size pipeties were
used, ranging from & No. 200 for all-cotton Lo No, 50 for ail-rayon.
A O.f-percent concentration of collulose nitrate was used in all cases.
The degree of polvmerization (D). 1) of each sample was caleulated
from the viscosity of {h( corresponding cellulose nitrate with the
formulas (9)=2.3 log #. (1-+0.5 ¢) and 1. P =270 (n) us reported
by Hessler and others.

Microscorie Strny or dmmexk Dasaser—In the microscopic
study of fiber damage in the sheets, the all-ravon varns were siained
by immersing for 1 hour in & I-percent solution of Brilliant Benzo
Blue 6BA Exira (Gmml‘\} Dvesiuft) at room temperature, washing
to remove excess dye, then immersing in s l-pereent solution of
Chiorantine Fast Red 5B (CIBA) for 1 hour at the same (empers-
ture, washing, argl deving, By this method (he damaged areas were
se](‘cti\'ei}' stained a dark blue while the undamaged nress were red-
dish pmple. Sinee the colton fibers were not dyed aatisfactonly by
this method, the al-colton and the blended varns were stained by
boiling for 10 minutes it & i-pereent solution of Brilliant Benzo Blue
6BA Bxira.

Stained varns approximaicly one-hall inch long woere cavefully
split intla their component fhers and mounied on o slide m & 50-50
mixture of glveerie and water,  Classifieation of dumage as {ow,
medium, or lneh was made aceording Lo eriteria sel up after examin-
ing a large number of slides contanung (vpieal damaged fibers. Far
eich slide the number of damaged areas o the 3 classifications was
counted along suceessive horizontal lines 2 mm. apart as measured
hy flie vertical seale of the mechanieal siage. Five slides were made
from ecach sumple and cach shide was examined tndependently by
two observers.

PROPERTIES OF YARXNS AND FINISUED SHEERETINGS
Yaurns axp Guay Goobs

Laboratore analvsis of the varm and eray cloth showed that the
twist ane varn ;tuml)u of the varns, as well as the fiber content and
number of viens per inch of the grayv fabries, were within normal mang-
facturing tolerinees of the speefieations,

The dey hreaking strengths of the all-coiton and the all-ravog varns
were higher than the Dlends, and that of the all-cotion was greater
than the all-eavon, These findings ave i aceord with a report on a
stitdy of staple lengili ol biend of varns in which Ashion (2 stated
that “several blended yarns Fawe lower strengths than either the pare
cottowor pure ravon varns.”  No definite trend was apparent helween
Lreaking strength and fiber content of the blended varns.

The all-ra von yvirns elongated the most and the all-cotton the least.
For the blendds, clongation ineroased as the avor content of the yvarns
was raised. The mos raphl increase oeenrred in the VIS contnning
meore than 50 pereent rayoun,

I general the resielts of mensurements of dey breaking sirengih and
elongation on the vreav fabrics paralicled those feund for the varns,
Vidues oblained for the cuprangnonnun fhindity aud eellulose sitente
viscosity showed that there had heen ne appreciable chemical degrada-
tion during the manufactore of the gray fabres,

3054642 50
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FINISHED SHEETINGS

The results of some physical and chemical measurements on the
finished fabrics are shown in table 3. As in the varns, the all-cotton
sheeting had the highest breaking strength, followeid by the all-reyon
and the blends.  As expected, the wet breaking strengths decreased
with increasing rayon content. The all-ruyon fabrie showed the great-
est, clongation (both wet and dry), but the all-cotton had a greater
clongaiion than most of the blended fabrics. The elongation of the
blends was much closer to the all-cotton than to the all-rayon fabrie.

Resistance 1o abrasion was determined only for the sheetings used in
the preliminary investigntion.  Analysis of variance (table 4) shows
that the seven sheetings differed signifieantty in breaking strength
when abrasion was applicd.  Cyeles of abrasion affeeted the hreaking
strength of the fabries to a greader degree than type of fabric. Between
0 and 300 cveles of abrasion, the all-rayon shecting showed o much
greater loss in warp breaking strength than the cotton or the blends.
Thercafter, the rate of decrense in warp breaking strength of the seven
sheetings did not differ significantly (fig. 1), The variation in the effect
of abrasion on the filling breaking strength of Tabrics was greater than
the variation in its effect on ther warp hreaking strength,
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TaBiLE 3.~Some physical and chemical properties of the finished sheetings
iy proj ¢

]

{ Breaking strength Elongation
Weight : Yarns per inch | Degg;'ee
Fabric :({jﬁ{rp ! | Dry Wet Dry Wet Fluidity| poly-
Tvard | i meri-
vard ; zation

: 1 ! '
I Warp } Filling | Warp i.l"illing Warp | Filling | Warp | Filling | Warp | Filling
; ! ]

PRELIMINARY INVESTIGATION

i Ounces { ! Pounds I’oun(}ls Pounds] Pounds] Percent] Percent] Percent] Percend)
Al-eotton ... ... .. 4. 6 ) 37. 4 63. 5 53. 6.4 9. 10. 2 ¥
% cotton—¢ rayon. .. . 3¢ ' i 34. 3 304 ] 40.6 | 38, 4 5. 5. .2
% cotion—2 rayon___ . 4, 33.°6 41 38, 29, ¢ .1 6. 3 . 4
3% cotton—3; ravon 4, | 33. 3 26, : 21. 3. 6. 4 .0
3¢ cotton—42 ravon.. __ .. ... 4, 2 i 30, At 19. 8 15: 5. 8. .3
g cotton—3 ravon___ . .. : 5 ; 27. 9.1 8 6. 3. 6 8. 5.1
Alerayon.. ... ... 4. G 40. | 1 18, 11. 8 15. 19. ¢ 14.9

SERVICEABILITY

SIATHS d0 ALITIEVEADIAHYS

All-cotton 4, 55, .2 61, 5
Y5 cotton—'4 rayon 4. 4 7. o 37.9
All-ravon 4.9 59. 2.3 30, 4
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TasLs 4 —dnalysis of variance of the changes in breaking strengths of
sheoting Jabrics after 7 m;cleg of abrasion, 500 to 3,500

i
Mean sguare

Degrees of
frecdom

Bouree of variation

| Warp

Flllmp;

]

Cycles of abrasion 615,200, TA* (, 106, 10**
Interaction t 3 20. 04 54. NB**
441 21,87 18 31

|
{
Fabries . o e e 6 1,955 14%* 1 , 104, (ig**

! Tnieraction of fabrics iimes eyveles of abrasion.
** Qienificant at. P= 01,

The degrees of polymerization of the fabrics, ealeulated from cellu-
lose nitrate viscosity measuremenis, decreased consistendly with in-
creasing ravon contenf. The fluidiby values (Lid ool show a regular
therease since a differeat concentration of cellulose was used in
determining the fluidity of each blend.

PRELIMINARY INVESTICATION

In the preliminary investigation the shectings were laundered
75 times. ‘The customary commercinl procedure for lnundering lightly
soiled white goods was used, omitting the bleach and sour. The effect
of laundering was evaluatel by measuring eevtain physical and
chemiceal propertivs of the fabries after specified Laundry intervals.

DimessioNarl, CHange, Coust, axnp WEIGHT

The pereent dimensional change, eount, amd weight of the seven
fubrics after repeated Inunderings ave shown in tables 5to 7. As s
evident from Lhese tables, inundering resulied in shrinkage in both
warp and filling direetions with a eorresponding inerease m count and
in weight,  The greatest changes it these properties took plice within
the first: five latutlerings, with the all-rnyon showing the most and the
apl-cotton the least. change.  The all-rayon was the only labric to
show a trend fowards inereased shrinkage, eount, and weight, through-
out the entire test pertod,  The fabrics containing 3 or more cotton
were Tairly well stabilized afier 10 to 20 Iaunderings.
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TaBLe 5.—Percent shrinkage with repeated laundering of sheetings composed of cotton, rayon, and blends of cotton and rayon

Warp shrinkage after specified number of | Filling shrinkage after specified number of
launderings launderings
Fabrie
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TABLE 6.—Number of yarns per inch of sheetings composed of cotton, rayon, and blends of cotton and rayon.
with repeated laundering ,

Warp, number of yarns per inch after specified | Filling, number of yarns per inch after specified
number of launderings number of launderings

Fabric

20 75

All-cotton

5 cotton—1§ rayon
4 cotton—% rayon
% cotton—3% rayon
24 cotton—3% rayon
% cotton=3% rayon
All-rayon

FYALINOIMOV J0 "IdHQ 'S "A ‘S011 NIL@TING TVOINHOAL ZI
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Tarng 7.—Weight per square yard of sheetings composed of cotlon,
rayon, and blends of cotton and rayon with repeated loundering

Number of times laundered

! 20 30 35 45 75

3

Ounces {runces | Qunces | Ounces » Ounces | Ounces
7] 4, 5

Atl-cotton

% cotton~-3 rayon. ..
4 cotton-3§ rayon.__._
% cotton~3 rayon___.
% cotton—% rayon____
¥ cotton—5% rayon.. ..
AH-rayon

4.6
4.4

1 e e

L O 0 o O e
G LR S L1 e O
Lol =Rl g =t =]
~ LWL O LG

Breakixe StrRENGTH AND LLoNnecaTiON

The breaking strength and elongation of the sheetings after launder-
ing are given in table 8. As would be expected from the data on
dimensional change, the breaking strength and elongation, dry and
wet, increased in both warp and filling directions during the first five
launderings. From 5 to 75 launderings, the fabrics containing less
then % cotton showed a decrease in wet and dry breaking strength
i both directions. The fabrics with a higher cotton content, how-
gver, showed little or no decrease except in the wet breaking strength
in the filling direetton. Thus, fabrics containing % and % cotton
showed lttle advantage over the % cotton—% rayon blend in the
retention of strength during repeated laundering. Decreasing the
cotton content below ¥, however, resulted in a greater loss in fabric
strength on laundering. There was little change in clongation in any
of the fabrics.

The analysis of varianee of the breaking strength data for the seven
types of sheetings shows that fabric content is a highly significant
factor (table 9), Number of launderings, the second source of vari-
ation, i1s significant in the breaking strength of the dry fabrie but
not in the wet.  Also, the differences among the fabrics changed as
the number of washings increased, as indicated by the significant
interactions,
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TaBLE 8.—Breaking strength and elongation of sheetings composed of
colton, rayon, and blends of cotton. and rayon with repeated laundering !

Breakiny sirength Elongaiion

Times
lanndered Dry Wed Dry

Wet,
{(number}

I

3

!
[ i ‘ '

Warp ! Filling | Warp } Filling | Warp Fi]lingt Warp ! Tilling
| H : H

A-eotton fabric

Pawnds Paunds?f—’ou n.n's;Pou-ra.dsl Pereent Pvrt:cntj Pcrc(‘nt‘; Percent
oAl % 48 okl 60T 5 14 L1833 7
47.8 . 536 . 48 ] i 14. 6

i

NN T

123 17
17.
18.
1.
13.
14,

3050 426 516 16. &
..1«m01 622 | 15. 4
: 4+3| 51.8 14, 8 |

i Tsﬂ;i 13.3 |
t i !

AT, 6.1}

10.
12,

10.

51, ¢
ol
44,
43

[T =R EH

13. 9
40,0 |

TSRO ]

=

|
3¢ i. 1l
f

i cotton—'{ ravon fabric

420 8.6 146
38, 1 136
A4y et 170l
IR 6 Q6 151

001 12,3 17
Mo 92 14
34, JL.ili

WA ;LMD

i
1
i

e colion-2% ravon fabric

T 1 I
KV I 1]
3520 13
5.8 14,
30.7 ]t
27. 4 : 0.
290i1n

=]

14,
I,
18
18
18

! i

3 PR —

Yo T

L=Er Rv sl ]

0000 O 00 hT G
L N Rl

, rotton-# rayon fabric

14. 5
14, ;
Lv.
17.
17.
12
6.

Beee .. 20 3h4 M
Mo e AL O 338 34
p-7) R < N I A S )
i o338 a4

30.0 31

2591 33

28 5% 38

NS =R T —
s

1D L 1D B 1D b2
=
(R i AT

e e
=8 N R BN B R
[N N PO U]

=}
e .

Sew foutnnbe at end of table,
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TABLE 8.—Breaking strength and elongation of sheefings composed of
cotton, rayon, and blends of cotton and rayon with repeated lawunder-
tng '—Continued

Breaking strength Elongation

Times !
laundered Dry Wet Dry

: Wei
{number) . . . !

" Warp . Filling *~ Warp _!?iliing:; Warp  Fiiling . Warp E-'Filling

s catiun 'y ravon fubric

Pownds Pounds Pounds Pounds Percent Pereant Pereont) Pereent
381 31 25,7 . 238 13. 3 122 ° 1
I 3L 28. 25.4) P4 I8, ¢ 14
381 3l 37. 244 is, 1313 15,
374 24 27 A3 4 18 14,
33 4 3 209 it 3.7

12
i3

R TS

——

25,
37. 8 28, 2L 4 16
33 8 27

24,
a3

—T ] (T A B ke
LR )
i I ol e

16 4 I8 &

H

& COtEgn -5 ravon fabrie

10,
12,
12,
),
12,
Lt
11

135,
b,
Fa.
14
L
13,
12,

b e O 2210 S

All-rayon fubric

BT
Al -
29. 0
249,

24,

23. 4
26. 0

17,2
0.6
22,

[RI A
208 4
18, 6
23,

F
frp 3y B I SRR

p

00 b L b G gt
=

mrREnEm

DD =
I e

= LD —

hali il
LI~

1 ob=orvations,

RO 55
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TanLe 9.—Analysis of variance of the breaking strength of the laundered
sheetinge !

Alean square
Derecs e o o
Source of varialion of Diry
frecdom

Warp Filtuig Warp Fitling

Fabricsa. ... _. . G T, 120 08%F 7,084 T2EF 30, 05, 30+ 25, TH2, (M**
Lannderings_ . . b 315, 40% 93, g23* 9. 46 218 48
Tnieraction 2., _. .. ; AL i A, Gi3*E GS. -1 1*# 114 Bo**
Lxperimnentad errov. . 88 1), Ga 12,52 9. 43 (AR

| Theterminations of Lreaking strengih were mnede at intervals of 4 laonnderings
2 Inioraetion of nbrics tmes lnnnderings,

*Hignifcany at P={.

*Srnificant st P=.01

Chnemican Dasace

The cuprammonium Huidities aad degrees of pulymerization (13, 7))
are show in table 10, As is evident from this iable, 75 lasinderings
caused very litde chomical degradation in any of the fabries. The
Inundry method nsed, owever, was milder than the usunl commereid
white wash, sinee no bleach or soir was added.




TaBLE 10.—Fluidity and degree of polymerizatior of sheetings composed of evtton, rayon, and blends of cotton. and rayon.
with repeated lawndering

g e " . Degree of polymerization after specified
1ol s affter sbecifiod . i . g1 ; alymerizatic fte 2
luidity after specitied nuniber of launderings number of launderings

Fabric

. M‘_-,,,.f_. e e e e i
Ho 1o« 25 35 0 45 Ta b 10 3 35

fRhes Rhes Rhes Rhes
5. 49 5.22 1 576 5. 98

Rhes - Rhes
H, 46 6. 03 6270 6270 6030 6400
4, 86 5. 32 ¢ 4400 4490 4480 4520
3. 63 ; 3.9 3800 3910 3770 3720

All-cotton_... ..~ S
Y6 cotton—-14 ravon. .. - . 5. 02 5. 87 1 b 13 4. 81
4% cotvon-% rayon__. . . - - 3.72 50 } 3. 51 3. 51

4. 52 513 2120 2090 2260 2240
R 76 .73 1320 1280 1250 1300
61 . 82 90 890 900 920

2% cotion—4 ravon . A7 320 475 . 38
15 cotton-5% rayon.__ . ol 872 8. 77 8 92 8. 65
All-rayon. oo . L. 10. 647 10,73 10. 84 10. 72

A !
5 351 |

% cotton-3% rayon.. .. .. 3. 56 354 1 3,92 3. 86 ] 3.79 3. 92 3120 3010 2960 3120
4 4, 4 i

XLFTIIVIOIAYAS

SLUTHS Jd0
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SERVICEABILITY STUDY

Ou the basis of results of the preliminary investigation, the 50-50
mixture of cotton armd ravon was chosen as « ropresentative blend for
further evaluation. Sheets made of all-cotion, all-rayon, and the
5050 blend were manufactured o sofficient quantity for in-serviee
evaluation.  All of the sheets of exch type were made from the same
for of vard goods.  Approximalely 30 finished sheets of erelt tvpe were
pul in service al the Universtty of Tennessee and # similar number at.
K ansas State College,

Af Tennessee the sheefs were used ina men’s dormitory and were
distrihuted toa different group cach guarter. At Wansas the sheels
were used in g women's dormitory and were distributed Lo a different
group ench semesier.  Two sheets wore used per bed for 1 week bhefore
omndering,  The wide hotn was alwavs placed st the head of the hed.
Tha sheets were distriboted s random, no effort heing made o keep
tvpes of sheets paived or fo record their use a8 the top or bottom sheet,
Ii was sssumed that over o long pertod. the siteers would he used an
equal numiber of times i cach position, and that wesr wontld be uni-
form st any testing period. Az controls. nnused sheets of each type
were Inusdered with the p2eil sheets.

Loundering was done comnmereinlly By ohie method conmmondy used
for lichtly soiled white goods.  Thnrensional changes were measured
on 7 controls (sundered ondv) wnd on 1 nundered-and-used sheeis
of ench 1ype.

Ove ondeved-only and owe lanndered-and-used sheets of cach type
were withdrawn for semphng alier 50 200 20, and 35 Taunderings at
both schools amd, i addinion, afier 40 and 45 Inunderings ot Kansas,

Sinee dimensional change within the first 5 fnunderings was so
minrked, as determined in the preliminney stady, statistiead apalvses
were made onall data Trom sheets lagudered only or leondered ad
uzed 5 Himes, amd ot the intervals specified theres{ier,

The =hects were sampled i foor avons numbered diggonally from the
lenwer left Lo the upper vight corner thy, 23, Areas 2 aned 3 included
that portion of the sheet which (YBren and Steele {6) stated were
mosl probabiby oceupied by ihe hody,  Aveas 1 oand 4 nelude il
section of the sheet near the eelge of the bed, and the tuck-in under the
it ress.

In cneh of the § areas, 5 warpwise and fillingwise hreaking strength
deteriinations were made and the avernge of the 20 determinadions
recorded as the strength of the sheet. The number of varns por ineh
was talcen on 2 sizips frome each aror aned the sverage of 8§ deleriing-
tions reported us the connt, The weight was taken ot 5 places diag-
chally geross the entive sheet, Two determingtions were made
each of the 4 arcas for fhidity in caprammoniom hydroxide and 4
determinations for cellujose nitraie viscosity,

AL the same time that sheels were sent 1o Tetinessee and Kansas for
use, five finished sheets of vk tape were withdeawn and tested in 1he
Inharatories &t Beltsville to determine the phvstes] and chemieal ehar-
acteristies of the new fabries.  The properties of the finished sheets
were sintlar Lo the properties of sheets of the same composition tested
ins the prelirmnary investyzition {fal le 3).
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Figure 2, -Smmpiing diagram for sheets,
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hyessiosan Cuascr. Coust, axn WEIGHT

The analy~es of varignee of the dain for dimensional change, count,
and weight are shown in tables 11 10 14, Te s evideni Trom these
tables thal Jifferences snong the 3 fubrics were significant at the -
pereent level and ihat these differences were mueh grealer than those
due Lo washing or to differences between the 2 seliools in which the
sheeis were (egied,

The dimensional changes in the sheets faundered cml\' and those
laundered and used at the University of T ennessee and Kansas Stale
College after 5 through 35 washings. are given in fable 15 All sheets
shonwed a Jarge warpwise shrinkage and a smaller siveteh in the filling
direction, with the greatest part of 1he change taking place during th
firsal 5 launderings, I ithe sheets thai were laundered only 5 Gines
the all-ravon showed a warpwise shrinkage of 18,0, the blend 12.0, and
the cotton 7.8 pereent, while inthie fifling direciion. all fabyries stretehed
aboui 4 percent.  After 35 launderings, the warp shrinkage had in-
creased 10 21.9, 154, and 9.6 percend. los]}-(ll\'(l\' Little difference
was found between dimenstonal changes in the sheets laundered only
ad those laundered ard used.

Tanne 1—dnalysis of vavianee of dimensionel chenge o warp aand
Silling directions of sheets lavndered only

Alean sghiare
Degroes Crn S
Souree of variation of

frecdom o Filing

Tirention: (L) . 0. 2 REIRE
Types of sheer (71 3, 504, 83%F 204, 8
W d-hlng- Wy . it 7
.. . o . p 22, 17 T
A oo .. - 16,

Lrw .

Sheets of snane l\pn within lovations, oxperi-
menial error

Sheots of same i ype within locations x was hings

Arcas wilhin shevis

Temninder .

Totul

¥RZjgnificant au P= .01,
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Tasre 12.—Analysis of rartance of dimensional change in warp and
Silling divections of sheets, laundered and used

Degroes Mean square

Souree of varianbion of Tree-
com

Warp Filling

Locattons (LY ... ... .. ... .. .. .. .. . 332 08+ | ng. {5+
Tvpes of sheet (1YL o o . ... 6, 096, J1** 231, (2%**
Washings (Wy__. . __ e e T 24%% [ D g
L L. e : 07, 93** § 34, 50**
29, 38%F 1 7406
e e e e o 1 31# 1. 62* -
L 13 38* « 1. 82
Sheets of the same type within loeations (error a) - o 61 0 688
Sheets of the same 1ype within locations x wash- ' i
iMgsEL Ll L Ll o 1. -kl .
Areas (Moo L0 oL L 2 1. Gy A 8 **
R . . 21FF - 12 Y0
i 5 ' L TO*
AL Lo L e e - L0868 o 155
ALW_ A . 3 I IR
ATW. L L 3 .05 . 82
ALTW_ .- . e 3 . DG AT
A x sheets of the same rype within locations
terror b .. L. L L L L - . 18 e
(Aréas x sheets of the same 1vpe within loeations)
Swashings_ 0 00 o0 0 3306 . .20

Towat, . . Lo e 714 . B,
*Fignificant a1 Pa= 03,
**Bigniticant al P=.0t.
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TABLE 13.—Analysis of tariance of count of sheels laundered and used
and sheels laundered only

Mean =quare

Degrees

Souree of vagiation of free-  Lanndered and used  Laundered only
iz

Filling Warp Fitling

3
I
|
i
1
i
i

. 46 120, 31%* 14, 92 13. 54
THFE 2 Q08 ik 654, 18+ |, G0 SH**
8% 30 45** T2 30. 16
93 28, 25%* I8 13. 00
22%x 23, 40+ fi4 T4
TE** 3. 173 . a7
08 17
26 e
L2 Rl 3w . .2
GiE= . 4. - k2
2 207 .0
| 3%* .6 .5 L
UE P LT3 s
, F2** .8 . .82
AT . o L0
80 . 3. *h 18
.89 S R

Locations (L) .
Typesr of sheets (1. . ..
}Vs_\shings {(Wi__ ..

[ =3 ]
S =2 riw

R b —

T

i

Areas (A). (..
A*I.J-'q'-‘ .- e

el Fe S Y F LT

[
Ol G DT

i

2

Total. ..

I Uzed sz estimale of error a.
? Tzed az esiimate of crror I
*Sé;uiﬁl:ant at P= 03,
**Eignificant ay P=.01.

The warp shrinkage and filling streteh arve reflected by a decrense
in the warp count and an increase in filling count for all fabrics (table
16}. Most of the change occurred during the first five launderings,
the atl-rayon showing the greatest and the all-cotion the least change.
There was little difference in count beiween the laundered-only and
the laundered-and-used sheots.

During the first 5 luunderings, the rayon showed an increase in
weight of 0.7 ounee per square vard, ihe blend 0.3, and the cotton 0.1.
Between 5 and 35 launderings, there was a slight decrease in weight
in tlee fabrices (labie 175, The laundered-ntud-used rayon and cotton-
rayen sheets were somewhat lighier than the sheets laundered only.
This indicates chinge due to wenr as well as to laundermg. These
differences in weight. however, were very small.
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TaBLE 14.—Analysis of variance of weight of sheets laundered and used
und sheets laundered only

: . Mean squ
| Degrees ean square

of
free-
domn

Sauree of variation _ i
Laundered ! Laundered
and uysed | only

Locations (L)
Tyvpe of sheet (1)
Washings (W) _.__
TL .

0. 860*= 2. 340%#
20. B40%* - 20, D15**
L 610** 0, 220+
.05 . D40*
. 058 .01t
. TEO** . D8J*~
. 0635
.35
L 243x¥
. 023
. 025
020
. 007
. 026
’ . 1]
ALTW . L ;. 023
Sheeis treaied alike x arcas (error by, ... . L2

L]
T L0 LS e T R O R G b

Tatal (laundered and nsed) . .
Total (Jlaundered onlv)_____ .. .

["sed as estimate of error a.
["ser as estimate of error b,
*Signiticant at P=.03.
**Significant at P=.01,

1
z

The differences in weight of the 4 areas within the lnundered-aned-
used sheels were significant av the J-percent level (table 143, The
arcas receving the most body wear would he expected to hecome
lighter in weighi.  According io the results of a study by O'Brien and
Steele (6), areas 2 and 3 should be representative of this type of wear
while area | from the lower left-hand eomer of the sheot shoulid be
lenst influenced by wear.  As shown in table 18, afier 20 [xtunderings,
the all-rayon sheets were found to be lighter in areas 2 and 3 than
area 1. No definite relationship between areas was indies ted by the
cotton-ravon shects, and not nntif 345 liunderings did arex 2 in the
all-cotton sheets differ noticeably from area 1. Differences in count
between areas within the sheets were very snnll—in mosi coses less
than two varns per inch.

205642-—50—-4
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CTanti 15.—Dimensional change of all-cotton, cotton-rayon, and-all-rayon sheets laundered only and sheets laundered and
wsed at Kansas State College and the University of Tennessee

¥C

i

i

Laundered and used : Laundered only

Type of sheet : . E i
and number : Warp, shrinkage Filling, stretch Waip, shrinkage | Filling, stretch
of launderings ! : : :

: Do Tennes- |
LAverage s Kans h -
1 A verag % ansas see !

'

; Kansas

Cpe L Tennes-
cAverage . Nansas | ¢

: LT . Pennes- N i
s06 Average - Kansas | s so0 sverage

|

s b e o 2 S ] SR SN ———

NILITIA] TVOINHOIL

Cotfon: © Percent . Percent . Percent | Percent | Percenl.} Pereend ‘ Percent © Percent i Percent | Percent ¢ Percend | Percent
S YOS e 7.89 838" 1A L 5069 5 65 HGT L T72 97 7. 84 4. 84 5.10 4,97
Moo oo 897 842 .74 1 -5.7L1 . 6,00 - 58 .95 8. 03 7.99 5. 76 5. 38 5. é
20000 930 044 9370  5.68 6.39° 6041 R 88 9. 62 9. 25 5. 93 519 ;
30, ... . . L0062 L85 0 0 9.24 1 6,30 6. 66+ 6.48 - 82 9. 16 | . 04 . 09 5.18
Bdo.c o 96l 928 0 9.7 7.23 61 692 L4l 976 9.58 :  6.38 5. 62
Averages . o 9.08 ! . 89 . L6012 6. 26 6.19 . 56 -9 .74 0 6.00 529
Cotion-rayon: ‘ ! : i | | ‘ |
s SRR : 12,64 12 ! . 02 i, 23 6. 62 .97+ .03 12, ( i, 6.-25
10.. .. cee w1380 12,50 3. ; .48 .19 6. 84 .73 R 12,08 .71 5. 61
20000 e MU .80 14, b 6,38 5.6 0 597 13.70 ¢ 13.9¢ . 84 o 4.58
30 ... oo L C31 13 ! . 09 .46 7. F 13002 . 12,66 9. 6. 02
£ 1 R D © 3.34 . 13 : .99 5. 03 7.01 0 17, i .68 4,97
Average. .. . T4 1291+ 13 : .39 6. 29 6. 84 | 13 . i . X 5,49
Rayon: ; : ; :
3 I 18.36 18 5 14 4. 54 1 D s 18 18. h. 4. 05
BRI ! b, R0 .78 5.79 . 18 8. G5 3.32
£91 341 381 2L 1,82
P PNRS . A L2 P05 18 0 -4.89 5, 0 L . € .26 212
R 1 IR 4. 18.79 . © o A.H0 . 04 4. ! . L 3. . 45
Average. .. ... 2L 18,47  19.89 5. 57 . 31 494 L340 19, 20. 16 5. 94 . 75

‘nO'eoTt

FYNILTAOIUHV J0 Jd0d 8
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Tasue 16.-—Mean number of yarns per inch of all-cotton, cotton-rayon, and all-rayon. sheets laundered only and sheets
laundered and used at Kansas State College and the University of Tennessee

Laundered and-used Laundered only

Type of sheet and
number-of

lnundorings N e e et i e 8 Yot i e st e e . i S i -

Warp Filling Warp Filling

Tennes-
see

Tennes-
se¢

L ennes-
see

i Tennes- |

. Kansas | cno . 1Average | Kansas Average | Kansag Average | Kansas Average

Coiton: FNwmber . Nuwmber t Nwmber | Number o Number | Nimber | Number | Number | Nuwmber | Number | Number | N umber
B : : 70. 0 ! 68,4l 69, 2 66. 9 65. 3 66. 1 69, 70. 69. 6 65. 66.
C69. iR, ¢ 69. 0 67. 4 67. 1 67, 2 68. 8 68, ¢ 68. 66. 67.

6O, 1 38, 4 (8. 7 69. 0 66. 4 67. 7 68. 6 68. 4 68. § 68. 66,

1 i8: 2 68. 5. 67. 67. 67.6 68. 0 67, ¢ 68. 3 68.

i8. 5 68 67. 66, 67. 2 (8. 68. 68, 67.

70.
72
716
70.

Hald (LN

g

b R
=
=23

Average. .
Cotton-rayon:

3 70.
71
7L
71.
71

o

- 70. 69. 71
70. 71.
70. 6 70.
71.

70. 3

Lol SV SVIEN I

~1 a1 =]
el =ttt

o Average. .
Rayon:

) A

SLITHS J0 ALITIGVIDIAYIS

73 6
74.3
75.3 |
74.0
T3

T4 4
76.

5. ¢
76. 4

{3

O WSO
WLEDW HRONOE OXNOD

Sl = e !
LEOBTSIDI BN~ o
S QWW O =~

PN BN ENEN
I T

LR RUIOW koD
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TABLE 17.—Weight per square yard of all-cotton, cotton-rayon, and all-
rayon sheets laundered only and laundered and used at Kansas State
College and the University of Tennessee

|
| Laundered and used Laundered only

Type of sheet and ]
number of launderings

Ten-
nessee

- - Ten-
l Kansas Average | Kansas gﬁ;’“ee ! Average

1
Cotton: . 1 Ounces | Ounces | Ownces | Ounces

! 22 i1 R R
a1 523
06 33
04
128

oy
18
12
16

88

05 99 00 00

Average
Cotton-rayon:

in b o e e e e Q3 6
Fe e e fide e
.

bl ok of ot ot ol o

bt ol ol o
e e e ke

Average__......."
Rayon:

G 91 6 57
Wt O Lir O
T e e
P R T E ) T ]

Qg o
S Qe n

36

Tanue 18 —Mean differences of weight per square yard behween area |
and areas 2, 3, and 4 within sheets after various intervals of laundering
and use

Number of launderings

Type of sheet and comparison of areas -

20 ;. 30

Cotton: . i .
Area 1 vs.: : Ownees | Ounces © Ounces | Ounces
Arer 2__ .. _ ... ... ...._.. . 0 o= =13 —.1
Area 3. il L. T2 =05 =10 — 05
Arem 4o e el . 0 . —. 62 — 04!
Cotion-rayon: ; '
Area 1 vs.

— 07 —22 16
Area 3L . 05 10
—E_ : N

Ares & __ ...
Rayon:

Area 1 vs.: ! )
Area 2 LET .27 .35 .
Ares 3. .. f .25 .38
Aren do e e e em e . o= 12 - 20

.10 .13
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BREAKING STRENGTH

The analyses of variance of the breaking strength of the sheeis are
given in tables 19 and 20. For the laundered-and-used sheets, the
differences in mean breaking strengths hetween locations, types of
sheets, laundry intervals, areas within sheets, and most of the inter-
actions of these factors were significant at the 1-percent level. For
the sheets laundered only, the greatest differences were fotnd between
types of sheets and laundry intervals.

TABLE 19.—Analysis of variance of breaking strength of sheets laundered

Mean square

[ Doegrees | ] :
Source of variation | of free- ! Dry : Wek
 dom

b

Warp - Filling Warp : Filling

Location (L)....___. | 227.84 . G63.51 : 703 62%F 852 hek*
Type of sheets (T)__ . 800, 73%%,1, 072, 92*% 35, 021. 08%*.34, 195, 78**
Washings (W) 3 0L, 570, 92X 1, 531. B2*+ 2 015, A7 2, 182, 82*x
LT S CUR76.72% L 64174 | 56 12¢ 1 206 20%
426, 81 | 668 87 ' 106.31%* 164 T4
306 1 15852 © 50.20% ] 79,33
Ll 5016365 146,25 . 11014, t51.79
Areas (A). .. 3 CBIEE 154G 2.65 479
Al S 3. 605 0 2167 10.7) | 3189
6 2480% 446 ! 3.85 | 6. 35
Aw_ DT 95 615 16 53 717 - 19.86
ALT. . .. . 6 .03 | 12928 832 ; 38 83*
ALW T g1 1600 ¢ 3233 6,59 | 10.87
ATwW T 18 503 0 1725 | 601§ 16,18
ALTW I8 856 ' *25.55 ! IT.06 i t13 26
Sampling error. 384 : 523 01 i 5 41 i 7. 74

Total . .. .. 479
1 17zed as exlimale of error a.
* Used as estimale of error .
Rignificanl, ut P=,03.
**Jgnificant ai 1=.0].
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TaBLE 20.—Analysis of variance of breaking strength of sheets loundered
and used

1 Mean square
1 Degrees
Source of variation I of free-
. dom
!
!

Warp - Filling Warp  Filling

Location {(Ly.____ _
Twpes of sheet (’I)

1

l 305, 67% | 808, 87**! 3 124, 11*% 3, 030, 57**
i

Washings (W)___. .
LT

885, 05*+8, 421. 76**141 803. 69** 35, 378. 03**
3, 006. 63%* 8, 237, 26*%) 1 238, 5%+ 10 Q05. Da**
r.s 380, 32++ 1, 684, 46+*| 1, 223 D6*+ 1, 306, 385+
|I 25t 62%* 1, 606, 10%%, 545, 11#¥ BAG. On*
i 400, 64%%. Ta6, 4l‘l** O7h TH¥* | 235. 8y**

286 TH*  B15 Y4¥+ 23. 28 . B8
Sheets treated alike - : ; i

{error a)n_-_ - ’ 42,31 . 48206 34.39 | a6, 71
:rem {A).

Sl WD~

]

L Rl SRR

.l, 373. 99** 1, 53a. 07** 1, 811 g+ | 1, Bl
i 57, 44% 1 B7. 49 | 28. 14 36. 61
TOD. 409¥* {70, 32%+ 48, iiO"’”‘i 572 25%*
144, 4u** 2249 22**§ 142, Q0**: 5, D2+
O, . 61, 60 : 45, R3** 55, D
9. i 86.92 ¢ th 68 | 38
33 49 5131 © 2828 | 6225
1. 56 IR 12 - 1317 3. 56
':henh tr(.a!,ed alike - :
X areas (error h). . 2. 18 . i 12 82 36,79

*Significant af P=.05.
**Significani at P=.01,

The breaking strengths of the 3 types of sheesis after 5 through 35
washies 2t the 2 Jocations, and after 40 and 45 washes at Kansas, with
and without wear, are shown in tables 21 and 22. The average
breaking strength of beth laundered-only und laundered-and-used
sheets decrensed as the number of launderings inereased but the smount,
of the change varied with the tvpe of sheet and with loeation (fiz. 3).
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Tawue 20— Breaking strength of all-cotton, cotton-rayon, and all-rayon sheets laundered only and sheets laundered and
used- al Kansas State College and the Unjversity of Tennessee

Dry breaking streugih

Laundered and nsed Eaundered- oniy

Type.of sheel and
numher of )
lﬂ\llld(‘l'll\g:’. I s i e s IR . PR . L e g e e el I

; : i ; i
l
i

~Warp IFilling ; Warp ; 'li‘illing

Tennes- Tennips= Tennes- i Tennes-

Ansas - DA veraue VSN roragre L Wansas ' "' 1
Kansag 70 ;'\w"lg' - Kansas qe L AvETREE Kunsui o PAverage . Kansas | e Average

Coiton: Pounds - Pornds - Paunds - Pounds - Pounids Im/uvl,s Pounds . Pounds — Pounds | Pounds P Pounds | -Pornds

‘ F TR 45, 46 36, 36 40,9 a3 31 42,30 47, 47,22 41,22 0 22 00 B GH L A6, 02 48. 84
20 . 38, H Sh 36028 H1AH {1‘ 21 30, 30 1,72 0 39, 58 40,65 . d782 45,18 46..50

30 .. 33,42 24, 4 28. 9 37, 68 20,41 32, 05 40,29 0 32 85 36,07 4579 38. 08 41, 94
35 . 21), P 22001 ), 2 332 2435 20, - 36. 30 1 32, 42 B36 0 39.22 0 35 78 37. 50
Averape 36, 7+ 49, - 33,09 0 4169 32, 62 37. 16 .38 36. hs 3805 06,12 0 41,26 43. 69
« mmn riyon: : !
40, 31 S, 00 0 47,18 45 92 371 A1 A47 40, 72 [ 5, 3 3804 0 A6:85 - 40,38 43. 62
2() 32: 78 35,092 0 33 33, 70 37, 35, 40 35,60 0 30,95 0 37,78 0 3898 43. 12 41 65

30. L ) 30. 54 206,90 0 28 3. 28, 2 20, 74 L7738 10 3304 - 3R 74 38. 50 38. 62
35 ')1. S 7062 2767 20, 19 2 28,24 0 3L30.0 32,3 31. R0 33. 90 34, 62 34: 26
Aveinge . 32, 86 gL 35, (0 32,42 0 83,72 1 35, 60 0 35, 42 35, 5l 39. 62 30,16 39. 39
Rayon: : . :
S . 40,04 34,22 0 47,1 AR T 2000 A5, O 42, HS 3355 0 39,06 5 50, 98 43. 00 46, 99
20... 3208 42,627 3780 43 4 HEEY A8, 80 32,00 0 37.20 0 35 051 39.52 48 88 44,20
30..... o 30,63 36. P33.043 0 3752 0 L ), 86 32,35 0 3188 32,12 41, 20 42. 32 41. 76
S £ S S 26001 0 39,28 LG4 33020 0 '.: .39, 86 28, : Z- 92 3L al 38. 15 48. 20 43 18
Average., 3240 0 3809 0 3525 ). 7 46,9 43, 81 33,98 ¢ ) b 2,46 43, 60 44. 03
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Tasue 21--Breaking strength of all-cotton, cotton-rayon, and_all-rayon sheets laundered only and sheets laundered and
used at Kansas State College and the University of Tennessee—Continued

Wet breaking strengih
Laundered and used i Laundered only

. !
Type of sheet and . - ; . _—
: "mﬁ.n;c? of : ; Warp iIilling o Warp Filling

launderings T e e i b ' e

. CTennes- -
Kansas | i 1.»\vr-mgc;} Kansas
,

: i
Dops 1
. Tennes- i
1 } s6¢
i |
:
i

T .
ohnes- e
' Average ! Kansas . cor

HOQ

Tennes-

i
CAverage X
HAYEIE sea

S Kansas
i

Average

i S S SN, S| I

Coiton: - Pounds < Pounds — Pouwnds | Pounds © Pounids i Poundy | Pounds | Pounds | Pounds | Pounds | Pounds | Pounds
D L D324 2,05 48, . 08 28 47,2200 52,95 0 5432 0 4842 ¢ 51.37 8. 95 52,40 55. 67
20 . B P 37,96 40,207 41, 65 39014 1 40.39 0 47 38 0 46,75 ¢ - 06 0. 50, 62 a80. 75
30, .. 35 8G %, 62 32,22 36, 18 28,40+ 32. 43,95 10 39.90 bo4l,.92 al. 41, 92 46.
35 .. 32,49 24,90 28,69 34, 9 2078 ¢ 2086 1 42,00 37.88 39 94 44, 5 40. 65 42,

Average 4101 0 33860 37.% .70 3488 0 3R.82 0 46,910 43,24 1 4508 al. 56 46. 40 48.

Cotion-rayvon: . ; : ; i

ALTTIEVEDIAYIS

25,79
25,06
17,12
. . g i 15. 79
Average C23 Lo20. 21, 8¢ 23. 8¢ 20, 94 ¢
Ravon: : ;
1 T

69 3322, 2848 | 30,85 | 35 . 92
23 29451 2805 2875 | 3l 9. 85
320 26,23 24,92 25.58 | 28
42 2458 2015 22 86 | 25,
A1 2837 25650 2701 30,

o S

b ot o
[ANPeriog
SLAYHS dJ0

W

. D8

L0422, 1875 20,72 1 26,
2268 © 2L.47 0 15,42 16,70 16,06 19,
LO0 17.48 15,43 0 13,25 1434 1 19,
98 . 16,03 12 1L 65 11881 16
30 23 16,41 1500 1575 20

-

oLl SVEVCEN IS |
~ =

Average . .
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TAaBLE 22.—Breaking strength, fluidity, and degree of polymerization
of all-cotton, colton-rayon, and all-rayon sheets laundered only and
sheets laundered and wsed 40 and 45 times at Kansas State College

Dry breaking - Wet breaking

. ) : " Degree
. : . strength strength : .
Fabric, times laun  Flnidity of poly-

dered, and used meriza-

i ; i : p
Warp | Filling | Warp | Filling | - Lion

I

Cotton:
Laundered-— . i :
40 times___._____ . P43 22 39 40 . .95 14 61 3
3 bimes .. .. 30251 4370 B 52 .44 15. 3565
Taundered and nsed— : i
40 vimes.________ LT . P28, 29, 1 3020
43 times_ ... 0 2811 24 ¢ 26, - 2595 v 2005
Cotion-ravon: !
Laundered— ) :
40 times__._ . ... 27 232 92 0 2432 2019
A3 times_ ... .. 32 33, 2228 . : 4. 1980
Laundered and :
NETT B : ,
A0 times_ . Lo 2R i1 5. 06 i -1 Y 1683
A5 times. . . . RENET 21,3 i 1315 - CGH T 1622
Rayon: ' :
Laundered-— : .
A0 times .. 26,1 33. 20 i 5 28 13. 7 634
45 times_. ... . 26 X 34, 88 0. 60 L6832, 1L $20
Lanndered and : :
used— : :
40 times_ .. . 24. 99 33 :l."} 0 G 241 . . 32 Atk
A3 thines R 25, 90 . i 0 37 1l 5027 530

The shieeis used ar Kansas Siale College and the all-cotton sheers
used ai (he University of Tennessee showed a progressive decrease in
strength from 5 through 35 launderings.  An anonmlous increase in
strength, however, ocenrred between 5 aml 20 launderings i the
colton- -ruyon und all-ravon sheets used st Tennessee; these sheets
did not show a consistent decrease until afier 20 ]nun(hllngs No
explunation can be given for the inerease in strength between 5 and 20
launderings at Tennessee. [t cannot be (-xpluimn.l hy dimensional
change, since most of the shrinkuge took place during the first 5 lnun-
derings.  Chemical damage was much the same at both locations,
which indicates that laundry procedures were similar,

The dry breaking sirengths of the colton sheets ased al Kansas
were generally higher than those of the rayon or blend, At Tennessoee,
the cobton sheets adso showed the highest strengih afier 5 lnunderings
but from 20 through 35 launderings, the ravon and cotton-rayon
sheets were sironger ihan the cofton.  As would be expected, the wei
breaking strength of the cotion sheets was the highest and that of the
rayon the lowest tn all rases.

The ali-cotton and cotton-rayon sheets that had been lnundered and
nsed showed u greater loss in strongth than the sheets that had been
lnundered only, nud these differenees were greater after 35 or 45 than
after 5 washes, indicuting the influence of wear. At Kansas the all-
coiton and cotton-ravon shects showed a loss in dry warp breaking
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strength of about 14 percent ufter 5 launderings without wear and 16
percent after 5 launderings with wear. After 45 launderings the loss
in strength was sbout 30 percent without wear and 48 percent with
wear.  Very hittle difference was found in the breaking strengths of
the laundered-only and laundered-and-used all-ravon shects.

TanLe 23.—Mean differcnces of breaking strength between area I and
areas 2, 3, and jwithin shects after rariousintervals of lavndering and use
Number of launderings
Type of sheet and comparizon
of arcas

20 30 35

Warp

Coiton; Pounds Pounds FPounds Pornids
Aren 1 ve:
Area 2__ ... . -2.02 Y --7. 70 —7. 83
Arca 3 .. . B -4 1 S E230 -4 4R -—14. 16
Area 4__ . o -, 87 -4 Q0 -2 14 —3.20
Cotton-ravon;
Area 1 vas
Ares 2. . A i) .2 - 4. 28 —7. 12
Aren 3., . ... .. —. 5 - 6 G -8 94 — 11,
Arca 4. _ .. . . -2 —32 32 —1. 13
Tayvon:
Area | v
Arean 20__ ... . . .. 5 L3 -] 42
Aren 3. .. .. . 8 +~ 2. 63 - 1. fig
Area 4 .. .. 2t . B --. 2%

Filting

Catton:
Ares § vE.:
Area 2__
Area 3.
Area d._ . .
Cotlon-ravon;
Area | va.:
Area 2 .
Area 3.
Ares 4. .
Rayon:
Area 1 vas )
Ares 2.0 . .. L L. B el 30
Area 3., - L ... L. 1. {0 1A
Arend.. L. _ .. . 24T -2 42 :
R
The differences in breaking sivengihs betwern the wreeas within the
shicets lnundered and used at the two loentions are shown in table 23,
In the all-cotton and cotton-ruyvon sheets, aren 3 showed the greatest
loss in hreaking steength, compured with aren I, in both warp amd
filling, and these differences inereased with cottinued use.  In general,
areas 2 and 4 also showed lower strongths that aren 1 after 20 or 30
washies, with avea 2 showing o greater loss in warp strength than aren
4, but « smaller loss in the filling direction {Bgs. 4 and 5). The
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Figure 4 —Warp breaking sirength, dry: Four areas of all-coiton and cotton-
rayon shects, laundered and used.  Average of two loeations.
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differences in breaking strengths between area | and the other areas
of the all-rayon sheets showed ne definite trend.

The unifermity of damage within ihe used ravon sheets and ajso
hetween the alieets laundered only and those in service, is <lifticult to
explain. There ks a possibility, bhowever, that since the laandered
ravon sheets were 100 short 1o ek i at the top and hotrom ol the
Lee due io the exeessive shrinkage. there may have heen a tendeney
to use them more often az o top Sheot, so that they actually receiviad
fess wear than the cotton or blended sheets. Also, the greater shrink-
age in the ravon shecis with consequent inerease in weight and strength
would tend to oilzet the los: in strongth to haeger degree than in the
other sheets.

FLosGarios

Analvaes of vartunee of the pereent elongation of the three tvpes of
sheets Taundered only and baundered and waed. 2how that the fiber
conient had the vreatest inlfuences on clongation (tables 24 and 253,

Toarew 240 Jdmalysis of rariauce of porcenl elongulion of sheets
lavinedered only

M ~guzre

) Pprupre-
Sonree of variintion of {rie-
tlim . . e

Warp IFilling Warp ¢ Filling

Locations tls 12 800, Q% 1007 | TEE g 355 3 5 _{;g*:::
Types of shoer 1% 3N, 336, 56FE R, 320, HEE L T4 JL e i
Wi ashings W 4 N1 O8FE | 138, G3%% T ojEs

L : 5. 20 AR G2 4R, 49w

LAY : 33093% 346, 75TF 354 KPEE
TN ; L96 a6 B, (54

R AT.IN 1314 :

Aroas (A . ! 551 Bf, 7%= 3 Sl

AL : L 50

AT . S .

AW L =

ALT B } 3 [J ]

ALW 4 A3

ATW |n\ 4]

AW 18 2 2

“&amplmg orror | 384 i)

Tolal_ . .. . A7

! Uzed az esiimate of error a.
2 Used as extimate of orror b,
*Significant ar P=.03.
**Zignificant at P=.01,




SERVICFABILITY OF SHELETS 37

The cffect of laundering was significant at the 1-pereent level; however,
the interaction between washings and ioeations is significnnt and
mdicates that the inflluenee of laundering was noi consistent at the
two locations.

The percent elongation of the atl-ravon sheets was approximately
twice that of the all-cotion (table 261, The average dry perceunt
clongations wirpwise were 12,3, 174, and 26.9 (or the laundercid-and-
used all-cotton, entton-rayon. and all-ravon. respectivels.  In most in-
stances, e elongation ol ihe 50-30 blend of cotfon and ravon was
mearer that of the cotion than the rayen.

Tarne 25, - Aaalysis of rariance of pereent elongation of sheets
farndorad and wacd

AMean =quare

] Degrrees
Souree of varfation  of Tree- Pry
dam

Wi Filling Warp

Tocation (1. . T 4,785 Q5% 20 R76. 30FF 7 330, Qe ARD, h1RE
vpe of sheet (1) : Lol 02 G0 326, GOFF TE DL 206%F | N Er
Wazhings (W) 32 0 GEFE B0 EY L K20, 56 AT
L. : EYER | 188, Ba** M2 7 R T b
LAY 4 ALT, 12¥* H2K, (hyEE S3Z. (6FF L 12
TW. ... 3 RN (¥, 20 215, 42
TTwW, } a2 ) T RGEE 6, 52
Sheofs rreated
alTke Leeror it 2. N Y, N
Areas (LAY : L B 231, AREE
2 00 06l
A, 2l 16, (01
MR
3. 3004
L4 G, 91
310 e
A.20

HEE R |

Sheets  vreated
alike Lerror b

Tolal.

*Sipnifiennt at Po= 05,
**Signifieant aL P-=.01,




TanLe 26.—~Percent elongation of all-cotton, cotton-rayon, and all-rayon sheets laundered only and sheets laundered and
used at Kansas State College and the [University of Tennessee

Dry clongation

Launderved .and uscd Laundered only

Warp Filling

Type of sheet
and number of

Warp : Filling
launderings e e e R .

- U Tennes- ) .o L Tennes- ) . . Tennes- e CTenmes-
: Kanzas soo Average |\2lll.\llﬁ; sopAverage  Kunsus o seo Average Nansas ;"7 0 ;Averagc

Cotion: . Percent | Pereent | Pereenl l Poreent - Percenl © Percent © Percent | Percent  Percent - Percent | Percent | Percenl
Bu o CO18085 .37 15, 11 20,24 0 131670 16.70-0 a8.41 0 11,25 14. 83 20. 58 12. 34 16. 46
20 ... 15,94 12,21 13. 87 . 84 ¢ 232 0 1488 0 16.52 0 11,34 13. 93 16. 60 12, 20 14 40
30.. . E 12.59 8. 60 10. .60 2.04 ¢ S 85 0 10044 13,02 00 11,18 12,10 12. 82 11. 26 12. 04
35... .. 1125 . 82 954 0. 87 .73 9,30 ¢ 13,32, 936 11, 34 1192 0. 83 10. 88

Average ... .. 1 ¢ . (00 12. 28 : 09 010,52 12,76 ¢ 15,32 10.79 ¢ 13.05 15 48 15 41 13. 44

Cotton-ravon: ; : ! :

25, 14 15,88 20,51 22.29° AL 1985 0 2071 1L 60 19650 23,79 1 15, 51 19. 6
20, 24 L4219, 33 9: 10 ¢ L21  18016 0 22,26 8. 31 ¢ 20.28 | 20.85 .70 19.
17.28 ¢ 1425 15,76 0 1597 L05  1db T 10074 0 1569 ] 1772 1 16 34 . 62 16. 4
16. S3L 0 401300 15025 L2000 12:22 1440 A0 12,95 1 1366 .-56 12. |
20. 15 ATE17 .15 CO0F 16005 0 20028 0 15,02 117,65 1 1866 . 35 17.

35. 25, 28 30. 3423 . A6 30. 34 35 4,20 29.70  33.87 ¢ . 82
30,44 20, 67 30. 240. 78 . a8 30. 18 31. 8 842 7 30.13 . 29.00 .63
25. ) 3. 87 24, 74 .38 .04 24, 2] 23. 528 - 24 i 24,08 .92
22. 21. 94 22 . 76 21. 02 28. .04 24. 5i 25.75 | .56
Average. R 28. 25, 19 20, 27.29 26. 44 24, 4. 74 27. 28.17 26. 48 -

AUALTADIYOV J0. LdAd '§ ' ‘€011 NLLAT1AE TVIINHDOAL |¢




Tanve 26.-~Percent elongation of all-cotton, cotton-rayon, and all-rayon sheets laundered only and sheets laundered and
used at Kansas State College and the University of Tennessee—Continued

Wet clongation

Laundered and used : Laundered-only

- ; ;
Type of sheet : . : ey . : I
an'fil number of © - Warp Filting Warp : Filling
launderings T B e T i G o o g e
; L Tennes- C'lennes- | !
[ Average ;. Kansas ’g‘\(_ Tl Average | Kansas

|
: : i

Tennes-

CTennes-
see

: Kansas o Average | Kansas
‘ cogee - oMY i
: ; ,

Average

H

t
T A ‘ I | ; i
: L Percent - Porcent * Pereent - Pereent | Percent i Peccent | Percent — Percent | Percent | Percent | Percent
Cotion: | ' ‘ | ‘ ’ '
5.0
20. .
30, .
Average:
Cotion-rayon;

1879 1350 1 16 14 21, 8 1517 5 1851 1818 | . 86 15. 52 20. 00 14,14 17.07
16, 18 1 50415, 61 16 L6, 37 16, COIT A0 551 16. 50 1857 17. 55 18. 06
13012 370 11,20 0 13, 2 9.36; 1129 e 08 12040 13, 56 12. 08 12, 82
13400 750 0 10,46 14 IS 10 RN 44112055 . 02 10. 31 13. 16
1537 1 11.35 ¢ .36 i, D 10 L34 15077 12,7200 14,25 17.03 | 13 52 15. 28

i Percent
|
|
i

23. 85 422 903 25, COLB2T 20015 24,72 00 L1880 | 24, 48 1 1376 190. 12
18.52 .28 ! 790 AT LU0 18076 0 20050 X ; . 60 X ¢ 19, 80 19. 94
12. 46 D26 1086 1LY5 0 0.90 0 10.93 1 1799 | 12,58 | 15 28 661 12,75 15. 20
1340 ZO97T 0 1069 1458 0 856 0 LLST L 16770 077 13.27 1 17.42 0 0. 98 13. 70

Average. . . 17,06 A8 T L 62 17,96 12274 0 15.5) | L 00 ! A8 . 74 19. ¢ 14. 07
Rayon: - : i i { i i
S n 3747 23. 56 30.51 0 38.58 1 24.52 | 31.55 1 3626 | . ; . 46 . 25. 23
200 ..o 2808 .81 S04 3700 3228 S99 030050 | .97 32, 31. 78
0. ..o . 2358 6. 89 . 23 i, : .62 1 L | . 28 2,34 . 66 19. 59
5 22 .81 LT : 16,23 .09 1+ 25. o ML 810 O 18. 46
Average.. .. ..., 27 ‘ .27 24, C30.07 0 2291 .4 54010, . 67 31,48 23. 77

SLATHS 40 ALITIGVADIAUAS
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The mean clongations were very similur for each lype of sheet
whether laundered only or lnundered and used, dry or wet, and irre-
speetive of direetion,  The mean differences in percent clongation at
the 2 locations, however, were significant at the I-percentievel. With
but few exceptions, the pereent clongation was higher at Kansas than
at Tennessec. For all types of sheets, the average clongation de-
creased #s the number of lnunderings inereased ; however, at Tennessee
there was no consistent deerease untif after 20 Taunderings (fig. 6).

When the mean values lor the (wo schools were used, the differences
hetween (he percent clongations of the arcas within all sheets laundered
onty and the ali-rayon sheets Taundered and used were very small
11 the all-cotton and the cotton-ravon linndered-and-uscd shoets, the
lowest clongation was shown by ares 3 and the highest by area 1, and
this difference increased ns the number of Inuniderings mereased. This
indicates that body wear has some effect in raducing the percent elon-
gation of the sheets,

Cuesican Davace

The analvses of vartance of the Ruidities and D Pl's of the sheets
are given in tables 27 and 28, For all sheets the mean differences in
fuidities and in D, PCs between the 2 loeations were small and not
statistieaily significant. showing the uniformily of chemical damage
in Lwmndoring at the 2 colleges.  As the number of launderings in-
creased, the Huidity treciproeal viscosity) values for the sheets -
creased wnd the 1. P values, which are a diveet measure of the molee-
ulur length, docreased, These changes were signiiicant for all (vpes
of sheets and for the sheets laundered only as well as those laundered
and nsed.

The eotlon sheets showed the targest and the ravon sheets the small-
est change in both fuidity and D0 P ws the number of washings in-
cronsed (Lable 283, This does not necessarily mean that the cotton
was more badly damaged than the rayen.  From theoretical consider-
ations. it ¢an be shown that Tor the same amount of chemical damage,
there should be a larger drop in the 1. P, of the long coiton molceule
than in the mueh shorter ravon molecule (3, 7). Zwicky (7) has sug-
gested that the caleulution of the number of splits per given number
of monomer units would give s better measure of damage than the
D.P’s. This would be particulnrly true when comparing cotion and
ravon fabries.
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. Fioure 6.—Warp elongation, dry: All-votton, cotton-rayon, and all-rayon sheets,
lanndered and used at Kansas State College and University of Tennossec,
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TasLE 27 -~Analysis of variance of fluidity and degree of polymerization
of sheets laundered only

i s g Degres: of
: Fluidity polymerization
I

Source of variation D ;
- 3 =
Mean - - CETO0% Mean

Of square A(uAare

i frecdom |

! frecdom 1

: |
Loeations (LY. ____ _.._ .. __.___.
T\pesof‘ihwts 4 1) T
Washings (\\' N
L .. . .

737, 5340
490, 977, 550%*
0, 226, 121+*
249, 892
79, 042
1, 643, 826+
148, 789
202, 296
§5, 746
210’ 368
135, 080
85, 828
171, 583
221, 891
LT i i 120, 285
Smnplmg P 9 i 238 O, 633

Total ..l 191 .. .. d83 Lo ..
t Usexl as estimale of error a, **Rignificans at P——'Ol
? Ised as estimute of error b

LTW . ...
Areas (A} )
—\L___“_“______

AW T
ALT ...
ALw____._ . .
-\T“ o

DHDSWWNOWR WD —

OO0 D e e S GO NS B —
S anl Sl ol Tl

Tanue 28 —Analyste of variance of flaidity and deqree of polymerization
of sheels lawndered and uged

Degree of
polymerizaiion

Fluidiiy
Dogracs AMoan ]ng;_'u: Mean

of » P
frecdon: sqnare IR

Souree of variation

- Freecom

Locations (1. - . : 1.07 1 3¢, 503
Types of she (,t- (!) e 1, 166, 91 +* 2 803, 383, 200%+
\\ashlugs(\\) . 3736, 05x 3 42, 320, 027**
Lr__..... . L . Lo : 11 0% 990, Hil6¥*
LW o 3 44l 3 203 458
TW__ . . . K 52, 4T e* i 10, 262, 040**
LrwW_____ ... . [ 2 642 Vi 22’% GlLR
Sheots treated niike (errar a} . : 2. 354 = 155, 134
Areas (A)_.. ... . ; 37, 39%+, 3.1, 547, 500%
Al _. A B¢ L E
7. 248 i hfl{] a04r*

AW, . 4 Dh¥* 9, lh3 G82*
ALT.. . . 2. 31" b 45, 289
ALW_ . . ... . . . 1 e it 85, 814
ATW. . : : 06 | _ 60, 502
ALTW. ' : .32+ iif, 030
Sheels (reated alike x arens (error * :

b .

AT--__,_if

G : 51, 844
S8ampling error_ .. a7 }

Total.. ... ... . . 383 ... ... ..

*Significant ai. P=_05.  **Bigniticant . P=.01.




Tawsre 20— Fluidity and degree of polymerization of all-cottos., cotton-rayon, and all-rayon sheets laundered only and sheets
lavndered and used at Kansas State College and the University of Tennessee

Type of sheet and : ! ” . )
ype ol £heet and Laundered and used : Laundered only Laundered and used Laundered only

number.of . i
launderings i et . - ;

i

t

‘i’
Fluiditv Degree of polymerization
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Calculated byjZwicky’s formula:(Number of splits per 160,000

1000 X percent decrease in D. P.
D. P. atend

monomer units= the flaundered only

cotton sheets show 8 splits per 100,000 mononter units between 0 and
35 washes, while the blended sheets show 14 splits and the rayon sheets
37. For the used sheets the corresponding figures are 13, 20, and 53

20 l T

1B
COTTON

\Laundered only |
{av. of 4 arecas)

FLUIDITY {rhes)

Arca 4
Area 3
Area 2
Area l

{av. of 4 areas]

[ L
20 30 40
NUMBER OF LAUNDERINGS

Froune 7~—Fluidity: Fonr areas ol all-collon and collon-rayon sheets, laun-
dered and used.  Aversge of two locations,
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splits per 100,000 monomer units. Similarly, the fluidity values,
which sre zlso & measure of molecular length, might be expected to
show a more rapid rise for the cotton than for the rayon sheets for the
same amount of chemical damage.

Differences between areas for all sheets lnundered only and for the
laundered-and-used rayon sheets were very small. The laundered-
and-used all-cotton and cotton-rayon sheets showed the greatest
chemical damage in areas 3 and 4 and the least in area 1 {figs.
7 and 8). :

17000 T I L T T 1 T T

5000
COTTON

L.aundered only

5000 1 N /{av. of 4 areas) —‘
z
o
] -~
N .
= 4000 [
5 ? Area l ]
b Area 2
S Area ¢4
COTTON-RA
6’ O YON === Area3
A,
£ 3060 -
o Laundered only
i &
o ’/(av‘ of 4 areas}
[+ 4
g
a 2000 | Areal |
Area 2
-
Area 3
Area 4
1000 [ ]
o ) | ] S | I { L
0 i0 20 30 40 50
NUMBER OF LAUNDERINGS
Freuke 8.-—Degree of polyinerization: Four arens of all-cotlot and colton-rayon

sticets, loundered and used.  Aversge of Lwe loestions,
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The laundered-and-used sheets showed a greater increase in fluidity
and decrease in D. P. than those laundered only. Even in the used
sherts, however, laundering accounted for & large part of the total .
chemical damage (table 30).

TasLr 30.—Changes in the fluidity and deqree of polymerization of
sheets between O and 85 launderings

; Finidity Degree of polymerization
| ] ‘a
; : Propor- . :
Type of sheel :]ncre&_'sc Ii:ﬁ:.:‘z‘t“;c | th(:\lzac;f - Dutrease
: "ﬁ:ﬁ“l_o . 'Isu_n- 1 increase !
donng | Jerne | due io

: Prapor-
‘Decrease! tion of
due to | (}tse to i tatal

lann- aun- s decrease
. dering | dering | due to
- rand use i laun-

o odering I i dering
H : I i

g Rhes : Percent i 1 Pereent
Cotton © 8220 1L30 71 22741 2904 | 78
Cotton-rayon ) RE YRR i S 73 931 1195 . 78
Rayon 60 . 471, 78 276 352 78

After 35 washings the chemical damage was much greaier than after
75 washings in the preliminary investigation. Since the two Inundry
procedures wore essentially the same except for the omssion of the
bleach and sour in the prehiminary investigation, it seems evident that
one or both of these factors were responsible for most of the chemical
damage.

In general, good agreement was found hetween the results obtained
by the two methods for measuring chemical damage,  The linear rela-
tionship shown in firure 9 is obtuined when the fhuiditics are plotted
against 1. P’s. These results show that cither method could be
used cqually well for determining chemical damage due to hundering
and wenr in cellulose fabeies.

Microscoric Stuny or Fiser 1DaMaGE

Photomticrogrephs of typieal examples of damaged cotton and rayon
fibers from the Kansas sheels are shown in figures 10 and 11, The
rayon fibers usually begun Lo split on the convex side of & curve and
this splitting became progressively deeper until a comnplete break
occurred, leaving ivpical fraved or sharp pointed emis.  The breaks
in the coiton fibers were not as sharply ddefined as in the rayon,  In
general, & higher proportion of the cotion fibers showed ragged peeling
atwd fraying of the cuticle rather than the deep splitting of the main
body of the {iber found in the rayon.

The average number of damaged fiber areas counted per slide and
the pereent of the dumaged areas classificd as having low, mediom,
and high dumage wre given in tables 31 amd 32 for the theee types of
sheets after various periods of laundering wnd use.  As is evident
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from these tables, the number of damage« areas and the percentage of
highly demaged areas increased in both cotton and rayon fibers as the
number of launderings increased. The increase, however, was much
more rapid in the rayon than in the cotton fibers. Thus, after 45
washes, 51 percent of the damaged areas in the rayon fibers were clas-
sified as having high damnage as compared o 13 percent in the colton
fibers.
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cotton, cotlion-rayon, and all-rayvon sheots, undered only and laundered and
used 3, 20, 30, and 35 times.  Average of two locations.
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3

Fiocune 10.—Photomicrographs of rayon fibers with varying degrees of damage. .
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PanLE 31 ~—Damaged areas of eotton and rayon fibers on a microscopic
slide, by type of sheet and amount of laundering and use

Cotton tibers from— Tavon fbers from—

Amount of aundering }

and use All-  ; Cotton- All- | Cotton-
eotton § ravon | Average} rayon ravon | Aversge
sheets . sheels sheetz | sheets

H
1
1
i

Unlaundered : 33 i
5 launderings: :
Unused_ ___ oo

34 34 9 22 16

@
Hoo

93 80 51 53 54
80 7L, 481 50 A8

o
(3]

Average
20 lsunderings:
Inused

L

I

ey 62 37 46 42
L

1

93 102 nol 120 115
090 114 108 90 | 104
101) 08! 109|110, 110

MWty

35 lanunderings:
L nused
I'sed oo

1240 1270 178! 1560 167
431 J981 183 176 189
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135 . 138 | 2249 160 1434
' ] 120 - 120 ! 230 192 21
Average : 130 128 129 230 176 n3

by = o
(=R ael

45 lannderings:
Unused

-z
‘;9_'

Tanny 32.— Percentage of total damaged areas of cotton and rayon fibers
that show low, medvum, or high demage after loundering or lawndering
and use
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‘TaBLE 32.—Percentage of total damaged areas of cotton and rayon fibers
that show low, medium, or high damage after laundering or laundering
and use—C'ontinued

1 Cotton fibers b Rayon fibers

Amount of
laundering
and use

" Degree of 1 i !

E damage

From : From | * From ! From

afl-  cotion-: Aver-  all- :cotton-' Aver

; - cOLlOR  rayoll | &ge : rayem ' FAYON ©  age
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H 1
{

sheets ¢ sheets

20 iaunderings— . ! : . : l
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Used | 210 7. 7 30. 0 al, 3. 6
i Medium._® 13 12 265. 4 2L 24
| High. _. s 10, 23. 27.
Average ___.5 Tow .81 78
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Aieroscopic examination of fiber damage showed litile differcnce
between lnundered-onty and laundered-nnid-used shects. No con-
sistens, difference was found in the number of damaged areas or in
the degree of dumage of the fibers from sheets made of the 30-50
blend of cotton and ravon and the corresponding fibers from the all-
cotton and the all-rayon sheets.

Comprarisox oF DIFrERENT METHODS OF MEASURING DAMAGE

For the detertoration due to laundering and wear that occurred in
this study, a linear relationship was found between the ph veical and
chemical measures of damage. Figure 12 shows the relationship
between the percent loss in dry warp breaking strength and the in-
crease an flurdity hoth for sheets Iaundered only and for those
laundered anil used,
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16

14
COTTON

O Laundered only
A Lavndered & used

l l [ |

COTTON-RAYON

INCREASE IN FLUIDITY (rhes)

o [ ] i |
0 10 29 30 40 50 60 70 8¢
1.OS5 IN DRY WARP BREAKING STRENGTH {percent}

Frourr 12.—Average of four areas, relationship between pervent loss in
dry warp breaking strengih and ingrease in fluidity 1 All-cotion, colion-
rayon, and all-rayon shects, lanndered only and laundered amd used,
Average of iwo lovations.
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snd all-rayon sheets, Inondered and usied gi Kanses Seate Colleye,
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In figure 12 the average of the four areas was used for both fluidity
and breaking strength. If, however, fluidity and breaking strength
values for areas 1 and 3 (areas of leist and greatest wear) of the
laundered-and-used sheets are plotted separately, it is evident that
there is o difference in the relative proportion of physical and chem-
ical damage in the 2 areas of the cotton and cotton-rayon sheets (fig.
13). Aren 3, which received the most body wear, showed a rela-
tively greater loss in breaking strength as compared with the increase
in flvidity than was found in area 1. This indicates that mechanical
abrasion has a greater effect on breaking strength than on fluidity.
In the all-rayon sheets, in which little differcnce between arens was
found by either physical or chemical measures of damage, the points
for areas 1 and 3 fall along the same line.

Figurcs 14 and 15 show the relationship between the damage as
determined by the microscopic examination of fibers, the percent
loss in breaking strength, and the percent decrease in D, P. for the
cotton and ravon sheets used at Kansas. In the laundered-only

60 240

I ¥ l T

30 COTTON 200

160

120

80

PERCENT

RAYON

NUMBER OF DAMAGED AREAS PER SLIDE

Damaged areas
Loss in breaking strength _
Loss in degree of polymerization

| A | 1

30 40 50
NUMBER OF LAUNDERINGS

Fiourk 1h—8heets laundered only, telationship belween naomber of danaged
areas per slide, prreent loss in breaking strergth, and percent loss in degree ol
polymerization : All-cotbon and all-rayon sheats, Kansas State College.
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Damaged areas
= & — = 1,085 in breaking stroengih
e w035 in degree of palymerization

1 1 L | L I |
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Frouee 15 —S8heets laundered and used, relationship botween number of dam-
sged areas per slide, percent loss in breaking strength, and percent loss in
degree of polymerization: Ail-cotton and all-rayon sheets, Kansas Siate
Colleg.

sheets, the increase in the number of damaged areas on the micro-
scope slide with increased laundering followed the same general trend
#s the loss in breaking strength.  Both microscopic examination and
breaking strength measurements showed greater damage in the rayon
than in the cotton shects, while the percent decrease in D. P, was
somewhat smaller for the rayon than for the cotton.

in the laundered-and-used cotton sheets, both the loss in breaking
strength and in ID. P, were greater than in the laundered-only sheets,
while no difference was found in the nmicroscople examination of
fibers. In the laundered-mnd-used rayon sheets neither breaking
strength measurenients nor microscopic examination of fibers showed
increased damage is ecompared with the laundered-only sheets while
there was a somewhat greater decrease in . P.  In the used sheets,
the percent loss in both breaking strength and D. P. was about the
sume for the all-cotton and for the all-rayon sheets, while microscopic
examination showed more dwimage in the rayon sheets,
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SUMMARY

To obtiin information on the durabilit:yv of utility fabrics composed
of different fibers, a study was made of the physical and chemical
propertics and the performance in acinal use of sheets made entirely
or in part of cotton and of rayvon. Cotion of known history aml (yp-
ical of that used in conunercial produciion was manufactured into
sheeting in naccordance with regular established mill procedures.
Sheetings of the same construction were also made from staple viscose
raevon and from blends of cotton with varying amounts of ravon.

In & preliminary investigalion, seven shectings varying in liber con-
tent from all-cofton to all-raven in steps of ¥th were evaluated in the
laboratory. In the untaundered fabrics, the dry breaking strength of
the all-cotton was greater than thal of the all-rayvon; both all-colton
and all-rayon were stronger than the 5 fabries made from blends of the
2 fihers. A simnilar relationship was shown in the varns used in mak-
ing the sheetings,  The atl-rayon fabric was less resistant to labora-
tory abrasion than the all-cotton or the blends.

After repested launderings, shrinkage occurred in all fabrics in
hoth warp and filling directions with a correspending inerease in weight
and in eount. T most instances, the greaiest shrinkagee. the highest
count, snid the maximum weight were renched withite the first 20
launderings,  The all-rayon showaed the greatest change in these prop-
erties awnd the all-voiton the least,

No appreciable chemieal degradation was found mn any of the lab-
ries, rrespective of fiber content, during 75 Tannderings without use of
bleach or sour. The influence of fiber content, however, was
evident in the physieal properties,  Fabries containing 50 percent
or more colion showed little change in hreaking strength alter re-
peated faamdering, while those containing less Uian 50 pereent colton
decrensed in strongth,

On. ihe basgis of findings from the preliminary investigation, sheets
composed of all-cotton, all-rayon, and a 50-530 blend of corron aul
ravon were manufactared in saflicient quantity for study under acinal
use conditions.  These sheets were placed in serviee in o men's dormi-
tory al the University of Tennesser and in o women's dormitory at
Kansas Stale Colloge.  Changes in the phasical and chemieal prop-
erties with repeated Taundering and wear were determined ai specified
intervals,

As in Ihe preliminapy study. evaluation of the varns and finisied
shieels showed the all-cotion o be (he sirongest, followed inorder by
the all-rryvan and (he 30-30 blend of cotton and ravon,  the elong-
Gion of the colton and al the 30-30 blend was aboul he sme, approxi-
mately half as laree as that of the all-rayon.

During the first 5 launderings, the all-rayon shrank 18 percent, the
blend 12 peecent, and (he all-cotion 8 perrent in the warp alirection.
Witk nn original sheet length of 104 inebes, this meant aloss of 19, 12,
and 8§ inches. respeetively. for the 3 tvpes of sheets. Al sheets
streiched approximately 5 percent (illingwise.  As a result of (hese
dimnensional ehanges, the fbries inerensed i welght and also in count
aml breaking strengih in the filling direction, with the ravon showing
the grentest, inerease in these propertics.  Between 5 and 35 Inunder-
ings, some additional shrinkage oceurrel in the waep direction, but
the chunge was tmueh less pronounced than during the first 5 washes.
The weight of the sheeis drereased slightly as the resull of repeated
aundering aml wear,
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In general, ihe breaking strength of the sheels decreased progres-
sively as the number of launderings increased, with the all-rayon
showing the greaiest and the all-cotton the least loss in strength due to
laundering alone.  The lnundered-and-used cotton and cotton-rayon
sheets evidenced greater damiage than the correspending sheels lnun-
dered only and damage was greatest in the area oceupied by the
shoulders. The used ravon sheets, on the oflher hand, showed no (if-
ference in damage between aveas within the sheets, wnd litile or no
merease indamage as comipared with the shoots laundered onty. Thus,
the loss in strength in the used all-ravon sheets was about the same as
or, i some cases, smaller than ihe loss in the cotton or blenl.

The percent clongation of the fabrics decreased as the nutnber of
lsunderings increased.  Tn all eages, the laundered-and-used all-ravon
sheets showed (he greatest elongation and ihe all-cotinn the least.  Tn
most instances, the elongation of the blend was closer to that of the
cotton than to the raven.

All sheets showed nereased ehemical damage with increased laun-
dering, and the used sheots showed greater damage than those faun-
dered only. No difference was found between (he arcas i the nsed
ruvon sheets, while in the eotton and colton-rayon sheets ilie are:
acceupied. by the shoulders showed the greatest chemical damage.
Changes in Nuidite and degree of polymierizasion were less in the all-
raxon sheets than in the all-cotton and the blends.

The microscopic examination of fibers tnkon fromw the sheets used at
Kansas showed thai there was a PEOZFCSSIVE inerease in datnage s the
nmumber of launderings increased.  Aftor the fiest five launderings,
greater datnage was found in the raven than in the cotion fihers. N
differenee in damage was evident. however, between the sheets liun-
dered and used and those laundered only,
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